
embodiments of the disclosure, the method may comprise: constructing a sequencing 

library based on a genomic DNA sample of a fetus; subjecting the sequencing library to 

sequencing, to obtain a sequencing result of the fetus consisting of a plurality of 

sequencing data; and determining the base information of the predetermined region 

5 based on the sequencing result of the fetus combining with genetic information of a 

related individual using a hidden Markov Model. A formation of offspring genome equals 

to a random recombination with parental generation's genome (i.e., an interchange of 

haplotype recombination, and a random combination of gametes). For pregnant plasma, 

if a fetal haplotype (a recombination of parental haplotypes) is assumed as hidden states, 

10 sequencing data of the plasma may be used as observations (observing sequence), 

transition probabilities, observation symbol probabilities and initial state distribution may 

be deduced in virtue of prior data, then the most possible fetal haplotype recombination 

may be determined using a hidden Markov Model based on Viterbi algorithm, so as to 

obtain more information of fetus prior to birth. Thus, according to embodiments of the 

15 present disclosure, in virtue of the hidden Markov Model, for example using the Viterbi 

algorithm, and referring to genetic information of a related individual, nucleic acid 

sequence of a predetermined region in a fetal genome may be determined, by which a 

prenatal genetic detection may be effectively performed with genetic information of fetal 

genome. 

20 Embodiments of a second broad aspect of the present disclosure provide a system 

for determining base information of a predetermined region in a fetal genome. According 

to embodiments of the present disclosure, the system may comprise: a library 

constructing apparatus, adapted for constructing sequencing library based on a genomic 

DNA sample of a fetus; a sequencing apparatus, connected to the library constructing 

25 apparatus, and adapted for subjecting the sequencing library to sequencing, to obtain a 

sequencing result of the fetus consisting of a plurality of sequencing data; and an 

analyzing apparatus, connected to the sequencing apparatus, and adapted for 

determining the base information of the predetermined region based on the sequencing 

result of the fetus combining with genetic information of a related individual using a 

30 hidden Markov Model. Using the system may effectively implement the above method of 

determining base information of a predetermined region in a fetal genome, which may 

determine nucleic acid sequence of a predetermined region in a fetal genome may be 
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determined in virtue of the hidden Markov Model, for example using the Viterbi algorithm, 

and referring to genetic information of a related individual, by which a prenatal genetic 

detection may be effectively performed with genetic information of the fetal genome. 

Embodiments of a third broad aspect of the present disclosure provide a computer 

5 readable medium. According to embodiments of the present disclosure, the computer 

readable medium including a plurality of instructions is adapted for determining base 

information of a predetermined region based on a sequencing result of a fetus combining 

with genetic information of a related individual using a hidden Markov Model. Using the 

computer readable medium of the present disclosure may effectively execute the plurality 

10 of instructions by a processor, to determine a nucleic acid sequence of the predetermined 

region in the fetal genome in virtue of the hidden Markov Model, for example using the 

Viterbi algorithm based on the sequencing data of the fetus combining with genetic 

information of a related individual, by which prenatal genetic detection may be effectively 

performed with genetic information of the fetal genome. 

15 Additional aspects and advantages of embodiments of present disclosure will be 

given in part in the following descriptions, become apparent in part from the following 

descriptions, or be learned from the practice of the embodiments of the present 

disclosure. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

These and other aspects and advantages of embodiments of the present disclosure 

will become apparent and more readily appreciated from the following descriptions made 

with reference the accompanying drawings, in which: 

Fig.1 is a flow chart showing an analyzing process using a hidden Markov Model 

25 according to an embodiment of the present disclosure; and 

Fig.2 is a schematic diagram showing a system for determining base information of a 

predetermined region in a fetal genome according to an embodiment of the present 

disclosure. 

30 DETAILED DESCRIPTION 

Reference will be made in detail to embodiments of the present disclosure. The 

same or similar elements and the elements having same or similar functions are denoted 
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by like reference numerals throughout the descriptions. The embodiments described 

herein with reference to drawings are explanatory, illustrative, and used to generally 

understand the present disclosure. The embodiments shall not be construed to limit the 

present disclosure. 

5 It should note that terms such as "first" and "second" are used herein for purposes of 

description and are not intended to indicate or imply relative importance or significance. 

Thus, features defined with "first", "second" may explicitly or implicitly include one or more 

the features. Furthermore, in the description of the present disclosure, unless otherwise 

stated, "a/the plurality of" means two or more. 

10 Method of determining base information of a predetermined region in a fetal 

genome 

In a first aspect of the present disclosure, there is provided a method of determining 

base information of a predetermined region in a fetal genome. According to embodiments 

of the present disclosure, the method may comprise: 

15 firstly, constructing a sequencing library based on a genomic DNA sample of a fetus. 

According to embodiments of the present disclosure, source of the genomic DNA sample 

of the fetus is not subjected to any special restrictions. According to some embodiments 

of the present disclosure, any pregnant samples containing a nucleic acid of a fetal may 

be used. For example, according to embodiments of the present disclosure, the pregnant 

20 sample may be breast milk, urine and peripheral blood from a pregnant woman. In which, 

the pregnant peripheral blood is preferred. Using the pregnant peripheral blood as the 

source of the genomic DNA sample of the fetus may effectively realize obtaining the 

genomic DNA sample of the fetus by noninvasive sampling, by which the fetal genome 

may be effectively monitored in the premise of having no influence on normal 

25 development of fetal growth. As for methods and processes of constructing a sequencing 

library for the nucleic acid sample, a person skilled in the art may appropriately select 

depending on different sequencing technology. Detailed process may refer to procedure 

provided by sequencer manufacturer, such as Illumina Company, for example, refer to 

Multiplexing Sample Preparation Guide (Part#1005361; Feb 2010) or Paired-End 

30 SamplePrep Guide (Part#1005063; Feb 2010) from Illumina Company, which are 

incorporated herein for reference. According to embodiments of the present disclosure, 

methods and devices for extracting a nucleic acid from a biological sample are not 
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incorporated herein for reference. According to embodiments of the present disclosure, 

methods and devices for extracting a nucleic acid from a biological sample are not 
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subjected to any special restrictions, which may be performed using a commercial 

nucleic acid extracting kit. 

After being constructed, obtained sequencing library is applied to a sequencer, to 

obtain a corresponding sequencing result consisting of a plurality of sequencing data. 

5 According to embodiments of the present disclosure, methods and devices for 

sequencing are not subjected to any special restrictions, including but not limited to 

Chain Termination Method (Sanger); a high-throughput sequencing method is preferred. 

Thus, using characteristics being high-throughput and deep sequencing of these 

apparatus, efficiency may be further improved, by which precise and accuracy of 

10 subsequent analysis with sequencing data, such as statistical test, may be further 

improved. The high-throughput sequencing method includes but not limited to a 

Next-Generation sequencing technology or a single sequencing technology. The 

Next-Generation sequencing platform (Metzker ML. Sequencing technologies-the next 

generation. Nat Rev Genet. 2010 Jan; 11(1):31-46) includes but not limited to 

15 Illumina-Solexa (GATM, HiSeq2000TM, etc), ABI-Solid and Roche-454 (pyrosequencing) 

sequencing platform; the single sequencing platform (technology) includes but not limited 

to True Single Molecule DNA sequencing of Helicos Company, single molecule real-time 

(SMRTTM) of Pacific Biosciences Company, and nonapore sequencing technology of 

Oxford Nanopore Technologies (Rusk, Nicole (2009-04-01). Cheap Third-Generation 

20 Sequencing. Nature Methods 6 (4): 244-245), etc. With gradual development of 

sequencing technology, a person skilled in the art may understand other sequencing 

methods and apparatuses may also be used for whole genome sequencing. According to 

specific examples of the present disclosure, the whole genome sequencing library may 

be subjected to sequencing by at least one selected from Illumina-Solexa, ABI-SOLiD, 

25 Roche-454 and a single molecule sequencing apparatus. 

Optionally, after being obtained, the sequencing result may be aligned to a reference 

sequence, to determine sequencing data corresponding to the predetermined region. 

Term of "predetermined region" used herein should be broadly understood, referring to 

any region of a nucleic acid molecule containing a possible predetermined event. For 

30 SNP analysis, it may be a region containing SNP site. For analyzing chromosome 

aneuploidy, the predetermined region refers to entire or part of the chromosome to be 

analyzed, i.e., selecting sequencing data deriving from the chromosome. Methods of 
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selecting sequencing data deriving from a corresponding region in the sequencing result 

are not subjected to any special restrictions. According to embodiments of the present 

disclosure, all obtained sequencing data may be aligned to a reference sequence with a 

known nucleic acid, to obtain the sequencing data deriving from the predetermined 

5 region. In addition, according to embodiments of the present disclosure, the 

predetermined region may also be a plurality of dispersal points which are not 

discontinuous in a genome. According to embodiments of the present disclosure, a type 

of used reference sequence may be not subjected to any special restrictions, which may 

be any known sequences contained a target region. According to embodiments of the 

10 present disclosure, the reference sequence may use a known human reference genome. 

For example, according to embodiments of the present disclosure, the human reference 

genome is NCBI 36.3, HG18. In addition, according to embodiments of the present 

disclosure, alignment methods are not subjected to any special restrictions. According to 

specific examples, SOAP may be used for alignment. 

15 Then, determining a part of a nucleic acid sequence of the predetermined region 

based on sequencing data corresponding to the predetermined region; and determining 

other parts of the nucleic acid sequence based on determined part of the nucleic acid 

sequence of the predetermined region using Viterbi algorithm, to obtain the nucleic acid 

sequence of the predetermined region. According to embodiments of the present 

20 disclosure, the base information of the predetermined region is determined based on the 

sequencing result of the fetus combining with genetic information of a related individual 

using a hidden Markov Model. According to embodiments of the present disclosure, the 

base information of the predetermined region is determined using the hidden Markov 

Model is performed based on Viterbi algorithm. Thus, a prenatal genetic detection may 

25 be effectively performed with genetic information of fetal genome. 

Referring to Fig.1, a principal for analysis using Viterbi algorithm in virtue of a hidden 

Markov Model is descripted in details below: 

In the genetic sense, term of "a related individual" refers to individuals having a 

genetic relationship with a fetus. For example, according to embodiments of the present 

30 disclosure, "a related individual" may be a rental generation of a fetus, such as parents. 

Thus, a formation of offspring genome equals to a random recombination with parental 

generation's genome (i.e., an interchange of haplotype recombination, and a random 
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combination of gametes). For pregnant plasma, if a fetal haplotype (a recombination of 

parental haplotypes) is assumed as hidden states, sequencing data of the plasma may 

be used as observations (observing sequence), transition probabilities, observation 

symbol probabilities and initial state distribution may be deduced in virtue of prior data, 

5 then the most possible fetal haplotype recombination may be determined using a hidden 

Markov Model based on Viterbi algorithm, so as to obtain more information of fetus prior 

to birth. 

Steps of analyzing are show below in details: 

Marker: 

to I. the number of sites to be detected is N. 

II. haplotypes of parents are respectively recorded as FH= {AA} and 

MH = {mho,mh,} 

in which 

= { m 1 N,k1 fi k = {f1,1c, ""fi,k ,--- jArk} , 

15 Vfha,mha E C, G, 

k ef0,11 i=1,2,3,...,N.

III. Unknown fetal haplotype is recorded as H= {ho,k) particularly, h0 and 

respectively represent inheriting from mother and father. 

h
0 = l m 1,X, 7---7m  1X 7 7- 

MN,XN}  h = 

20 in which xz E{0,1} , y, e {0,1}

Subscripts xi and A respectively present sequence pairs, and qi represents 

the hidden states which need to be decoded. 

While, all hidden states possible presenting constitutes a set Q. 

IV. Sequencing data is recorded as S= 

25 in which si = {ni.A,nix,ni.G,ni G= } represents sequencing information of a site, containing 

the number of four bases, A, C, T and G. 

V. A mean fetal concentration and a mean sequencing error rate are respectively 
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recorded as s and e 

Step 1, constructing a probability distribution vector of an initial state and a transition 

matrix of haplotypes recombination: 

I. The probability distribution of the initial states is recorded as ' 'r -{'l}11  ( J  EQ). 

5 According to embodiments of the present disclosure, under a circumstance of having 

- WI 
no reference data, it may assume that , i.e., possibilities of 

each hidden state presenting at the first site are equal. 

II. According to embodiments of the present disclosure, a probability of haplotype 

recombination is recorded as Pr = reIN, in which re represents a mean times of human 

10 gamete recombinations, with a prior data ranging from 25 to 30. 

III. According to embodiments of the present disclosure, a transition matrix of haplotypes 

recombination is recorded as A = {aik } ( j,k EQ), in which a,*  represents a probability 

of hidden states transition, i.e., 

aJ  = Pr(q, = k qi-i =j)- 
xi = xi ,,yi = 

xi = yi_i or xi x,_,,y, = 

xi 36 xj 1,y, y„ 

15 Subscripts xi and y1 of fetal haplotypes ho = and 

= constitute a sequence pair, qi = {x,,y,} constitute the hidden 

states to be encoded. For example, x, = 0 represents "in a maternal chromosome, an 

allele in the corresponding locus is mi,o"-

Step 2, constructing a probability matrix of observations: 

20 According to embodiments of the present disclosure, the probability matrix of 

observations is recorded as B=11),„(s,)} j eQ), in which bijs i) 

represents "an observed possibility of this sequencing information in a site i, considering 

maternal haplotype and fetal haplotype (state j, j={xi, y,})", i.e., 
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l[, ::= ~1 · ql ~ j =:"""'<Jc 

no reference data, it may assume that .J - - • 4 , i.e., possibilities of 
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15 

Ill. According to embodiments of the present disclosure, a transition matrix of haplotypes 

recombination is recorded as A= {a.Jk} (j.,k EQ), in which aft represents a probability 

of hidden states transition, i.e., 

(l-pTY 

ait = Pr(q, = klq,_1 = J)= (1- p,. )· p,. 

Subscripts x, and y, of fetal haplotypes h0 = {n1. , ... ,m- , ... ,mN } 
•.X1 z,x, ,,]CN 

and 

~ = {fi,J'i, ... ,fi,y,,---,fN,yN} constitute a sequence pair, q, = {x,,y,} constitute the hidden 

states to be encoded. For example, Xi= 0 represents "in a maternal chromosome, an 

allele in the corresponding locus is mi,a". 

Step 2, constructing a probability matrix of observations: 

20 According to embodiments of the present disclosure, the probability matrix of 

observations is recorded as B={b,,As,)} (i=l,2,3, ... ,N,jEQ), in which h,,As;) 

represents "an observed possibility of this sequencing information in a site i, considering 

maternal haplotype and fetal haplotype (state j, j={Xi, Yi})", i.e., 

8 PIDC120561P 

Pg. 1010



(si) = Pr(s,lq, = mo,mil) 

(n1 +nic + ni + n )! rT  (p ra  rA (p E,c )ni.c ( p a vzi.G . 1p raj' 

G) IX .1 n_ !n In !Fa ! 1,T 

in which represents "a possibility of a base in a site i, considering maternal 

haplotype and fetal haplotype (state 
= Pr(baseq, = j,{mo,m,}) 

1 1  1= 
k40.112

g) A (base,mk )+ —e - Npase,m, )+ — 
2 2 

1—e 

A(base,fy, ) 

x= y 
5 A(x,y)= 

e/3 x y 

10 

15 

in which, an indicator function is 

j={xi, ya)", i.e., 

Such step is to perform HMM parameter, calculating a probability distribution of 

observation in each site 
b,(s1) 

, i.e., calculating a possibility presenting current 

sequencing data (observations) in the pregnant plasma, assuming different fetal 

haplotypes in each site. 

Step 3, constructing a partial probability matrix, and a reversal cursor (taking an 

example of constructing a one-dimensional probability matrix): 

(q = (max ,426,(qi)-aqi_m)-bc,,(s,) 

Definition: partial probability 

1111(0= argmaxg,(0 . as-is 

Definition: reversal cursor 

bI (q1) 
Terms of "partial probability 

111,(q7) 

" and "reversal cursor " used herein both 

follow classic definitions of Viterbi algorithm. Detailed descriptions for the definition of the 

parameter may refer to Lawrence R. Rabiner, PROCEEDINGS OF THE IEEE, Vol.77, 

No.2, February 1989, which is incorporated herein by reference. 

Step 4, determining a final state, and tracing back an optional path 
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5 

15 

in which ~,l,(Be represents "a possibility of a base in a site i, considering maternal 

hap lo type and fetal haplotype (state j, 

P,/Jase = Pr(baselq, = j,{m0 ,~}) 

1 1 1 
= L -(I - &) A( base,m,J +-&•A( basi;mr,) + - & • A( base,J;,) 

t.,{0,,1} 2 2 2 

in which, an indicator function is 

I-e 

e/3 

x=y 

x=Py 

j={X;, y;})", i.e., 

, 

Such step is to perform HMM parameter, calculating a probability distribution of 

observation in each site h,,AsJ , i.e., calculating a possibility presenting current 

sequencing data (observations) in the pregnant plasma, assuming different fetal 

haplotypes in each site. 

Step 3, constructing a partial probability matrix, and a reversal cursor (taking an 

example of constructing a one-dimensional probability matrix): 

Definition: partial probability 

'P, ( q,) = argmaxt5, ( q,). aq,_iq, 

Definition: reversal cursor 
q,....EQ 

Terms of "partial probability " and "reversal cursor " used herein both 

follow classic definitions of Viterbi algorithm. Detailed descriptions for the definition of the 

parameter may refer to Lawrence R. Rabiner, PROCEEDINGS OF THE IEEE, Vol.77, 

No.2, February 1989, which is incorporated herein by reference. 

Step 4, determining a final state, and tracing back an optional path 
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Determination of the final state, 
qN. = a-rg max o N ) 

gly 

The most possible fetal haplotype 1(0 i=1,2,3,___,N-1, ) is obtained by 

tracing back the optional path based on the reversal curse. 

Step 5, outputting a result 

Thus, the sequence of the fetal genome may be effectively analyzed. Comparing to 

other existing method of antenatal detection, the method of the present disclosure may 

have following technical advantages, mainly embodying in accuracy and amount of 

genetic information obtainable: 

1) According to embodiments of the present disclosure, a site to be detected is not 

limited to a parental site, for a maternal site, i.e., a maternal heterozygous site, whether a 

fetus inherits a maternal pathopoiesia site may also be detected excellently, with an 

accuracy up to 95% or more; and a plurality of abnormality types can be detected, which 

enlarges a range of disease detection. 

2) According to embodiments of the present disclosure, information of a plurality of 

site and diseases may be obtained by one time of sequencing; while those gene 

sequence, having a low coverage in the pregnant plasma which is not able to be 

accurately determined only by enhancing sequencing depth, may be obtained by the 

method of the present disclosure, with an accurate and liable result. 

3. According to embodiments of the present disclosure, a plotting with a genetic 

disease may be performed, some related diseases may be directly deduced with 

information of other sites, with a large amount of information obtained for one time, which 

has a more instructive meaning for clinical detection. 

In addition, according to embodiments of the present disclosure, the method of 
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determining base information of a predetermined region in a fetal genome, not limited to 

a certain genetic polymorphic sites such as SNP or STR, is adapted for all genetic 

polymorphic sites, which may be parallel used for a plurality of sites, to verify each other. 

Besides applying to antenatal noninvasive detect genomic information of a fetus, 

5 achieving a purpose of disease detection, the method of the present disclosure may also 

be used in noninvasive antenatal paternity identification, i.e., determining an identity of a 

fetus' father prior birth, providing assistance for disputes involving rearing responsibilities 

and obligations, property and sexual assault cases, etc. 

10 System for determining base information of a predetermined region in a fetal 

genome 

In another aspect of the present disclosure, there is provided a system for 

determining base information of a predetermined region in a fetal genome. According to 

embodiments of the present disclosure, referring to Fig.2, the system 1000 may 

15 comprises: a library constructing apparatus 100, a sequencing apparatus 200 and an 

analyzing apparatus 400. 

According to embodiments of the present disclosure, the library constructing 

apparatus 100 is adapted for constructing sequencing library based on a genomic DNA 

sample of a fetus. According to embodiments of the present disclosure, the sequencing 

20 apparatus 200 is connected to the library constructing apparatus 100, and adapted for 

subjecting the sequencing library to sequencing, to obtain a sequencing result of the 

fetus consisting of a plurality of sequencing data. According to embodiments of the 

present disclosure, the system 1000 may also comprise a DNA sample extracting 

apparatus, adapted for extracting the genomic DNA sample of the fetus from pregnant 

25 peripheral blood. Thus, the system may be adapted for noninvasive antenatal detection. 

According to embodiments of the present disclosure, optionally, the system may also 

comprise an aligning apparatus 300. According to embodiments of the present 

disclosure, the aligning apparatus 300 is connected to the sequencing apparatus 200, 

and adapted for aligning the sequencing result of the fetus to a reference sequence, to 

30 determine sequencing result deriving from the predetermined region. According to 

embodiments of the present disclosure, methods and devices for sequencing are not 

subjected to any special restrictions, including but not limited to Chain Termination 
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Method (Sanger); a high-throughput sequencing method is preferred. Thus, using 

characteristics being high-throughput and deep sequencing of these apparatus, 

efficiency may be further improved, by which precise and accuracy of subsequent 

analysis with sequencing data, such as statistical test, may be further improved. The 

5 high-throughput sequencing method includes but not limited to a Next-Generation 

sequencing technology or a single sequencing technology. The Next-Generation 

sequencing platform (Metzker ML. Sequencing technologies-the next generation. Nat 

Rev Genet. 2010 Jan; 11(1):31-46) includes but not limited to Illumina-Solexa (GATM, 

HiSeq2000TM, etc), ABI-Solid and Roche-454 (pyrosequencing) sequencing platform; 

10 the single sequencing platform (technology) includes but not limited to True Single 

Molecule DNA sequencing of Helicos Company, single molecule real-time (SMRTTIv1) of 

Pacific Biosciences Company, and nonapore sequencing technology of Oxford Nanopore 

Technologies (Rusk, Nicole (2009-04-01). Cheap Third-Generation Sequencing. Nature 

Methods 6 (4): 244-245), etc. With gradual development of sequencing technology, a 

15 person skilled in the art may understand other sequencing methods and apparatuses 

may also be used for whole genome sequencing. According to specific examples of the 

present disclosure, the whole genome sequencing library may be subjected to 

sequencing by at least one selected from Illumina-Solexa, ABI-SOLiD, Roche-454 and a 

single molecule sequencing apparatus. According to embodiments of the present 

20 disclosure, a type of used reference sequence may be not subjected to any special 

restrictions, which may be any known sequences contained a target region. According to 

embodiments of the present disclosure, the reference sequence may use a known 

human reference genome. For example, according to embodiments of the present 

disclosure, the human reference genome is NCBI 36.3, HG18. In addition, according to 

25 embodiments of the present disclosure, alignment methods are not subjected to any 

special restrictions. According to specific examples, SOAP may be used for alignment. 

According to embodiments of the present disclosure, the analyzing apparatus 400 is 

connected to the sequencing apparatus, and adapted for determining the base 

information of the predetermined region based on the sequencing result of the fetus 

30 combining with genetic information of a related individual using a hidden Markov Model. 

According to embodiments of the present disclosure, in the Viterbi algorithm, 0.25 is 

used as a probability distribution of an initial status, re/N is used as a recombination 
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probability, with re being 25-30, preferably re being 25, and N being a length of the 

predetermined region, 

x, = or 

7± X2 .7± 31-1 
is 

used as a recombination transition matrix with pr being re/N. 

5 According to embodiments of the present disclosure, the aligning apparatus is 

adapted for determining a base having the highest probability based on a formula of 

1 

P i,base 
2

(1—E)A(base,mk)+-1
c• A 

(base,mx)+-1
g • A(base, f 

ket0,11 2 ' ' 2 Y, 

A07 

wherein 

e x_
) = 

e/3 X # 

Analysis with sequencing data, which is detailed descripted above, is also adapted to 

the system for determining base information of a predetermined region in a fetal genome, 

10 which is omitted for brevity. 

Thus, using the system may effectively implement the above method of determining 

base information of a predetermined region in a fetal genome, which may determine 

nucleic acid sequence of a predetermined region in a fetal genome may be determined in 

virtue of the hidden Markov Model, for example using the Viterbi algorithm, and referring 

15 to genetic information of a related individual, by which a prenatal genetic detection may 

be effectively performed with genetic information of the fetal genome. 

In addition, according to embodiments of the present disclosure, the predetermined 

region is a site previously determined as having a genetic polymorphism, and the genetic 

polymorphism is at least one selected from single nucleotide polymorphism and STR. 

20 Terms of "connected" should be broadly understood, which may refer to a direct 

connection or indirect connection, as long as achieving the above functional connection. 

It should note that a person skilled in the art may understand that features and 

advantages of the method of determining base information of a predetermined region in a 

fetal genome described above may also adapted to the system for determining base 

25 information of a predetermined region in a fetal genome, which are omitted for brevity. 
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r 
ll(x,y) = 1 1-e 

e/3 X'FV ... 
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Computer readable medium 

In a further aspect of the present disclosure, there is provided a computer readable 

medium. According to embodiments of the present disclosure, the computer readable 

medium includes a plurality of instructions, adapted for determining base information of a 

5 predetermined region based on a sequencing result of a fetus combining with genetic 

information of a related individual using a hidden Markov Model. Thus, using the 

computer readable medium may effectively implement the above method of determining 

base information of a predetermined region in a fetal genome, which may determine 

nucleic acid sequence of a predetermined region in a fetal genome may be determined in 

10 virtue of the hidden Markov Model, for example using the Viterbi algorithm, and referring 

to genetic information of a related individual, by which a prenatal genetic detection may 

be effectively performed with genetic information of the fetal genome. 

According to embodiments of the present disclosure, the plurality of instructions are 

adapted for determining the base information of the predetermined region using the 

15 hidden Markov model based on Viterbi algorithm. According to embodiments of the 

present disclosure, in the Viterbi algorithm, 0.25 is used as a probability distribution of an 

initial status, re/N is used as a recombination probability, with re being 2530, preferably 

re being 25, and N being a length of the predetermined region, 

= Pr = (21-1= x = or 

x,: # # 

sYt = 

iS 

20 used as a recombination transition matrix with pr being re/N. 

According to embodiments of the present disclosure, the plurality of instructions are 

further adapted for determining a base having the highest probability based on based on 

a formula of 

P,ba se = —1(1 _ 8) A(base,m,)+ 
—1

e • A (base,m,)+ 
—1

e • A (base, f 1, 

kE{o,i) 2 2 ' 2 

A(x 

wherein 

1—e =' 

e 3 x 

25 Analysis with sequencing data, which is detailed descripted above, is also adapted to 

the computer readable medium, which is omitted for brevity. 
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a1k = Pr(q, = klqt-1 = J)= 1 (1- p,.) • p,, 

l p;. 
< is 
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l-e 

e/3 

25 Analysis with sequencing data, which is detailed descripted above, is also adapted to 

the computer readable medium, which is omitted for brevity. 
14 PIDC120561P 

Pg. 1016



In addition, according to embodiments of the present disclosure, the predetermined 

region is a site previously determined as having a genetic polymorphism, and the genetic 

polymorphism is at least one selected from single nucleotide polymorphism and STR. 

As to the specification, "computer readable medium" may be any device adaptive for 

5 including, storing, communicating, propagating or transferring programs to be used by or 

in combination with the instruction execution system, device or equipment. More specific 

examples of the computer readable medium comprise but are not limited to: an electronic 

connection (an electronic device) with one or more wires, a portable computer enclosure 

(a magnetic device), a random access memory (RAM), a read only memory (ROM), an 

10 erasable programmable read-only memory (EPROM or a flash memory), an optical fiber 

device and a portable compact disk read-only memory (CDROM). In addition, the 

computer readable medium may even be a paper or other appropriate medium capable 

of printing programs thereon, this is because, for example, the paper or other appropriate 

medium may be optically scanned and then edited, decrypted or processed with other 

15 appropriate methods when necessary to obtain the programs in an electric manner, and 

then the programs may be stored in the computer memories. 

It should be understood that each part of the present disclosure may be realized by 

the hardware, software, firmware or their combination. In the above embodiments, a 

plurality of steps or methods may be realized by the software or firmware stored in the 

20 memory and executed by the appropriate instruction execution system. For example, if it 

is realized by the hardware, likewise in another embodiment, the steps or methods may 

be realized by one or a combination of the following techniques known in the art: a 

discrete logic circuit having a logic gate circuit for realizing a logic function of a data 

signal, an application-specific integrated circuit having an appropriate combination logic 

25 gate circuit, a programmable gate array (PGA), a field programmable gate array (FPGA), 

etc. 

Those skilled in the art shall understand that all or parts of the steps in the above 

exemplifying method of the present disclosure may be achieved by commanding the 

related hardware with programs. The programs may be stored in a computer readable 

30 storage medium, and the programs comprise one or a combination of the steps in the 

method embodiments of the present disclosure when run on a computer. 

In addition, each function cell of the embodiments of the present disclosure may be 
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integrated in a processing module, or these cells may be separate physical existence, or 

two or more cells are integrated in a processing module. The integrated module may be 

realized in a form of hardware or in a form of software function modules. When the 

integrated module is realized in a form of software function module and is sold or used as 

5 a standalone product, the integrated module may be stored in a computer readable 

storage medium. 

Reference will be made in detail to examples of the present disclosure. It would be 

appreciated by those skilled in the art that the following examples are explanatory, and 

10 cannot be construed to limit the scope of the present disclosure. If the specific technology 

or conditions are not specified in the examples, a step will be performed in accordance 

with the techniques or conditions described in the literature in the art (for example, 

referring to J. Sambrook, et al. (translated by Huang PT), Molecular Cloning: A 

Laboratory Manual, 3rd Ed., Science Press) or in accordance with the product 

15 instructions. If the manufacturers of reagents or instruments are not specified, the 

reagents or instruments may be commercially available, for example, from Illumina 

company. 

General method 

The method according to embodiments of the present disclosure mainly comprises 

20 following steps: 

1) noninvasive sampling a pregnant sample containing fetal genetic materials, 

extracting genomic DNA therefrom; 

2) extracting and purifying genomic DNA sample from family members of the fetus, 

such as parents or grandparents thereof; 

25 3) constructing a sequencing library with every genetic material in accordance with 

an requirement for different sequencing platform; 

4) filtering obtained sequencing data, with filtering criteria based on quality value, 

adaptor contamination and etc; 

5) assembling obtained high-quality sequences as required, aligning an assembled 

30 result to a human genome reference sequence, to obtain uniquely-mapped sequences 

for analyzing using the model. 

Analysis model 
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Marker: 

I. the number of sites to be detected is N. 

II. haplotypes of parents are respectively recorded as FII = Uhofial and 

MH= {mho, mhi}

5 in which 

Ink = flak= ff,k, ---, fi,k, ---, fAck} , 

10 

k EOM i=1,2,3,...,N.

III. Unknown fetal haplotype is recorded as H=O0,1O 

respectively represent inheriting from mother and father. 

ho = mi,x,, ---, mNAN I = 

in which xi E OM, 

particularly, hc, and h1 

Subscripts xi and respectively present sequence pairs, and qi = tx.'-1/,1 represents 

the hidden states which need to be decoded. 

15 While, all hidden states possible presenting constitutes a set Q. 

IV. Sequencing data is recorded as S=

in which si = {ni,ionix-ni,G'ni,G} represents sequencing information of a site, containing 

the number of four bases, A, C, T and G. 

V. A mean fetal concentration and a mean sequencing error rate are respectively 

20 recorded as £ and e 

Step 1, constructing a probability distribution vector of an initial state and a transition 

matrix of haplotypes recombination: 

I. The probability distribution of the initial states is recorded as ir =1251 (-1 EQ). 

According to embodiments of the present disclosure, under a circumstance of having 

A.  1 
,IT — Pr (Cli =j) = 

25 no reference data, it may assume that  , i.e., possibilities of 
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Marker: 

I. the number of sites to be detected is N. 

11. haplotypes of parents are respectively recorded as FH = {ffio,A} and 

5 in which 

mhk = {"1i,t,··•,mi,k,···,mN,k} fht = ifi,t,···,J;,1.,··•,fN,k} 

VJh,,t,mhi,k E{A,C,G,T} 

kE{O,l} i=l,2,3, ... ,N_ , 

Ill. Unknown fetal haplotype is recorded as H = {,¾,~} , particularly, ho and ~ 

respectively represent inheriting from mother and father. 

ho= {m1,x1•···,m¼, ••• ,mN.xN} ~ = {J;Ji,---,fz.,y,,··•,fN,yN} 

in which x, E {0,1} y, E {0,1} , , 

Subscripts xi and Yt respectively present sequence pairs, and qi= {x,,y,} represents 

the hidden states which need to be decoded. 

15 While, all hidden states possible presenting constitutes a set Q 

20 

25 

IV. Sequencing data is recorded as S= {si,···,s,, ••• ,sN} 

in which si = {nz,,4,ni,c,ni,G•ni,G} represents sequencing information of a site, containing 

the number of four bases, A, C, T and G. 

V. A mean fetal concentration and a mean sequencing error rate are respectively 

recorded as E and e • 

Step 1, constructing a probability distribution vector of an initial state and a transition 

matrix of haplotypes recombination: 

I. The probability distribution of the initial states is recorded as :a= {:a1} ( j EQ)_ 

According to embodiments of the present disclosure, under a circumstance of having 

no reference data, it may assume that 

-- - l>r ( •• C"'I .,,w ,·) ~ l ,, a "'" r ... u - . . . - ---- ,, 
J ' 4 • •• , i.e., possibilities of 
17 PIDC120561P 

Pg. 1019



each hidden state presenting at the first site are equal. 

II. According to embodiments of the present disclosure, a probability of haplotype 

N , recombination is recorded as pr=reI in which re represents a mean times of human 

gamete recombinations, with a prior data ranging from 25 to 30. 

5 III. According to embodiments of the present disclosure, a transition matrix of haplotypes 

recombination is recorded as A={orik} ( j,k EQ), in which a,* represents a probability 

of hidden states transition, i.e., 

aft = Pr(q, = k =j)= 
1- AY 
1- Pr) .  Pr 

2 
P r 

xi = x, 1,yI = y, 

x, = x,_,,y, # y i_, or = y,_„ 

xi x,-1, y, # y„ 

Subscripts x, and y, of fetal haplotypes h0 = and 

10 ft, constitute a sequence pair, qi ={x,,y,} constitute the hidden 

states to be encoded. For example, x, = 0 represents "in a maternal chromosome, an 

allele in the corresponding locus is mi3O". 

Step 2, constructing a probability matrix of observations: 

According to embodiments of the present disclosure, the probability matrix of 

15 observations is recorded as B= {b,j (s,)} (i=1,2,3,,...,N, j EQ), in which b,j (si ) 

represents "an observed possibility of this sequencing information in a site i, considering 

maternal haplotype and fetal haplotype (state 
(s.,) = Pr(s, lq, = j., mi

(n +n +n +n )! z,A zC zG z,T  (p „ ) 

n !n In I 1 zC zG 1,T 

(PC) 
C 

- ( P G )

; G ( Pi  ) 14

j={xi, ya)", i.e., 

in which represents "a possibility of a base in a site i, considering maternal 

20 haplotype and fetal haplotype (state j, j={xi, y,})", i.e., 
= Pr(baselqi = 

1 1 1 
= (1 eM(base,m,i )+—E-A(base,m.)± c-A(base,fy-i ) 

k40,11' 2 2 

in which, an indicator function is 

1-e 
A(x,y)={ 

x =y 

x 

18 PIDC 120561P 

each hidden state presenting at the first site are equal. 

II. According to embodiments of the present disclosure, a probability of haplotype 

recombination is recorded as Pr =re/N, in which re represents a mean times of human 

gamete recombinations, with a prior data ranging from 25 to 30. 

5 Ill. According to embodiments of the present disclosure, a transition matrix of haplotypes 

recombination is recorded as A= {aft<} ( J,k EQ), in which aft< represents a probability 

of hidden states transition, i.e., 

(l-prY 

aJk = Pr(q, = klq,-1 = J)= (1- Pr)· p,. 

Subscripts x, and y, of fetal haplotypes and 

10 ~ = {J;,J\, ... ,f,;y,,---,fN.J-u} constitute a sequence pair, q, = {x,,y,} constitute the hidden 

states to be encoded. For example, x; = 0 represents "in a maternal chromosome, an 

allele in the corresponding locus is m;,0". 

Step 2, constructing a probability matrix of observations: 

According to embodiments of the present disclosure, the probability matrix of 

15 observations is recorded as B={b,,As,)} (i=l,2,3, ... ,N ,JEQ), in which btJ(s,) 

represents "an observed possibility of this sequencing information in a site i, considering 

maternal haplotype and fetal haplotype (state i.e., 

b,,,As,) = Pr(s,lq; = J,{m0,m1}) 

= ( n,.,A. + n,,c + n,,G + n,.;r )! . (R )n,..t . (R )"'J:: . (R )"'P . (R )"':r 
I I f I ,.,A. ,.c ,.G ,.;r 

n,,A .n,,c .n,,G .n,.;r. 

in which ~,1,me represents "a possibility of a base in a site i, considering maternal 

20 haplotype and fetal 

P,Jmse = Pr(baselq, = J,{m0 ,Tlli}) 
haplotype (state j, 

1 1 1 
= L -(l-c)A(base,mk)+-&·A(base,mx,)+-&·A(base,J;,,) 

kE{o,1} 2 2 2 

{ 

1-e 
A(x,y)= e/3 

in which, an indicator function is 
18 

x=y 

X=#= y 

i.e., 
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Step 3, constructing a partial probability matrix, and a reversal cursor (taking an 

example of constructing a one-dimensional probability matrix): 

(q, ) (Yi (qz)-a4,-.7,)"bi,q,(s=) 
Definition: partial probability 

T i (q,)= argmaxg, (q,) • as-is

Definition: reversal cursor 
5 

Step 4, determining a final state, and tracing back an optional path 

qN= argmaxor, ((IN.) 
Determination of the final state, 

The most possible fetal haplotype tlifi(T) ( ) is obtained by 

tracing back the optional path based on the reversal curse. 

Step 5, outputting a result 

10 

EXAMPLE 1 

Sample collection and treatment 

(1) collected sample included: peripheral blood extracted from a father and a 

pregnant mother within a family, and fetal umbilical cord blood after birth, all of which 

15 were collected in a tube containing EDTA for anticoagulation; saliva were collected from 

four grandparents using a Oragene® DNA saliva collection/DNA purification kit OG-250. 

(2) extracted saliva DNA of the four grandparents were subjected to genotyping 

using Infinium® HD Human610-Quad BeadChip gene chip. 

(3) the peripheral blood collected from the pregnant mother was centrifuged with 

20 1600 g at 4°C for 10 min, to separate blood cells and plasma. Then obtained plasma was 

centrifuged with 16000 g at 4°C for 10 min, to further remove residual leukocytes, to 

obtain final plasma of the pregnant mother. Then genomic DNA was extracted from the 

final plasma of the pregnant mother using TIANamp Micro DNA Kit (TIANGEN), to obtain 

a genomic DNA mixture of mother and fetus thereof. Then maternal genomic DNA was 

25 extracted from removed residual leukocytes. Obtained plasma DNA were subjected to 

library construction based on requirement for HiSeg2000TM sequencer of Illumia°

sequencer. Constructed libraries were subjected to a distribution test using 

Agilent° Bioanalyzer 2100 to meet a requirement for fragment ranges. Then two libraries 

were subjected to quantification using Q-PCR method. Qualified libraries were subjected 
19 P1DC120561P 

5 

Step 3, constructing a partial probability matrix, and a reversal cursor (taking an 

example of constructing a one-dimensional probability matrix): 

Definition: partial probability 

'P,(q,) = argmaxt5,(q,) -aq,_
1
q, 

Definition: reversal cursor 
q,__.EQ 

Step 4, determining a final state, and tracing back an optional path 

q~= argmaxON ( qN) 
Determination of the final state, 'lNEQ 

The most possible fetal haplotype q; = '¥,(q,) ( i = 1,2,3, .•• ,N-l) is obtained by 

tracing back the optional path based on the reversal curse. 

Step 5, outputting a result 

EXAMPLE 1 

Sample collection and treatment 

(1) collected sample included: peripheral blood extracted from a father and a 

pregnant mother within a family, and fetal umbilical cord blood after birth, all of which 

15 were collected in a tube containing EDTA for anticoagulation; saliva were collected from 

four grandparents using a Oragene® DNA saliva collection/DNA purification kit OG-250. 

(2) extracted saliva DNA of the four grandparents were subjected to genotyping 

using lnfinium® HD Human610-Quad BeadChip gene chip. 

(3) the peripheral blood collected from the pregnant mother was centrifuged with 

20 1600 g at 4°C for 10 min, to separate blood cells and plasma. Then obtained plasma was 

centrifuged with 16000 g at 4°C for 10 min, to further remove residual leukocytes, to 

obtain final plasma of the pregnant mother. Then genomic DNA was extracted from the 

final plasma of the pregnant mother using TIANamp Micro DNA Kit (TIANGEN), to obtain 

a genomic DNA mixture of mother and fetus thereof. Then maternal genomic DNA was 

25 extracted from removed residual leukocytes. Obtained plasma DNA were subjected to 

library construction based on requirement for HiSeq2000 TM sequencer of lllumia® 

sequencer. Constructed libraries were subjected to a distribution test using 

Agilent®Bioanalyzer 2100 to meet a requirement for fragment ranges. Then two libraries 

were subjected to quantification using Q-PCR method. Qualified libraries were subjected 
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to sequencing using IIlumina°  HiSeq2000TM sequencer, with a sequencing cycle of 

PE101index (i.e., pair-end 101 bp index sequencing), in which parameter settings and 

operations were based on Illumina® specifications (obtained at 

httpiwnwillurnina.comisupportidocurnentation.ilmn)

5 (4) parental peripheral blood, leukocytes extracted from maternal peripheral blood 

and fetal umbilical cord blood were extracted with their respective genomic DNA using 

TIANamp Micro DNA Kit (TIANGEN). 

Except for plasma DNA sample, all obtained DNA sample needed to be fragmented 

using CovarisTM to have a length of 500 bp. Obtained DNA fragments and plasma DNA 

10 sample were subjected to library construction based on the requirement for HiSeg2000TM

sequencer of Illumia® sequencer, with a detailed procedure: 

End-reparing reacting system: 

10x T4 Polynucleotide kinase buffer 10 µL 

dNTPs (10 mM) 4µL 

15 T4 DNA polymerase 5 µL 

Klenow fragments 1 µL 

T4 Polynucleotide kinase 5 µL 

DNA fragments 30 µL 

ddH2O up to 100 µL 

20 After reacting at 20°C for 30 min, PCR Purification Kit (QIAGEN) was used in 

recycling end-repaired products. Then the recycled end-repaired products were finally 

dissolved in 34µL of EB buffer. 

A reacting system for adding base A at end: 

10x Klenow buffer 5 µL 

25 dATP (1 mM) 

Klenow (3'-5' exo-) 

DNA 

10 µL 

3 µL 

32 µL 

After incubating at 37°C for 30 min, obtained products were purified by MinElute®

PCR Purification Kit (QIAGEN) and dissolved in 12 µL of EB buffer, to obtain DNA 

30 samples added with base A at end. 

Ligating adaptor reacting system: 

2x Rapid DNA ligating buffer 25 µL 

PEI Adapter oligo-mix (20 µM) 10 µL 
20 PIDC120561P 

to sequencing using lllumina® HiSeq2000 TM sequencer, with a sequencing cycle of 

PE101 index (i.e., pair-end 101 bp index sequencing), in which parameter settings and 

operations were based on lllumina® specifications (obtained at 

http:/iwNw.i!!umina.com/supportidocurnentation.ilmn) 

5 (4) parental peripheral blood, leukocytes extracted from maternal peripheral blood 

and fetal umbilical cord blood were extracted with their respective genomic DNA using 

TIANamp Micro DNA Kit (TIANGEN). 

Except for plasma DNA sample, all obtained DNA sample needed to be fragmented 

using Covaris TM to have a length of 500 bp. Obtained DNA fragments and plasma DNA 

10 sample were subjected to library construction based on the requirement for HiSeq2000 TM 

sequencer of lllumia® sequencer, with a detailed procedure: 

15 

End-reparing reacting system: 

1 Ox T4 Polynucleotide kinase buffer 

dNTPs (10 mM) 

T4 DNA polymerase 

Kienow fragments 

T4 Polynucleotide kinase 

DNA fragments 

ddH2O 

10 µL 

4 µL 

5 µL 

1 µL 

5 µL 

30 µL 

up to 100 µL 

20 After reacting at 20°c for 30 min, PCR Purification Kit (QIAGEN) was used in 

25 

recycling end-repaired products. Then the recycled end-repaired products were finally 

dissolved in 34µL of EB buffer. 

A reacting system for adding base A at end: 

1 Ox Kienow buffer 

dATP (1 mM) 

Kienow (3'-5' exo-) 

DNA 

5 µL 

10 µL 

3 µL 

32 µL 

After incubating at 37°C for 30 min, obtained products were purified by MinElute® 

PCR Purification Kit (QIAGEN) and dissolved in 12 µL of EB buffer, to obtain DNA 

30 samples added with base A at end. 

Ligating adaptor reacting system: 

2x Rapid DNA ligating buffer 

PEI Adapter oligo-mix (20 µM) 
20 

25 µL 

10 µL 
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T4 DNA ligase 

DNA sample added with base A at end 

5 µL 

10 µL 

After reacting at 20°C for 15 min, PCR Purification Kit (QIAGEN) was used in 

recycling ligated products. The ligated products were finally dissolved in 32 µL of EB 

_5 buffer. 

PCR reacting system: 

Ligated product 10 µL 

Phusion DNA Polymerase Mix 25 µL 

PCR primer (10 pmol/µL) 1 µL 

10 Index N (10 prnol/µL) 1 µL 

UltraPureTM Water 13 µL 

Reacting procedure was shown as below: 

98°C 

15 98°C 

65°C 

72°C 

72°C 

4°C 

30 s 

10s 

30 s 10 cycles 

30 s 

5 min 

Hold 

20 PCR Purification Kit (QIAGEN) was used in recycling PCR products, which were 

finally dissolved in 50 µL of EB buffer. 

Constructed libraries were subjected to a distribution test using AgileneBioanalyzer 

2100 to meet a requirement for fragment ranges. Then two libraries were subjected to 

quantification using Q-PCR method. Qualified libraries were subjected to sequencing 

25 using Illumine HiSeg2000TM sequencer, with a sequencing cycle of PE101index (i.e., 

pair-end 101 bp index sequencing), in which parameter settings and operations were 

based on specifications (obtained at 

http://www.illumina.conilsupport/docurnentation.ilmn)

(5) parental and maternal genomes sequencing genotyping 

30 a. the sequencing data were aligned to a human reference genome (Hg19, NCBI 

36.3) using SOAP2. 

b. obtained data were subjected to consensus sequence (CNS) construction using 

SOAPsnp (thousands of planning data were used for Southern Han (CHS) pedigree 

data). 
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T4 DNA ligase 

DNA sample added with base A at end 

5 µL 

10 µL 

After reacting at 20°c for 15 min, PCR Purification Kit (QIAGEN) was used in 

recycling ligated products. The ligated products were finally dissolved in 32 µL of EB 

5 buffer. 

PCR reacting system: 

Ligated product 10 µL 

Phusion DNA Polymerase Mix 25 µL 

PCR primer (10 pmol/µL) 1 µL 

10 Index N (10 pmol/µL) 1 µL 

UltraPureTM Water 13 µL 

Reacting procedure was shown as below: 

98°C 30 s 

15 98°C 
10 s } 

65°c 30 s 10 cycles 

72°c 30 s 

72°c 5 min 

4°c Hold 

20 PCR Purification Kit (QIAGEN) was used in recycling PCR products, which were 

finally dissolved in 50 µL of EB buffer. 

Constructed libraries were subjected to a distribution test using Agilent®Bioanalyzer 

2100 to meet a requirement for fragment ranges. Then two libraries were subjected to 

quantification using Q-PCR method. Qualified libraries were subjected to sequencing 

25 using lllumina® HiSeq2000™ sequencer, with a sequencing cycle of PE101 index (i.e., 

pair-end 101 bp index sequencing), in which parameter settings and operations were 

based on lllumina® specifications (obtained at 

http://wwvv.i!iurnina.com/support/documentation.i!mn) 

(5) parental and maternal genomes sequencing genotyping 

30 a. the sequencing data were aligned to a human reference genome (Hg19, NCBI 

36.3) using SOAP2. 

b. obtained data were subjected to consensus sequence (CNS) construction using 

SOAPsnp (thousands of planning data were used for Southern Han (CHS) pedigree 

data). 
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c. genotypes of a maker site were extracted. 

(6) determination of parents' haplotypes 

a. constructing a group genotype matrix containing ancestors' and parents' 

genotypes, i.e., extracting genotypes in the marker site of parents, ancestors and 

5 Southern Han pedigree. 

b. deducing parents' haplotypes using BEAGLE. 

(7) determination of fetal haplotype 

a. aligning plasma sequencing data to a human reference genome ((Hg19, NCBI 

36.3) using SOAP2; 

10 b. constructing a probability vector of initial states, and a transition matrix of 

haplotypes recombination, 

constructing the probability vector of initial states: taking a model of non-reference 

data, i.e., probabilities of every initial states were equal, being 0.25. 

constructing the transition matrix of haplotypes recombination: conservatively, 

15 re =25 25 (others were same as descriptions in "general method"); 

c. calculating sequencing information of each site, and constructing a probability 

matrix of observations (others were same as descriptions in "general method"); 

d. constructing a partial probability matrix, and a reversal curse (others were same 

as descriptions in "general method"); 

20 e. determining a final state, and tracing back an optional path; and 

f. outputting. 

According to genotyping results, the accuracy thereof were shown below: 
mother total 

site number accurate number accuracy 
homozygosis 

site number accurate number accuracy 
heterozygosis 

site number accurate number accuracy 

homozygosis 199,552 199,552 100.00% 66,238 63,968 96.57% 265,794 263,520 99.15% 
autosome father 

heterozygosis 65,409 64,735 98.97% 41,849 39,944 95.45% 107,258 104,679 97.60% 
264,961 264,287 99,75% 108,087 103,912 96.14% 373,048 368,199 98.70% 

chromosome X 4,881 4,881 100.00% 1,718 1,478 66.03% 6,599 6,359 96.36% 

25 Industrial Applicability 

The method of determining base information of a predetermined region in a fetal 

genome, the system for determining base information of a predetermined region in a fetal 

genome and a computer readable medium according to embodiments of the present 

disclosure may be effectively applied in analyzing the nucleic acid sequence of the 

30 predetermined region in the fetal genome. 
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c. genotypes of a maker site were extracted. 

(6) determination of parents' haplotypes 

a. constructing a group genotype matrix containing ancestors' and parents' 

genotypes, i.e., extracting genotypes in the marker site of parents, ancestors and 

5 Southern Han pedigree. 

b. deducing parents' haplotypes using BEAGLE. 

(7) determination of fetal haplotype 

a. aligning plasma sequencing data to a human reference genome ((Hg19, NCBI 

36.3) using SOAP2; 

10 b. constructing a probability vector of initial states, and a transition matrix of 

haplotypes recombination, 

constructing the probability vector of initial states: taking a model of non-reference 

data, i.e., probabilities of every initial states were equal, being 0.25. 

constructing the transition matrix of haplotypes recombination: conservatively, 

15 re=25 (others were same as descriptions in "general method"); 

c. calculating sequencing information of each site, and constructing a probability 

matrix of observations (others were same as descriptions in "general method"); 

d. constructing a partial probability matrix, and a reversal curse (others were same 

as descriptions in "general method"); 

20 e. determining a final state, and tracing back an optional path; and 

f. outputting. 

According to genotyping results, the accuracy thereof were shown below: 
mother t•:ttal 

homoz1gosis heterozygosis 
site number accurate r,umber accuracy s:te nu:r,ber accurate numoer accu~acy site number accurgte number accuracy 

autosoms fath8r 
homozygosis 199.,552 19fr552 100.00% 00,238 63.968 96.57% 265,790 263,5.20 99.15% 
heternzfgosis 65,409 64,735 98.97% 41,849 39,944 95.45% 107,258 104,679 97.60% 

264.961 264,287 99,75% 108.087 103,912 96.14% 373.048 368,199 98,70% 
chromosome X 4,881 4,881 100.00% 1,718 1.478 86.03% 6,599 6,359 96.360/c, 

25 Industrial Applicability 

The method of determining base information of a predetermined region in a fetal 

genome, the system for determining base information of a predetermined region in a fetal 

genome and a computer readable medium according to embodiments of the present 

disclosure may be effectively applied in analyzing the nucleic acid sequence of the 

30 predetermined region in the fetal genome. 
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Although explanatory embodiments have been shown and described, it would be 

appreciated by those skilled in the art that the above embodiments cannot be construed 

to limit the present disclosure, and changes, alternatives, and modifications can be made 

in the embodiments without departing from spirit, principles and scope of the present 

5 disclosure. 

Reference throughout this specification to "an embodiment," "some embodiments", 

"one embodiment", "another example", "an example", "a specific examples", or "some 

examples", means that a particular feature, structure, material, or characteristic 

described in connection with the embodiment or example is included in at least one 

10 embodiment or example of the present disclosure. Thus, the appearances of the phrases 

such as "in some embodiments," "in one embodiment", "in an embodiment", "in another 

example, "in an example," "in a specific examples," or "in some examples," in various 

places throughout this specification are not necessarily referring to the same 

embodiment or example of the present disclosure. Furthermore, the particular features, 

15 structures, materials, or characteristics may be combined in any suitable manner in one 

or more embodiments or examples. 
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Although explanatory embodiments have been shown and described, it would be 

appreciated by those skilled in the art that the above embodiments cannot be construed 

to limit the present disclosure, and changes, alternatives, and modifications can be made 
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5 disclosure. 

Reference throughout this specification to "an embodiment," "some embodiments", 
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O WHAT IS CLAIMED IS: 
cN1 

f=1-i 
CD 1. A method of determining base information of a predetermined region in a fetal 

c/ 
T—i genome, comprising following steps: 

constructing a sequencing library based on a genomic DNA sample of a fetus; 

subjecting the sequencing library to sequencing, to obtain a sequencing result of 

the fetus consisting of a plurality of sequencing data; and 

determining the base information of the predetermined region based on the 

sequencing result of the fetus combining with genetic information of a related individual 

using a hidden Markov Model, 

wherein the base information of the predetermined region comprises the most 

possible fetal haplotype recombination, 

and the base information of the predetermined region is obtained by: 

constructing a probability distribution vector of an initial state and a transition 

matrix of haplotypes recombination; 

constructing a probability matrix of observations; 

constructing a partial probability matrix, and a reversal cursor; 

determining a final state, and tracing back an optional path; and 

outputting a result to analyze the DNA sequence of the fetal genome. 
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2. The method of claim 1, wherein the genomic DNA sample of the fetus is 

extracted from pregnant peripheral blood. 

3. The method of claim 1 or claim 2, further comprising a step of aligning the 

sequencing result of the fetus to a reference sequence, to determine sequencing result 

deriving from the predetermined region, 

wherein optionally the reference sequence is a human reference genome, 

wherein the step of aligning the sequencing result of the fetal genome to the 

reference sequence to determine sequencing result deriving from the predetermined 

region further comprises: 

determining a base having the highest probability based on a formula of 
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WHAT IS CLAIMED IS: 

1. A method of determining base information of a predetermined region in a fetal 

genome, comprising following steps: 

constructing a sequencing library based on a genomic DNA sample of a fetus; 

subjecting the sequencing library to sequencing, to obtain a sequencing result of 

the fetus consisting of a plurality of sequencing data; and 

determining the base information of the predetermined region based on the 

sequencing result of the fetus combining with genetic information of a related individual 

using a hidden Markov Model, 

wherein the base information of the predetermined region comprises the most 

possible fetal haplotype recombination, 

and the base information of the predetermined region is obtained by: 

constructing a probability distribution vector of an initial state and a transition 

matrix of haplotypes recombination; 

constructing a probability matrix of observations; 

constructing a partial probability matrix, and a reversal cursor; 

determining a final state, and tracing back an optional path; and 

outputting a result to analyze the DNA sequence of the fetal genome. 

2. The method of claim 1 , wherein the genomic DNA sample of the fetus is 

extracted from pregnant peripheral blood. 

3. The method of claim 1 or claim 2, further comprising a step of aligning the 

sequencing result of the fetus to a reference sequence, to determine sequencing result 

deriving from the predetermined region, 

wherein optionally the reference sequence is a human reference genome, 

wherein the step of aligning the sequencing result of the fetal genome to the 

reference sequence to determine sequencing result deriving from the predetermined 

region further comprises: 

determining a base having the highest probability based on a formula of 
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base = -1 (1_ e) A (base,mk)+-
1

E• A (base,m,. )+-1 E • A (base, fy,) 
kEfo,i) 2 2 ' 2 

wherein 

I 1-e x_ y 

e/3 x 

4. The method of any one of claims 1 to 3, wherein the related individual is a 

parent of the fetus. 

5. The method of any one of claims 1 to 4, wherein the step of determining the 

base information of the predetermined region using the hidden Markov Model is 

performed based on Viterbi algorithm, 

wherein optionally in the Viterbi algorithm, 0.25 is used as a probability distribution 

of an initial status, re/N is used as a recombination probability, with re being between 

about 25 and about 30, preferably re being 25, and N being a length of the 

predetermined region, 

(1-

tT= 1T-i= j)= (1- Pr)* Pr xi = or 

is 

used as a recombination transition matrix with pr being re/N. 

6. The method of any one of claims 1 to 5, wherein the predetermined region is a 

site previously determined as having a genetic polymorphism, 

wherein optionally the genetic polymorphism is at least one selected from single 

nucleotide polymorphism and STR. 

7. A system for determining base information of a predetermined region in a fetal 

genome, comprising: 

a library constructing apparatus, adapted for constructing sequencing library 

based on a genomic DNA sample of a fetus; 

a sequencing apparatus, connected to the library constructing apparatus, and 

25 
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wherein 

1-e 

e/3 

4. The method of any one of claims 1 to 3, wherein the related individual is a 

parent of the fetus. 

5. The method of any one of claims 1 to 4, wherein the step of determining the 

base information of the predetermined region using the hidden Markov Model is 

performed based on Viterbi algorithm, 

wherein optionally in the Viterbi algorithm, 0.25 is used as a probability distribution 

of an initial status, re/N is used as a recombination probability, with re being between 

about 25 and about 30, preferably re being 25, and N being a length of the 

predetermined region, 

. ·) r (!- P. )' 

aJk = Pr(qi = klq!-1 = J, = \I (1- Pr.J-Pr 

p,: 
'- is 

used as a recombination transition matrix with Pr being re/N. 

6. The method of any one of claims 1 to 5, wherein the predetermined region is a 

site previously determined as having a genetic polymorphism, 

wherein optionally the genetic polymorphism is at least one selected from single 

nucleotide polymorphism and STR. 

7. A system for determining base information of a predetermined region in a fetal 

genome, comprising: 

a library constructing apparatus, adapted for constructing sequencing library 

based on a genomic DNA sample of a fetus; 

a sequencing apparatus, connected to the library constructing apparatus, and 
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adapted for subjecting the sequencing library to sequencing, to obtain a sequencing 

result of the fetus consisting of a plurality of sequencing data; and 

an analyzing apparatus, connected to the sequencing apparatus, and adapted for 

determining the base information of the predetermined region based on the 

sequencing result of the fetus combining with genetic information of a related individual 

using a hidden Markov Model, 

wherein the base information of the predetermined region comprises the most 

possible fetal haplotype recombination, 

and the base information of the predetermined region is obtained by: 

constructing a probability distribution vector of an initial state and a transition 

matrix of haplotypes recombination; 

constructing a probability matrix of observations; 

constructing a partial probability matrix, and a reversal cursor; 

determining a final state, and tracing back an optional path; and 

outputting a result to analyze the DNA sequence of the fetal genome. 

8. The system of claim 7, further comprising a DNA sample extracting apparatus, 

adapted for extracting the genomic DNA sample of the fetus from pregnant peripheral 

blood. 

9. The system of claim 2 or claim 8, further comprising an aligning apparatus, 

connected to the sequencing apparatus, and adapted for aligning the sequencing 

result of the fetus to a reference sequence, to determine sequencing result deriving 

from the predetermined region, 

wherein the aligning apparatus is adapted for determining a base having the 

highest probability based on a formula of 

P i ,hare 

1 1 1 
= —(1— e) A (base,rnk )+—E • (base,m,)+E • A (base, f yi ) 

kE{o,i) 2 2 2 

I 1 — e x =

3 x y 
wherein 
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adapted for subjecting the sequencing library to sequencing, to obtain a sequencing 

result of the fetus consisting of a plurality of sequencing data; and 

an analyzing apparatus, connected to the sequencing apparatus, and adapted for 

determining the base information of the predetermined region based on the 

sequencing result of the fetus combining with genetic information of a related individual 

using a hidden Markov Model, 

wherein the base information of the predetermined region comprises the most 

possible fetal haplotype recombination, 

and the base information of the predetermined region is obtained by: 

constructing a probability distribution vector of an initial state and a transition 

matrix of haplotypes recombination; 

constructing a probability matrix of observations; 

constructing a partial probability matrix, and a reversal cursor; 

determining a final state, and tracing back an optional path; and 

outputting a result to analyze the DNA sequence of the fetal genome. 

8. The system of claim 7, further comprising a DNA sample extracting apparatus, 

adapted for extracting the genomic DNA sample of the fetus from pregnant peripheral 

blood. 

9. The system of claim 2 or claim 8, further comprising an aligning apparatus, 

connected to the sequencing apparatus, and adapted for aligning the sequencing 

result of the fetus to a reference sequence, to determine sequencing result deriving 

from the predetermined region, 

wherein the aligning apparatus is adapted for determining a base having the 

highest probability based on a formula of 

1 1 1 
Pb = '°' -(I-&)A(base,mk)+-&·A(base,mx )+-&·A(base,fv) 

,. ase ~ 2 2 ' 2 , ' 
kE{0.1} 

wherein 

1-e 

e/3 

x=J·' 

X+}' 
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10. The system of any one of claims 7 to 9, wherein the analyzing apparatus is 

adapted for determining the base information of the predetermined region using a 

hidden Markov Model based on Viterbi algorithm, wherein optionally in the Viterbi 

algorithm, 0.25 is used as a probability distribution of an initial status, re/N is used as a 

recombination probability, with re being between about 25 and about 30, preferably re 

being 25, and N being a length of the predetermined region, 
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I P' 

= 

X i -1 sY; 4-- Y-1 

used as a recombination transition matrix with pr being re/N. 

is 

11. A computer readable medium comprising a plurality of instructions, adapted for 

determining base information of a predetermined region based on a 

sequencing result of a fetus combining with genetic information of a related 

individual using a hidden Markov Model, which causes the apparatus to 

perform: 

constructing a sequencing library based on the genomic DNA sample of the 

fetus; 

subjecting the sequencing library to sequencing, to obtain a sequencing result 

of the fetus consisting of a plurality of sequencing data; and 

determining the base information of the predetermined region based on the 

sequencing result of the fetus combining with genetic information of a related 

individual using the hidden Markov Model, 

wherein the base information of the predetermined region comprises the most 

possible fetal haplotype recombination, 

and the base information of the predetermined region is obtained by: 

constructing a probability distribution vector of an initial state and a transition 

matrix of haplotypes recombination; 

constructing a probability matrix of observations; 

constructing a partial probability matrix, and a reversal cursor; 

determining a final state, and tracing back an optional path; and 
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10. The system of any one of claims 7 to 9, wherein the analyzing apparatus is 

adapted for determining the base information of the predetermined region using a 

hidden Markov Model based on Viterbi algorithm, wherein optionally in the Viterbi 

algorithm, 0.25 is used as a probability distribution of an initial status, re/N is used as a 

recombination probability, with re being between about 25 and about 30, preferably re 

being 25, and N being a length of the predetermined region, 

r 
a_.,~ Pr(q, ~ klq,_1 ~ j) ~ 1 

is 

used as a recombination transition matrix with Pr being re/N. 

11 . A computer readable medium comprising a plurality of instructions, adapted for 

determining base information of a predetermined region based on a 

sequencing result of a fetus combining with genetic information of a related 

individual using a hidden Markov Model, which causes the apparatus to 

perform: 

constructing a sequencing library based on the genomic DNA sample of the 

fetus; 

subjecting the sequencing library to sequencing, to obtain a sequencing result 

of the fetus consisting of a plurality of sequencing data; and 

determining the base information of the predetermined region based on the 

sequencing result of the fetus combining with genetic information of a related 

individual using the hidden Markov Model, 

wherein the base information of the predetermined region comprises the most 

possible fetal haplotype recombination, 

and the base information of the predetermined region is obtained by: 

constructing a probability distribution vector of an initial state and a transition 

matrix of haplotypes recombination; 

constructing a probability matrix of observations; 

constructing a partial probability matrix, and a reversal cursor; 

determining a final state, and tracing back an optional path; and 

27 

Pg. 1029



outputting a result to analyze the DNA sequence of the fetal genome. 
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12. The computer readable medium of claim 11, wherein the plurality of 

instructions are adapted for determining the base information of the predetermined 

region using the hidden Markov model based on Viterbi algorithm, 

wherein optionally in the Viterbi algorithm, 0.25 is used as a probability distribution 

of an initial status, re/N is used as a recombination probability, with re being between 

about 25 and about 30, preferably re being 25, and N being a length of the 

predetermined region, 

is 

used as a recombination transition matrix with pr being re/N. 

13. The computer readable medium of claim 11 or claim 12, wherein the plurality 

of instructions are adapted for aligning the sequencing result of the fetus to a reference 

sequence, to determine sequencing result deriving from the predetermined region, 

wherein optionally the plurality of instructions are further adapted for determining a 

base having the highest probability based on based on a formula of 

1  1 1 

P i ,base = 
1

-
2

(1 — s) A (base,mk.)+  E A (base,mx )+  E • A (base, fy) 
ket0,1f 2 ' 2 

1—e x = 

el3 x y 
wherein 

A(x, 
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outputting a result to analyze the DNA sequence of the fetal genome. 

12. The computer readable medium of claim 11, wherein the plurality of 

instructions are adapted for determining the base information of the predetermined 

region using the hidden Markov model based on Viterbi algorithm, 

wherein optionally in the Viterbi algorithm, 0.25 is used as a probability distribution 

N of an initial status, re/N is used as a recombination probability, with re being between 
N 
0 about 25 and about 30, preferably re being 25, and N being a length of the 
00 
~ predetermined region, 

is 

used as a recombination transition matrix with Pr being re/N. 

13. The computer readable medium of claim 11 or claim 12, wherein the plurality 

of instructions are adapted for aligning the sequencing result of the fetus to a reference 

sequence, to determine sequencing result deriving from the predetermined region, 

wherein optionally the plurality of instructions are further adapted for determining a 

base having the highest probability based on based on a formula of 

1 1 1 
Pb = '"' -(I-&)A(base,mk)+-&·A(base,mx)+-&·A(base,fv) 

,, ase ~ 2 2 ' 2 , ' 
kE{OJ} 

wherein 

1-e 

e/3 

x=v 
r' 

X*l' 
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(74) ftm.A.: :Itffi°7l$.$ntiR~ttftm•~m <-WB 
-€it}( ) (TSINGYIHUA INTELLECTUAL PROP­
ERTY LLC); cp [Ji] l t]l: rffieyiiE [Xjg $ Im iH $A$ R~ 
i~J~'Jt !BJ _ill;_~ 301 ~. Beijing 100084 (CN)o 

(81) ffijel;!!J c~i~1'f-lltllfil, ~*~ ·1faJ-ttf'ftBiJl!l~1:W-: 
:Jf'): AE, AG, AL, AM, AO, AT, AU, AZ, BA, BB, I3G, 
BH,BR,BW,BY,BZ,CA,CH,CL,CN,CO,CR,CU, 
CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES, FI, GB, GD, 
GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT, LU, 
LY, MA, MD, ME, MG, MK, MN, MW, MX, MY, MZ, 
NA, NG, NI, NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, 
RS, RU, RW, SC, SD, SE, SG, SK, SL, SM, ST, SY, SY, 
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, 
ZA,ZM,ZW, 

(84) ffijeli (~'.l:\1'f-t~ SJ.I, ~3K~ ·;ffar-tJ11tBiJ:1:-tl11X f:\jt 
t?): ARIPO (I3W, GH, GM, KE, LR, LS, MW, MZ, NA, 
RW, SD, SL, SZ, TZ, UG, ZM, ZW), @z _l[]i_ (AM, AZ, 
BY, KG, KZ, RU, TJ, TM), J3X1J'i1 (AL, AT, BE, BG, CH, 
CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, 
IS, lT, LT, LU, LY, MC, MK, MT, NL, NO, PL, PT, RO, 
RS, SE, SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG)o 

::.fs:li~z};(Jf: 

- tHtOO~ffi:rft~:tliuc~£1~ 21 ~(3)), 

= -----------------------------------
- (54) Title: METHOD, SYSTEM AND COMPUTER READABLE MEDIUM FOR DETERMINING BASE INFORNlATION IN 

1"""'I PREDETERMINED AREA OF FFTUS GENOME 

"< (54) £f!ij~#: 11f!JJEHiUL~IEltll.rrffiJE!R±~~1tt~1l"i ,~,BiJ:nU;, **5Uriit'Wtrl.DJ*:frmi 
O"I M (57) Abstract: Provided are a method, system and computer readable medium for determining the base info1mation in a predeter-
"'!t mined area of a fetus genome, the method comprising the following steps: constructing a sequence librmy for the DNA samples of 
0 the fetus genome; sequencing the sequence library to obtain the sequencing result of the fetus, the sequencing result of the fetus 
~ comprised of a plurality of sequencing data; and based on the sequencing result of the fetus, detennining the base information in the 
- predetermined area according to the hidden Markov model in conjunction with the genetic information of an individual related 
~ hereditarily to the fetus. 

Q 
M 

0 
~ 

(57) -~: 11(~ 7liJ!l J-E§f:U L£ 11'1 £_§_ r=p Jjjj J-E IKJ:iim:£1l"i ,\i!, 1¥177;)!' * ~JE;j<Q i:l 1fl5rran~:fr mi O A r=p' 11J!J J-E§f:U L£ 11'1 
tll. rpffi'.iE ixt.~Ui£1a -~· BiJ:nrt, 1'L:J'j1(f fu w~I= itx-rna JL1[1z9 tll. DNA 1¥*, ;tj;J7.t1mrn-: Y..!$: x,nmurtxJ$j1tff 
imurr:, ~ 1f $H~BEi) LBiJWlUff~ ~, i~flEi JLE!iJ1murr:~ ~ dJ §t Nmurt!J&ffltj;_/JtZ; ¥-f flEi )LE!iJ1murr:~ ~, ~-3' flEi )Ljy}f 
~ffi*~~oo~~ffig, mw~~~m*m~. ~~ffl~IK~OON~ffig, 
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A_ HA %fr 73-A  R)I, [21 hi -T it a AA At_ 4,, it X- 4ic 

tf4*-

1121-4-,1± A A_7 1 -1/1-4-*1 rTh ith-Yc , Ail-4- **14_, *41,114,,

M1±04+, . itf-4-KAATTY-) 3')c -k: 141_4, It it/ii-AA_ 

412 A t -it,A14- YIA.,1-4J5L F,S,K 11-4- ffr -TiAt-Yr-*; R-1) _ itti- A 

Ork' Eb %±Q t ,',(Ofr ej O-V PA; A'A/17.
yr$4 Lu-tgc .q t 44,2.€,t44 )--LIV7kdi I -% 21 7-0''Ku = ffrk 

API)) A, ,,S-!_',1*, fli/K95 1):4-V-#44-tA, ,1‘4_4+'0E. --T- q Titxt yrA 47' .4A--3--vc 

A:, Al- 0A*, PP 

t 1%+4-q*-t-14'13 A 4 JE, Tiff V-, -5- A lk 4-1-WM , , 

g/f*:,1,ftlf q a5 , 
PA[,, 1E1 

HA Pki 

A_ HA Vi A *1q- OA- A-A 04i ' 1;1 

A A_ HA — HATk T —4tAAIV.=,-)L4.,t4 hit -Nit AzkV.,t,f,--t ,e, 

0 A_ HA A/15,J , 4 1-)16- )L,4_ DNA 44- yc , uJ3V1,14 
ifF- )-11* 05911 -4a ffr y,j 

A-4/fghk; ffriz- 6‘ )t-, 5g'14 -JY2' )Litii-4-4Q*11 /K 4F(4g 2-) ?,g 771-

9:1'1 , ffr HAAAA/1 [21 .hE_L-ifj ii- '4_, 4v1 -T- * ,rVi. [21 hi0 

P16,' )1, *4,4,11 ( I ) /ft )) ..1k ( hidden states ), °T. v 4-6001 ),11.14-fit 

A ( observations ), ,ftah.kAk-fit_A-ififil lk-d4-- 4a,-ifi( transition probabilities 

VLI,V-* 4R,-1- ( observation symbol probabilities ) 4P4E4th I 4$1,=r`-.4 ( initial state 

distribution ), #1 TT 4+ ft, i ( Viterbi algorithm ) tF i frg A_44 
#3)L-f-'1-4-V Yl P , J1,13)L0ti,,t 0 4 , tr,Aknjj A15ij , 

4-ti:rm _r_3 , 4+ ft, 4/4-- - ( Viterbi algorithm ), Ylf3)L '-zt_ (- 

it*It, ,̀0 120L)i_L?Hil_r#24+ -i.IEJA,04A- F • ii, , 

)L r hi 0 it 4i-ft-

WO 2013/170429 

1:/L 7t, ~5l 1t .t 
3c, 

tl~Affi~ 

PCT/CN2012/075478 

,$.. £ SJ) ~ a fi)TI ;t_ jjf; ) LA [51 ill. 1f fj ;t_ JR J:tiAA 1t .t 81 ~ );f;- ' J~ ~it :f P it Jf-,i:JL oJ * 11'-~ 0 

;lrf~tl~ 

:i!##~M~mT:i!#~~£~&~~~A~~M, ~*?C.k#, *~#,*¾#~ 

~##~#A.:i!##~M~¾h3+k~: ~£[51:i!#M, j£[5):i!#M&.*~*~~­

*1f~£[5JMfmT~+frM£[5J~~#A~#a#fflft£[5)~~~~; ~j£[5Ja#M 

JiJ1J :f(__ m i + £. [51 ~ 1-t-;¥J "roJ ft fi 01 :£ M , 4t-;(I_ - x_ tYJt_t. ~ 11J n Jf--J~ J:t [51 * 01 *3 "roJ; * ~ * 

~~~#•m~~~~~~~. •hi~~~mTi21½*~*~*fflft~~~~¼~ . 

. t. JLAUYlh ?C.k,~-~ :tP &. * ffJ ;Jk ~ ~f :f *1~?C.k•t1.4t 1.i1: 0 m T m r1;1 xt :rt 1t,t1.~1~ ~ 3c,* 31i 

~~~~A, ~~#~#~*ff~#~~A~~~~m. tm~•, ~~4t-~*k~*oc 

~~*~tt#~~o [51~, ;(J_~fili~~~~~f~~M*~*ff~~,~#ffi~i~, 

~~~~~~•~m~. ~~¾*~~-

M~, m~~~*~~+~~*#&*o 

~aJJ F9 $. 

t--£~ij;(J_£~M~~*~~1f~;(J_~~~M~~-. 

;(I_4'-£ aJJ a1-+~ do, 4'-~ aJJ tJlili 1-:;ff fii ;t_}Jf; JL£[5) iJI.1f f,m;t_ JRJAJA£1t .t- a1 ~)i. 

t~tffi4'-£ aJJ a1 ~~1f1J, ii~ii ~Jt-r §1J -Jfr-Wi: 4txt Jlf;JL£[5) fJI. DNA tf 4'-, ~±J~)JJ1J;f ;1:_4; 

xt ftri,VJJ1J;f j:__4*'1t)JJ1J;f, v:A 1!:..R1Jf JI{:; JL a1,Jl1J;f tt *· Hri-lJJf; JLa1 )JJ1J;f tt *mi +)JJj;f4ft 

tt lftJ A; £-T ftr :i&_Jlf; J L a1 )Jl1J ;f tt * , tt ¾ Jlf; J L £! 1t 1m * + * 01 £! 1t1t ,t , {!tt!- F.t l!.) ,t ~ :k 

lfl ~ , ,hi ;t_ ftr :i&_ fffi- ;t_ JR J:A a1 iAA 1t ,t " f 1\ 01 A [51 ill. ffJ A i:l>f:¥., 1m * T ffe 1\A [51 ill. a1 - ,k. 

Fi!ifJLYill. ( l'lPii1iJiXt~~1¾*~Yill., v:A&.&1ic.fs1FiJI.;J:JLiJI.¼ t xtT2f-Jt}JJil1.;Jt, 1Kl%~1rH4 

Jlf;JLa1~1¾~ ( x..-it~1¾~ s1Yill.~) +'1=h F.t-¼*~ ( hidden states), ~v:A;J4Jil1.;Jta1)Jl1J;f4ft 

tJ! *1tiJJt~;f §1] (observations), 11t Jl}J ?C.~fdftf,%;J,fi1f-ili ;Jk~4¼fJir.t4 ( transition probabilities), 

x,!t~;f §1] ir.t4¾7$" ( observation symbol probabilities) ;;j'11;f<JJ:ii~;Jk~ir.t4¾7$" ( initial state 

distribution), ~1f1JiJ1J~v:Ai!liur-:kP ,tl-4tJ:ri1f-5i ( Viterbi algorithm) iMffiF.t.!½ ,t~ :k;JcJ~-ifi 

l£Jr ill iR ~~g 01 Jlf; JL~1¾~ ill.¾, J-A ~ 1Uf i?._j Jlf; JL a11t ,to [51 ~, iM%4'-£ aJJa1 ~ ~1f1J, 

1l Jl}J i~t.!½ ,t~ :izAJ~, 1fi]-:kP~ ►:Ai!:i:l>f 1J !fl ,t-4t J;r,1f-~i ( Viterbi algorithm), ~~ Jlf; JLit 1½1m 

* +*a1 :rt 1t1t ,t-, ~►:J,,E/fi ,tJJf; JL£[5) iJI.1f 4t;t_JRJ:Aa11t~;f f 1J, m tr., ~v:A*31kJ:txt JJf; 

JLA [51 ill. a1 it 1t1t ,t-* fr? n:1 ~5y1,J 0 
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A_HA 41 -T-,q X )L ); 121 hi 12 -Mt. A&fiMifsA 

4.16/f§ii , )4--41q tt , ffr _ )-4-4t1 tti 

DNA *1- , ffrit5g14, t- _K-ffr- '71.1 4--41q3,tAtA4Wt, 

--T-- ffr 5g1* .L3-H-1-5)114, fkl, /fkst;fl-TPA.)L i 1y,,1 pi- A4 )L, 5p,11 kt 

al; )1`5F)114-tit=tgikJA; 1---T-ffritA,1,0L0)11 .4-tA,, 4,>-)14-)Litti-4ti iHi7M1 

+412- tr, 4 f.g , Xffr -MAI JA, ,A)i-ft t; 3gcl-& 

it 0 4A AIJJ4 )l/g. h;_t -fA -aT AJ'At,H? , 
,f5ij ;7., t41 Jf- ( Viterbi algorithm), it1-4- 1, , 

i2kA hg_ 124+AI EJACO#01SO”ii , 11E, TT 

**- )')L. TF7 --vT 3-itI,Lx4-Sf3 [21 t.10 IVA 

/0-7- HA 0 , ofi T 44A,71- • n)] 9-„,- T5,1, 

, 1-4-41*A. =LA?, FAA,4-1-17)/RAL. -T- A4-) t., 001,14 kt 

,1>-$4 )L144-4q itii-ft 4F, a -aT k444 11 , a 0 AV.,-/ft tt, 41 

X A_Frfi it-g4L-a-rik- 1, tiL rAikk g 4k4i- 4 ,r-i-f-i4 0 4i ?_g 

.k44-tg , 'f3-d ffi rL i ( Viterbi algorithm ), 59.1114 it $6‘ 
)Litt 4Q*) Olt*TQ, , -aT [?Hfi 11 4+ AI a A00,- Ok441 12,  

pct P1,13 )L)i. [21 hfr_ itii-failt4-t)' Tiff4 5911. 

zA. 011 0 1r/ft vb7 04'4 17 , ;=1.-1!-/kA --F tE7 4,t0I-L 12 I 12-

0A , it_ it HAAS '),-; T 51]. 

FR 011 

ql _L 4P/A vEr 41, 4k, ),AAt - "F. vE3 11 xt 15IJ 4T4tii?_1 12 tz1-4-' 

IL, 4,2 '54 i1 7 : 

14 ,Y) 'f§i] `,g P,44'_11i,t4i- frr AfY--iTh- ; 

2 ))V(-4 X_ HA i'1—% ,l§iJ YJ /4 Al J16‘ )t.,)1. hit Akfy-

fl)i -14-kait 

-F L7 , > A/f§q N't 11 12 if; , 412 l .4,13. 55J4vi 

HAA/faY-TiEs'14-A-A-A- 4Ei F-51 '(;%).)7 fiL /0- O --FIE7 iflot*,tm-

T-ck '71-1.45 41A__ii-", , /fVfi -T- .47- , 0M 65 M -,',--31J o

1;-.R---itql " "A-  —"a" '1 1#7 

4+4,1O1gc7-1- 0 tbilE, MA:A-
WJETT HA "5‘c,*- /NA* — tom, knA 4,ttit , 

F/* A---iX 0A, ";/N" 

4/A:t114)14&14 fa 11 -517ZE044, 41-, Si 

2 
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,R;f..£_ a}] at x.. --% uiJ, ;f..£_ a}] i~ tll T -# m f- ,hlfl ~}Jf; )L£. lzsl ill. 1f ffli~ lR :!:Ah~£.1t ,~; at 

l~-~-;f..£_~~i~~, ~t~~~: ~4~~~I, fflQ~4~~~IQf-#~M 

JL£.lzsl fl!. DNA t-f;f.., ¥v~)!jl1J;f ~4; ~!jl1J;f ~I, fo!j-Q)!jl1J;f ~I~ fo!j-Q~4¥v~~I:+m:i!, 

-#-Jl.Q -t 1t HrQ)ijJ1J;f ~4* it5!jl1J;f, YA 1~YA 1~$tJ¥J- JJf; JL at 5!jl1J;f rt*, HrQAf; JL Mi 5!jl1J ;f rt* 

\fl 1 f--51jJ1J;f 4ft{,%,t};J A; 1},tJt~I' &--T P)TQ}Jf; JL EJ{J 5!jlij;f it*' it½ Af; JL:i! 1t:tm * t-14'-at :it 
1t1t .t-, iMffi F-tl½ ~of J:.Al~, ,hftJ ~foJrQ ffli~ !RJAa{ii~£-1t .t. :f1Jm ii ,fdft, 1Jt6J%* 3tH-t 

i~ ri;1 uiJ fo!j-Qo1hffl ~JJf; JL£1zsl fll 1f ffli,t lR JAiA£1t .tot 7f 5£., of }A1% Jth F-tl½ ~oft.Al~, 

1f1H11of 1,Ai!:it:f1J}f] .t-4t J;i:'.i1f:.)! ( Viterbi algorithm), ~:cf JJf; JL:i! 1t:i'm #c t-14'-ot :it 1t1t ,[-, of 

YA ,hlfl tt }Jf; )L£. lzsl fll. 1f 4t tt lR :!:A 01 tt illii;f 71] ' \fl Jt' of YA* tk.1-tl!i1t Af; )L£. lzsl fl!. 01 :it 1t1t ,[-.11!. 

1t f-tif#i5y11J, J-J-.itr1of }A*3tH-tl!i1t }Jf; JL£.lzsl fll.a1:i!1t1t ,[-.11t.1t rrl'f kJfi~. 

,R;f..£_ a}] at J; --}FuiJ, ;f..£_ a}] i£i~ili T -#it Jf-iJL of ~ftJpt. iRtffi;f..£_ a}]~ i ~1f1J, 

ii it Jf-iJL of *11'" f9t J:.41ilr* -tlfi-4'--, foJrQ-tlfi 4--Q -t1Jt!JJ:JJ?. ~tJtAtYA1~£--t Af; JLat 51jJ1JJf rt*, 

rti;-Jf; JL:i! 1t:+m * t-1~a1:i!1t1t,t, iRtffi F-tl½ ~of },Al~, kJ~ ~ffli~ )RJ.,,\ati»\£1t .t-. 3f1J 

m ,$..£_ a}] 01it 1f:.iJL of-i!~ftfvt, 1JM%*3tH-tl!i1Jt!JJ:JJ?.~tJtAt Jt41ih1-tlfi-4'--, }A 1~ 1% il}J F.tl½ ~of 

J:..,tj~, 151H11of }Ai@.it;f1] !fl ,t-4t J;i:'.i1f:.5;li. ( Viterbi algorithm), £ f- JJf; JL 07~!jl1J;f rt*• ~:cf JJf; 

JL:i! 1t ;J:EJ #c t-14'- ot :it 1t1t ,t, of }A ,bilJ ,tJJf; JL£ izsl fll 1f 4t ,t lR :!:~ 01 ;rk ffitJ-r, 71] , \fl Jt, of }A* 

3tHil!..1t JJf; JL1t--izn fl!. at :rt 1t1t .~,*Hr n~ #i5y11J. 

;f..£_~~m~-%uiJ~~A%,RTuiJ~~Q1f~¾~tll,~¾%~TuiJ~~Q1f~~ 

a}] Ji, A i!:it;f..£_ a}] at i JJt 1 M .f1L 

iqt ~ iJi. a}J 

t,..£_~~J:.Q~;Am~~7fuiJ~~A~it½TuiJmrn~i~~~~Q1f%~~~ 

Ji {P % ~ Jj_ )Wf- ' * 1f : 

rn 1 7-J ;J:Rt.% ;f..~ a}] -t- i ~ 1f1] 013f1] m f,~, J]_J ~ of J:..il~ * it¾1fra1 ~;t:,t]. ii-i!: rn; YA ll 

rn 2 ;h iMH. ;f..£_ aJJ at-t-- i ~ 1f1J at m -t hffl tt Af; J L£. izsl ill. If f Pitt !R JA1k illit;f 71J at J~ ~ft at 

rt ¥v ii- ;t rn . 

~ aJJ # ws ~~ i!. 
TuiJ#~~Q;f..£_~~i~~.MQi~~~ir-~,Rmffi1i7ii-tll,Jt1i7~~±*~ 

~A~~~#½~ii-~~A~~~~#A~*~~A~~~~~~#.TuiJ:t!:it~::tm 

rn~Q~i~~~ii-~~~, ~m-tM*;f..£_~, itr1;f-~~M;h~;f..£_~~~~-

1; ~i;UiJJ 01 ~ , ;i(. -i½ "§ft - ,, , " §ft ..::.. ,, 1x. m -t tlii * m 01 , Jtr7 ;r-11t JJ?. lBf- ;h -tlfi ii- A !IB­

ii-~~~~~ A¼~ ¼ffi ~ M ffi ii-~~ ;i(. #~~ft i. lfl ~, ~ tt *"§ft - ", "§ft..::.." 

at 4t 1iE of }A 8A ii-A¼ F-t¼.1-tl!i ~tt--t--A¼ 1l_ i t---ii 4i1iE . .11t.-ffe.1il!.., ,R;f..£_ a}] at tlii* 1f, 

Fi' ~Jo JJ * i3L 8}] , "J t-" at¼ x.~ ~ t-A ~ t- }A J:.. 

Pj ~}Jf; JL,£. ~ ill. tf=' i:ili~ 1K Jj_,~ 1-t ,i ~ ~ * 
2 
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kull — A_HIPtk T-412AtP16‘)LIHRT12 -fAtaAAA/1,-i',t7,0 -0 

• 4t- ,t1 4ttQ . .11 DNA 44- , 53V1,14, 1 0 WA- A_ afi 5rc A/f.P.1 A,23)L4,tQ hi 

DNA 44- -)f IFF,A1J fR-U- -A.11A i - , ak 

041 4V,AT, -A_ *I 0 07c ,'f§q Y-j*gt144-;ch 441:iL ;1- , Ata*, 

iho 412, /f)rA4-40- Min _62ft ,Y) 1L,I _41_ DNA 44-7" 0 3uTP, 

1-E0---;PLJ4113M-f- " -43)1/1-4-A4)L.g- Val DNA, AAirriaTi, ,li*-,,V 0*AT , 

P1'2. 4 hi±4±4-j-A- 3-ui- 5911 0 4- ,-j- Off 44 t 0 gc4i 
• IRA* A 5911.14- Y-111 -T- , -aT- T 

'f§,1 -iv Illumina .gir4X4Y7Wi, *1 -iv Illumina li_ if";] Multiplexing Sample Preparation 

Guide Part#1005361; Feb 2010 )sk, Paired-End SamplePrep Guide( Part#1005063; Feb 2010), 

pal 0 9-7c Al5ij , 4h44- X-IMA- 00-f-

* *4 Fr,  -M -a-J-17 3-#1 A Tg=-4-t04A- Ak4X4-14,M 
, 4133.,t5)1I4 fi'± ICJ -T-x14-fit , x4-591,14 -X- V* IF:,± 6f7 

11 -̀5)11.1 RA 44 A 4V, 4A k 0M , Tir 

ti k M F -1-;-=1J , L4-g412_* ,fkit 11-1/1-k g,J4 

444X -..--4-1k4A-1,4i4-1-3- 4/- , )(A 4f1Ah 4,24,t1 ffr 11-1 

t L.M-11,1*Fr,-T-% -4,  ' ' 
( Metzker ML. Sequencing technologies-the next generation. Nat Rev Genet. 2010 

Jan;11(1):31-46 ) Fg- --T- Illumina-Solexa ( GArm,HiSeq2000Tm ). ABI-Solid 4):r 

Roche-454 ( ) X1! -t- f2x ; ( 4i7<_ ) AL, WA* F T Helicos 

OA_ --▪ f--3- ---.T-51)11 4tx, ( True Single Molecule DNA sequencing ), Pacific Biosciences 

0- 59114 ( single molecule real-time (SMRTTm) ), J/T.C A_ Oxford Nanopore Technologies 

Ml 7;911)--Nt ( Rusk, Nicole (2009-04-01). Cheap Third-Generation Sequencing. 

Nature Methods 6 (4): 244-245). FAA-:;TM 4-fk T•11%-illft , titL, g Ai_ 0

Z -aT 5g1 gait k_lt 121 . .JJA,J 4P-4g A_ HA 0 , 7vt '11J 
t) Illumina-Solexa. ABI-SOLID. Roche-454 4T2-*-3--.T--.51)111 iztLielt 

5 11.1* _ _)-4-i-It4-1-5911•1 

11-it ,AF a a T. PA §I it4t fkA 
1V- ir izL -R CgiAt- fiji, W9114 -4t4g. ffr '1k #1 0 71-P-z= "-ft'it a Mk" .k7
c1 4,5 ,t4,14-itA mt3;---T-- 0 a A. SNP ;. 44- TF-1 -7,-,-

SNP f1, ASR A. #.1 -fAt RAVI 0 kffr---R-- 41-0* 47 

A*41i ffrA-- li 0 5M 4t4A- )9011 it4-4---; 4u1 gc0 R14 
lug vs 2-1 4F,A A_ HA 'VI 1,‘ ii-A-#0-4-51.16ffrA-%gl 4 RA 

AP )9,_rm11-' • 0 -T--MtE(A0 )r114 RA. fr,A-

3 
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,R;f..£_ a}] {)7 Jr,-7Fdr7, ;f..£_ a}];},,ltl:l 1-#,pJTI tt.JJ&i JL&-IEJ ill. 1f fffi-tt )KJ.,,\J~&-1& ,?1il17F5i 0 

~&;f..£_~~*~~' ~7'F*~~T~~-: 

it Jc, 4t,xt JJ&; JL&-IEJ fl!. DNA t-f ;f.., ¥v ft)IJl1J;f ~4, tR-tJ! ;f..£_ a}] ilt *~1f1J, JJ&; JL&-IEJ fl!. 

DNA -i'-t;f..at ~Wzff--.::f:*44=]1J fR1'i,1J o tR-tffi;f..£_ ajj il1-~ *~1f1], of YA?)tffJ 1£1"f ¼* JJ&,JL.ti/Jit 

a{] Zf il=1 t-f ;f.. 0 1f1J-:ko' tR& ;f..£_ ajj a{]* ~1fi], of YA ?)tff] a{] Zf :k=1t-f ;f..;,¼J Zf :k::1 ~Ut' }]<_~~ >'r ftiJ 

ifu.o $,.1i7 , 1/t:i~ Zf :k::J >'f ftiJ ifu., ?)tff] Zf :k::1 >'f ftiJ du. fp)} }1€, JL&- 1EJ ill. DNA t-f 4'- a7 ~ Wz, of vA * 31".l 

:l:~*illJt,i1]JTx.t-f 7'F i\S1Uf JJ&, Jl..l.. !El ill DNA, J-AifrJ of i,A,R~¾j ~r&J JJ&, Jl..Jl. '$'.:&_ 't a1 ri;J ;},,l T, Jt 

}J&, )l.. {)7 &-!El illi!.1t*J1i~::ftl1J O #c-f4tJt ti/Jitt-f ;f.., tf;J ~::fil1JJr- ~4il17'J)i:fP~/ii>tY' ;f..4~J.,,\Jt 

~AJof~~-~~~~;fJl~i!.fr~~~~' #er~$~~~' of~~~~;f~&~T 

rJf 1f1Ho Illumina /,t;'-~ fo!j-;},,l#--a1}J1!AY, 1f1Ho~~ Illumina /,t;'-~ Multiplexing Sample Preparation 

Guide ( Part#l005361; Feb 2010 )A_ Paired-End SamplePrep Guide( Part#l005063; Feb 2010 ), 

~tl~AA*$,.ff--A;f..~o~&;f..£_~~*~~,~~~#;f..~Jfx.~1Jit#;f..~7'F*~~¼, 

~~*#~~~, of~?)tffJrJf~~~~-~lfx.~~~i!.fr, 

,R~~~;f~4~,*~Jf~4SJfJ-t~;f~B,~~;f~4i!.fr~;f,ff--~~~S~ 

~If~*' ~~Jf~*k~f+~Jfft&~A~-~&;f..:ij_~~*~~, of~JfJ-ti!.fr~ 

;fat ::ii~i:fP~¼ff--~*44=n1JfR 11i1J, ~Jt-1£.~ FR-t xx.Jltf(JJH~ Jl:.5!; 1/t~ ~.i! i ilt ::1Jl1JM· 7'F*, 

~~' ~~~Jf]~~~;f~j'[~~.i@__i_, ~~~;f~#~, i!.-ffe~~~;f~.o~ifrJ, 

~~~~~~~~Jfft&i!.fr¾#, ~*k~#~~¾#~~~~~~*~~o ?JrQ~.i! 

i at )1Jl1J;f 7'F )!- ~Ji1s1~ FR -t Jf, ..::..1\::1J11J Jf :Ji~A. :t-k if-¾-f- ::1J11J ;f :Ji~, rf QJf, ..::..1\)1Jl1J;f -r- 1; 

( Metzker ML. Sequencing technologies-the next generation. Nat Rev Genet. 2010 

Jan;ll(l):31-46 ) ~Jt-1£. ::f: FR-f Illumina-Solexa ( GA ™,HiSeq2000™ ~ ) , ABI-Solid ~ 

Roche-454 ( fl-,J41Jit,'1Jl1j;f) ;:Jlj;ff-1;; if-¾-f-::fil1J;ff-i:, ( Jt~) ~Jt-1£.~fR-f Helicos /A\..~ 

a1.A-*if-¾-f-::fil1J;f;J-i~ ( True Single Molecule DNA sequencing), Pacific Biosciences /,t;'-~ 

if-¾-f-* Sfi1Jl1JM· ( single molecule real-time (SMRT™) ), }A,&.. Oxford Nanopore Technologies 

/,t;'-~ il7ti/J*-1Liyl1J;f:}i~~ ( Rusk, Nicole (2009-04-01). Cheap Third-Generation Sequencing. 

Nature Methods 6 (4): 244-245 )a F,i,t)IJl1J;f:}i~a1~lli!Jti!.1t, ;f..4~J.,,\:}i~Aj ~MJJ.f.)Wr-atk 

:0: of vA ?)tffJ $,-1~ a1 ::1J11J;f 7'F*:fP ;tJii!. ;ft~ &-!El fi1)1Jl1J ;f, tM!! ;f..£_ aJJ a1 Jl-#- ,rdf1J, of vA :t1l JfJ 
~ ~ Illumina-Solexa, ABI-SOLiD, Roche-454 :f11if-¾-f-::IJl1J;f;$_J[a7_f_.'.J/-#Jt?JrQ~&-!El 

fil)fil1J;f ~4i!.H~1J;f" 

1£:i~:I:~, ,R1f fij ::ftl1J;f it *.:t.~' of vA ~f rfj-i~::1Jl1J;f i:'.t *~ ~ml;f § 1] i!.Htrilt' VA 1~,pffi tt. 

~ffl~ffi~~~~S~~;fft&o,R;f..~1fffl~JfJ~~~"ffi~~~"S~~~~M,k 

ffl~~~¾of~£_±ffi~.#~A~tt/Jit¾-f-~~~-~-fS~¾#ifr7i,of~kffl~¾ 

SNP 1i.,Jdt ~J_.\o Jt-f ~itr* ~#-~F-!f1¾1r1., JJiJfffi-tt JKJ..\-tlfi ilt JlrJr ~~itra1 * ~#-a1±* 

A.:t-~~, ~~#M**~~*~*~~Jfft&.~~lf~*1i7~#*~~SIK~~~;f 

z¾U!! at 7'J)i of YA~ *44= ] 1J FR t 1J O tR-t!! ;f..£_ aJJ at *~1f1J, of YA.i!tl~%rf 1i f1J a1 rJr*)IJl1J;f zliU!! 
~ eA\1 a1 ti 1J1t~,<Rl;f f1l i!.'1ttriJt, J-Aifr71l f1J ~ ~ -tfffi-tt 1K J..\ii1 ~1J11J;f zlit-t% 0 :n >'r, tR-tffi ;f..£_ 
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HA mj A/f§ij , A-LIT i,t 'VI 4 4F, 44- &HIM 

4-* ,k4+M , ))11- ,T*A-6)*kl AO V,-tg 

A. 0A 5E-:A/1§,J raT EJAI, 7“4.,t hlift 4P--fg2A.Hfi 

)11 01\--k- 74-IL- j NCBI 36.3, HG18. fR-4- A_IIM A/KJ , 
4M2-XnA , A.#1 SOAP it4i-ft,x,t„ 

4---F • , -RAI )0t). -L 51,141g(N- , it-Mt E.0)02 K -*A ; 1% 

--T-ffr,04 it -fA AIRJACT#2 0 ,-41; .4A- , ZJA 4 /1- #A- Kfi'.- , 
;2,c E §i] tV,414 ')-c- A,f5q i7}±fitiM-I-Ffriz_l')]6‘)L Y,J 

,1>VoLitif-4-4[1 iN , 4F, 4A- k44- 11. , ffr -Mt' 

4M- k HY1 '):-.4"E/t§q , ,t,4+ rb ( Viterbi algorithm ), 43A-A -aTk4.47_',11 , A 

itA6' Li 4+ it 11111L, hiO •-li4--j-p--

A-WM 0

-F 1; 7 Y- T4- 11 1, ft] ,t.,4+ jr{-4A-ftah 11-2--) 711-kAtt 

ffr-4 /fl "fi4)Litl/f-OfQ " 0A_T 

*kt '(3-0P4F(4gAJIA f5,1 Ajti "Al3)Litz(-O'Q 11`-/K" 7 *)L 

A-4M5i1 -iv 5C-4- o 1k, 2.±. 4vi -T-*/1k.t r?1h10 114;z:t- Il ( 

V11, igt_tchi Q ). 1- 41A n, /10A-' ,i-N; )t., 44- ( 

-4-** H?7 ) )7 FS ( hidden states ), i;k1-1-6-0it 5)11 -tit* 1.-')fecgu,V-4J 
( observations ), Viflh .5k4-itf g 4ft 111-t1 ( transition probabilities ). 4q, 

( observation symbol probabilities ) 411491.441=',.=K ( initial state distribution ), 

/11-1 A[I.) TT )2_4 t ,t,4+ b Alf/A- ( Viterbi algorithm) f 1 A.-aT 11', )1,2,,' )L1-44-11 .41_ rTh 4-v4,k 

I.  -R--4,),±9110/1-1A400-) N 

II. _X-4-0 FH = {1710 , I MH=(mho,mh1}

4 11:r

mhk = ...,Yl2i,k,...,172NkI flik = If,k ,...,

Vfh i M E {A,C,G,T} 

k {0,1} i=1,2,3,...,0 

f`a 0)14-014- H = {ho, hi} =1+M , ho a hi3 I itf-t 4**, 91*. 

ho — , hl— f,y; fN,y,} , 

4 
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SJ) av ~~151], fjA:_ !RJ:~~ off}, Jl&-.~ f.R-1..~:i!J~ El1 i t-7}1Jt,it O ;j:f<_;f,%;$:..~ SJ) El1 ~~15'1, of 

Y/, 1tm €it~ ,r1v} :11J €J1 * ~ * ~ ~ 4t ??'J FR -#,1J , or YA h 1:1:+r ¼if~ 1bit !R .+~ €J1 e., #-P;} :11J " tRil!­

t-~ SJ) €i{i ~ ~151], of YA ;R_)f] t:.,3;PEJ1 A.*~~&-.~ f.R 11= 7J ~,rR\Jt :rL 151H\1' :;yf<_;f,% ,t.~ SJ) €i{i ~ 

~151], ;R_)f] El1A*~~&-.~f.Rh NCBI 36.3, HG18" }59)', tf<.iJl-;t,..~aJ]€J{i~~151J, :r!At!:I::. 

x-ht ~)iJt ~~49'??1] FR-#,1J O ;J:f<.;f,% ;$:..~ a}] €J1 Jl.-#.~~151], of YA ;R_)f] SOAP :r!it1:l::.xt" 

-f4 r * , £. T Ej fj A:_ /R J~Jf ;Ji_ El1 )J]lj )t 4&_ {}l, , $Jfl A:_ fj A:_ /R J:~ 1f El1 ~~ jJ'"{i ifili)t §ij ; k/4 J:l&-. 

-tffl~A:_~ffi~/R~1f~~¾~&;}~,#AA~#~~*'~~ffi~!R~~~~~-;}~, 

YA 1!t1K14'-finA:_ !RJ:~€i{i ;itilliiJ-f §1]" ;j:R{Jt,;t,..~a}] €J1 ~~151], of f~:i!:i.i~ -t ?f(i~J]f5 JL €i{i iJJ1JJ-l~-t *• 
~-t ¾Jlf5 JL:i! 1-t1m * /i'--#.€i1 it 1-t1t ,& , tf<.i!!- llt-1¼ ,t of :ktl~, $Yfi A:_r}j-:ii_fin~ !R J:~€i11A&-.1t ,& " 

;j:f<_;f,%;$:..~ a}] EJ1 ~~151]' o}""YA;f1])f] ,fAtJ:l::.~~i ( Viterbi algorithm), 1{TJI;b F.t-1¼ -tor f.Al~' ?i~ 

~}]€5 JL,£.~ f.R 1f tt A:_ !R J:~€i11A&-.1t ,& " lil iJt, of YA if frkJ-t!z.xt }]€5 JL,£. ~ f.R€i{i it 1-t1t ,t-:r!H? 

ro~ #i:-5JJ1J 0 

r uo ~~ l3Il 1, xt:f1Jm ,fAt 1:1::. Jf-)i11t JI;b F.t-1¼ -tor JZ.;JJt~ :r!H¾tJr€J1 ffiJl?.:i!Hitim~/ii:ii_: 

$ ,t. 9::_ 1f fofj-1tm €i{i ,t.-i½ "}]€5 )Li!_ 1-t1m * /i'--#." -t~ El{] )t$i! # f;: x__l.., EJ }]€5 JL.:t. f.i] ** 
,iHt:k ,f. €i{i /i'--#.' 151J-:h1 ;J:f<.;f% ;$:..it)l}J El{]~~ 151)' of i,:;_ 3R.HHv "}]€5 JL:i! 1-t1m * /i'--#." 7J }]€5 JL El{] 

*~~~~~- \Il~. ~~~~~fil~~:i.i$.~*-t*~~~fil~-~-~~fil(~~ 

4iJiX;f~if1%#.~~f.R, YA&./Jil~~F:in.{JLt.R¾ t xt-tlf$J]Jll1.JR, 1K~'~1n~-?f-j]f5)Lavif1%~ ( ~ 

~ if 1%~ €i{i ~t.R ~ ) 11= 7J ITt¼~k~ ( hidden states), of YA~+ Jll1.JR av 5)11];}-#UH, * 1tiJJt~J} 71] 

(observations), 11r Jl;b ?t~½-#UH,J,-~ ti:: ~k~~tijtf!t¥ ( transition probabilities), :x;t~;} :11Jtfit 

¥¾~ ( observation symbol probabilities) ?fPfJJ:k~~k~tfit-¥¾~ ( initial state distribution), ~ 

11'1 JJJ 1J of i,:;_ :i!i±,t4t 1:i::. J1=.)i ( Viterbi algorithm) Jfi!J')j- ti:: ifl of fl~ av }]€5 JLlf-1%~ f.R◊, J-J-.ifii 1K1f i!._ 

i }]€5 JL €iv1t ,& . 

it ful ¾1Jr iv~ -:h1 r: 
ic.-t: 

I. 1; ~#;:-)911] a11-i.,it-#th N 0 

tl/h;,k,mh;,k E{A,C,G,T}, 

kE{O,l}, i=l,2,3, .. ,,N
0 
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412 , xi e E{0,1} ,

T44-; xi 4v = hi A, 7 A/fill;-R--N-0 -10 

rThffri -51- 01144k hiA, Q 0

IV. %J1,1 S= s ..., si, s,} 

4'12 Si = ,n i,G ,n i,G 1 T ACGT 4-11,&A)Y74-it o

V Pi4 )L A)14,2-f-1-'011441i-ik2t-i 41,  e o

4,/.;Jt4JJ.414,,•=lktiq4*- 44-44c t 4 - E 

I. 4y1.46=ik,liaA- -izh R-= {71-j } ( j E Q ). 

*Mg- X'A A_A" "liff ?X, T 1,;( 1 = Pr (q i = j) ° —41 , 

— VA-9-0,414Q -A4-% 

II. 4mg knA iLf-ff,-17ct r = reIN , JL t 

-t fc ,Y) c,4, -4-1t_4gA 25 51 30 -Z._ N 

III. 4R.4 13A /1.§q, -i _f-f-,:3-47c--thIft- 7-Ei*-izh A = {afk  } j, k E Q ), 

rF 

a Jk =Pr(qi = klq„= j)= 

/20 = 

1— 0 2 xi = xi _I  yi

(1— pr)• pr xi= xi _1,  y,._1 Or

d)
 xi xi _1,  yi

# # y1-1 

h1 ={f y,i fiy,„„ } T44; Xi * 1 Yi .11_ 45c, 0/ I

qi = iRAT A'in`gc-kAi-034 1-1A,=1)(Ado 

"0 

iN'f5!1-T- 0 /RA, "mil h

4M-g AA §I B = lb (si )} ( i= 1,2, 3, ..., N, j EQ ), 

412 bi,;(si )ifklc ( ;l4u!di, yil ) Et, ))1,151.] 

/ft tic 0  gP 
bi,; (si ) = Pr(si lq, = j,{1220 ,m1) 

(n. +n +n +n. 1A ic i,G 1T • 

• n i,T • 

5 
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i-ffe, ~~~~*~•·¼~~½, ~~#%#-~~#8~~: 

I. ;f,JJ-±@~k,tctr.t•~~ ieiJJ Jr= { Jrj} ( j E Q t 

tRtJ!~~a}] M1 ~~151], ,tf.;x_~ ~J}-#UJ!a1+t»t T, ~v~it;rj = Pr(q1 = j) ~ ¾, l'?f4"#f.i, 

•*~,tf.i-+~Aili~~~~~~~-

rr.~-~~~~~~~, ~~%#-~~-·JJ~=~N, *tll~~A~~~~~ 

fB.~fB.f.i:JJ)k.#t, jJJt,~fr"#UJ!,tf. 25 jlj 30-ZfciJ 0 

Ill. tMJ!:f.-~a}] a{J ~~151], iei~1¾#-~fil.*¼fj-1§.f4-ieiJJ A= { ajd ( j,k EQ ), * t ajkjJ 

F.t •~k ~ *¼fj a1 tr.t•, er 

(1- Pr)2 

Cljk =Pr(qi =klqi-1 =j)= (1-pr)·Pr 
0 

p; X;-::f::.X;1,Y;*Y;1 

xt)iZ.~~,&J:.~1±~~~jJ mio ", 

*..::. -Jy' ;j:g ~,xJtf,)f pi]tflt3:-f-§. f4-: 

tRtJ! t,..;t a}] at ~~151], ieiJJtJ,}Jf·frHflt*f-§.f4-jJ B = { h;,J'iJ} ( i = 1,2, 3, ... ,N, j EQ ), 

* t b . (s.)1\:R ",ff.1±,#, i, ~ ,il-Btffe ~1¾~;f,iJJ{zJL~1¾~ ( ~k~ j, j={xi, y,}) at, ,xJt~fil1Jflj 
l,j l 

:ttit~fil1J;f1t,ta1~1Jt,t±", llp 

b;,J ( sJ = Pr ( s; I q; = j, { m0 , m1 } ) 

= (ni,A + ni,C + n;,G + n;,T) ! . (P )"'.A . (P )",.c . (P )"i.G . (P )";.r 
! ! ! ! ,A i,C ,,G i,T 

11 ;,.11 •11;,c .ni,G .n;,r • 

5 
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-1H2 Pi,base 1, lqA4- )L-f'f,V_F11 ( j, j={ xi, yi} ) 

JAYI -aT , rF 
P vase = Pr (baselqi = j,{mo,m,}) 

= L 1 —(1— c) A (base, ink) + —1 c • A (base, nix ) + —1 c • A (base, f,,) 
kE, 0,1j 2 2 2 

, f 1—e x = y 
A(x,y)=1

.A7 ); 

11E HMM 4,4t, h, ALL”ii bi.j (si)it gf) * 

A4 )L*4,4)-1ij ( Alk ) -F, i[Oit A-59114-0A ( ) -Fr.i 

  ( T X,1-ANNA,41-E*711g3tY:j ); 

A., (q i ) (Mq (q i ) • c bi 4 (s i ) 

414-1-11'i (qi ) = arg max gi (q1) • cci_igi
q,_16-(2 

ffr/fk/f1 it- 4$14 (qi )4F Ifl Viterbi 

4 ilia A j, )1u Lawrence R. Rabiner, PROCEEDINGS OF THE IEEE, 

Vol.77, No.2, 1989 4- 2 , it 4s-,9§, 

O i l , 4f- 1=7 *14,1t.W.1: 
ik.4.1k , q,* = arg max 8, (qN ) 

qN Q 

PAit 4441-GI 4/ViA-4-1, 4Tir t ra‘13)L1-4, = (qi ) (1 = 1,2, 3, ..., N —1). 

4A- _ek_IE )1,4,_ El hi 4, §I 4-"f 4 (-i_jE ,f,& (IA- )' -4*-5)1114i 

ti A-A- /ft,* , ,14_4,27M14 

1) 4F(4V 'j"--; '15,1 , *5)11 01A , „g-P- 4--t; 

pi 5j1).1 . )1,k T 47 A1j,_ , 4,1±59-11 -iftA ,-11 it 95% 

11.-aji;),*5911;# , T 4 51,1 

2) 4F,*-kliA 4.)E/f§il , k59D•141Z,14- IN/fA,1„ 4t O'ft,e;, 
* ILL At 12 IX i1 1>&, 4k? 5g1 4 *A 0)1_Q4 , 

z ter_ A4filq,14-51] , 

3) 4F(4g/A_IlA , -TTit4titzfi- . 'ft , , 7I 4/1-L13-_ 
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ill illa{iof 1JM1.", !'Zp 

?;,base = Pr( baselqi = j, { m0 , m1}) 

1 1 1 
= L -(1- &)tl(base, mk) +-B· tl(base,mx,) +-B • tl(base,JY,) 

krc:0,1} 2 2 2 , 

x=y 

x:;t:y 

iJ;Lffe~*H HMM 4J-4t, *!i"-{i,,t a1J~~/f11]1tit¥¾~ bi,j ( s;)-it X., !'?pit .J.*1--{i,,tJ:.~ 

~ Jlf; JLif2.1%~ ( F-ta~k.~) T, k;it_ ill JJl ~ n;J )9l1J/f4UJ- U~t<-Jf 11] ) avof ~M1.o 

i ~ ffe, ;i'i;J~$J4'Gtfit¥1,tf+, :,f11.ii ,fry -tlHt ( T drHA -t{i$;4'Gtfit¥1,tf+;ii;J~j.J 1f1J ): 

;t.:x.. $J~~:ffit¥ 5; ( q;) = ( ~
1
~5i ( q;) • aq,_1q,) • b;,q, ( s;) 

;t.:x.. .iiifiJ-tlf/4t 'I\ ( q;) = argmaxS; ( qJ aq,_
1
q, 

q,-1 cQ 

-tii~#U1;t.:x..a1-it~ro;f¥;~, ofvA4J-Jil Lawrence R. Rabiner, PROCEEDINGS OF THE IEEE, 

Vol.77, No.2, 19891f- 2 }J , :i!tl4J-.~~fJt¼j:_1f-A*j:_o 

i~ffe, ~x.•*~~' *~~•~4~: 
J>lfl ;t.i[it,t-~k.~, q:= argmaxSN ( qN) 

q,vEQ 

%Ji.-'y, tti-ill~*o 

m iJ:L' 1Je:. ¢Jj :t iHl!z.5(t J]f; ) L£. ~ ill av ff J1] .1Zt fr¾ if)T O ;f§J J;r, Jt-1~ t.;:1f av,, rl;l i.fr)il1J R;!Z 7i *' 
*7i5!-:1f~TR;!Z~*' ~~~ill~$~~~ofR~~~#~~iJ:.: 

1) 1MJi-t---~ flJl *~1f1J, #t)JliJbv1±.#, ~1x..4t1tx.5J,f,t1.1±,k, 1t#~M1.1±A, !'Zf #ffe If-~ 

1±A, ~ t-¥-of ►A1tl:ktJ:l!z.#bJ1u ill :f-.JJr; JL;t "?i- :it 1-t 1-4'-ffe a11t ~1±A, #tiJ11J ,-fi,J>!fl 4 of~ :iA 95% 

~J:., Aof~#t~j#~¾~~' ¥k1~~#t~~~~o 
2) t~i.%*~ S}l *~1f1J, ~1£Lof ►Ai!tl-;jz}i11]/f R1l j 1--1±,#_. j :fr~~av1t.t, 1t-t 

-~~~~_rra,*~•~~~~~' ifi~~~~ff*~*~~**~~;t.~£_~/f~, of~ 

~tl*7J**~~~l ~**~of$o 

3)~•t---~flJJ*~~, of*-1-r~#~~~rn, ~-t-~~•~*~~, of:i!:r±Jt~~ 

6 
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13 ,t_; A-A-4ft • , isk• 44- , 'It /* t 5C 0

4V, 4 A/f§q 0 -4 h-1 I' if a JAA4.,t'It- ,t 

SNP A* STR —Mt* 4 ,1•421A,1„ ,j-ffr-A-- 0 it ,1 -aT itI#1 , 11.-ar 

fit'fk#1 , T A.A.) 4 - 7;91,M.)Llt , it,PJ 

, IPT V, 4.A x* x'14`, A 

AAA _4s 9141' ,1-iii114-10-Jah %A. 

ICJ tAt116)L)& at1 if JAA,),M7i- #sfk 

T —# A -T- A6. )0., [21 ill_ 12 -Mt a A- Akit- YI 

o 1Mg , 4 44'11 2, -iA 1000 )4-- J  100. %')1,'14 

AI 200 IV, &3 -4 _E 4000 

nA 1 ,'f'J I 7t 100 .rt -T-4tI416,')Lltr=lhi DNA Z 41;1 3V1,14 

4-0 #-Ig3cAA 5 1'14 200 )4-4t3.-tg-i 100 4n , *AA 1- tffri5 3,t 
51,1* 4-4-5y,j , 44- 5M it ffr14- 51.1 Y) )1,1 -4 .0, T.1:13 :IrM -RN- A,. tMg-

nfi , DNA 44- DNA 44- ILtAk 

Al AL I' 41AJJ13 [=I hi DNA 441 TA-Wrh.1 

4Mg HA '-c7.AL'M_E 300. 4Mg HA 0 j--;A/f5q , 

300 45M4.4t11 200 Ova , *Alt -T- 51 5)14 12kR_ 

E 41') 5911444t 4A-0 4M A- ofi ')--;-A/f§q , 
m , V.A3LILfi-V-3 1E-;'k; OA A 0 :Al 4411E, flt 44 4,1 

A 51,14 0 A git' ;' )7t5)1,.1* 4+, T„ --4fr.fx 5g,14,3-VC-f= ),A,Th , A 

-41t4 4:1- .A,-i-J-4k1k 7f)1- $1- 0 0 ,q ffr IA =Lk g,14 

IR* FR- --T- /1- ,1 -a k -f- 3)- 4ix:o ffr ,f-1014 a (Metzker ML. 

Sequencing technologies-the next generation. Nat Rev Genet. 2010 Jan;11(1):31-46 ) 

t Illumina-Solexa ( GATm,HiSeq2000Tm )s ABI-Solid *, Roche-454 ( 40114 ) 

R ; )1,1 --f- Q ( 4ky ) L4t/fi,--qz Helicos ( True Single 

Molecule DNA sequencing ), Pacific Biosciences '); At %TM ( single molecule 

real-time (SMRTTm) ), 17.4A., Oxford Nanopore Technologies //_ ,';-] M X-VAIMAX-41 ( Rusk, 

Nicole (2009-04-01). Cheap Third-Generation Sequencing. Nature Methods 6 (4): 244-245 )0 Ft_A-

5j1114 . fl4p1A7+ A:z itt 

-j-k.g. 4 4 o trctg , v:C it Illumina-Solexa. ABI-SOLID, 

Roche-454 4-*- --i--.591'14-'kt 0 :E.!,;' 4 ..27;911P:,r- 4R-44 Rfi 

, il -J}PA*Il -** VI , /f- -fT*A -'hAg.1C AY-1 E,Ap,

4i]. 4MA nY1 /f§q EJ AP 67?I 2-k 4 44- At A -P•i7,,4N. 01*,, 

HA 0 2-A NCBI 36.3, HG18. 4MA- HA 

f5q, It 0 -)1-* 4V<-4A- ofl -a-T- J7 #1 SOAP 
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J, 611t ,t A 1¾-f(i 1w ti:: ~, - ,k. of St if 611t ,t i :k.., xt rj;t }K#b,911] J!_jJo ** 4t¥-;r-;t X. o 

?; P)', :tMffi;f-..£_ a}] ~~171], ;f-..£_ a}] 61 ;sffi 1(JJf;Jl..,l..itl fll tf,m1( !R.tAiA,l..1t,t-61 '7J~i, ;r:: 

1x.FR-t SNP 3X.% STR !f~-#:i!1t J, ~•r:11±,~,, xtff*61:i!1t J, ~•r:11±,~,JsJof:ifffl, Jlof 

Y/- J, #1±A ~ at1tm' y:J.1-tE-Al:1~2i:"i.iEo ~ 1 of :r!At I' rl;l Jc.i1j#t)Jllj}Jf; Jl..,l..itl fll1t ,t' :iAfiJ ~ 

~#t~~m~, ~of~*HJc.~f'ij*-f-4it.,~~-f-tl:l~ij~it.~-f-£*~~, ~-~ 

ry7 Jl..;yfu*Ji-1£:foX.¾, lJlt /' t~ fl~. 1f1.1f~!ff/J,Jl}J11'Alffi:o 

ffl -t ,$1 it.JJf; J Ljt 15] ill tf-Hi it. IR Jj,\~ {t ,t lr-J i ~it 

~;f-..£_ a}] 61 x.. -'7J fiJ, ;f-..£_ a}] tJl tl:l 7 -# ffl -t ,;,;ffi it. JJf; Jl..,l.. itl fll t f,mit. !R .tA:tk ifil~.Jf 71] 61 

,fdfto :tRtffi;f-..£_ a}] 61 ~it171], ~J;- 00 2, ii,% ?!ft 1000 of f,Z ~At: x_4"¥;i4AlJL 100, ~J11J;f 

At.I. 200 i,:J.ll¾ikAt.I. 4000 

;J:Rtffi;f-..£_ a}] 61 ~~171], x_4'-itJ4At.I. 100 it -t4txt }Jf;Jl..,l..itl fll DNA t-f-;f-.., itJ4)J11J;f x_ 

4" :tRtffi;f-..£_ aJJ 61 ~~171], ~J11J;f All'.. 200 i:j x_4*tJ 4Atl'.. 100 11:1:i!, 1f-Jl:if -txt ffitJ 461 

~Jt~4~.fr~Jt, ~~~~~Jt~*' ffl~~~~1t~*mJ,+~1tft•~~o~-;f-.. 

~~~~~~' ~of~*-ffe~MDNA#;f-..¾~AlI, ~DNA#;f-..¾~AlI:if-t~~~ 

Pr fti] k 'f JJl~JJf; Jl..&-.itl fll DNA i-t;f-.." m J.l:t, ii ,fd,it, of i,:J. i!.HJ f-*,1trui1] /' ,i~ #t~911L 

:tMffi ;f-..£_ a}] 61 ~ ~171] , 1£~.t~, ~ of y:J. ~it J:r.xt {t1[ 300 0 :tMffi ;t-..£_ a}] 61 ~ it171] , J:r.xt 

AtJL 300 l:j 5J11J;f At1L 200 11:1:i!, 1f-Jl:if -t ~4ff 1f fH15J11J;f tt *l:j ~.~;f 71J *·frJ:r.xt, i,:J-1-t 

,;,;ffi 1(1:j f,m1( !R.tAxt f,L 61)J11J;f#ttffi O :;tRtffi $..£_ a}] 61 ~~171], of y:J. Jf] -t*;ft5J11J;f 61 '7J~k:fPii;t ~ 

Jf-:f: ~ 44' JJ1JFR-#,1J, ~At-111::;r:: FR f-xx.Hltfi_.itt~ .tl:. ~i; 1fG~ ~i! i 6751j11J;f '7J~i, m J.l:t, mt 4J$i'1] 

ffl~~~;f:ltl'..~~~i- ~~~;f~#A, *-ffe~~~;f~4-~~,~~~~xt~ 

;fft-~H¾#, ~~Jl~~~-¾#~~~~~~*~£. fflQ~~;_~~Jt'7J*~M 

111 ;r:: FR -t ~ .::.1\ 51j11J It .ti ?j( 3X. % Jl if-¾ -f- ~J11J It 4t ?j( . f!j- Q ~ .::.1\ 5J11J It -t f; ( Metzker ML. 

Sequencing technologies-the next generation. Nat Rev Genet 2010 Jan;l 1 (1 ):31-46) ~tt-111::;r:: rrR 

-t lllumina-Solexa ( GA ™,HiSeq2000™ !f L ABI-Solid ;;fa Roche-454 ( 1tk'A'ifili5.911JJ-f) ~,911J;f-f­

f;; if.¾-f-5J11J;f-f- f; ( Ji?j() ~At-111::;r::FR-t Helicos /~~ 67_j ~if-¾-f-5J11J;f.:Ji?j( ( True Single 

Molecule DNA sequencing), Pacific Biosciences /~~ if.¾-f- ~ st~J11J;f ( single molecule 

real-time (SMRT™) ), J,,:J_,2l Oxford Nanopore Technologies¾~ ~#1}i(.:fl..)Jl1J;f.:Ji?j(!f ( Rusk, 

Nicole (2009-04-01). Cheap Third-Generation Sequencing. Nature Methods 6 (4): 244-245 t Fi!L~ 

),9l1J;f-tt7'( 61 ;r:: WT* 1t, ,t.4ftUA-ti?J(.A. ~ mt 4JJJ£!Wr- 61 JL~ of Y/- *m *1tt 615J11J 1t '7J ),f;-{P ;tl'..* 

;ft½~ itl f115J11J;f o :tMffi $..~ a}] 61 Jl-#--iJd71J, of i,:J. i'1
] HJ~ m Illumina-Solexa, ABI-SOLiD, 

Roche-454 ;;foif-¾-t5911JJ-f $.1i 67 _f_j,' -#xt f!j-Q½,l..ltl f11)911]}f· j:_4'*,ft5J11JJL ;J:R-tft-$..~ a}] 61 

~ ~ 1711 , of y:J.1tm 61 ~ .~;f 71J 61 ~ ~ * ;r:: ~ 4t JJ 1J FR t 1J , of ►:J. ~ 11-1or ¾*~-*ft! !R .+A 61 e.. :1-11 

lt~o*•;f-..£_~~~~~' of~*fflt..~~.A.*~Jt~ltltt~h~~lt~o ~~,~-

4',.£_~61~~171], *]f]61.A.*~Jt,£_it1fll~ NCBI 36.3, HG18o ?;P)', ;J:Rtffi;f-..£_a}]~~~ 

171]' * ;ft J;r.xt 61 '7J ),f;-* ;r:: 1: it }Jlj FR -#,1] 0 tRtffi ;f-..£_ a}]~**~ ~171]' of Y/-*m SOAP * ;ft rt. 
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V, 4 011 0 ')--cA/N, 41r;-tA 400 it -T-1 -T-ffritAl3)L gIJ )l,1 +4* 

iN/12 4-Mg k4A1 , A ,t ffriz_l -Mt a J-A AIL/fic 

, rb Pr 7' -ffl 0.25 /ft Y7  A.)}7 re/N t 

, '17 re=25-30, /c._A 25, N 7ffrit-TAAL S 

A• -/f1 

a fi, = Pr(q, = = 

(1— pp. 

2 

13, 

'ft J * Il..ft- pr=re/N. 

Axt/A )J1,14.--tit4g-ii -- , L4t4 ,V, ;t4g)t4 0 AIL : 

P I,base = _1 _ s) A (base,m,)+-
1

s • A (base,mx)+-
1 

• A(base, fy,) 
k 2 2 2 

1— e 
= 43 

= V 

• -41-4-[3 -, ,53 T , -L PAS it1 tAl3)Lt_ hi t 

t AVA- OVT-- g: 

, 41A 4A- -5VO, Tit rEvgirit 0 A :Ulf; )t.aL. [21 a gc4A- Erk4, N 

, ( Viterbi algorithm ), k4 2'2 , A A:A6•)LS. 

hi 12 4+ Al a 0 A4.,t/ft di) hi 0 itM(t -itt4i-/ -̀  TiMml 

11E, h V, 4)cA_ a SAP 4 - A- t ,K_ 4-2,- rTh 14-4- ; phi 

fit 0 *4;-, - ► Ak• STR 

ffr '7110 x;i-g- " E1 " )Aiitt , A__A_41- vi 

g tit4 fiLL lita- gp o

1; ,'' -RAM 41010- , Tiff vEi ffr4Ct 0 A A.A6‘)LA_ LI 12 -MX a 

gc# ti4 N 4 ,1,E1v1IL lc>- --T- A )L4. .±1,1J-fA;t A4A- yj , 

, -41-4 

it 4417T-44i-A 

I A.11A 4k1 T — -1)-f-tt:aT 4V(4A-
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i~tffi4'--~ a}] a1 ~~1r1J, 1}iJt:litJ'.. 400 :it -t £.-t fJri!_JJf; JL a1 i1Jl1J;f it*, it¼JJfz JL:i! 1{11:1 

-!k.t--#-a1:i!1¾1t,t, iMffiF-tJ½ ~oJ"' }dl~, ;;J%;t_ffi!_fYi;tiRJAa1iA£.1t,to 

i~tJ&,t-~ a}] a1 ~~1r1l, ,t-44' J:i::.J.*:RJfl 0.2511 jJ :tJJ·Hdt:G:iP.t-¥71"~, :RJfl re/N 11 jJ ~ 

i.RiP.t-¥, $,. 'f re=25~30, 1fu~ 25, N }} rJri~i':m1(1RJAa1-¥:Jt, 

:RJfl 

f 
a1k = Pr(q, = klq,_1 = /) = ~ 

l 
11 7'J 3K i.R 2t½-fJ if F+ , p rre/N" 

(1-P,)1 

(1-p,}A 

p~ 

:tM!k4'-.~ a}] a{J ~~171], ~trJrQilJl1J;f it*~ ~,fR\)tf1J .1!AtJ:l::.xt' ►=1-1!t.Jm 7(~ fif:i!_fm;t. IR 

JAxt ii a1 ilJl1J;fJJ&.tffii!-ffe t2Att~.cm r f 1J/A'-J(.;;J% ;t ir.t-¥:ifl ~ a1iA,l< 

X=J·' 

x:/cv ~-· 

-!k. -t4&A%1};fJr~1}, n;J uiJ tA~i! fr 1 it faditi!_, ~ ~ t)Otl!.i:itff] f-Jm 1(Jlf; JLl-. Gffl ii!. 'f fm 

;t.1RJAi.dii;ffH1 Jdfto :f:1I--if:i!_, 

1I1 tt, 11] Jfl ii,% ~it, it ~~if 31l:l:i ~it fir uiJ ff:i!_ a7;;J% 1(Jlf; JL£. Gffl ii!. 'f fYi;t 1R :l:Ait ~;f f1J 

ii1 ~)i, oJ"' v:;_:i!:i± 1r1HP .t-4t J:i::.Jt-)i ( Viterbi algorithm), 11¼ Jth F.!-1½ ~oJ"' };Al~, ;;)% 1(Jlf; JL£_ 

Gffl ii!. 'f 4t ;t_ !RJAa1iA£.1t ,t-, 1I1 tt, oJ"' J,)_,1f frHixt Jlf; JL£. Gffl ii!. a{J :it #1t ,ti!H f- Fl;l #k-)IJlij, 

ttfrr' iRtffi 4'--~ a}] a1 ~ ~1r1]' i:P11( IR JAjJ i:JgiP 4 .,r±-:i! 1{ J, ;G:•r± a11±,1t' JtT7 :it 1{ J, ;G: 1r± 

7}1~ im if.ii-tt-illiiJ, iG: 1f:£:fP STR ary_f__'.),,--ff 0 

.,r±-4'--x._ 'f rfr * a1 ;iZ-i¼ "il:li!" ii 11 r x..Jf.$f-, f!fu oJ"' v:.tft._nAii1:1i!, ~ oJ"' v:1-JlfeiJJ4i1:1i!, 

.R-:l-it ~J ~ JJtJ:.:i!_ 5JJ itJ:. a1 '1itJ4tzp oJ"'" 

'rt-:l-1.taJJ a1 Jt., 4'-.-4.PUA.ji;i(A.~ iMJJJ?.M, .,r±- Fl;J uiJ rJritiii!_ a1 ;;~ ;t.JJtz JL£. i:ffl t.R r.r fYi;t. iR 

JAit illit;f f1J a1 ~ )i a14t ~iEi111fu.~-~:it¼-t ;;fti tJJtz JL,l.. i:ffl f.R 'tfYi;t. iR JAitillii;f f 1J a1 ,i ~it, jJ 

itii Q ~ 1!t. ' :f:-P3-it Q 0 

it ,t:.tJL o]"'~-fl'-)l 

.,r±-4'--~ aJJ a1 x.. -~ ui:J , ;t-..~ aJJ Jlt. t6 1 -#-it J.iJL oJ"' ·ikft-JvL irltffi 4'--~ aJJ a1 ~ ~ 1riJ, -it 
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X-4/cTir 4 -A- __L/r-4- 41,1 A- a -1- it--T-tkkg -f- , o Q 

A6‘ 4N 11-/K , 4RA 4: -ay , A t ffr it -TR AI a 4kI-U 

11E, 40Ji it -)17-4 -it, , ft/4 3-Vo-L 4 -1A-_, ;A-, raT 1), Alt 15,.* 4+ ft, 

Viterbi algorithm ), 'fikfigh lizt ITzT'T k4fAl , Ma )Llt Qhit 4+ aiko AIL/ft , 

ItE A- 3 V"O& t J1,23 hi t 7 i)±4-tl z f-A-.4 .1 

tMg z- nA 0--;- A/f§q , 4-4A- , 4Pg f.g k4441' , firrit-M 

4F, 4gA_nA , ffr i t , A_JtJ 0.25 n a hk

4R,413- , )01 re/N YJ , 412 re=2530, 4)-Lit. 25, N 7ffritiAt. E 

I ( 1 02 

(q, = j)= - 

)-J n4 F , pr=re/N. 

tmg k HA 0 ,)-._-4L,f5q itv& iy_ug1,1 A. N , /R. 4A i't 

S E C t,Ji2 1•1*-11Vgilt tiF)1,+ r4-, 0/A IL: 

= 

= = 

Pi,base = 2 1 (1—  £) Abase, mk )+ 1  s • A (base,m,)+ —
1

s • A(base, f y ) 

kw) ' 2 

412, 

1—e  x v 
Aky) = 

ei 

= 

Y1-1 

11E ff, 4)cA_ 

fit 0 

1,1(_,z- it , 

MO') AP 4 -A-1* tiK- 422-- rTh 

STR 4(1 S• _ ' 

" X-4JL-FriA /74-114, s 44-4-k** 

4A -a 

it 4-4/(,71—A- 

AitA-A /-H,k4-4-

( ) T: 

AAA- 

—"NAL 

t 

4=4 ( ), 4 -0 X-4)(4 AMA J1)14 RAM ), A- 4i
( ROM ), -aT4V"OT VF)=1,-ik-41i%t-N- (EPROM A, ), , /f>k_TA 

( CDROM ). 5f-4)L IT-.14 . vs git4i4 

g • t4)5- A-it 41-4/t,

9 
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jj':.;j:}L ~-ik1r-m J:.41i½if-tll4'--, pJrif-ttf 4'--i! T:fffi:~JJ?. ~-tAH ►:1-1:t.JJk -t J]f; )LilJ 5Jl1]}t i't :lR., rt¾ 

Jlf; JL:i! 1{;fl:1 !k../i'"#-a1 :it 1t1t ,t-, tf-.-t!! rt~ fi~ ~Al'*~, J;J% t(foJrif f}l,t_ !R.t~a1,;AJJk1t ,t- o ll1 

i.1t, :f1J m iiit J-iJL ~-ik1r-m, ~MJif 31Ht*~ n;i uo rfif a17f~i, )Aifr7~v:J,i!:.r± 1»1HP .tAtH::. 

X.5i ( Viterbi algorithm), 11!-JJ;h rt~ t~ A{*~, J;J%j(Jlf;JL)Jk!EJ r.n rf 4,rt( !R.t~{i7,;AJJk1t ,t-, 

ll1 iJ:t, ~ rY-i] :7k.ttxt Jlf; JL)Jk !El r.n a1 it 1t1t ,t11L it? n~ #t~ftl1J o 

~~~£~~*~~, ffi-4'-i!-t~~~#~jj':.*,~~~~t~A~~,~,t_fflifffi 

,t lR J~a{Jhffi.£.1t ,to tf-.-t!! ,$..~ ~ a1 *~1511, ,,(f.fo!j-if ,i-4t 1:tijj':.5i rf, *}f] 0.25 11 fd,71j~~k ~ 

iflt¥¾~, *)f] re/N 1t:h~f.Iliflt¥, Jt.f re=25~30, 1ltvt 25, N J{Jfo]j-iffjt()RJ.,,\a1*Jt, 

*m 
r (1- p,)2 

a1k=Pr(q, = klq,_1 = J)= i (I- p,.)·p,. 

l_ P,~ x, i::- x,-1,J: i::- Y-1 

1179 ~f.Il*¼;fj.},§.flj=-, $if, Pr=re/N, 

tf-.-t!! 4'-£ a}] a1 *~151], Mif-tt¥4'-~4M if~J11J1t rt*~ ~.ml}t :11J J1Lit1:rixt, i,::;_ 1:t.iJ% 1( ~ f}j­

if i'-mt( !R.ti(xt JlL a1~J11l1t4tt-t!!J1L-ffe ~Ati~.ml T :11J /2.'-;\~l t(it1t¥ifk. ~ a1 h»J.JJk: 

* -t lt-t!! ¾it~¾ , n;i uo e., t1 J1L fr 1 it fa1 Jtii if , ~ ~ t?-\ .tti! m -t J;J% ,t_ JJf; ) LJJk !El r.n if fj 
,t_ lR .t~ti iffiiJt :11J a1 f tit o ~ 1t f-if, 

iJ:tfrr' tR-tffi 4'-£ a}] {)7 *~151]' i'Yl 1( lR J~J{J i::.,giP 4,,(f.:i! 1-t J, ~-r± a11±,1t' ifr7 :it 1-t J, ~If:£ 

;v.i~ im ifi;tt-tt-iffiiJ, ~ 1f:£:fP STR 61_f_,'.),,--ff 0 

~4'-~~~ifr1i, "#jj':.~~*¼m"~~~~~~~~¼-4•-~~-#4A#* 

iI.Jr· YA#t'-ttf-4'--tAit .% rJt. ~1LA~¼Art¾~~-tt¥4'--tAfr i rJt. ~1LAi~¼ifr11tm a1 ~110 

it jj':.;j:}L ~ * 11'-m {)7 J!.*11f--{i7 ir-1§1] ( ~f 1r ~-r±:11J Al) ~JfzrA r: *if-t--AJ, t--~i'\ 611€,:i!. 

{¾-#'Ii ( 1€,-f-~1[), 1:t.;}~J\-itjj':.;j:JL:@;:~ (4rt~1[), f~f)L,ff~,ff1i%~ (RAM), ~*1f-1if~ 

(ROM), ~-t,~~i'ii44~*41if~ (EPROM AFl:it41if~), }ttf~J[, rA&.1~;}~;\JG 

:@;:~ *1f-1i% ~ ( CDROM), lJ >'f, it jj':.;j;JL ~i~¼m-tt± ~i,:,;_~ ~ ,,(f.Jt.J:..tJt'.p f}j-:i!_;ij'_¥.Jt{i1 f~ 

A$1~¾i!.61¼m, !El ;v151HP~vAi!:.i±xt.i~A$1~¼m11LHJt~;r3~¥J, 44t-11LHiii44. ~ 

~A~~~~$~%i!.7iA.11LH*m*~~~7iA~~fflifaJt, ~~**4-~#jj':.~ 
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A_ am A %,t14-. g44-, Q4 .ffc8 /in it]- 

, A--a7- 17 A A-4-4-A ri-4* R '=2 11- 1->- -it 0 a 
,r§d 44, , 4V4- • )t-:viu, 4,2A_ — A 4 `i7 - 4r-Y-, -TTA 4•3i A7,_ At, --F 

,12 AA/fil ±11_4\--, • -70.-A- A --T- 4-4-it,tui---V=L PI,A-VF* tiL is% n vt.4 

AitiV4t34, it 0 hi ic>.-11'-fir- -r  -TTA43_ n r(4_ ( PGA ), 

* -q-Af_Y_ 11 ( FPGA ) 
A-4t - Nrck-''T 

iaistflry-,;-ta YEA, , 

1A- 0-4 A4A4:11-4- , L4 - A-' -c'A/r§,J 0 4- git_—A'(, .11 

, 0114-iN A-45q t 1,45.(A—)Ht_gAik , 
I ;,- ±_*7-T.AbYcA — _LittA,04p-ka, 

4V+ 4k-14-13 tiL444.A-  -ff*k)'c „ 

4k-14-13 ft44.A 4 0,41-11f h3R2-1_ Or' ,=‘2,74gf 41 4k#1 pT, -L7vTA N-4r(, 7

AR1 ti i114-i-41-*. j /04-(4t 
I5MA , ,Fi*fi'l#Lh Mit ql e, Q o `4 .1E/f§,l ti2

ph 0 AOff-4'4•=z_l ( /f§,J*4 J. 44*-11-7A 4-  (( 

-H,1- 5; 4ka 4j)), 2-:2.a, ) C i pe f  a i5L PVT. fr -141fl ffvxA4
T AAL- A, ;it- 4 *AP= , /15,* Illumina 

1) 
nA 

Af3)Lit1-4-461i4 , 4k.1.44 A.
2) V3)L* AA*, -,4-41H-t11.-)O4-4 -1.±c.[11.2 DNA 4kA411.0_,,f-to 
3) 47(-itif-4-O11ff(4)4* [-,-15)1,14---f- %T)11 -*-14tj-i- }-;‘-r--711;1 
4) I't ,1,̀1- dit-tP , 4A- A 4- • At. 
5) 31k,14- AI , g_g .h •- 4  _4-j- o

4'N , 

3i-41-4449:111 :

 I. -R--*591,i f x N 

II. Y.:4-0 FH = {fho, MH = {mho , ink} 
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1Ht&it, 

a~mM, *£~~~~¾~~m~#-~#. oo#A~~~-¾*~m.~~~~ 

~%At, l+ffe•A%*~~m4~~4~StA~¾~~ffi~~ffl~~ff~~#A 

0014-*~_m, 151]-;(o, -:ko!¥.ffl »k.14-*~_m, {P~:15-~~% A it-,tf, ~ m *4N:I:fo/A'"#-ostr 

§i]Ji~ it st1£-~jA1~1n MJill¾*~m: J!--~ m f-xt4fUAHt-t ~-Wli!.t4-W1itMJ:izA4 fl it Ii!$­

~ $; 1)ti!.tif-itii!$-, J!--~ ¾~st ill¾.t!tif- fl lt!.If$-MJ-t m if A lt!.If$-, ~ffiiiX fl F4-§1J ( PGA ), m 

:l:h~ffiit¥:.i'l F4-:!i1J ( FPGA) .:f, 

*~~~~~*~~~Afi~~m~~m~~~~~%*~•~±~A~¾ffe•~~ 

YA ~:i:VtxJ-f *·Hl 4--+EJ * 01»-t 11-~A, rt~ 0111.J-f ~ YA 4111tf--#it X.+JL ~ *411111'-m rr , 
~~J-f~~H~, ~~%*~~~~ffea~-A*-¾. 

~~.~*£~~+~~~t~~-W~~~~~~A~-+~m~~lf, ~~~~~ 

+~~~~~m4~, ~~~~+A~+~~~~JfA~-+~~lf-~~JfA~~~~ 

~~*m~#~~A~m, ~~~*m~#-W~-~~~A~m. ~~lfA~~~~*~ 
.$1:14--W 1JUJ~s1ffj A~J;Jl-ff-1t .h~i-1-01? J',:i{Jlf i! A1tm ot, ~ ~YA.ft1i::!t~ -+it fr{JL ~-~ 

~1t11*1tmrr. 
r do ~t tt ¾ ~ ~ 151] xt *£ a}] 01 % ~ :itr_ ff ~7F-t, *4~ :I:~-ti~A fi ~t½ J.f ~ , r do ~ ~ ~ 

1f1J1x.m f-i.taJl *£13Jl, iin ~SirY1.h FRJZ.*£ sJl 01 tl ~, ~~1f1J it t,..~i.8Jl J!--ft-.-tt~A~1ts1, 

-t*,~~*4ftr:!:~rkJ s1~mlfoJr-tlii~st-ti~A~14 ( 15Ho~~ J.&i~~ f JL.:f;f, jt:I:¾f'.:fit-01 «ft 
-f JL r½ ~~tz--tlfi ri¥J )>, i ..==.#&.' fl-* !B #&.::¥± ) A,t--t*Pil? J',:1i.Ji,i:1}] .:j¾ :itr_ ;ft O fofj- m 1~11'1] A1x.a t,..~i. 

i:1}] .:i r T ~l ,t-' :I:~ .h ~ YA i!:i± rp PliJ R 1-t 81 't }YL? J',:1' 1§i]-:ko ~ YA *PliJ m Illumina /A'"~ 0 

-~7i* 
*£ a}] ~ ~ 151] 01 .i. ~ffe !Wt ~it: 

1) JLi1] *~¾~ ~t;JL:i!1t4h,$s12f-~t-fJ20, .ttk.~* it¾~~:i!1t4h,$, 

2) JJf;JL~kAfi-:kox.~{P>'Hllx.-iij:<f£.lzHll DNA .tll~{Pt>t1t. 

3) ~ :it 1t 4h ,$ tMffi ~ fiiJ 5Jl1J ;f -f- 1:. 5WJ ;f ~ ✓t<.:i!_ ;ft ~;4,tg ~. 

~ ~J-f,tt.~~•~*H:r±~, :r±~~#~~mi~-4*~*.:f*~IZ_. 
5) R ,fff ~ ~ ,$ _;_ ;f §r]{~-tffi•;t ~:i!_ frill}it~J.f, ilL}ittt !¥.~ A~jk [51 ill~~ ;f §1] :itr_ fHl:'.ixt, 

R1-t"1ii-trixts1;ff1J, • AiJ~:i!_H¾iJt. 

¾1Jtil~: 

ic.-t: 

r.·t~~~ij]1Js11±,*At.h N. 
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Mhk = 

Vfh, k ,mh, k E {A, C,G, T } 

k E{0,1} i 

i h k = 111,1c , .., fk ,..  , fV,k , 

PCT/CN2012/075478 

AP J R )L-f- 44- H = tho,hi l , ho R ti, M it T i 1 -444,29CA. 

k = 11,={f ),„...,f ) ,••••fA ,N 1 

xi E{0,1}, E{0,1} 

Ti; xi q, {x,,y,} AA 

Q 0

S= { , sN { 

, si = ,n n n I , 43<,Almj. 0 ACGT Mft4A),._ titi_- o

V. -T. )L;t4-14,2-f-17 )r111 *i rk E e o

( EQ ), 

7[r(* 'A , j 4 -fit* , = Pr (qi = j) ° —41 , 

A=Ik 'HA PnA tibl-i4o 4' - 0

II. 4F(N- .knA pr = rel N 41 2 re'RAA-kac,i 1 

hi -I hi-T- 3 25 51.1 30 

III. 4F, A /1§d, thitt -4 -E1*-iE,Y-J A = {a,k} ( j,k E Q), a ik

rF 

ajk =Pr(qi =klqi _,= 

(1— pi)2 

(1— p,)• pr

2 
Pr 

xi = xi ,,y,= yi

xi = xi yi , or xi xi ,,yi = yi

xi ,,yi y„ 

, A 3r-tAt ix+ 

4MA- k ofi IV7 -1,EAVT-?--Y14-4-iE*hB (si )1 (  i=1,2,3,...,N j EQ ), 

bi,;(si) /K4 ( i, -4-t4-*1-44-t24-vy14-)L1-4P1 j) At, AL5A15111 .#5M4.. 

11 
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kE{O,l}, i=l,2,3, ... ,N, 

Jt'f', X E{0,1}, )' E{0,1} 
1 1 , 

i-ffe, ~~~~*~~•~*~½, ~~•~#-.~~#~~~: 
1. iJJ-31~~k;0iflt-$ ~~ 1,(;7') 1r = { 1[j} ( j E Q ), 

PCT/CN2012/0754 78 

illi~ ;t.it a}] a{i 'k~1f1], ,,(f.;_t* 4tJJ-lUJH1+t»t T, of J;::1--i~ n-
1 

= Pr( q1 = j) ~ ¾, E?f-£t:t1f F-i, 

•*~,,(f.i-+~~ili&~of~~~~o 

II. tR.:t%;t.:£_a}] a{i 'k~111), ic.if.1¾1$.~flliWt-$:h Pr= re/N, * 't' re1\:$..A-~i§e,--f£1z5] 

fll~fll.if-.t!pkJJtt, :hJt~fr-4fU%,,(f. 25 .f1J 30-Z/fcll, 

III. tR.:tm ;t.it t1}] {i{i 'k~1f1J, iCJif.1¾1,f ~fll*¼fJ.}.§.f4-1,c,7'J A= { ajd ( j, k EQ ), * 't' ajk 7'J 

F.t-~k~4¼fJ a1it1t-$, E?p 

(1- P,)2 

aJk=Pr(qi=klqi1=j)= (1-p,)·p, 

i _::. ffe' ttJ ~JJt~;f :§i]iflt.-1-§. f4-: 

2 
Pr 

t~A%;t.i(a}]a1'k~111J, iGJJt~;f:§rJiflt-$-f-E.f4-IJ B={bi,i(si)} ( i=l,2,3, ... ,N, j EQ ), 

Jt 't' b . (s)1\~ ",,(f.1±,it i, jJ- ,it-t,J:-ffe ifi.1¾~:fiJJ{zJLif-1¾~ ( ~k~ j) at, ;Jt;;y11J.f1J;i!#::y11J;f 
l,j l • 

11 
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bij(si) Pr(silqi = j ,{1110 ,mi}) 

= (ni„4 + nie + n iG + niT ) • 
ni,„„!ni,!ni„!nix ! 

)n,,A ( pi c ) ( ) 

41- pi A-74-*-*- +P2 4P014- )L-*-'1,4-tt'l (=P(Ad j) rq, A-1,07-1-q;

,14,", &{

P i ,ba,s e Pr (base q1 = j,{mo ,m,}) 

1244 -,TA4t 

1 
= L —

2 
(1— E)A(base,m,)+ —1 s A (base,m,)+ —1 E • A (base, f,, ) 

k ,{0,1} 2 2 

1—e x= y 
A (x, y) = 

e/3 x # y 

  ( T LEI . -1-4r4k-t4Er- 41]-3.th f§q ): 
40gt_i_< (q (nrigia, Bj (qi ) • • 

kif i (qi ) = arg max g (q1) • a 

f; laq -hi , 1Vt,..4=f1: 
t qN = arg max 8, (q,) 

qN ,Q 

4F, tgif--) 44 if ,r4 4t4-11, q* = tr i (qi ) (i= 1,2,3,...,N-1)0 1) 0

5rcA,4,11 1 

( 1) ffr 44- A+ x 4rr , lea )L 47-0 TF 1,72 
EDTA Oragene® DNA it. /DNA VaAtiikAl OG-250 -EIZZ--4412H-E1- 

(2 ) tli-X-4 -411 1 ..--4 -4A DNA 47.-k_49, -,7 1 Infinium® HD Human610-Quad BeadChip 

It Tz>'• 

(3) YX-4-**-11 1- , 1600g, 4C ,13 , 10 k)11,1PIEL 
16000g, 4°C 10 3;4t Flf- A 11 iw 3- _ifEr_At ff] TIANamp Micro DNA Kit 

( TIANGEN ) DNA, T-4- 514 4-4,, )Llt [21±Il DNA A, -61 4t -== .'A 

4\-, -VI_ .€1_ DNA. fr,f4 51.1 1_6LX DNA r(.-fg HiSeg2000TM

12 
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,j1."' !'?p 

P;,buse = Pr(baselq;=),{m0 ,m1 }) 

= L _!_(1- s)Li( base, mk) + _!_8 • Li( base, mx,) + _!_8 · Li( base,_{y,) 
kec{0,1} 2 2 2 

{ 

1-e 
Li(x,y)= e/3 

x=y 

x;t:y 

' 

i ;.. -iy , ¥v Jtk ~G iet4'5-1.e. F4 , 111 ii efiJ -=HHt ( T dr7 i,:J, - ~{ik ~G iet 4'5-1.e. F4 ¥v Jt7,7 1f1J ) : 

~x.. /4'7~G1et4°'- o (q) = (maxo; ( q;) • aq,_1q,) · b (s) 
l l q1-1 cQ z,q1 z 

;tx. iiefiJ41Ht'I';(q;) = argmax5;(qJaq;_iq; 
q;-1 cQ 

i~ffe, ~~•~*~*~· *~~•~4a: 
~JTI ;ti[li'.4<-,~k.~, q:= argmaxb'N ( qN) 

qNcQ 

~~-f?tl 1 

tf J',:1 ~t :tfUl!ll Jl?.: 

< 1 ) rt ~tf J',:1 ~:Jt--t--~ k rt £ * 111-ft ffe Zf-JA rn j)' ftJ JfIL, JJf; JL tB 1- ro ~mf-~ JfIL, V/, 

EDTA ;Jt,/k:f~t*, Oragene®DNA P½:1l**/DNA it1tii\ff1J~ OG-250 **::{llx._{t;;jci:rj)'~ll.x.. 

#P½:1lo 

( 2) ~ll.x.. {t;;jci:rfrr~ll.x.. #P½:1l DNA iJl~ro JlJ Infinium® HD Human610-Quad BeadChip 

~l!l ~ }4' .12rAt1}~ 0 

( 3) ~#ffe.7f-$)]P)'ft]..mz., 1600g, 4°C ~,-:.; 10 1}4f, ~4..mz.fa7}Jt?,;i'i:r..mz.;JZ1}Jr, ..mz.*-P}i,:J, 

16000g, 4'C~,-:.; 101}4f, :i!.--Jfr-¼~§~~1fJ~imJJt?,o 2f,:!13..mz.;Jt)l] TIANampMicroDNAKit 

( TIANGEN) J)t_~ DNA, 1lf1J{tffe;;jci:rJJ€; JL~i!l fl!. DNA lt¼4bJ, * Jl;,J-.± ..mz.1}~ ..mz.;Jtro~1J 

ffe-a{i ~ im}Je, 'f J)t_~{tffe ~i!l fl!. DNAo ~4rJr1lfU a{ik;JZ DNA tRt% Illumia®/:)--6] HiSeq2000™ 

12 
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•;1)111-t--- if.XYI_LtL-R-*1114i-44--, t-ff Agilent®Bioanalyzer 2100 *-_5911 A E42) 
kI t Q-PCR HiSeg2000TM

4x %TA , -1)4g4-i0) PElOlindex ( 101bp index gl.14' ), ,--74x X-- 44?-cit_TL AT* 

/ft Illumina®*/ft-4--* ( -aT http://www.illumina.com/supportidocumentation.ilmn 

ItIrt ). 

(4 ) 4EL , 44- s71-- J la it gal 21_4-A-fti TIANamp Micro DNA Kit 

( TIANGEN ) 4k' lfx. 4t 4)1. 4, hi DNA, 

At DNA 44-41,f , =j1-' ffr-41,1-4- A  DNA 4 a, I17 Covaris 4Tl11ft1iCCT11If 500bp 

YJ 14 -R. 21-M-14-. 0 DNA )1- l'iv,A.._1124t DNA 4-r,g.=4R.44- HiSeg2000TM

4xYL±J)A-*--iLH-4-t4- , 4,4544tvT: 

WA7 kfil 4 : 
10 x T4 10µ1 

dNTPs(10mM) 4 µ1 
T4DNAR 5µl 

Klenow 1 µ1 

T4 # ACtcr* 5 µ1 

DNA A 30µ1 

ddH2OF 100 µ.1 

20 r Al/ 30 'is-4'1'g-= PCR Purification Kit(QIAGEN)1=1)-1.t. 

340 EB 4L;t-/At120 

•i b. 6A)1- A kti 

/11-VE- *0 ffr14-51] 

10 x Klenow 5µl 

dATP(1mM) 10µ1 

Klenow (3'-5' exo-) 3µ1 

DNA 32µl 

37 r -;1 30 , MinElute® PCR Purification Kit(QIAGEN)0At 12µ1i EB 

+O

cit4-A.)il : 
2x Rapid DNA it4-AA%t 25µ1 

PEI Adapter oligomix(20uM) 10µ1 
T4 DNA it -444- 5µ.1 

hT:r/A1.±_ A OIL-- =1* 10µl. 

20 'C kfa 15 , '(kill PCR Purification Kit(QIAGEN) 4- 4b14-/".
flu 32µl EB 17. 

PCR A_)7147A: 

-R- T f46-) 10 µl 

13 
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5Jl1]Jf1x.67 J:.fJL~✓-Ki!fr~J-f, ttJ ~:kf-61 :ZJ_f ±.i Agilent®Bioanalyzer 2100 f.,t5yl1] J=t -rx.~~fe, ~ 
1-f¼~;J<., -¥¾-±.ii± Q-PCR ~~ixt~/i'":ZJ-fi!;ft;ti, ¼tir;f, Illumina® HiSeq2000™ 5Jl1L/f 

1x.5J11J;f, ifi11J;f1AJJ;f-4t7,7 PElOlindex ( F?pxx.i{;J l0lbp index ifi11J;f ), J't-4'1x.~61~4t~1[ll.Jf 

11=" ~ ~i:¾IFt*,!W, Illumina<R)1f1t +M- ( of \17 http://www.illumina.com/support/documentation.ilmn 

$t1Tx- t 
( 4) £ $" >'f' ft] nu., -tif $" >'f' ft] _nu. ii] &m JJ2.111 J]{:; JLJB}i)j} _nu..DJLm.A4!fl TIAN amp Micro DNA Kit 

( TIANGEN) f,lJTx-iR.1f1] ~t,lJTx-£.[EJ ill DNAo 

l~t JI11.;Jt DNA ;j:-fJ1.,Pr, ~% rJr$t1f61 rJr* DNA ;J:-fJ'.,, 1; ft1 Covaris™ Jr!Ji}j-1x..:JrlJiJr .f._ 500bp 

:k. 1J• 61 J=t -rx., ~%$t1f61 DNA J=t &v:/4llJI11.JR DNA ;J:-fJ'.,:J:rlt!! lllumia® /A'"~ HiSeq2000™ 5J11J;f 

1x..a1 J:.{JL~✓-Ki! H~4-, J!.-#-- ffe l¼f~-;(P r: 

;t.AA;1i$-i_,&.;ll1f.f: 

10 x T4 jtt~il!iti~J1,§JciJ..,t;'.rl 10 µl 

dNTPs( 1 0mM) 4 µl 

T4 DNA ~¼~ 5 µl 

Klenow J:t -tlt 1 µl 

T4 jJ,t4!-111iiittlfil,§} 5 µl 

DNA Fi -rx. 30µ1 

ddH2O iH} .f._ 100 µl 

20°C_&_;ll 30 ~4f Jf;, 1tft1 PCR Purification Kit(QIAGEN)@l ~t+Jit1i$-i_f-4h o ~%fo!j-ff .fij 

a{],. 4h ifk_Jf; ~ -t 34µ1 a1 EB jj_ ✓t * 4' 0 

;t.AA;~}Jp,i;j_£_ A ,&.;ll#--f: 

10 x Klenow ij_ ,t ;'.rl 

dATP(lmM) 

Klenow (3'-5' exo-) 

DNA 

5µ1 

10µ1 

3µ1 

32µ1 

3TC i~ if 30 ~4f /f,, f.i MinElute® PCR Purification Kit(QIAGEN)~t1t-#-it--t 12µ1 a1 EB 

141d! 14 ,&.;ll 1f. -f. : 
2x Rapid DNA :i!.t4iJ..,t;'.rl 25µ1 

PEI Adapter oligomix(20uM) 

T4 DNA :it.ti~ 
~ /JP i~£_ A a1 f- 4h 

10µ1 

10µ1 

5µ1 

20°C_&_;ll 15 ~4f ;f;, 1tft1 PCR Purification Kit(QlAGEN)@l ~t:i!.t4f-4h, ~rJr1lf1j67 f-

4hifk.J6-it--t 32µ1 61 EB iJ..,t;'.rl 4' o 

PCR ,&.;ll 1f. ,f.. : 

4*:1!4_&.;llf-~ 10~ 

13 
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Phusion DNA Polymerase Mix 

PCR 410 (10 pmol/µl) 

Index N(10 prnol/µ1) 

Vit, 7.1( 

98 °C 

98C 

65'C 

72'C 

72E 

4°C 

30 s 

10s 

30 s 

30 s 

5 min 

Hold 

IAA PCR Purification Kit(QIAGEN)Q PCR f -b. R 50µ1 EB 

41q t -(4-TA JJ4s Agilent®Bioanalyzer 2100 2, -5g1 -ft lam h - ')e 1A' A4-1: Q-PCR 

4/5- , Ifi Illumina® HiSeq200017v1 %))11.4iftr)114, 

PElOlindex ( V.147 101bp index %F M4 ), /IX mina®

'11 4- )ff ( http://www.illumina.com/support/documentation.ilmn 51k:A ). 

(5 ) 

a. '(kA SOAP2 459114-RA ( NCBI 36.3, HG18). 

b. /ikA SOAPsnp ( 4 -1 & ( CHS ) , -t.44-1k/fl ) 

( consensus sequence, CNS ) 

c. 04_ O

(6 ) 

a. 7t , t.E?' tf- I*.gi 1-21 , /0 -i; 

b. •ikA BEAGLE 

(7 ) 

a. J SOAP2 44.-1(r-Att14'4itfA- LM-51..11.-k 4-4-1=1 ( )-) NCBI 36.3, HG18). 

b. 413 3,t ,J. ,=1)( 494,4i 11,7 , 

443.-t4E4 -44g)1411,5-1-1-: RF4-c-li-47).qt,Okt4§1,1-qvi 4-, 0.25 0

44-42 -Vit..4--4 *T- re = 25 ( ffr ). 

c. *it) tAtFt- 4R4- Ei* ( 4 •—)1)9t✓ - i r 
d. ( 4, `, ffr ). 

f. 

tr, 44 )L, Alrl 

14 
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Phusion DNA Polymerase Mix 

PCR 5l 4h (10 pmol/µl) 

Index N(lO pmol/µl) 

~N~,1J<-

Jj_JiL ~1-)f--fr.o r: 

98°C 

98°C 

65°C 

72°C 

72°C 

4°C 

30 s 

10 s 

30 s } 

30 s 

5 min 

Hold 

25 µl 

1 µl 

1 µl 

13 µl 

PCT/CN2012/0754 78 

1t!f] PCR Purification Kit(QIAGEN)\£1 ~t PCR ?-4h Af.Yoift,J€,~-f 50µ1 {)7 EB fi_,f5{l to 

¥v ;t:k·t{i7 j:_J4-f.:i Agilent®Bioanalyzer 2100 #t-5Jl1J J:t $~1}~ ~ ~ tf¾-*5]<., 1H.:ii± Q-PCR 

:;t5i)(t vJ;j t-t:..4-:i!At;t i, ¾-t4};f,, ff] Illumina® HiSeq2000™ ::J]1J;f1x..iJl1J;f, 5Jl1J;f1Rf J;f-4ft;,!J 

PElOlindex ( flp .xJ...ii;J lOlbp index :>Jl1J;f ), -A- t 1x_~{J7 ~4ftitj[J.l,tf1t::t5i:tl~-t:'£-,rffi. Illumina® 

-tJ1t-f--JJJt ( cf tl:7 http://www.illumina.com/support/documentation.ilmn -RJ!k t 
( 5 ) x.. #£.I!] tll.i.9l1J;f 1}~: 

a. 1t!f] SOAP2 ~45Y11J;f-#UJ;Hl:'.i.xt.fiJA*~~~i!ltll. ( #&.~;,!J NCBI 36.3, HG18), 

b. 1t!fJ SOAPsnp ( rn::t5x.Jl (CHS) ~ ,%-#t-tJi-1t!fJ {J7}l-f Ait~iJ#t-tffi) Jt-#Uffim.fr­

fi;f71J ( consensus sequence, CNS) ¥v;to 

C. {~Jik tt: fjie,1_i ,~, fl1 £_ i!J ~ u 

( 6) x..#if-1¾#-~-i'(illiiJr: 

a.#;J;t-f;'--;¥B.1f,E; x..#£.i!l ~ {)7~#-£.i!l ~-},§.f4-, flp tJt.J!kx..#, ;¥B.lf.7fi:i,tJ:;t5x..il ~ ,% ,{fAj 

-i-M_i A {)1 £- i!l ~ o 

b. 1tm BEAGLE xtx..#61if-1¾~:i!..fr-i'fil$Jr 0 

( 7) Jlf;JLif-1¾#-~-tiilliiJr: 

a. ff] SOAP2 ~4 k;Jt5JJ1J;f-#Uffitl:'.ixt.f1JA.*~~£.i!] tll. (#&_~j; NCBI 36.3, HG18), 

b. t1-;J;tiJJ-±*;Jk.;G:ir.t-$ii1 i, J;~J.lif-1¾#-~tll.4½-fj-1§.f-$-o 

t±;J ;t :tJJ-±* ;Jk. :G:ir.t-¥ ifiJ -.1-: ?F-Jfx.3G~~ -#t-tJi-t~A, flp-%--/i'- :tJJ-±* ;Jk.:G:ir.t-$,tm ~, HJ JJ o .25 o 

if-1¾#-~tll..$¼5fJir.F4: 1f 1T .J:-t!z., ~1nJ!kre = 25 ( Jtid:'£--At::t5iftr~ t 

C. ~Jdt~f--1_iA {J7iJl1J;f1t,t' -#-¥;i;t,xJi~;f 71Jir.t-$-1§.f4- ( Jt~-t:'£--At::tiiftr~), 

d. ;t1-;J;t)¾-#'~ir.t1fo-+-r.r+, :ifP.iiifiJ-tlHt < Jt~-t:'£--~t::tiihr~ t 
~#, r'=> El f_R,fl., -_k_ ,fl., -_k_ ,, Trtl "(8 El ,IP -qJz /y!, e. ;fj ~J/R-~~ "1A.1'-.>"1A.,"-' l Jt ~ i)";J J/R_'//l,Vtd.:r...o 

f. tt ili 0 

trt-tffiJlf; JL ili 1..;f,01 Wf-"¥ k,£..1!] 1}~tt *' ~11'1011}* ✓-fi.ryM:Hft it-fr.or: 

14 
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4F-A0): 
199.552 199,552 100.00% 66,238 63,968 96.57% 265,790 263,520 99.15% 

!-:; 65,409 64,735 98.97% 41,849 39,944 95.45% 107,258 104,879 97.60% 
1.'1-it 254,961 284,287 99.75% 108,087 103,912 96.14% 373,048 368,199 98 70% 

4,881 4,881 100.00% 1,718 1,478 86.03% 6,599 6,359 96.36% 

21k4:,

2A tfl6‘)L1L. hit -fAt SAAA/(t--e, i -AtA4')L4,tril + vit 

k --A-4A El,i,11 1.] Y7N , AJAA 7K4 

11/4 f- ffr , -FT WY-7 ii4i-4-4-t)g'It41146t-4A , 4-t' )tt 01*4? 

4 - pki HA 4 di .ffr 

§il"

f5q" "--4tii7/t5,1" 4- 0 VI itt g 

YcA_ 0A 0 — l§05%, 'f§,J 
-5--; it* — AI44 A_7 2F1 F-5I ')-7cAl5q 4Tt, i71: 41,- .a , f7j-i+A, 

-AL* ,Jsi t#21, it 0 4.kt 

15 
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-/lyj;, 

f:tt~· 
i'i1!-B' 51Z{t 

-l!Lr.'.(ij: }fr!iJ!lf< 1{:;~f; t'i.M1i af,if!ltx rl'c.l;'ii,r; J&{.~~ ;m,;'1:~ it~!if!rf 

>C~i 
fli1}· 199,552 199,552 100.00% 66,238 63,968 96.57% 265,790 263,520 99.15% 

·/~'~kE-~ 5~~* 65,409 64,735 98.97% 41,849 39,944 95.45% 107,256 104,679 97.60% 
{He/· 264,001 2&UB7 99.75% 108,007 103,912 96.14% 373,048 368,199 98.70% 

Xtfk{~:,Hs: 4,881 4,881 100.00% 1,718 1,478 86.03% 6,599 6,359 96.36% 

.:r:. ~ ~ )fJ,ti. 

*~ S}] sv E}% ;.t_J]f; JL,l.. [ls) ill t fffi-:t. lR J:~iA,l.. 1t .t sv '7i )£;-, JtJ -t E~ ;.t_J]f; JL,l.. [ls) ill t fffi- :t. lR 

J:.e\Ji;,\£.1t .t- s1 i tit f~ll -it ~{JG "T-ikfr-M, ~MJ~ ?lJ:.J:-\E,ffi JtJ -txt JJf; JL,l.. [ls) fll t fffi-:t. !R J:.e\61 {2< 

~;f §1J Hlfr¾;J:Jf. 

~~4--~~~**~~'7iA~~~~#~~~Q. 4--~~~~A~*½~~-~3~ 

~~fr~M~~~, "f~~~~~~HLH~#*a~•~- ~~a~~~*~~~*~~ 
~~~- 4--~~~±~~~~Mm~~~~ll~~~~~~~ili. 

~4'---iJt,S}] 1HViti?Q tf, 4tJ;' ~-i½ "-t,-~~1f1]'', "-~ ~~1f1]", "iF;t: 1r1.~~1f1]'', "iF 

1f1]"' "*1tiF1f1]"' A "-~iF17'1'' ~svi/iiQ;t-t\Ht¾ii ~~1f1]A iF1f1Hti1QSV Jl..1t4f 1iE, tt 

~-##A*#A~¼f-4--~~~£~-+~~~AiF~tf-~4'--~~~t, ~~Q~-i½ 
sv iF :t:•r±ili,l;f:-;.t_;}lHvJlAm ~ sv ~~1f1] A iF1fiL i1r1Jl, iti7i-lsv*1t4t;fiE, tt,tt;i' t-t~+A 

*#A"f~~~~~-+AJ+~~~AiF~t~¾-~~'7iA~¾. 
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1. -4-t,V%tPg.)Llt Li 12-f A:t J-A4A4.,tift- N 4fr-Tift: 

LAt- [21 hi DNA A tr)11 4 It--; 

-it5g1 A‘2, )1-, 0 )1'1 4 a 1zhi7t)14- )1, 0 5)11* ..4=- •\1=7 

4-3(04,̀ A ; 
₹ h J113 51)1,1 4 a- , I,, J̀J,14)Lit/(-4-4vi* itzfi-Mt 7[MA A.4111 , 

2, 4MV4,1-R-*- 1 ffriz_l' , MI,EA , ,gfr'711,3A6 [21 hl DNA 4-I- AA4-

AL R.4)10 
3. 4F<A-441-R--.=:-<1 1 Mfr it , 44,EA --T- , -.A4,1 A it 0 Illumina-Solexa. 

ABI-Solid. Roche-454 f411.14 VI 02g_ )-4- 

4. 4F, 07()41i-R--*- 1 ff1i7t0 A- , 4+41A --T- , 44-qr it4 )1,0 5)1,.1* .a 

t4 - ft , .'11 l -T-- ffritfAit a C05g14 ¢moo

5. 7[R-4K44,1 A-5g 4 fffiz.L' A-, 4 4ViErt -T- 4_1_. 

6. ffriz__1'= , -T- ffritA23)t.,14-4-4vi *) -J 

4-

7. #( 49. 1-R--* 1f , 4 *ILA- --T- , 'KA Aa,7k 4'' , 

t ffr -Th t a 0 LT-
8, i9  7 giz-1' -f- 4+ ft, , Jf] 0.251 Y-) 4i) 

re/N /ft ),Ithift-fl, 412 re=2530, /1/Lit 25, N Y.) Pr711-!-M S 

AJti 

I 

P, )' Pr 
2

Pr 

x, Yi-1 or x : 

xf-1O/1# 

hiSt-4 4 12 Pr=re/No 
9, 4MA-49.4,1-R--* 4 ffr it 0 7-1-t4+,1,EA -T-
, vkikA t • 0 -T-ffriz__ -fA AI a 0 51,1 4 a _±4±- -yl' -F ;tik*-• 4 

4.±_t : 

= 2_, (1— s)A 
(base,mk)+-1

E • A(base,mx )+1 E • Abase, L) 
k,{0.1}2 2 ' 2 

16 
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L -# ifti 1(JJf; Jl..£_ f5l ill t fJtt_ lR .tA.x;A£.1t .t {)7 ~~i, Jt-4t1.i1:,/I.--t, ~HT :11] ffe-W~: 

4t 1t J]f; J l..£. [51 ill DNA if ;f.-, ¥v ;.{ ~Pl1J ;f x_,Lf; 

1t P]f Q)Pl1J;f x_,Lf:i:t±At)Pl1J;f' i,:,/_ {~Siz.1:tJ-JJf; )l.. Q{] )g]1J;f ~ *' P]fQ}Jf; )l.. Q{J)Pltl;f it* lf111--)fil1] 

Jf 4&JJ& :+tJ A; ), :,;_ 7l 

l.. --t ffr.i&.JJt JU1)P11J;f it*, it¾ JJf; Jl..i! 1t;il"J * 1--#.01 :rt 1t1t .t, ;J:RtJ& F-i-lb ,t ~ A1l~, 

,pfti t Hr Q f~ ~ !R .t~ {iv ,?;j,£-1-t .t- , 
2, 1RtJ&tx..:t1J~;f<. 1 ?fj-Qo7~ii, Jt-4t1.i1:,/I.--t, ?fj-Q}Jf;Jl..£.[5)ill DNA l'-t;f.-Jll-Aif-:!l::1P)' 

%J Jl!l. t :t,vr~ {)1 . 

3, ;J:RtJ&tx..-i1J~;f<. 1 r]fQo{i~ii, Jt-4t1.i1:,/I.--t, rJj-Q;;PJ1J;f}l,i1Jm:i1sm Illumina-Solexa, 

ABI-Solid, Roche-454 :fP-'f-1}--t)PJtl;f }tj'[ 07 _f_ jt' -:tr 1t P]f Q)gl1J;f x_jf-12[ ,ft{i7 0 

4, 1MJ&tx.-i1J~;t<. 1 rf:if_{iv ~)i, Jt-4t ,1.i1:,tI. --t, -12[-ffe ~Ji~t rJrif_JJf; JU1)PJ1JJf it *l:j ~ 

.~[Jf :11J i±UtJ:rixt, v:J-1~,pfti ~* m --t fJri-i ffli~ !R.tA.{iv )PJ1J;f ft*" 

5,~-~~~;f<.4P]fQ~~*' Jt#~,/f.--t, P]fQ~~;f~~A~~~£.[5Jtt. 

6, 1MJ&tx..:t1J~;t<. 1 rJrQ{iv~ii, Jt-4t1.i1:,/I.--t, rJrQJJf;Jl..:i!1t;J:s*1--1~JlrJrQJJf;Jl..01x. 

7, ;J:MJ&tx..-i1J~✓t<. 1 rJrQ~ ~)i, Jt-4t1.i1:,/I. --t, 4~.~ .t-4tJ:ti~)i, ;J:RtJ&F.i-lb fi~~ A:tl~, 
,pfti ~rJrQ ffli~ lR .tA. {)7 ,?;j,£.1t .W,-, 

8, 1RtJ&tx..-i 1J~✓t<. 7 pJrQ{i{]~)k, Jt-4t1.i1:,/I.--t, ,/f.r]fQ.t-4tJ:ti~)k'f' :Rm 0.2511~:fJJ 

*~~kiG:ia-¥1}~, :Rm re!N11J1~fllia-¥, Jt-1' re=25~30, 1fu:i1s25, N J1H,Qi:Yl~!RJ.,,1J1 

*Ji_, 

:Rm 

r (1-p,.)2 

a,k=Pr(q1 = klqH = j)= i (1- p,.)·p,. 
-· . .• l p~ 

11 ~ ~ill~½-3!J1'E.f4-, Jt t.f, Pr=re/N. 

9, ;J:MJ&tx..-i1J~;R 4 rJrQ{i7 ~)i, Jt-4t ,f.u:,/f. --t, ~4 rJrQJJf; Jl.. 01 ;;y11J;} ~t *l:j ~.~;} :11J .12L1T 

~~, ~~~~*m--tfflQffi~lR¼~~Jf~*.12L-ffe~#~~T~~A~~~-¥A~~ 
x;A£.: 

16 
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A(x 
1-e  x y 
eJ3 x y 

10. fV(4g4 ,1A-. --. 1 g'21,LeltA-, 44+4,E-0-1-, it-4 - 4_)_LIR:t JACh E,Ali 

Al* 

11, 4MA-4R-41A-* 10 ffritOt%A.-, ffritit/f-4-; 4 ,1-ih gi 1-#*0J 
STR 

12. -T-AitM)LIAhlt -fOXEJAAti(i; t_'„ 44+4JEA_--T-, 

ffr'71-1_ 4-443,Vrtiiti-4-t- el-fif3)Lti=?Ihg_ DNA 3 .1,P 

ffr izL 5Y114.- ffriz_1 14-4,,t'ktA4wil, -*Alt i?_1, 5M )-4-±1L- -f--1-%t1 
VAT A4:41,13 L 05)114,  g- *_, ffrit413)L05)11 

g

r17 i  5P14.' -tit-fg-41J 

lt_t -T-ffritV2,)L0 x14kt, 

i.)-11-k44A`t2 , AIR'r it-TA S AA_V--&- t1,0 
13. trc4+i+1-R--* 12 ffrit0 A„ 44414---T- , — 1-z-L4 DNA 3• • , ffr 

DNA 14- 4k_' 404 .)LS. hi DNA 

14. tV(4-iVi1-.R-4 12 WriztA g_i 7 it.0 Illumina-Solexa, 

ABI-Solid. Roche-454 4T=4-3- -i-5)11i-t:- t 
15. 4r, 4A- 1-R--* 12 ffriz_l, A„ 4+4,EA , — 

4 gr %))1,14, 4q , I#1 -T- ffr itm4- j1,1* ft) --T-

:IA4 Quo
16. *4 i9._f 12 RI- izL 4,E,A ffr '71132K. it-T-44VA ,t,4+ , 

'KO Fl A f_g ffr A 0 0014 
17. 4r(4gik411A-i77 16 ffrit0 -JEPV(LA -T-, ffri?1 ,t4+LX-A-;'01 0.25'(1 h 47l4t,4k 

, I1 re/N /fth -V114q,-*, 44' re=25-30, 25, N h h Mil: E.( AO 

= = - 

/ft h I W-t-24 4 42 , pr—re/No 

18. 4P-4A-i9.4l-R--* 15 ffr- it 0 k. 4ffritO)L 0 5)1,14 g 

4-j-- , 'fkA tt) Pi- S AO 5M* kt - X4R,Ili 4 

17 
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, , I 1- e 
,i(x_vl=,; ..... , t e/3 
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x= t-' .. · 

x-::fty 

10. tRtJUx.i'1J*.,i<- 1 rJr:Qo1::t)i, Jttt1.i1:..{f.f-, 111-ffe~At: rJr:Qf.m;trR:1:~7,7 G#-P4 

.{f.i!1t j ~•r±o11i-,,L 

lL tRt%fx..i''l*5J<. 10 fJri-lo1::t)i, J't-44'1.ir..{f. -t, fJri-li!1t j ~•r1.7,7:r& §J ifti-tt~j ~ 

•riii:r STR 01£.'.J,'-# o 

12. -# )f] f-kfiu ;tJJf; JLl-,~ ill 'f f~;t_ lR :l:~~£ 1t ,t-01 !?dft, J't.4,r-1£.{f. f-, eZ.Jt: 

~4;Jci;J~~.I., ffj-:Q~4;Jci;J~~.I.:it-t4t)(f JJf;JL£~ ill DNA 1'-t;f.., ;i'i;J~5JJ1Ltf ~4; 

~4~.I., rJr:Q~4~.I.~ffr:Q~4~~~.I.~~' *A:itf-)(ff!j-:Q~4~4.Hiff~ 

4' VA 1~ttzAi JJf; JLb15J11]4 it*' ffj-=Q}Jf; JLb15J11]4it * \I] i /i'--5J11J4#tt%;i'i;Jft5l; 

¾:t.,t~.I., £ -t ffj-=Q}Jf; JL015flltl4tt *' it¼JJf; JLi!1t,tm #-.. /i'--#-01 i!1t1t ,t-, iRt% f,~.J¼ 

;t~ JZ.il~, ~ttHr:Qffitt(fR:r,,\01i»¾.£1t,to 

13. iRt%fJ..i'1]*.,-j<_ 12 ffj-i-lb1 ,fdft, J't.4,r1.ir..{f. f-, 11L-ffe eI.Jt DNA ;j:-f~17'"~ ~.I., ffj­

=Q DNA tf $.-1}~ ~.I.i! f-M.Zf:!l::11')- ft)k <f ;J,l~J]f;JL£~ ill DNA tf $..o 

14. iM%1J..i'1l*->K 12 rfj-:Qo1 ,% ift, J't.4,r-1£.{f. f- f!j-:Q5911J4 ~.I.7,7 :i& §J Illumina-Solexa, 

ABl-Solid, Roche-454 ii:rif?}-t59ltl4 ~j[ 01 _f._'.J,--# o 

15, iRt%fx.i'1l*->K 12 fJr:Qo1 ,¥,.iJt, J't.4,r1.i1:..{f.f-, i!-ffeeZ.JtJ:r.xt~JL, fJr:QJ:r.xt~JL 

~ rfr:Q5J11J4 ~.IAmi!, m -t~ffJr:QJlr;JLo15J11J4it *~*-~4:11J 1111t1:r.xt, i,:J.1~kJ% ;t_* m -t 

rfj- =Q fyt ;t_ lR :r~ 01 5Pl1J 4 it * o 

16, iRtffi1x. i 1J*.,i<- 12 Hr:Q 01 ,fdft, J't-44' 1£.{f. -t, ffj-:Q?}ilf-~.I.i! -t J~.~ ,t-44' J:t.~)i, 

iRt% F-~-1¼ ;t~ JZ.il~, iJ% t(rJri-lffit fR:r~o11fe\£1t,t- 0 

17, iRt%fx.i'1].J;-5]<. 16 ffj-=Qi¥] ,¥,. ift, J't.4ti.i1:..{f. -t, f!j-:Q,t-44' J:t.~)i %ft1 0.25 1t 7J :tJJ*~~k 

~iUi¥¾/ri1, %)f] re/N 117J~illiUiif, J't 'f re=25~30, 1fu.i& 25, N 7J rf(i&_f§f j([RJ.,,\01*.Jt, 

%m 

1t7,7~ill*½-;fj.}.§.f4-, J't'f, p,=re/No 

18, iRtJHx.i'1l*->K 15 f!j-Qo1 ,%ift, J't.44'1.i1:..{f.f-, #fJrQJlr;JL015J11J4it*~t-.~4:11Ji! 

H~)(f, ~~~t*mf-fJrQffi;t!R~i¥J~4~**-ffeeI.~~~T~~A~t-¥A~ 
i¥J ik\£: 

17 
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1 
= L (base,m4)+-

1 
-A (base,m)+-

1
s • Ai base f ) 

2 ' 2 

A (x 
1-e 

43 

19, —ft -i-J- 4-4)L-T-14- , ffri71-414 

--T- tkk A4A4-1-i7k1U -T-N3)L OM 44a , ,1 S4')Litf4-4q* itzf*-1-a , 4mg 

.k441 t a , 

20. 4F(4g 4,1-R-•*- 19 JIi -1,1-117-4/LTT-0', ffrit44 

21. 4r0A-i9.1l-A-* 20 ffr- it0 4'11-4/z;aT-44i- , ffr, ,t,-4 ft, -14%A-12 , 

ICJ 0.25 if/0) J11 re/N /ft )) -VIM+ , 4 ' re=25-30, /1X it 25, N fI

7'k: a A, iQt 

c/,,,=Pr(T=Idt-1,_1 - 

(1-p) 

(1- Pr 

, 4 pr=re/N. 

22, 4MA- i94'1-R--*- 19 ffrit0i1-44ic 44+4,14- --T- ffrita )r1,1.1 

1,*1k%Mt --T-#01Ji-fA;I: Wij,,144t 

23, 4M A- -A-* 22 ffritYlit-N--4/c-aTik-4 -1 44+4,EA , 6frita 

Fr ~t 0, N , lk%Mt • g) -T- ffr CA,0:;914.0; T.J11-4-

/4 A/O itA*4 

= x:-DYI = 

or •xf 

ac,* 

1 

P aase ,(1-0A 
(base,m4)+-1

s • A 
(base,mx)+-1

g • A (base, f y,
ke{0,1} 2 ' ' 2 

1 —e x_.:

4.3 x 

24. 4V(4g49. ,1-R--.=<:_ 19 #01-r_' it 117-4/TT-ik- , 44%0E-0_ , ±4± L4-15: ffryi_L-fAt 

18 
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19, -#-it ~*JG of *Jr Jilt, -Jt.4t 1.u:1± --t, ftrizt-it ~*JG of *Jr Jil(..t41i-t-:1f -tl§f 4--, ftr izt-tl§f 

4--1! --ttt~J~ ~-t)tAtfU~~ --t J]f; )L M1 ~!)11];.f it*' it¾ J]f; )Lit 1½1EJ * f--#-.sv ii 1½1t .t-' tMJ 
F.~- --% ,t of :~At ~ , k)TI ~ fw ~ IB. .t.,,\ av iJJk 1t ,t 0 

20, iRiffi;J:x.i1J*,,t. 19 ftr.izts1-it ~tJG of* fr-$, -Jt.4t 1.u:1± --t, ftrizt-tl§f 4---1! --t ;J*,~ .tAhr. 

~~}, iR;}J!-F,tJ½ ;tof :k.il~, .~~itftriztfjitIB..J:As1iA~1t.t, 

2L iR;J:ffi;J:x.i1l*-i- 20 fJr.izts1-it Jf.tJG of *Jr~, -Jt.4t1.i1:,7± f-, ,r±fJrizt,t-4t tr.jf-~t 'f, ;R 

!fl 0.251-tlrtJJ-±*;Jk;G:ir.t.$?}~, ;R!fl re/N1ilr~fllir.t4, Jtt re=25~30, 1ll~25, N ;tJffr 

izt f:m it IB. .ti( s1 f:)l_, 

;R!f] 

i (l- P.- )2 I . . 
a .. k = Pr(q, = klqi-1 = j) = i ( 1- A). p,, 

l p;. 

117J "f""flL~½-fJie.F+, -A- 'f, Pr=re!N" 

22, iRiffi;J:x.,¥1]*,,t. 19 fJr.izts1-it ~{JG of* Jr-$, Jt.4t 1.u:1± --t, ftrizt-tl§f 4--~% fJr.iztJlf; JL s1 ~!)11] 

Jf it*~ ~.~;f §1H!Attr..xt' VA 1~k)TI it~ m --t fJriztfjit IB. .tA S{J ~!)11];.f it *o 

23, iR-tJHx.i1l*-i- 22 fJr.izts1-it J!'.-tJG of *Jr-$, -Jt.4t1.i1:,7± f-, fJrizt-tl§f4'--~%fJriztJJf;JLs1;!)11J 

Jf it*~ ~.~;f §1J ±!Htr..xt' vA1~kJTiit~ ~ --t f!rizt-ffiit IB..J:As1~!)11J;f it *±!--!fr ~;Jt;J*,eyR r 
§1J ~;--d(.J,;l itir.t4:iil ~ s1 ~~: 

X=J-' 

X7'V ~-· 

24, :tR;J:ffi;J:x.i1l*-i- 19 fJr.izts1-it Jl'.-tJG of *Jr-$, Jt.4t1.i1:,7± f-, ±!--!fr ~At: fJriztfYlitIB. 
.tA7,7 e.,~P+t,ff.it# J, :G:•l-ia11i.,,L 
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25, 4MgiVl-R--* 24 ffrit it-lf-4;c7f-ik- -1, 44+4,EA-1-, kpl4i3 61* 
STR _E,Y —to 

19 

WO 2013/170429 PCT/CN2012/0754 78 

25, tRi%-{x.i1l~.tz 24 fJri.lil1-it .j.;J:JL of*¼$, .:J+4,ri.1L1± -t, fJrili! 1{ j tHi.7-J i?t_ §1 if 
fi-lt-lliti ~•ri.;iJ'i:r STR ilJ_f_~'-#, 
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-131-Ak4 IC ifil 

1A:?L , 12L-t:C. 
7+1; t,

Ailx.110. NRA-**4 

1R. JI: [i-JJ 
fri 

l
LE 

al 

1/2 
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PERS BLL 
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(cy RULE Fw A A 
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JOINT FOR CONNECTING CARRIER UNITS 

BACKGROUND OF THE INVENTION 

Field of the Development 

[0001] This application relates generally to conveyor systems for transporting 

objects, and more specifically refers to methods and devices for dissipating forces in conveyor 

joints. 

Description of the Related Art and Problem to Be Solved 

[0002] Conveyor systems are useful in selecting, sorting, and transporting objects 

from one location to another. A conveyor system may be made up of individual conveyor units, 

or "carriers," which are connected together by joints to make up a conveyor train. The conveyor 

train typically rides on a track in a continuous loop. An individual carrier may be equipped with 

a discharge device such as a motor-driven cross-belt, a tilt-tray, or a diverter paddle, etc. for 

discharging objects carried atop the carrier in a direction transverse to the direction traveled by 

the conveyor train. The discharge device is programmed to activate at a pre-programmed time 

and location along the conveyor track based on, for example, the characteristics of the object 

being transported. 

[0003] A conveyor system may be employed in package sorting facilities, and as such 

will often travel a circuitous route through the facility, receiving and distributing packages at 

multiple locations. In the process, a conveyor system may be required to travel through multiple 

curves of varying radii and additionally travel up and down inclines of varying elevations. Non-

linear travel in a conveyor system creates difficulty in establishing and maintaining a constant 

speed for the conveyor train. As a result, the non-linear travel may also cause timing 

irregularities for the discharge devices in discharging the objects being carried. 

[0004] Also, conveyor systems with curved tracks and elevation changes tend to 

experience significant mechanical failure at a higher frequency than do conveyor systems with 

straight tracks alone. Such mechanical failure necessitates the need for frequent stoppage of the 

system for maintenance and repair. The joints connecting the conveyor carriers are particularly 

vulnerable to flexural fatigue in non-linear conveyor systems. The joints provide a point of 

connection between the conveyor carriers and thus facilitate turning of the conveyor train 

through the curves. Much of the axial forces experienced by the conveyor system are, thus, 

focused on the joints. The axial forces may cause flexural fatigue in the joints, leading to 
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deterioration of the structural integrity of the metal joint components. When the joints 

deteriorate, many of the joint components may become loose or fit poorly together and require 

frequent repair. Joint deterioration may also cause the joint components to repeatedly collide 

together, causing high-decibel noise levels unsuitable for workers attending the conveyor system. 

[0005] An inability of the joints to absorb the axial forces experienced in a non-linear 

conveyor system leads not only to break down of the joints themselves, but to transmission of 

the axial forces from the joints into the frame of the conveyor system. The transmitted forces 

may cause damage to the track and conveyor system support structure. In this manner, a non-

linear conveyor system has historically required longer and more frequent maintenance stoppage 

time, resulting in costly repairs to the conveyor track and conveyor carriers, not to mention the 

opportunity cost of not being able to run the conveyor system as long as one would ideally like. 

[0006] Previous attempts at mitigating the forces exhibited in non-linear conveyor 

systems have included the use of slip joints disposed between conveyor carriers at periodic 

locations along the carrier train. For practical reasons, the slip joints cannot be used between 

each individual conveyor carrier without causing slack to build up in the conveyor train. Thus, 

the forces experienced by the majority of individual joints connecting the conveyor carriers are 

not dissipated even with the use of slip joints. 

[0007] Another attempt at mitigating the forces in non-linear conveyor systems has 

included the use of ball joints to connect the conveyor carriers. Often Teflon or other coating 

materials have been placed over the ball of the ball joint or on the inside of the housing to 

protect the joint from frictional forces that the joint experiences in a non-linear conveyor system. 

The use of a ball joint has proven inadequate, however, in dealing with the forces experienced in 

the non-linear conveyor system because the ball joint is unable to dissipate the axial forces 

experienced by the joint. The Teflon coating simply acts as a small buffer between the housing 

and ball portions of the ball joint to prevent wear on the ball. The joint is unable to dissipate and 

control the axial forces experienced by the joint in a curve in a non-linear conveyor system. The 

coating material is liable to wear out quickly and need frequent replacement. Furthermore, the 

axial forces experienced by the joints are still transferred to the overall conveyor system, leading 

to system damage and potential timing irregularities. 

SUMMARY OF THE INVENTION 

[0008] Some embodiments of the disclosure provide for a joint for connecting carrier 

units, including a joint housing and an elastomeric insert. The joint housing includes a head 

portion on a first side comprising an annular flange. The annular flange includes interior walls 
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that define a hole and a counter bore. The joint housing also includes an elongated body on a 

second side, wherein the body comprises a bore extending longitudinally therethrough. The 

elastomeric insert can be positioned inside the counter bore of the annular flange. 

[0009] The cross-sectional diameter of the counter bore can be greater than the 

diameter of the hole in the annular flange. The elastomeric insert can include an outer ring and 

an inner ring, wherein the inner and outer rings are connected together by supports. The joint 

may further include a front and a rear gap in the elastomeric insert, each gap defined by the inner 

walls of the outer ring and the outer walls of the inner ring. The elastomeric insert may include a 

bumper extending from the inner elastomeric ring and positioned in one of the front or rear gaps 

and the elastomeric insert may include an elastomeric knob extending from an outer surface of 

the outer ring. The elastomeric insert can be configured in the counter bore to orient the bumper 

towards a front side of the annular flange and the knob can be configured to fit into a connecting 

lumen in a rear interior wall of the counter bore. 

[0010] Some embodiments of the disclosure provide a bearing, the bearing having a 

base portion and a tubular portion extending from the base portion, wherein the bearing is 

configured to be positioned inside the counter bore of the annular flange and the elastomeric 

element configured to fit around the tubular portion of the bearing. A bottom portion of the 

elastomeric insert can be secured to the base portion of the bearing and a top portion of the 

elastomeric insert can be secured to a top of the counter bore of the annular flange. 

[0011] Some embodiments of the disclosure provide a method of dissipating forces 

between carrier units by connecting a first carrier unit to a second carrier unit using an 

elastomeric joint, receiving a force on the carrier units, and dissipating the force in the 

elastomeric joint. The elastomeric joint can include a joint housing and an elastomeric insert. 

The step of connecting the first carrier unit to the second carrier unit can include connecting a 

first post on the first carrier to an annular flange on the elastomeric joint and connecting a second 

post on the second carrier to a longitudinal bore in the elastomeric joint. 

[0012] The step of dissipating the force in the elastomeric joint can further include 

receiving the force experienced by the first carrier at the first post at the elastomeric insert and 

the elastomeric insert is configured to dissipate the force by elastically adjusting within the joint 

housing and by absorbing the force. 

[0013] The method of dissipating forces between carrier units can further include 

connecting a plurality of carrier units using a plurality of elastomeric joints, wherein the plurality 

of carrier units comprise a conveyor train. The step of receiving a force can be a result of the 
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plurality of carrier units traveling in a curve. The step of receiving a force can be a result of the 

plurality of carrier units traveling on an incline. 

[0014] Some embodiments of the disclosure provide a joint for dissipating forces in 

carrier units including means for connecting conveyor units, means for receiving a force on the 

conveyor units, means for dissipating the force within the connecting means. The connecting 

means can be an elastomeric joint and the dissipating means can be elastomeric insert. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Fig. 1 is top plan view of certain components of a conveyor system, in which 

a conveyor train made up of multiple conveyor carriers is traveling around a curve in the 

conveyor track. 

[0016] Fig. 2 is a perspective view of one embodiment of an elastomeric joint 

connecting two conveyor carriers. 

[0017] Fig. 3A is a bottom plan view of an embodiment of the joint housing. 

[0018] Fig. 3B is a cross-sectional side view of the joint housing taken along line 3B 

of Fig. 3A. 

[0019] Fig. 4A is a top plan view of one embodiment of an elastomeric insert. 

[0020] Fig. 4B is cross-sectional side view of the elastomeric insert taken along line 

4B of Fig. 4A. 

[0021] Fig. 4C is cross-sectional side view of the elastomeric insert taken along line 

4C of Fig. 4A. 

[0022] Fig. 5A is a bottom plan view of an embodiment of an elastomeric joint. 

[0023] Fig. 5B is a cross-sectional side view of the elastomeric joint taken along line 

5B of Fig. 5A. 

[0024] Fig. 6 is a perspective view of an embodiment of an elastomeric insert. 

[0025] Fig. 7 is a perspective view of an embodiment of a bearing for use in an 

elastomeric joint. 

[0026] Fig. 8A is bottom plan view of an embodiment of an elastomeric joint. 

[0027] Fig. 8B is a cross-sectional side view of the elastomeric joint taken along line 

8B of Fig. 8A. 

[0028] Fig. 8C is a cross-sectional side view of the elastomeric joint taken along line 

8C of Fig. 8A. 
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DETAILED DESCRIPTION OF EMBODIMENTS OF THE DEVELOPMENT 

[0029] The features, aspects and advantages of the present development will now be 

described with reference to the drawings which are intended to be within the scope of the 

embodiments disclosed herein. These and other embodiments will become readily apparent to 

those skilled in the art from the following detailed description of the embodiments having 

reference to the attached figures, the development not being limited to any particular 

embodiment(s) herein disclosed. 

[0030] The technology described herein provides a joint for connecting conveyor 

carriers together as a conveyor train. The conveyor train travels on a track along a circulating 

path as part of an overall conveyor system. In the context of an exemplary embodiment of a 

sorting facility such as is used in a parcel sorting facility, the conveyor system includes one or 

more package pick-up locations and one or more package discharge locations. An individual 

carrier may include a discharge device for discharging packages at a programmed time and 

location. Based on the characteristics of a particular package (e.g., size, delivery destination, 

parcel method, etc.), the discharge device of the carrier on which the package is riding will be 

activated to discharge the package from the carrier at a programmed location along the path of 

the conveyor train. Thus, the conveyor train will preferably operate at a consistent and accurate 

speed in order to accurately discharge the packages off the conveyor carriers at the correct 

location. If the speed of the train becomes inconsistent (speeding up or down) or travels at an 

actual speed different than the programmed speed, the packages may be discharged at the 

incorrect location. 

[0031] The operational demands of a package sorting facility may require that the 

conveyor system operate continuously for days or weeks on end, without stoppage time for 

maintenance. Furthermore, when maintenance is required, the stoppage time should be minimal 

and the actual maintenance performed should ideally be minimal, not requiring significant 

repairs. 

[0032] The basis for the existence of the forces experienced by the joints connecting 

the conveyor carriers in a non-linear conveyor system are disclosed herein, as are methods and 

devices for dissipation of the forces. 

[0033] Fig. 1 is a top plan view of certain components of a conveyor system 10, in 

which a conveyor train 12 made up of multiple conveyor carriers 14 is traveling around a curve 

in a conveyor track 16. The conveyor carriers 14 are connected together by joints 18. 

Historically the joints 18 connecting the conveyor carriers 14 have been rigid connections (such 

as ball joints) or have included periodic slip joints between the conveyor carriers 14. Each 

-5-

WO 2012/170429 PCT/US2012/040926 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE DEVELOPMENT 

[0029] The features, aspects and advantages of the present development will now be 

described with reference to the drawings which are intended to be within the scope of the 

embodiments disclosed herein. These and other embodiments will become readily apparent to 

those skilled in the art from the following detailed description of the embodiments having 

reference to the attached figures, the development not being limited to any particular 

embodiment(s) herein disclosed. 

[0030] The technology described herein provides a joint for connecting conveyor 

carriers together as a conveyor train. The conveyor train travels on a track along a circulating 

path as part of an overall conveyor system. In the context of an exemplary embodiment of a 

sorting facility such as is used in a parcel sorting facility, the conveyor system includes one or 

more package pick-up locations and one or more package discharge locations. An individual 

carrier may include a discharge device for discharging packages at a programmed time and 

location. Based on the characteristics of a particular package (e.g., size, delive1y destination, 

parcel method, etc.), the discharge device of the carrier on which the package is riding will be 

activated to discharge the package from the carrier at a programmed location along the path of 

the conveyor train. Thus, the conveyor train will preferably operate at a consistent and accurate 

speed in order to accurately discharge the packages off the conveyor carriers at the c01Tect 

location. If the speed of the train becomes inconsistent (speeding up or down) or travels at an 

actual speed different than the programmed speed, the packages may be discharged at the 

incorrect location. 

[0031] The operational demands of a package sorting facility may require that the 

conveyor system operate continuously for days or weeks on end, without stoppage time for 

maintenance. Furthermore, when maintenance is required, the stoppage time should be minimal 

and the actual maintenance performed should ideally be minimal, not requiring significant 

repairs. 

[0032] The basis for the existence of the forces experienced by the joints connecting 

the conveyor carriers in a non-linear conveyor system are disclosed herein, as are methods and 

devices for dissipation of the forces. 

[0033] Fig. 1 is a top plan view of certain components of a conveyor system 10, in 

which a conveyor train 12 made up of multiple conveyor carriers 14 is traveling around a curve 

in a conveyor track 16. The conveyor carriers 14 are connected together by joints 18. 

Historically the joints 18 connecting the conveyor carriers 14 have been rigid connections (such 

as ball joints) or have included periodic slip joints between the conveyor carriers 14. Each 
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individual carrier 14 is of a certain rectilinear length and thus individually cannot conform to the 

curvature 20 of the track 16. As a result, as a conveyor carrier travels in the curve, the distance 

28 from the center of the curvature 32 to the track curvature 20 is greater than the distance 30 

from the center of the curvature 32 to the center midpoint 22 of the individual carrier 14 

traveling in the curve. Thus, the front and rear midpoints 24, 26 of the conveyor carrier 14 are at 

a greater distance from the center of curvature 32 than is the center midpoint 22 of the conveyor 

carrier 14. 

[0034] Being at a greater distance from the center of curvature 32, the front and rear 

midpoints 24, 26 of the carrier must accelerate relative to the center midpoint 22 of the carrier 

while traveling through the curve. This relative acceleration at the front and rear midpoints 24, 

26 induces substantial forces on the conveyor carriers 14, particularly at the joints 18 near the 

front and rear midpoints 24, 26. Likewise, as the conveyor carriers 14 exit the curve, the 

conveyor carriers 14 will then decelerate as they enter the linear portion of the track 16. The 

forces experienced by the conveyor carriers 14 at the joints 18 are experienced primarily in an 

axial direction, tangential to the radius of curvature. 

[0035] The forces that the conveyor carriers 14 experience, particularly at the joints 

18, as they enter and exit the curve, are not isolated just to the conveyor carriers 14 traveling 

through the curve at that time, but instead are propagated through the train 12 of, what have 

historically been, rigidly-connected conveyor carriers 14. Thus, even conveyor carriers 14 now 

on a straight portion of the track 16 still experience the propagating forces. In this manner, 

travel of the conveyor train 12 through a single curve can be the cause of oscillating horizontal 

forces propagating through the entire conveyor train 12. The forces propagating through the 

conveyor train 12 also create high-decibel noise levels in the conveyor system 10, noise levels 

which are potentially harmful to operations staff. 

[0036] Thus, the potential for inaccurate timing and the structural damage 

experienced in a curved conveyor system 10 are often a result of the oscillating axial forces 

which result from the acceleration and deceleration experienced by the conveyor carriers 14 as 

they enter and exit the curve. With an understanding of the distribution of forces within the 

conveyor system 10, a focus on alleviating the forces is possible. The present disclosure 

provides devices and methods for mitigating and dissipating the forces experienced by the 

conveyor carriers 14, allowing for a consistent and accurate speed of the conveyor train and 

reduced stoppage time and reduced maintenance costs. 

[0037] Fig. 2 provides a perspective view of an embodiment of an elastomeric joint 

50 disclosed herein. The elastomeric joint 50 can be positioned to connect a front carrier 58 and 
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individual earlier 14 is of a certain rectilinear length and thus individually cannot conform to the 

curvature 20 of the track 16. As a result, as a conveyor carrier travels in the curve, the distance 

28 from the center of the curvature 32 to the track curvature 20 is greater than the distance 30 

from the center of the curvature 32 to the center midpoint 22 of the individual carrier 14 

traveling in the curve. Thus, the front and rear midpoints 24, 26 of the conveyor carrier 14 are at 

a greater distance from the center of curvature 32 than is the center midpoint 22 of the conveyor 

earlier 14. 

[0034] Being at a greater distance from the center of curvature 32, the front and rear 

midpoints 24, 26 of the carrier must accelerate relative to the center midpoint 22 of the earlier 

while traveling through the curve. This relative acceleration at the front and rear midpoints 24, 

26 induces substantial forces on the conveyor carriers 14, particularly at the joints 18 near the 

front and rear midpoints 24, 26. Likewise, as the conveyor carliers 14 exit the curve, the 

conveyor carriers 14 will then decelerate as they enter the linear portion of the track 16. The 

forces expelienced by the conveyor carliers 14 at the joints 18 are expelienced primaiily in an 

axial direction, tangential to the radius of curvature. 

[0035] The forces that the conveyor carliers 14 expelience, particularly at the joints 

18, as they enter and exit the curve, are not isolated just to the conveyor earners 14 traveling 

through the curve at that time, but instead are propagated through the train 12 of, what have 

historically been, ligidly-connected conveyor carriers 14. Thus, even conveyor carriers 14 now 

on a straight pmtion of the track 16 still expelience the propagating forces. In this manner, 

travel of the conveyor train 12 through a single curve can be the cause of oscillating holizontal 

forces propagating through the entire conveyor train 12. The forces propagating through the 

conveyor train 12 also create high-decibel noise levels in the conveyor system 10, noise levels 

which are potentially harmful to operations staff. 

[0036] Thus, the potential for inaccurate timing and the structural damage 

experienced in a curved conveyor system 10 are often a result of the oscillating axial forces 

which result from the acceleration and deceleration experienced by the conveyor carliers 14 as 

they enter and exit the curve. With an understanding of the distribution of forces within the 

conveyor system 10, a focus on alleviating the forces is possible. The present disclosure 

provides devices and methods for mitigating and dissipating the forces experienced by the 

conveyor carriers 14, allowing for a consistent and accurate speed of the conveyor train and 

reduced stoppage time and reduced maintenance costs. 

[0037] Fig. 2 provides a perspective view of an embodiment of an elastomeric joint 

50 disclosed herein. The elastomeric joint 50 can be positioned to connect a front earlier 58 and 
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a rear carrier 60. The elastomeric joint 50 can be attached to a vertical post 52 located on the 

conveyor base 62 of the front carrier 58 and to a horizontal post 54 located on a conveyor base 

62 of the rear carrier 60. The horizontal post 54 on the rear carrier 60 may be threaded to receive 

a threaded bore (not shown) on the elastomeric joint 50. Each conveyor carrier 58, 60 may 

further include a discharge device 68 and a conveyor saddle 64 as part of the carrier base 62. 

The conveyor saddle 64 fits around a conveyor track 56 on which the conveyor carriers 58, 60 

travel. 

[0038] The elastomeric joint 50 disclosed herein is comprised of a joint housing 102 

and an elastomeric insert 53, which is partially visible in Fig. 2. A bottom portion 49 of 

elastomeric joint 50 faces downwards towards the conveyor track 56. Fig. 3A is a bottom plan 

view of an embodiment of the joint housing 102. It is noted that the bottom plan of the joint 

housing 102, as viewed in Fig. 3A, corresponds to the side of the elastomeric joint 50 facing 

down towards the track 56 in Fig. 2. The joint housing 102 includes a linear body portion 114 

and a rounded head portion 103. The head portion 103 includes an annular flange 104, the 

annular flange 104 having interior walls 105 that define a longitudinal hole 110. The annular 

flange 104 also comprises interior walls 107 that define a counter bore 122 beginning on a 

bottom section 108 of the annular flange 104 and extending through the annular flange 104 to 

culminate at an annular top 116. The counter bore 122, is of a diameter greater than the diameter 

of the hole 110 in the annular flange 104. In this manner, the annular top 116 of the counter bore 

122 circumscribes the hole 110 in the annular flange 104. 

[0039] Fig. 3B is a cross-sectional side view of the joint housing 102 taken along line 

3B of Fig. 3A. Visible in Fig. 3B is a bore 118 formed within the joint housing 102 so as to 

extend longitudinally through the body portion 114 of the joint housing 102. The bore 118 may 

comprise threads 119 extending along the interior face of the bore 118 in the body portion 114. 

The threads 119 allow the joint housing 102 to be threadably connected to the horizontal post 54 

on the rear carrier 60, which may also be threaded along its mating surface. 

[0040] The joint housing may also include a connecting lumen 120 passing from the 

bore 118 through the body portion 114 and the flange 104 to the counter bore 122. The annular 

flange 104 comprises a top section 106 and a bottom section 108. The interior walls 105 of the 

annular flange in the top section 106 define the longitudinal hole 110. The counter bore 122 

may be a circular shape about a longitudinal axis 121 in order to fit a circular elastomeric insert 

discussed below, or may be of any other necessary shape to conform to the shape of the desired 

elastomeric insert. The counter bore 122 comprises a front interior wall 115 and a back interior 

wall 117. The back interior wall 117 of the counter bore 122 may include the connecting lumen 
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a rear carrier 60. The elastomeric joint 50 can be attached to a vertical post 52 located on the 

conveyor base 62 of the front carrier 58 and to a horizontal post 54 located on a conveyor base 

62 of the rear carrier 60. The horizontal post 54 on the rear carrier 60 may be threaded to receive 

a threaded bore (not shown) on the elastomeric joint 50. Each conveyor carrier 58, 60 may 

further include a discharge device 68 and a conveyor saddle 64 as part of the carrier base 62. 

The conveyor saddle 64 fits around a conveyor track 56 on which the conveyor carriers 58, 60 

travel. 

[0038] The elastomeric joint 50 disclosed herein is comprised of a joint housing I 02 

and an elastomeric insert 53, which is partially visible in Fig. 2. A bottom portion 49 of 

elastomeric joint 50 faces downwards towards the conveyor track 56. Fig. 3A is a bottom plan 

view of an embodiment of the joint housing 102. It is noted that the bottom plan of the joint 

housing 102, as viewed in Fig. 3A, corresponds to the side of the elastomeric joint 50 facing 

down towards the track 56 in Fig. 2. The joint housing 102 includes a linear body portion 114 

and a rounded head portion 103. The head portion 103 includes an annular flange 104, the 

annular flange 104 having interior walls 105 that define a longitudinal hole 110. The annular 

flange 104 also comprises interior walls 107 that define a counter bore 122 beginning on a 

bottom section 108 of the annular flange 104 and extending through the annular flange 104 to 

culminate at an annular top 116. The counter bore 122, is of a diameter greater than the diameter 

of the hole 110 in the annular flange 104. In this manner, the annular top 116 of the counter bore 

122 circumscribes the hole 110 in the annular flange 104. 

[0039] Fig. 3B is a cross-sectional side view of the joint housing 102 taken along line 

3B of Fig. 3A. Visible in Fig. 3B is a bore 118 formed within the joint housing 102 so as to 

extend longitudinally through the body portion 114 of the joint housing 102. The bore 118 may 

comprise threads 119 extending along the interior face of the bore 118 in the body portion 114. 

The threads 119 allow the joint housing 102 to be threadably connected to the horizontal post 54 

on the rear carrier 60, which may also be threaded along its mating surface. 

[0040] The joint housing may also include a connecting lumen 120 passing from the 

bore 118 through the body portion 114 and the flange 104 to the counter bore 122. The annular 

flange 104 comprises a top section 106 and a bottom section 108. The interior walls 105 of the 

annular flange in the top section 106 define the longitudinal hole 110. The counter bore 122 

may be a circular shape about a longitudinal axis 121 in order to fit a circular elastomeric insert 

discussed below, or may be of any other necessary shape to conform to the shape of the desired 

elastomeric insert. The counter bore 122 comprises a front interior wall 115 and a back interior 

wall 117. The back interior wall 117 of the counter bore 122 may include the connecting lumen 
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120 extending therethrough to the bore 118 in the body portion 114 of the joint housing 102. 

Shown in Fig. 3B is the annular top 116 to the counter bore 122, circumscribing the hole 110 

located in the top section 106 of the annular flange 104. The joint housing 102 may be 

comprised of stainless steel, aluminum, titanium, or other suitable metal or alloy. 

[0041] Fig. 4A provides a top plan view of an embodiment of an elastomeric insert 

112 which, when in use, may positioned in the joint housing 102 to comprise the elastomeric 

joint 50 (Fig. 1). This embodiment of the elastomeric insert 112 comprises a cylindrical outer 

ring 126 and a cylindrical inner ring 124 extending within and parallel to the outer ring 126. The 

inner ring comprises a channel 132 extending longitudinally therethrough. The inner and outer 

rings 124, 126 can be connected by supports 128, which in one embodiment extend on opposite 

sides between the inner and outer rings 124, 126. The connection of the inner and outer rings 

124, 126 by the supports 128 creates semi-circular gaps between the facing walls of those rings 

to define a front gap 130 and a rear gap 131. Extending from the outside surface of the inner 

ring 124 in the front gap 130 can be a bumper 136 comprising a raised area such as a shoulder or 

bump, which may be formed as part of the elastomeric insert 112. The bumper 136 extends a 

portion of the distance between the inner and outer rings 124, 126 within the front gap 130 and 

provides structural support to the elastomeric insert 112, particularly when the elastomeric joint 

50 is experiencing forces due to elevation changes on the conveyor track as described below. 

[0042] The outside surface of the outer ring 126 can also include a knob 134, which 

may also be formed as part of the elastomeric insert 112, and is used to securely fit the 

elastomeric insert 112 in the joint housing 102 as described below. 

[0043] As shown in Fig. 4A, the cross-sectional width 139 of the outer ring 126 at a 

front section 138 of the elastomeric insert 112 may be smaller than is the cross-sectional width 

137 of the outer ring 126 at a rear section 140. A smaller cross-sectional width 139 for the outer 

ring 126 at the front section 138 allows for a larger front gap 130 in which to position or form 

the bumper 136. The elastomeric insert 112 may be made of polyurethane, styrene butadiene, 

natural rubber, urethane, silicone, neoprene, nitrile butadiene, or other such suitable elastomeric 

material capable of absorbing and dissipating axial forces. 

[0044] Fig. 4B is a cross-sectional view of the elastomeric insert 112 taken along line 

4B of Fig. 4A. Shown in Fig. 4B is the channel 132 formed by the inner ring 124. Also shown 

are the front gap 130 and the rear gap 131 between the inner ring 124 and the outer ring 126. 

Also shown are the knob 134 and the bumper 136, the knob 134 extending from the outside 

surface of the outer ring 126 and the bumper extending from the outside surface of the inner ring 

124 and positioned in the front gap 130. The bumper 136 may, however, extend from the outside 
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120 extending therethrough to the bore 118 in the body portion 114 of the joint housing 102. 

Shown in Fig. 3B is the annular top 116 to the counter bore 122, circumscribing the hole 110 

located in the top section 106 of the annular flange 104. The joint housing 102 may be 

comprised of stainless steel, aluminum, titanium, or other suitable metal or alloy. 

[0041] Fig. 4A provides a top plan view of an embodiment of an elastomeric insert 

112 which, when in use, may positioned in the joint housing 102 to comprise the elastomeric 

joint 50 (Fig. 1). This embodiment of the elastomeric insert 112 comprises a cylindrical outer 

ring 126 and a cylindrical inner ring 124 extending within and parallel to the outer ring 126. The 

inner ring comprises a channel 132 extending longitudinally therethrough. The inner and outer 

rings 124, 126 can be connected by supports 128, which in one embodiment extend on opposite 

sides between the inner and outer rings 124, 126. The connection of the inner and outer rings 

124, 126 by the supports 128 creates semi-circular gaps between the facing walls of those rings 

to define a front gap 130 and a rear gap 131. Extending from the outside surface of the inner 

ring 124 in the front gap 130 can be a bumper 136 comprising a raised area such as a shoulder or 

bump, which may be formed as part of the elastomeric insert 112. The bumper 136 extends a 

portion of the distance between the inner and outer rings 124, 126 within the front gap 130 and 

provides structural support to the elastomeric insert 112, particularly when the elastomeric joint 

50 is experiencing forces due to elevation changes on the conveyor track as described below. 

[0042] The outside surface of the outer ring 126 can also include a knob 134, which 

may also be formed as part of the elastomeric insert 112, and is used to securely fit the 

elastomeric insert 112 in the joint housing 102 as described below. 

[0043] As shown in Fig. 4A, the cross-sectional width 139 of the outer ring 126 at a 

front section 138 of the elastomeric insert 112 may be smaller than is the cross-sectional width 

137 of the outer ring 126 at a rear section 140. A smaller cross-sectional width 139 for the outer 

ring 126 at the front section 138 allows for a larger front gap 130 in which to position or form 

the bumper 136. The elastomeric inse1i 112 may be made of polyurethane, styrene butadiene, 

natural rubber, urethane, silicone, neoprene, nitrile butadiene, or other such suitable elastomeric 

material capable of absorbing and dissipating axial forces. 

[0044] Fig. 4B is a cross-sectional view of the elastomeric insert 112 taken along line 

4B of Fig. 4A. Shown in Fig. 4B is the channel 132 formed by the inner ring 124. Also shown 

are the front gap 130 and the rear gap 131 between the inner ring 124 and the outer ring 126. 

Also shown are the knob 134 and the bumper 136, the knob 134 extending from the outside 

surface of the outer ring 126 and the bumper extending from the outside surface of the inner ring 

124 and positioned in the front gap 130. The bumper 136 may, however, extend from the outside 
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surface of the inner ring 124 into the rear gap 131, instead of into the front gap 130. 

Alternatively, the bumper 136 may be configured to extend from the inside surface of the outer 

ring 126, either in the front or rear gaps 130, 131. The longitudinal length of the inner ring 124 

may be configured to be larger than the longitudinal length of the outer ring 126 in order to 

accommodate placement of the elastomeric insert 112 in the joint housing 102, as discussed 

below. 

[0045] Fig. 4C is a cross-sectional view of the elastomeric insert 112 displayed in 

Fig. 4A taken along line 4C of Fig. 4A. As seen in Fig. 4C, the outer ring 126 may be attached 

to the inner ring 124 by the supports 128 on at least two sides. The channel 132 is formed by the 

inner ring 124. 

[0046] Fig. 5A is a bottom plan view of the assembled elastomeric joint 50. The 

illustrated bottom portion corresponds to the bottom side 49 of the elastomeric joint 50 which is 

illustrated as facing down towards the track 56 in Fig. 2. The body portion 114 of the joint 

housing 102 is connected to the annular flange 104 as described in reference to Fig. 3A. The 

elastomeric insert 112 fits firmly within the counter bore 122 {see Fig. 3B) of the joint housing 

102. 

[0047] Fig. 5B is a cross-sectional side view of the assembled elastomeric joint 50 of 

Fig. 5A taken along line 5B of Fig. 5A. Here, the inner ring 124 includes the channel 132 

extending longitudinally therethrough and can include the bumper 136 extending from the 

outside of the inner ring in the front gap 130. The outer ring 126 fits firmly in the counter bore 

122 against the interior walls 107 and top 116 of the counter bore 122. Because the longitudinal 

length of the inner ring 124 may be configured to be larger than the longitudinal length of the 

outer ring 126, the inner ring 124 may extend into or through the hole 110 in the annular flange 

104. The top surface of the inner ring 124 may be made flush with the top surface 106 of the 

annular flange 104, or may extend to a height greater than the top 106 of the annular flange 104, 

thereby extending beyond the plane defined by the top 106 of the annular flange 104. The 

bottom surface of the inner and outer rings 124, 126 of the elastomeric insert 112 can be flush 

with the bottom surface 108 of the annular flange 104 or may be slightly recessed into the 

counter bore 122. 

[0048] The knob 134 on the outside surface of the outer ring 126 can be fitted into 

the connecting lumen 120. Positioning the knob 134 in the connecting lumen 120 allows for 

securement of the elastomeric insert 112 within the counter bore 122. Instead of using a lumen 

120, a divot or cut-out may be formed in the back inside wall 117 of the counter bore 122, into 

which the knob 134 can be placed. In addition to, or instead of, the placement of the knob 134 
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smface of the inner ring 124 into the rear gap 131, instead of into the front gap 130. 

Alternatively, the bumper 136 may be configured to extend from the inside surface of the outer 

ring 126, either in the front or rear gaps 130, 131. The longitudinal length of the inner ring 124 

may be configured to be larger than the longitudinal length of the outer ring 126 in order to 

accommodate placement of the elastomeric insert 112 in the joint housing 102, as discussed 

below. 

[0045] Fig. 4C is a cross-sectional view of the elastome1ic insert 112 displayed in 

Fig. 4A taken along line 4C of Fig. 4A. As seen in Fig. 4C, the outer ring 126 may be attached 

to the inner ring 124 by the supports 128 on at least two sides. The channel 132 is formed by the 

inner ring 124. 

[0046] Fig. SA is a bottom plan view of the assembled elastomeric joint 50. The 

illustrated bottom portion corresponds to the bottom side 49 of the elastomeric joint 50 which is 

illustrated as facing down towards the track 56 in Fig. 2. The body portion 114 of the joint 

housing 102 is connected to the annular flange 104 as described in reference to Fig. 3A. The 

elastomeric insert 112 fits firmly within the counter bore 122 (see Fig. 3B) of the joint housing 

102. 

[0047] Fig. SB is a cross-sectional side view of the assembled elastomeric joint 50 of 

Fig. SA taken along line 5B of Fig. 5A. Here, the inner ring 124 includes the channel 132 

extending longitudinally therethrough and can include the bumper 136 extending from the 

outside of the inner ring in the front gap 130. The outer ring 126 fits firmly in the counter bore 

122 against the interior walls 107 and top 116 of the counter bore 122. Because the longitudinal 

length of the inner ring 124 may be configured to be larger than the longitudinal length of the 

outer ring 126, the inner ring 124 may extend into or through the hole 110 in the annular flange 

104. The top surface of the inner ring 124 may be made flush with the top surface 106 of the 

annular flange 104, or may extend to a height greater than the top 106 of the annular flange 104, 

thereby extending beyond the plane defined by the top 106 of the annular flange 104. The 

bottom surface of the inner and outer rings 124, 126 of the elastomeric insert 112 can be flush 

with the bottom surface 108 of the annular flange 104 or may be slightly recessed into the 

counter bore 122. 

[0048] The knob 134 on the outside surface of the outer ring 126 can be fitted into 

the connecting lumen 120. Positioning the knob 134 in the connecting lumen 120 allows for 

securement of the elastomeric insert 112 within the counter bore 122. Instead of using a lumen 

120, a divot or cut-out may be formed in the back inside wall 117 of the counter bore 122, into 

which the knob 134 can be placed. In addition to, or instead of, the placement of the knob 134 
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in the connecting lumen 120, the elastomeric insert 112 may be secured inside the counter bore 

122 by use of adhesives or other securement mechanisms. 

[0049] The elastomeric joint displayed in Figs. 5A and 5B is configured to mitigate 

horizontal, axial forces encountered along a curved track in a conveyor system by absorbing and 

dissipating those forces. When the elastomeric joint 50 is positioned to connect two conveyor 

carriers as illustrated in Fig. 2, the annular flange 104 of the elastomeric joint 50 is fitted on the 

vertical post 52 of the front conveyor carrier 58 such that the vertical post 52 extends through the 

channel 132 in the elastomeric joint 50. The horizontal post 54 on the rear conveyor carrier 60 

may be matingly secured in bore 118 in the body portion 114 of the joint housing 102. 

[0050] As described above, the forces experienced by the carrier units 14 as they 

travel through a curve are most significant at the ends of the carrier units 14, at their connection 

points. When the elastomeric joint 50 experiences axial, horizontal forces in entering and 

exiting curves on the conveyor track, the elastomeric insert 112 is configured to receive and 

absorb the forces from the vertical post 52. The rigid vertical post 52 transfers the forces it 

experiences to the elastomeric insert 112. The physical properties of the elastomeric insert 112 

allow it to absorb forces within the confines of the counter bore 122. The elastomeric insert 112 

can be deformed (such as compressed or stretched) within the counter bore 122 of the annular 

flange 104 based upon the forces experienced by the conveyor carrier units, particularly at the 

vertical post 52. As the elastomeric insert 112 is physically deformed in response to the force 

received, at least a portion of the force is absorbed by the elastomeric insert 112. The elasticity 

of the elastomeric insert 112 allows it to regain its original shape after being temporarily 

deformed in response to the forces received from the vertical post 52. 

[0051] Also, because of the gaps 130, 131 present between the inner and outer rings 

124, 126 of the elastomeric insert 112, the elastomeric insert 112 is afforded movement in the 

fore-aft direction, and the elastomeric insert 112 can adjust temporarily according to the force 

received. Specifically, the inner ring 124 is able to adjust in the fore-aft direction to absorb the 

forces placed on the inner ring 124 by the vertical post 52. For example, in response to a force 

received from the vertical post 52 by elastomeric insert 112 in the aft (rear) direction the inner 

ring 124 will adjust temporarily by moving or bending towards the rear 140 of the elastomeric 

insert 112, partially filling in the space provided by the rear gap 131. Again, the elasticity of the 

elastomeric insert 112 allows it to regain its original shape after being temporarily adjusted in 

response to the forces received from the vertical post 52. 

[0052] The fore-aft adjustment of the elastomeric insert 112 within the counter bore 

122, along with the force-dissipating material properties of the elastomeric insert 112, allows the 
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in the connecting lumen 120, the elastomeric insert 112 may be secured inside the counter bore 

122 by use of adhesives or other securement mechanisms. 

[0049] The elastomeric joint displayed in Figs. 5A and 5B is configured to mitigate 

horizontal, axial forces encountered along a curved track in a conveyor system by absorbing and 

dissipating those forces. When the elastomeric joint 50 is positioned to connect two conveyor 

carriers as illustrated in Fig. 2, the annular flange 104 of the elastomeric joint 50 is fitted on the 

vertical post 52 of the front conveyor canier 58 such that the vertical post 52 extends through the 

channel 132 in the elastomeric joint 50. The horizontal post 54 on the rear conveyor canier 60 

may be matingly secured in bore 118 in the body portion 114 of the joint housing 102. 

[0050] As described above, the forces experienced by the carrier units 14 as they 

travel through a curve are most significant at the ends of the carrier units 14, at their connection 

points. When the elastomeric joint 50 experiences axial, horizontal forces in entering and 

exiting curves on the conveyor track, the elastomeric insert 112 is configured to receive and 

absorb the forces from the vertical post 52. The rigid vertical post 52 transfers the forces it 

experiences to the elastomeric insert 112. The physical properties of the elastomeric insert 112 

allow it to absorb forces within the confines of the counter bore 122. The elastomeric insert 112 

can be deformed (such as compressed or stretched) within the counter bore 122 of the annular 

flange 104 based upon the forces experienced by the conveyor carrier units, particularly at the 

vertical post 52. As the elastomeric insert 112 is physically deformed in response to the force 

received, at least a portion of the force is absorbed by the elastomeric insert 112. The elasticity 

of the elastomeric insert 112 allows it to regain its original shape after being temporarily 

deformed in response to the forces received from the vertical post 52. 

[0051] Also, because of the gaps 130, 131 present between the inner and outer rings 

124, 126 of the elastomeric insert 112, the elastomeric insert 112 is afforded movement in the 

fore-aft direction, and the elastomeric insert 112 can adjust temporarily according to the force 

received. Specifically, the inner ring 124 is able to adjust in the fore-aft direction to absorb the 

forces placed on the inner ring 124 by the vertical post 52. For example, in response to a force 

received from the vertical post 52 by elastomeric insert 112 in the aft (rear) direction the inner 

ring 124 will adjust temporarily by moving or bending towards the rear 140 of the elastomeric 

insert 112, partially filling in the space provided by the rear gap 131. Again, the elasticity of the 

elastomeric insert 112 allows it to regain its original shape after being temporarily adjusted in 

response to the forces received from the vertical post 52. 

[0052] The fore-aft adjustment of the elastomeric insert 112 within the counter bore 

122, along with the force-dissipating material properties of the elastomeric insert 112, allows the 
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elastomeric joint 50 to successfully absorb and dissipate the horizontal forces experienced by the 

conveyor train in traveling through a curve. In this manner, the elastomeric joint 50 is capable of 

keeping the conveyor train taut. That is, by absorbing and dissipating the axial forces 

experienced by the conveyor units at the joints, the elastomeric joint 50 is also configured to 

maintain a substantially constant pressure and speed among conveyor units traveling through the 

curve. Maintaining a constant pressure and speed consequently prevents the dissipation of any 

forces that are received in the curve through the rest of the conveyor train. 

[0053] The bumper 136 positioned in the front gap 130 is particularly suited for 

dissipating and absorbing forces experienced by the joints when a conveyor train is traveling up 

and down an inclined conveyor track. The bumper 136 assists in dissipating and absorbing drag 

forces experienced by the joints by limiting the amount of fore-aft adjustment experienced by the 

elastomeric insert 112. As a conveyor train travels up an incline, the front 138 of the elastomeric 

insert 112 will receive a majority of the force applied by the vertical post 52. The inner ring 124 

will adjust towards the fore (front side, 138) to compensate for the received force. However, if 

the inner ring 124 of the elastomeric insert 112 adjusts too much in the fore direction, the over-

adjustment may introduce slack into the conveyor train. Thus, to maintain a substantially 

constant uniform pressure in the elastomeric joints 50, the bumper 136 is included to prevent the 

inner ring 124 from adjust too much in the fore direction. 

[0054] An additional embodiment of an elastomeric insert 212 to be used in an 

elastomeric joint 50 is displayed in Fig. 6. The elastomeric insert 212 is characterized by a ring 

having an inside wall 238 and which defines the boundaries of a channel 232 extending 

therethrough. The elastomeric insert 212 comprises a front side 226 and a rear side 227, as well 

as lateral sides 230. The thickness of the elastomeric insert 212 between the inside wall 238 and 

the outer surface is greater in the region defining the lateral sides 230 than it is in the regions 

comprising the front 226 and rear sides 227. The outside of the elastomeric insert 212 is curved 

on the lateral sides 230, whereas the outside of the front side 226 and rear side 227 may be flat in 

portions and may contain a curved section near the middle of the front and rear sides 226, 227. 

The top 234 and bottom (not displayed in Fig. 6) of the elastomeric insert 212 may be 

substantially flat. The elastomeric insert 212 may be made of polyurethane, styrene butadiene, 

natural rubber, urethane, silicone, neoprene, nitrile butadiene, or other such suitable elastomeric 

material capable of absorbing and dissipating axial forces. 

[0055] Fig. 7 is a perspective view of an embodiment of a bearing 242 for use in an 

elastomeric joint 50. The bearing 242 is comprised of a tubular portion 244 having a top 246, 

with a channel 248 extending therethrough. The tubular portion 244 is positioned on a top 
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elastomeric joint 50 to successfully absorb and dissipate the horizontal forces experienced by the 

conveyor train in traveling through a curve. In this manner, the elastomeric joint 50 is capable of 

keeping the conveyor train taut. That is, by absorbing and dissipating the axial forces 

experienced by the conveyor units at the joints, the elastomeric joint 50 is also configured to 

maintain a substantially constant pressure and speed among conveyor units traveling through the 

curve. Maintaining a constant pressure and speed consequently prevents the dissipation of any 

forces that are received in the curve through the rest of the conveyor train. 

[0053] The bumper 136 positioned in the front gap 130 is particularly suited for 

dissipating and absorbing forces expe1ienced by the joints when a conveyor train is traveling up 

and down an inclined conveyor track. The bumper 136 assists in dissipating and absorbing drag 

forces experienced by the joints by limiting the amount of fore-aft adjustment experienced by the 

elastomeric insert 112. As a conveyor train travels up an incline, the front 138 of the elastomeric 

insert 112 will receive a majority of the force applied by the vertical post 52. The inner ring 124 

will adjust towards the fore (front side, 138) to compensate for the received force. However, if 

the inner ring 124 of the elastomeric insert 112 adjusts too much in the fore direction, the over­

adjustment may introduce slack into the conveyor train. Thus, to maintain a substantially 

constant uniform pressure in the elastomeric joints 50, the bumper 136 is included to prevent the 

inner ring 124 from adjust too much in the fore direction. 

[0054] An additional embodiment of an elastomeric insert 212 to be used in an 

elastomeric joint 50 is displayed in Fig. 6. The elastomeric insert 212 is characterized by a ring 

having an inside wall 238 and which defines the boundaries of a channel 232 extending 

therethrough. The elastomeric insert 212 comprises a front side 226 and a rear side 227, as well 

as lateral sides 230. The thickness of the elastomeric insert 212 between the inside wall 238 and 

the outer surface is greater in the region defining the lateral sides 230 than it is in the regions 

comprising the front 226 and rear sides 227. The outside of the elastomeric insert 212 is curved 

on the lateral sides 230, whereas the outside of the front side 226 and rear side 227 may be flat in 

portions and may contain a curved section near the middle of the front and rear sides 226, 227. 

The top 234 and bottom (not displayed in Fig. 6) of the elastomeric inse11 212 may be 

substantially flat. The elastomeric inse11 212 may be made of polyurethane, styrene butadiene, 

natural rubber, urethane, silicone, neoprene, nitrile butadiene, or other such suitable elastomeric 

material capable of absorbing and dissipating axial forces. 

[0055] Fig. 7 is a perspective view of an embodiment of a bearing 242 for use in an 

elastomeric joint 50. The bearing 242 is comp1ised of a tubular portion 244 having a top 246, 

with a channel 248 extending therethrough. The tubular portion 244 is positioned on a top 
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surface 256 of a base portion 250. The channel 248 formed by the tubular portion 244 extends 

through the base portion 250 of the bearing 242. The base portion 250 may have two curved 

sides 258, two flat sides 254, a flat top portion 256 and a flat bottom portion (not shown in Fig. 

7). The bearing 242 may be made of sintered or solid metal, plastic, phenolic resin, ceramic 

materials, etc. 

[0056] When this embodiment of the elastomeric joint 50 is assembled, the 

elastomeric insert 212 and the bearing 242 are placed together in the counter bore 122 of the 

joint housing 102. To configure the elastomeric insert 212 and bearing 242 in the counter bore 

122, the elastomeric insert 212 is placed around the tubular portion 244 of the bearing 242. The 

tubular portion 244 is configured to extend through the channel 232 of the elastomeric insert 212 

and the bottom of the elastomeric insert 212 is configured to rest on the top portion 256 of the 

base 250 of the bearing 242. 

[0057] Figs. 8A, 8B, and 8C provide views of an embodiment of an elastomeric joint 

50 in which the elastomeric joint 50 includes a joint housing 202, the elastomeric insert 212, and 

the bearing 242. Fig. 8A shows the bottom view of an embodiment of an elastomeric joint 50, 

such that the bottom corresponds to the side of the elastomeric joint 50 facing down towards the 

track 56 in Fig. 2. Fig. 8B provides a cross-sectional side view of the elastomeric joint 50 

displayed in Fig. 8A, taken along line 8B of Fig. 8A. Fig. 8C provides a cross-sectional front 

view of the elastomeric joint displayed in Fig. 8A, taken along line 8C in Fig. 8A. These cross-

sectional views provide additional perspective of the spatial arrangement of the elastomeric 

insert 212 and the bearing 242 within the counter bore 222 of the annular flange 204. 

[0058] In particular, it is seen that the bearing 242 and elastomeric insert 212 are 

positioned in the counter bore 222 of the annular flange 204 of the joint housing 202; the joint 

housing 202, the elastomeric insert 212, and the bearing 242 together comprising the 

elastomeric joint 50. The joint housing 202 is comprised of the body 214 and the annular flange 

204. The lateral sides 230 of the elastomeric insert 212 are positioned firmly against the side 

walls 224 of the counter bore 222. As described above with reference to Figs. 6 and 7, the 

tubular portion 244 of the bearing 242 is positioned through the channel 232 of the elastomeric 

insert 212. The curved sides 258 of the bearing 242 are positioned in the direction of the side 

walls 224 of the counter bore 222 and the flat sides 254 are positioned in the direction of the 

front and rear interior walls 215, 217 of the counter bore 222. Arranged in this manner, when 

the elastomeric joint 50 is in a quiescent state and no forces are applied to the elastomeric joint 

50, the front 226 of the elastomeric insert 212 is spaced apart from the front inside wall 215 of 

the counter bore 222 and the rear of the elastomeric insert 212 is spaced apart from the rear 
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smface 256 of a base portion 250. The channel 248 formed by the tubular portion 244 extends 

through the base portion 250 of the bearing 242. The base portion 250 may have two curved 

sides 258, two flat sides 254, a flat top portion 256 and a flat bottom portion (not shown in Fig. 

7). The beating 242 may be made of sintered or solid metal, plastic, phenolic resin, ceramic 

materials, etc. 

[0056] When this embodiment of the elastomeric joint 50 is assembled, the 

elastomeric insert 212 and the bearing 242 are placed together in the counter bore 122 of the 

joint housing 102. To configure the elastomeric insert 212 and bearing 242 in the counter bore 

122, the elastomeric inse1t 212 is placed around the tubular portion 244 of the bearing 242. The 

tubular portion 244 is configured to extend through the channel 232 of the elastomeric insert 212 

and the bottom of the elastomeric insert 212 is configured to rest on the top portion 256 of the 

base 250 of the bearing 242. 

[0057] Figs. SA, SB, and 8C provide views of an embodiment of an elastomeric joint 

50 in which the elastomelic joint 50 includes a joint housing 202, the elastomelic insert 212, and 

the bearing 242. Fig. SA shows the bottom view of an embodiment of an elastomeric joint 50, 

such that the bottom corresponds to the side of the elastomeric joint 50 facing down towards the 

track 56 in Fig. 2. Fig. SB provides a cross-sectional side view of the elastomelic joint 50 

displayed in Fig. SA, taken along line SB of Fig. 8A. Fig. 8C provides a cross-sectional front 

view of the elastomelic joint displayed in Fig. SA, taken along line SC in Fig. SA. These cross­

sectional views provide additional perspective of the spatial arrangement of the elastomeric 

insert 212 and the bearing 242 within the counter bore 222 of the annular flange 204. 

[0058] In particular, it is seen that the bearing 242 and elastomeric insert 212 are 

positioned in the counter bore 222 of the annular flange 204 of the joint housing 202; the joint 

housing 202, the elastomelic insert 212, and the beating 242 together complising the 

elastomelic joint 50. The joint housing 202 is comprised of the body 214 and the annular flange 

204. The lateral sides 230 of the elastomelic insert 212 are positioned firmly against the side 

walls 224 of the counter bore 222. As described above with reference to Figs. 6 and 7, the 

tubular portion 244 of the bearing 242 is positioned through the channel 232 of the elastomeric 

insert 212. The curved sides 258 of the bearing 242 are positioned in the direction of the side 

walls 224 of the counter bore 222 and the flat sides 254 are positioned in the direction of the 

front and rear interior walls 215, 217 of the counter bore 222. Arranged in this manner, when 

the elastomeric joint 50 is in a quiescent state and no forces at·e applied to the elastomeric joint 

50, the front 226 of the elastomeric insert 212 is spaced apart from the front inside wall 215 of 

the counter bore 222 and the rear of the elastomeric insert 212 is spaced apatt from the rear 
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inside wall 217 of the counter bore 222. Thus, viewed from below, as in Fig. 8A, the top 216 of 

the counter bore 222 may be visible on the front and back sides of the annular flange 204 and the 

channel 248 in the bearing 242 is centered in the annular flange 204. 

[0059] The bottom portion 236 of the elastomeric insert 212 may be bonded or 

otherwise secured to the top 256 of the base portion 250 of the bearing 242. The top portion 234 

of the elastomeric insert 212, likewise, may be bonded or otherwise secured to the top 216 of the 

counter bore 222 in the annular flange 204 of the joint housing 202. By bonding the elastomeric 

insert 212 to the bearing 242, and bonding the bearing 242 to the counter bore 222, the 

elastomeric insert 212 and the bearing 242 are secured in the counter bore 222 and are secured to 

each other. Yet, the elastomeric insert 212 and the bearing 242 are afforded a measure of fore-

aft movement within the counter bore 222 by virtue of the gaps present between the elastomeric 

insert 212 and the front and rear interior walls 215, 217 of the counter bore 212. 

[0060] When the elastomeric joint 50 is used to connect two conveyor carriers, the 

vertical post 52 on the front conveyor carrier 58 is placed through the channel 248 of the bearing 

242 and the horizontal post 54 on the rear conveyor carrier 60 is secured in the bore 218 in the 

body 214 of the joint housing 202. When the elastomeric joint 50 experiences axial horizontal 

forces while entering and exiting curves on the conveyor track 56, the forces experienced at the 

vertical post 52 are transferred to the elastomeric insert 212 and bearing 242. Because of the 

existence of the gaps present between the elastomeric insert 212 and the front and rear walls 215, 

217 of the counter bore 212, the elastomeric insert 212 and the bearing 242 are afforded 

movement in the fore-aft direction. This fore-aft movement of the elements within the counter 

bore 222, along with the force-dissipating material properties of the elastomeric insert 212, 

allows the elastomeric joint 50 to successfully absorb and dissipate the horizontal forces 

experienced by the conveyor train in traveling through the curve. 

[0061] Another advantage of the elastomeric joints disclosed herein includes the 

dissipation of rotational forces encountered by the conveyor train as one conveyor carrier is 

banked while a connected conveyor carrier remains flat. For example, when a front conveyor 

carrier enters a banked portion of the track, the rear conveyor carrier attached behind the front 

conveyor carrier is still traveling on a flat portion of the track. Such twisting creates rotational 

forces focused at the joints connecting the conveyor carriers. The rigid, non-elastomeric joints 

used historically in conveyor systems would propagate these forces through the conveyor train, 

creating structural stress to the entire conveyor system. The elastomeric joints disclosed herein 

are configured to absorb and dissipate these rotational forces. 
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inside wall 217 of the counter bore 222. Thus, viewed from below, as in Fig. SA, the top 216 of 

the counter bore 222 may be visible on the front and back sides of the annular flange 204 and the 

channel 248 in the bearing 242 is centered in the annular flange 204. 

[0059] The bottom portion 236 of the elastomeric insert 212 may be bonded or 

otherwise secured to the top 256 of the base portion 250 of the bearing 242. The top portion 234 

of the elastomeric insert 212, likewise, may be bonded or otherwise secured to the top 216 of the 

counter bore 222 in the annular flange 204 of the joint housing 202. By bonding the elastomeric 

insert 212 to the bearing 242, and bonding the bearing 242 to the counter bore 222, the 

elastomelic insert 212 and the beating 242 are secured in the counter bore 222 and are secured to 

each other. Yet, the elastomeric insert 212 and the bearing 242 are afforded a measure of fore­

aft movement within the counter bore 222 by virtue of the gaps present between the elastomeric 

insert 212 and the front and rear intelior walls 215, 217 of the counter bore 212. 

[0060] When the elastomelic joint 50 is used to connect two conveyor carliers, the 

vertical post 52 on the front conveyor earlier 58 is placed through the channel 248 of the bearing 

242 and the horizontal post 54 on the rear conveyor carrier 60 is secured in the bore 218 in the 

body 214 of the joint housing 202. When the elastomeric joint 50 experiences axial horizontal 

forces while entering and exiting curves on the conveyor track 56, the forces experienced at the 

vertical post 52 are transferred to the elastomeric inse1i 212 and bearing 242. Because of the 

existence of the gaps present between the elastomelic insert 212 and the front and rear walls 215, 

217 of the counter bore 212, the elastomeric insert 212 and the bearing 242 are afforded 

movement in the fore-aft direction. This fore-aft movement of the elements within the counter 

bore 222, along with the force-dissipating material properties of the elastomeric insert 212, 

allows the elastomeric joint 50 to successfully absorb and dissipate the holizontal forces 

experienced by the conveyor train in traveling through the curve. 

[0061] Another advantage of the elastomelic joints disclosed herein includes the 

dissipation of rotational forces encountered by the conveyor train as one conveyor earlier is 

banked while a connected conveyor carrier remains flat. For example, when a front conveyor 

carrier enters a banked portion of the track, the rear conveyor carrier attached behind the front 

conveyor carrier is still traveling on a flat portion of the track. Such twisting creates rotational 

forces focused at the joints connecting the conveyor carliers. The Iigid, non-elastomelic joints 

used historically in conveyor systems would propagate these forces through the conveyor train, 

creating structural stress to the entire conveyor system. The elastomeric joints disclosed herein 

are configured to absorb and dissipate these rotational forces. 
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[0062] Another advantage of the elastomeric joints disclosed herein includes the 

dissipation of vertical forces encountered by the joints connecting conveyor carriers as one 

conveyor carrier is inclined to begin travel up an inclined portion of the conveyor track while a 

connected conveyor carrier is flat. 

[0063] The embodiments described herein disclose elastomeric joints which dissipate 

horizontal, rotational, and vertical forces. The efficient dissipation of forces by the elastomeric 

joints described herein reduces damage to the conveyor joints, the conveyor carriers, and the 

tracks, and also reduces noise emanating from the conveyor system. Furthermore, because of the 

reduced damage, the embodiments of the elastomeric joints described herein reduce conveyor 

system stoppage time, allowing for longer uninterrupted operation of the conveyor system. 

[0064] Although illustrated within the context of a conveyor system, embodiments of 

the disclosure may also be used in other applications. It will be understood by those of skill in 

the art that numerous and various modifications can be made without departing from the spirit of 

the development. Therefore, it should be clearly understood that the forms of the development 

described herein are illustrative only and are not intended to limit the scope of the development. 
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[0062] Another advantage of the elastomeric joints disclosed herein includes the 

dissipation of ve1tical forces encountered by the joints connecting conveyor can-iers as one 

conveyor carrier is inclined to begin travel up an inclined portion of the conveyor track while a 

connected conveyor carrier is flat. 

[0063] The embodiments described herein disclose elastomeric joints which dissipate 

horizontal, rotational, and vertical forces. The efficient dissipation of forces by the elastomeric 

joints described herein reduces damage to the conveyor joints, the conveyor carriers, and the 

tracks, and also reduces noise emanating from the conveyor system. Furthermore, because of the 

reduced damage, the embodiments of the elastomeric joints described herein reduce conveyor 

system stoppage time, allowing for longer uninterrupted operation of the conveyor system. 

[0064] Although illustrated within the context of a conveyor system, embodiments of 

the disclosure may also be used in other applications. It will be understood by those of skill in 

the art that numerous and various modifications can be made without departing from the spirit of 

the development. Therefore, it should be clearly understood that the forms of the development 

described herein are illustrative only and are not intended to limit the scope of the development. 
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WHAT IS CLAIMED IS: 

1. A joint for connecting carrier units, the joint comprising: 

a joint housing comprising: 

a head portion on a first side comprising an annular flange, wherein the 

annular flange is comprised of interior walls that define a hole and a counter bore 

therethrough; 

an elongated body on a second side, wherein the body comprises a bore 

extending longitudinally therethrough; and 

an elastomeric insert positioned inside the counter bore of the annular flange. 

2. The elastomeric joint of claim 1, wherein the cross-sectional diameter of the 

counter bore is greater than the diameter of the hole in the annular flange. 

3. The joint of claim 1, wherein the elastomeric insert comprises an outer ring and 

an inner ring, wherein the inner and outer rings are connected together by supports. 

4. The joint of claim 3, further comprising a front and a rear gap in the elastomeric 

insert, each gap defined by the inner walls of the outer ring and the outer walls of the inner ring. 

5. The joint of claim 4, wherein the elastomeric insert further comprises a bumper 

extending from the inner elastomeric ring and positioned in one of the front or rear gaps. 

6. The joint of claim 5, wherein the elastomeric insert further comprises an 

elastomeric knob extending from an outer surface of the outer ring. 

7. The joint of claim 6, wherein the elastomeric insert can be configured in the 

counter bore to orient the bumper towards a front side of the annular flange and the knob can be 

configured to fit into a connecting lumen in a rear interior wall of the counter bore. 

8. The joint of claim 1 further comprising a bearing, the bearing comprising a base 

portion and a tubular portion extending from the base portion, wherein the bearing is configured 

to be positioned inside the counter bore of the annular flange and the elastomeric element 

configured to fit around the tubular portion of the bearing. 

9. The joint of claim 8, wherein a bottom portion of the elastomeric insert is secured 

to the base portion of the bearing and a top portion of the elastomeric insert is secured to a top of 

the counter bore of the annular flange. 

10. A method of dissipating forces between carrier units, the method comprising: 

connecting a first carrier unit to a second carrier unit using an elastomeric joint, 

wherein the elastomeric joint comprises a joint housing and an elastomeric insert; 

receiving a force on the carrier units; and 
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WHAT IS CLAIMED IS: 

1. A joint for connecting carrier units, the joint comprising: 

a joint housing comprising: 
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therethrough; 
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an elastomeric insert positioned inside the counter bore of the annular flange. 
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counter bore is greater than the diameter of the hole in the annular flange. 

3. The joint of claim 1, wherein the elastomeric inse1i comprises an outer ring and 

an inner ring, wherein the inner and outer rings are connected together by supports. 

4. The joint of claim 3, further comprising a front and a rear gap in the elastomeric 

insert, each gap defined by the inner walls of the outer ring and the outer walls of the inner ring. 

5. The joint of claim 4, wherein the elastomeric insert further comprises a bumper 

extending from the inner elastomeric ring and positioned in one of the front or rear gaps. 
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configured to fit around the tubular portion of the bearing. 

9. The joint of claim 8, wherein a bottom portion of the elastomeric insert is secured 

to the base portion of the bearing and a top portion of the elastomeric insert is secured to a top of 

the counter bore of the annular flange. 

10. A method of dissipating forces between carrier units, the method comprising: 

connecting a first carrier unit to a second carrier unit using an elastomeric joint, 

wherein the elastomeric joint comprises a joint housing and an elastomeric insert; 

receiving a force on the carrier units; and 
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dissipating the force in the elastomeric joint. 

11. The method of claim 10, wherein the step of connecting the first carrier unit to the 

second carrier unit further comprises: 

connecting a first post on the first carrier to an annular flange on the elastomeric 

joint; and 

connecting a second post on the second carrier to a longitudinal bore in the 

elastomeric joint. 

12. The method of claim 11, wherein the step of dissipating the force in the 

elastomeric joint further comprises receiving the force experienced by the first carrier at the first 

post at the elastomeric insert. 

13. The method of claim 12, wherein the elastomeric insert is configured to dissipate 

the force by elastically adjusting within the joint housing and by absorbing the force. 

14. The method of claim 12, further comprising connecting a plurality of carrier units 

using a plurality of elastomeric joints, wherein the plurality of carrier units comprise a conveyor 

train. 

15. The method of claim 14, wherein the step of receiving a force is a result of the 

plurality of carrier units traveling in a curve. 

16. The method of claim 14, wherein the step of receiving a force is a result of the 

plurality of carrier units traveling on an incline. 

17. A joint for dissipating forces in carrier units, the joint comprising: 

means for connecting conveyor units; 

means for receiving a force on the conveyor units; and 

means for dissipating the force within the connecting means. 

18. The elastomeric joint of claim 17, wherein the connecting means comprises a 

elastomeric joint. 

19. The elastomeric joint of claim 17, wherein the dissipating means comprises an 

elastomeric insert. 
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dissipating the force in the elastomeric joint. 

11. The method of claim 10, wherein the step of connecting the first canier unit to the 

second carrier unit further comprises: 

connecting a first post on the first can-ier to an annular flange on the elastomeric 

joint; and 

connecting a second post on the second carrier to a longitudinal bore in the 

elastomeric joint. 

12. The method of claim 11, wherein the step of dissipating the force in the 

elastomeric joint further comprises receiving the force experienced by the first can-ier at the first 

post at the elastomeric insert. 

13. The method of claim 12, wherein the elastomeric insert is configured to dissipate 

the force by elastically adjusting within the joint housing and by absorbing the force. 

14. The method of claim 12, further comprising connecting a plurality of carrier units 

using a plurality of elastomeric joints, wherein the plurality of can-ier units comprise a conveyor 

train. 

15. The method of claim 14, wherein the step of receiving a force is a result of the 

plurality of carrier units traveling in a curve. 

16. The method of claim 14, wherein the step of receiving a force is a result of the 

plurality of carrier units traveling on an incline. 

17. A joint for dissipating forces in can-ier units, the joint comprising: 

means for connecting conveyor units; 

means for receiving a force on the conveyor units; and 

means for dissipating the force within the connecting means. 

18. The elastomeric joint of claim 17, wherein the connecting means comprises a 

elastomeric joint. 

19. The elastomeric joint of claim 17, wherein the dissipating means comprises an 

elastomeric insert. 
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"< following steps: obtaining a sequencing result of a DNA sample of a genome of an embryo cell, and a sequencing result of a genome 

sample of an individual related to embryo heredity; constrncting a heredity sketch of the embryo based on the sequencing result of 
t--- the DNA sample of the genome of the embryo cell, to determine an initial genotype of the emb1yo; determining haplotypes of par-
~ ents of the embryo based on the sequencing result of the genome sample of the individual related to the embryo heredity; and using 
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;t-.£ a}] & a~~ ;tM }]€; £. [51 fl!. 1f fj ;t B. J:~iA£.1t ,g. 01-}; ~!-' ,i t;t :fP it j}.;J:;L of -ii Jr JO[ 0 

;ll~tl~ 

4##~M~~T4#~Jfff£±&~~~A~~M, J!-.*~A#, ~~#.*t#~ 

41{•11-0144',k, 41{,J1-~Mof¾7.7 3 /i'-:kJ~: if£.[5!41{M, j£.[5!41{Mll*~*ff~o 

Jtt.f7if£.[5JMJ~Tif/i'-ftM£.[5J~A#A~#4#fflft£.[5J~~ff~; ~j£.[5!4#M 

1Jl1J ~ ~ j /i'-£.[51 ~ 1t-Jj vf.J?Jf f{_ 81 ~M, ¾ ,ff.-;l;J:1.ft_J:. ~.fiJ>1!-Jf-.J,f-;:Ji [51 -f-01-Jjvrf,J; * ~14'­

ff~ ~~-m ff~~~~ff~, &7.7J~~~~Ti21½*~#-~#-?Jfft~~~~¼~, 

.~ JL~&7.7 ~A,~-~~ ,8t #- ff) ~k ff~ ;f $.-1~~ A 1r1.44' 1£ 0 ~ T m FJ;l xt 41{ •r1. ~M ~ }L* ti 

~~~-};~, A~#~#~~ff~#~~A*~~~~. tm~•· ~#¾~~k•*oc 

~M*~~#~~- [51~, ,,r±.~Tili±~~~~T~~M*~*fftt~.-*ffi~i~, 
YA iii..r1J 1Jt± 1;1c;f 01 m 01, Jl -t-1},JL,~01. 1§1J ·:h1 ,tf. #->'I- ±1Ji.i±t1. t , ,tf.MJJ€rtiiA T't .z r1;1 , 

~MM~~M*~~fftt~, ~J!-.*~k£~,~~TAttA~T't§.z~~MM~ff4 

1{':f ¾1tr, ~%1~]o~fiM [51 -i-01 J1. ~ MJJr;tiiA T't, J-A~ f;5" Jl:.,~* 41-tM 01.Ji Ta1+f-Mzo xt 

** ~Jm.F1t+1:-Mz41{-6ik: F~M}Jr,01 A_"5E1 *~tiiA ri;l }E;}]r,af] ,~M~k~avtt~lj]lj' 3LlkJt*31il1,r-1~ 

,t-M.Ji Ta1 ill '1, 1f-JL:i&L~,~#•r1.M-J1:.+1:Jt~lf-:!/::1&.t~k. *01-i¾ j ~ 't, 

~~. m~~~*tt~+&~*#&*. 

£flA F9 $. 

;f5-.£~~£.T£~A~T~£&~~A~: 

£~A£&,ttA~MM1fof~~tt~#*fftt~~~~-*~o ~~~~£i~A 

81 yp tJ..J;jt1x..* 4-8 /i'-im}]e:., of YA* 1t,~tt~t+a11x. 1-2 ,timJJEo !?P1t,tf..J:¾~£i 1z..A81 ~}J;f, 

* 1t>'hii ~J1. i\l:JJJbfrtt~~'-t~A ~t~.f1J 3-10 /i'-i\l:JJJE, ~ T if+ A jnRMJJ€r ~ JJe:. 01 DNA l * F!t , xfi i,:J, .R 11 * -1t ± ctrJ 01 41{ ~ ff tt 51j]1J , ,Jl, 'tlt; fi .i± ± £. [51 fl!. .tt .l:f (Whole Genome 

Amplification, WGA), it.fijJt4J$ DNA l, ;r~txt41{~ff1!i±ii7¾1tr. ~±£.[5Jfll..tt.tf~ 

#,tf.1iti#•l1-, ¾ ?- ±-;ta1 *¼4',k:~A,;f1±£.[5! Jlll.t11 (Allele Drop Out);f &~, .ii~~7.7 M 
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-E1- 1- 4;4-4701,11 ; -aTk4A72 kiLF4A0)14*4,t /it h A-'g , 
ffrit74 .')_431- V-11 '.1  , A tfilA,4-  -Nit c0A/ftt.,,,, 
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07-,A,f5ij , _E3 kTAV , lto TT 1,7,C II it 4,0] ,t,4 tl ( Viterbi algorithm ), 
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1%#-~ ' of YA 1t il± -¥-1.z.£.1!5] MA0 8{] 1i,it i!±fr,t 1-i.' * nt 4JJ±!±, fr1')f J1. 0 rm t]±J]f;Jf-1¾#-~ ,Jr 

1ffr 7F )f;.-of YA£. -t ~,%A ff-\ j(i:i x._ #,ro Jt i.iE* 81 :it 1t1t ,g., A*£. -t 3¥-- i@J fiil - x._ #8{] .;\+{tl!,JJI:J]f; 

§m }Jt?, 8V :i! 1t1t ,[-m frJfi1!=- 0 

,7±.;f-..~ a}] 8{J-/i'--7J do, ;f-..~ a}] ;J;l ill J -;ff k/fi k,})I:J]f; £. IZ5J f.R 'f fyf k, /R J;_,,\,?;~£.1t ,t- 817J ik" 

~7F*~¼l~#~~~#1l=-***-fr¥$if.#-~~~,t.~tl~ltf7~*+#-~~IZ5J~, 

fy~~~~#-~&~#~, ~¼~#1!=-**#~if.#-~~~o~-;f-..~~~~~~' ~7} 

)f;.- ~At r 71] ffe-%t R 1l }JI; J]f; §m J]t?,~ IZ5] f.R DNA :ff-,f-. 815)11] It it*' f-UlJJI; J]f; it# ;fl:) :k. /i'--#-~ IZ5] 

t.R1f-t--815!jl1J1t it*; £-t ¥JJf5 tmJJt£ IZ5J t.R DNA 1f t---815!jl1J;f it*· 1rti JtrJri£JJr;JJf5 81 :it 1t ~ oo, 
~~~,tM$~~£1!5]~; £-tfflilM$:i!#~:k./i'--#-£1Z5JU#t---~~Jt~*• ~,tM$ 

£#~if.~#-~; ~a~&~J½tofA~~, ~fflilM$~~£1Z5J~~~~~Jt~, £.-t 

Hr ittl± JJf; x._ # 81 if-1¾#-~ , $/fi ,t¥ JJf; £ IZ5J f.R tf f}l ,t lR J.,,\ 81 ,i;~£ 1t ,g. o 

~~~~~~, TR~~IZ5JU~Atl~, ~~-t*R£.IZ5JU~-~~~~U(fy~­

x:t~ifi.1¾#-~ ~f.R, YAalJic.T81Fi!i.1JGf.R¼ t ~4¥Jlf581if.1¾~1t~ F.t¾~k~ ( hidden states), 

~4MJJf;Jf-§mJJe.~t-1ilZ5J f.R;}t Jig J€, 81 iijJ1JJt4ft{,%1"f ~ X9L~}t71] (observations), :f1J}f] JJl "t 1-Jf- 1!=-)i.-1-tt 

il}J Jt l~-d)ft;Jc,% Jfi 1!=- ill ~k ~ *¼ ;J'j ifit ¥ ( transition probabilities ) , ¥v JtxDL ~It 71Jifit-¥ ,Jr~ 

( observation symbol probabilities) ,¥0 :tlJ:k*~k~ifit-¥17'-~ ( initial state distribution), t:!U€,i!:i-±_ 

,t-4tJ;ti1f=.)i.- ( Viterbi algorithm) o[YA-ifi~ ill Jliofnt81MJ!f;Jf-#-~f.R¼o iZ5J Tr1, ;J:R:J:%t,..~aJ] 81 
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JJf5 it 1t ;tm * /i'--#- 81 :it 1t1t ,t-, or y:J. $ffi ,tM JJf5 £. IZ5J t.R rr 4t ,t !R Ji\ 8V 1r:t illiiJt 71J , ro iJ:t, or YA~ 

31iJ{h,1t J)I:J]f; £.1!5] f.R 81 :it 1t1t ,ti!± frtAA ~~ ~)!jllj O 1t-t ,7±.JJI:}Jf; §m})t?,~£. l!5] t.R;!-t Jw DNA i9l1JJf it 

*tf7;1j_~,tYJt~1t, 41±-*¾MUtA-¥-1i.£.iZ5Jflft.;J0 (Allele Drop Out)811i.,#,A DNA Jr,f1J, of 

YA i!tl;f-..7J)f;.-)j_k/fiJ{h,Jfi~1lf1J O IZ5] Jl:ti!tlt---7F*' of YA1t *¼MutA-¥-1-i.£.1!5] flft.;J0 (Allele 

Drop Out)811i.AAlt71] mfrKJl., 1t~5!jl1Jtt*~/2i:1;,-fi-k/fiof* 0 

,7±.;f-..~ rl}J ~ x._ - 7J do , ,f-.~ rl}J ;J;l ill J -# }f] T k/fi k_ ¥ JJ{; ~ IZ5J ti!. 'f f}l k_ )R J;_,,\J;~~ 1t ,g_ 81 

l~o~&-t--~~~~~~. ~l~~~: ~4~Jt~I, Mit~4~Jt~E~-t#~¥ 

JJf;£1!5] f.R DNA :f-t;f-..YA aJJr;JJf;i! 1t;t1:1 :k. /i'--#-81£ IZ5] ti!. DNA ;J:f t,.., ,}r-]1]10 }tiijJ1J}t ~4-; i!jl1j;f 

~I, Mit~;f~I~fflit~4-~Jt~I~~. :Jf-JL~-t~fflit~Jt~4-mfr~Jt, ~~ 

st fl* JJt5 YA aM JJt5 it 1t ;tm * +#-81 i!jl1J 1t ~ *; YA a1r-1t ~I, rJtit1t-itr~I ~ rJri£iijJ1J 1t ~ 

1um~, * JL~ -t: £--t MJJt5£-IZ5J t.R DNA 1-t-t--81 i!jl1J1t tt *' 1iJ JtrJritMJJt581 :it#$ oo, YA 

~~,ttl±$~~£_1!5]~; £-tMilM$:i!#~:k./i'--#-£.IZ5JU#-t--~~Jt~*' ~,tM$£ 

#81 ifi-1¾#-~; YAatR:tffir.tJ½ tor *1l~, YAH,itMJJf5iJJ:!t*£1Z5J ~ 1t ~;Jt~Jt71J, £--t Hr 

i,lt]±J]f; £-fJ:81 if-1¾#--~' k;l ,tMJJf; £-1!5] f.R tf f}l,t lR 3:i\81 J»\£-1t ,g. 0 ;J:R:tffi t---~ a}] 81 ~ ~1I1J' 

:iL or YA m-ffe ~it* JJf; ;f, ~ ~I , rt i-tM JJf; ;f, iit~I it -t 1t 1t #-->' r J¾ ~ 81 M JJf; *-fr;{,~, 

~M$§m~i!±,fr~#. ~ffl~l~, R~~~~~~~dofflit~~,tM$£1Z5Jfiltf7ffi,t!R 

J;_,,\,i;~£1t ,g. 817J)k, of YA1f il}J F.tl½ ~off.Al~, 1I1J-:h1 of YA iifi_tl:f1J ff] ,t-4t J;ti1f=.)i.- ( Viterbi 

~~furn), ~:tMM:i!#~:k.1--#-~:i!#~~,of~~,tMM£1Z5Jfiltf7#,t!R~~~-Jt 
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, hi , 1Th -aT 5gok ,-tJJ1A4 

4.÷_ 4 hi 0 iLf4-4-V 

nfi — LEI , nA T —412-ii-)114/LIT-4$ 4F(4g A*1, 

WIL ).+ 1=1 hi DNA 421- Y,.1 - *.0- 3VIA4 0 14-4-I. , i7MtA ta-ii4411.46'1 

; ) 11=1 ;‘t.F4A6. -4-0 

4F,*rj si P..44f,11 ffriz_14-1.M4/1.464±t..111 )1,11 'it YJ AV-4- 
;ZI4 11?1 a 1,A4.,/fi; HA it jf-42L-amit),: , A. 3t,& 

tkt_g 4M-1-4 4ie, i,)/RAA-1313 k441 +3 -FT- 1,'t j j 4,1#1 b %A-

( Viterbi algorithm ), A6. i. 111 #, , AL S6 1i 4V1 , 

t.F4 A4.4., 4 hit 4+,t S Elk , -a1-1, A-- -Xo-L -1-41A6.4.,121 hi 0 itii-ft 

HA 0 f'41- b, LE7 4,i4)r:„ A -F610 4;7' it 17 LE7 0 4Y-1-it 12 t 
nli 1V1 T A-Tg 

RI- RI AM 

A_ °A YI f,̀(4- bi 4,2 ,f)L -F q JI 'f§q i? tH T nfi 

11 , 77 g AT- 413 : 
M 1 )7 4MA- X A - /f§iJ 41)1f] rid -ay kAtt Afi' 4: ; ; 

M 2 2)7 7R4K A. 0A -T-V !VI tf-.-R E 6A_,

#;i4/37.4-77I(M. 

flA -if MA 

--F6:1-if4a14CL, A_ 41 0 Ti J , ffr '-;--A/f§“7?J if(4- l 12 7-1-7 , 12 M 2E 

F-31 'f;), 4vi f #JAA/W. O1:414-A 41- 14q n '(1;),=1) 0,01cM- T 

4CL, I§CA3:5-7 01,1'i 0, /1 -T- AT* HA, ,Th A_ HA M -7d 
1-,Aitomylk, 7,* "u—„  "u—" 4x/fl -T-44itq , 

44 aVir44 .1kL , Fr i " —" " " 
4+4,Erai-- 17 nyj -L4-t , X'fi Tudj t 

OiA_i7 ,NA/N17 _±-0 

4/4 ill ,:11 :t WAY4-41-, dt 5A-

Xofi 0;f; T ;V 11?1 Il -fAZSAA4,tift,e, 

4F, ;M nfi , LU-1. 4 - a: 

-0 A, 1Z44-7JI, A4.40114.n ±LL DNA 44- 0 5g1* _JJ/1 J16; it/f*-4ii [21 h144- 
1,1 -4 it 0 412 , /0_r. ffr-ft/fi "W1414-4- 4Ei li-47. " 44 0 A_Ait'ff 

15q -i=i7MA- A. of] 0 0 ,f5q , "f4Witft-4E1 

4- 1M5,1 siHltA.-74-17 23.111W) -4-O Lt_Rfifri5L0 
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51J, m iJ:t, of i,A* t-t:r{lz,)(f !tfJJf; £.1!5] fR8v :rt1t1t .t:i!frttiA m~ ~)Jl1J, ;,},,__rfrJ"of j,A*tH{lz,)(t JJ±JJf; 

A 1!5] trr sv :it 1½1t .t-m. fr Jiffl ,t_. 

~t--£flJlsv~-~~, t--~flJl~~iliT-##~~or*¼~-~•t--~flJlsv~~~, 
~-tJJ±M~~A~~DNA#t--sv~4~*·~~JJ±Msv:i!#$00,~~~,tJJ±$~~£1!5] 
~; ~TfflQ/tf$~#~*+*AIZ5]~#t--sv~4~*· ~,tt}f$£~sv~%*~; ~ll 
~~-~~tor~~~. fflQJJ±M~~AIZ5]~~hm•4~,A-tfflQJJ±M£~sv~%* 
~ , Jiffl ,tJJ± JJf; £. l!5] tR t fffi-,t !R .t.~ 81 ~A 1t .t-" ;f 1J m t--£ 8Jl 81-it ~i;L or*¼~ , ~t 415 * tH{lz, 
~~~&~fr*4~svffl~. ~~~~~~tor*~~. ~~or~~tt~m~#~~* 

( Viterbi algorithm), A -t Jl±Jlf;~mJJe?.81)Jl1J4§t *• }j.~ })cfJ]f;£!t1tim *+*81:i!1t1t,[-, of i,:J, 

Jiffl ,tt}f }]f; £. l!5] f.Ji tf 4t,t lR :tj\81 ii~451J ' tl7 iJ:t' of Y/4* 313:.j{lz,)(f itf}Jf; A IZ5] f.Ji 81 :it 1½1t .t:i! fr 
iii.A~~ ~)Jl1] o 

t--£flJlsvM~~~~~A%~T~SV~Qtf~¾~ili,~¾%~T~sv~~t~ff 
8Jl .N. , A ~ tl t--£ 8Jl 81 ~ ff\ 1 JWf f 1J, 

Rt [J:l iJt a}J 

t--£flJliiv~Q~~M~sv~~~~A~~¼T~MOO~~~~iiv~Qtf%~~flJl 
jk :f P ~ $J J_f )Wf- , * tf : 

rn 1 h1J.tffit--£8J1-+~~1§,J8v;f1Jm ri~tor*il~:i!.1t¾iff8v;JiLff€-,tOO; ),All 

rn 2 h iR-ti- t--:£_ 8JI 81-+ ~ ~ 15,J 8V HJ -t Jiffl ,tJJ± JJf; £.1!5] trr t fl ,t !R .+A.it Ifili4 51J 8V ,% ~ft 81 
/,J,-.J.J., -_.Jl;..wi 
;;i::? IJ'AJ ~ ,~ ... t3.:J o 

:!J.._ fl}] * ~ ~~ j£__ 

T~#~~Qt--£flJlsv~~~.fflQ~~~sv~~~mrnt~ili.*t~~~~~ 
~A~~sv#½~~~~A~~sv~#A~*~~~~~~~sv~#"T~~tlij.~M 
OO~Qsv~~~~~~~sv, ~!fl-t!Wf*t--£flJl, m~~~!Wfh)(ft--£flJlsv~~" 

'rt~1_t8}]81~, -f..-i½ "~-", "~--=-" 1x.!fl-tf¥iQ~ 8V, m~~tJ£JWfh-t~~A~ 
~~)(f~~~A*~¼fflflJlfflffl~sv~-t-.#~sv~i.m~.~,t*"~-", "~--=-" 

814f ,f.iEof Y/4 a}]~ A* Fft¼:r{lz, ~ft-+ A* ~J; +ii4f ,f.iE O :i!-ffe:r{iz,' ~t--£ a}] 81f¥iQ tf' 
Fi-~Jo ~*1.taJJ, "J; +" 81¼x.~w:i+A w:i+i,:1,~. 

;6~ ~*JJef. £!1il ill tf=1 fYl~ IR J~~ 1-t ,t a'-J ~ ii 
~t--£ aJJ 81 ~ - ~ ~, t--£ aJJ ~ ili 1 -# Jiffl ,tJB;JJf; A IZ5] f.R t fftt ,t_ lR :rA.>AA 1t ,t 81 ~ )i. 

~&;t,..:!l.._fl}]sv~~~, ~~*~#T~ffea: 
it Jc , a ,ff JJ± }]f; im JJtA IZ5] f.R o NA ;j:-f t--81 )J]1J 4 tt *, ),~ llJJ± }]f; :it# il:1 * +*A 1!5] ff.RJf-t t-­

sv ~ 4 ~ *- * 1=', #t--~tM~msv~-i½"!tfM:i!#~*+*"fflsv~~:rt#~x.~, 
~MM~~~**~*tsv+*, ~~~•t--£flJlsv~~~, or~*msv "MM~#~* 
+*" h !tfJJf581 *1\151H11£ ~, ~n£~, PHn£~i,~JlitfJJf5£ ~81 *1{t-t±" ¼._£foJf-i.t81 
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a- 9:_4- 4 ,f-k-f- , 7=1 E., 41 d=4' 1 - 

1 : 4A Jul* , ), , A._, 1-4T AL Af2A *O F , }1=7, 4 -* 

P16.4k-A-- 4vi P1 0 5C-4- r 

4Mg k 0A 0 0---; A/1§,1 , Y16 Jt1, 1=1 DNA 44- )1-* MM 4r, 414- NA 

47 , 4?--12. , 4-f- 41- M *-Tr>14-Y- it1-41-.F4A23 --)0t41- 44-

!e4, hie (WGA) 17 1V1:4-4-AlYlf.‘i i. ttlAt•-1=Ihi DNA. A hIQfi " 

k_7 44 4,1A 5.4k Al3 M)A, '5‘(,),A,k4f1- OP /At, -f- 4Ii 0 4k 

412 , 4Mg A_ HA 0 -iA.AM,23.iwltaT • -T- OM*. 4t4f-; 

01 --  TiT k_7 */ pEolt , -LraT 2-10 'Heat. -LraT 41-1,,P, 711A`3#,,-

41,121 hie , /1-4411A2.7 41, 1=1 DNA 44- v7.  * 

*Alf tak -F ±n_ 4 ri2 " n .11-41.-4(WGA)" 

i4Av- v, (Multiple Displacement Amplification, MDA)4T14..-T- PCR WGA 

v:4 ;KJ-f] WGA 40- , P7-4 Qiagen REPLI-g 

-Its Sigma-Aldrich ji] GenomePlex WGA -iAAJ -_,t(WGA4), Rubicon Genomics 

PicoPlex WGA -X. GE-Healthcare /.1_ ,-3] illustra Genomiphi WGA AL-4-0 A 

V, DNA 44- 4-1-k-11 /1 4 [tolei, e DNA Two &A/IA/31+4-4Q OS IN hi DNA 

44- 3,t 5)r114 

Erkff- , 41,4 (tg'14 )4-- 4,2 AO. , 4A ,4 J AJ TT 7MA- F-1,

, gva , 5g,.1 4O.4- Or Illumina ifF 

l,41, Ill.umi.na Multiplexing Sample Preparation Guide ( Part#1 005361; Feb 

2010 ) Paired-End Sample Prep Guide ( Part#1005063; Feb 2010), 

4F, 4 H11 'A'A131, AA± 4* 44- 4V:1)1# itk4-11 0 -L* 4+M Fr,  -$1 , 

ICJ Xi/ft SA -t  4-to 

A44' m,.1 4 l , 4 %giJI )-= rf- la ICJ X5)1,91,- , 5M 4 , -)HZ-14-4V1).a 

51114 -1A-5P14.tt 'al 4 'N 5Y114 OA 413 A 0 o 4R-N- ql , 

4 4+M , 4)-A it it_ -I ))1,.14,  , 

4311E 0 7/It %"*");t14. 4+A , — r)11 3-Vc rTh 

5rill 4 It* , flt WO A_ o h Ai& 

-I' 5FAI 4 ,K %Pi 4 A_7 5)11 4 ' it* 4'O114+ 

( Metzker ML. Sequencing technologies-the next generation. Nat Rev Genet. 2010 

Jan;11(1):31-46 ) Illumina-Solexa( GATm,HiSeq2000Tm, Miseq )„. ABI-SOLID, 

Life Technologies-Ion Torrent/Proton 4tr Roche-454 ( 0,4`i- Ak7;9114 ) 5r1114 Q ; 

( ) Helicos ( True Single Molecule DNA 

sequencing ) , Pacific Biosciences 3..;-  ')7,•- at 5911 4 ( single molecule real-time 

(SMRTIm)), 17.A A. Oxford Nanopore Technologies M U))11 -.R, 4A..2<_ 4 - (Rusk, Nicole 

(2009-04-01). Cheap Third-Generation Sequencing. Nature Methods 6 (4): 244-245). Fit * 5)11 4 
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MM~#~*~~+s~~~mM, ~~~~~~~±~~+. -t!:.,~~~~~~1-~~* 

(~¾~A$M),-t!:.,~~~~~~MM, -t!:.,~~~*~*~~$MA~¾~, ~~~#~ 

)311] * JJf; *'-* ;J11 fiil Q{j X. # flp ~ 0 

;j:R{f,l,-;f..£aJ] 617-~151], rlI:JJf;§mJJt?,}1[51 f.R DNA ift,..~ *~ :#-;f 1:4t JJ 1J FR{ri1J" ;J:~AJt-%£ aJ] 

~~~~. ~*~' ~~#~MM*H~~~#, R~MM§m~, *~MM§m~#%*-1t 

± £- [51 t.R;rt J:1$ (WGA), YA 1~~JUJJ-MJJf; im Jlt!,£. [51 f.R DNA o ,,tE.%:z 1f f!UfUf] 61 ,i( -i½ "M Jlf; ,'f;-~,, 

~ .j~ ;J,1] !fl Jt,f%t.:}i,i(' )A}lf}lf; 1f % ~ -¾11%}Jf}lf; §\l:J}le?,, AN--1:;f.'t~r /&il~ 1f %$;-¾r%fa1}1e?,€)7.ji,i(, 

*1f,~&t---£~~7-~~. ~MM§m~~*~-t~~~- tM~~&. 1:¾~~~~1f 

67{£--#, ~YA~if f--§m}le?,, -t!:., ~YA~ 2-10 f--§m}le?,, tr.Pr, -t!:., ~YA$.!fl 1:f-1of ¼* MJJf;;J:t@i 

€)7 lf-:!/3 t f %*-fr± 1t-. [51 f.R ;Jct J:f ' y A 1~R 1JJ-* }Jf; 11 [51 f.R DNA if ;f.. 0 117 ,i:t ' ~ y A ,,tE. ;f ¾J ProJ * }Jf; 

_il.~£ lf 61 n;JJ,lr' 1tMJlf;€J7Jt-.[sjf.R*H*frk~)Jl1L *1'-f' "±Jt-.[511.Rtt.tf(WGA)'' J..~~ 

.:Jt-J; ~rt.I.Jt~Af J:f (Multiple Displacement Amplification, MDA):ifPlt-. f- PCR 67 WGA-R,i(, ~ 

YA$.!fl ~ _i_Jf-£01 WGA tt.tf~fit,f1., -t!:., ~YA$.!fl ~ lr.1l,€i7·ii,.fi'1J~-:kl1 Qiagen /2'-J) 67 REPLI-g 

,f. §1] €J7iR,.;l'1] ~- Sigma-Aldrich /4-~J} 67 GenomePlex WGA iR..11'1] ~(WGA4). Rubicon Genomics 

/4-~J} ~ PicoPlex WGA iR..11'1] ~. GE-Healthcare /2'-J) 67 illustra Genomiphi WGA iR..11'1] ~-;ff u ,,tE. 
tt .tw DNA if ;f..-Z.ro, 4txt MJlf, imJ12. 01tt J:j$ DNA if ;f,..YA &.MJJ§:i! 1tim ::!k. f--*61 £. [51 f.R DNA 

:ff ;f.., 1]'- )Jlj ¥v ]fjJlij Jt j:__)l o 

::!k.-t#~~-#;f.., ~~~;fj:_,4~~*~~~. ;f..~~~,i(Afi~~~-;f~~~ 

;f.jt,i(il±At:i! ~ Jt.tt, ::!k. -t5fiLtt.81 tm"i$", ~y:J,~_YUJJ1J;f1x.~~ T ~ 151] -;kP Illumina /2'-J) foJj-;t,l~ 

8{]JYUY. 15H11~.Yl T11umina /2'-J) Multiplexing Sample Preparation Guide ( Part#10O5361; Feb 

2010) A Paired-End Sample Prep Guide ( Part#10O5O63; Feb 2010 ), i!i±~,~~-tf** A;f..:Z" 

;J:RJJt-t---£ aJJ 817-~151], N'-1-4#Jtf t-.-tk~ii@~if %81 ~*iPit~, -t!:.,;f ~4t JJ1J FR 1':i1J, ~YA$. 

!fl~ J'v1-t,~itifilif,l~iR..1t1J~*H, 

,,tE.¥v ~)!)11JJ-f :z4 ro, ~-tr)wJ ;f :z14 s m -t )!l11J ;f 1x. ~, xt)!l11J ;f :z14-* -1t)JJ1J ;f , * it 1-ltims 81 

~Jf~*' ~~Jf~*~117J;f--~Jf~&~~~o~&%£~~7-~~. ~~!fl-t*H~ 

;f 81 ~ii;ifPit ~* ;f 1: 4t ] 1J FR {ri1J, ~.:Jt1IL;f FR f-xx.M.ft.At~ Jl:..ii; 1Jti11 ~i! i 81 )Jl1J;f ~ii, 

117 ,i:t' ~E'.,~J;:¥1] !fl :ti~5Jl1];f ~]'._ 8{} ~ i! i. ~JiC/f_5311];f 814t ,~,' *-ffei,l ~5Jl1];f frk1f- 0 J-)..ifi,' 

ft~~~ro~~~Jf~&*H¾#, ~*~~~~*%#~~¾~~~*~~oM~~i! 
i~~Jf~*~~~;f~f--~R~;fR,i(A~~if%~~;f~,i(,M~i~R~Jfft 

( Metzker ML. Sequencing technologies-the next generation. Nat Rev Genet. 2010 

Jan;ll(l):31-46) ~.:Jt1IL;f FR-t Illumina-Solexa( GA ™,HiSeq2OOO™, Miseq -;ff). ABI-SOLiD. 

Life Technologies-Ion Torrent/Proton :fP Roche-454 ( ;W,l3'f:/5tiJJ1J;f) )Jl1];f ft; ifi.¾T)Jl1];ff t 

Ut,i() ~.:Jt-1IL;ffR-t Helicos /2'-J) 81.A-7-if%~5Jl1J;fit,¥.. ( True Single Molecule DNA 

sequencing ) , Pacific Biosciences /1-~ JJ if ¾ T 7- st iJl1J ;f ( single molecule real-time 

(SMRT™) ), YAJl Oxford Nanopore Technologies /2'-J) 8{Ji'fl*.::fl,)Jl1J;f.ji,i(-;ff ( Rusk, Nicole 

(2009-04-01). Cheap Third-Generation Sequencing. Nature Methods 6 (4): 244-245 lo fiJL;~bJJ1J;f 
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4,k f14,); A.74-45 A_ 3 ./t1 4 ,1-L0 5 i] 1_ 

i1 g.E.59-1ii 4r(4-4- k 4A 0 A- , It] Illumina-Solexa, ABI-SOLiD Life 

Technologies-Ion Torrent/Proton, Roche-454 44- —4- -J--ffr- [?1h15911 

#(4g- k (IA 0 A ,f§ij , J11-;• tEi {21 hi DNA 44- 05P1 

4g- 44tffritT4Af; , 

4- Q .1144- 5Y1,1 Qom,A ;'.1.T4 V.-, .X4- 0 4-,f,4-4Af,i1 o ,K4A- k HA 0 , 

i.(o1M121 hi DNA ff- 5)1,1 ," jet 44 tgiritqLs6 II 0 itit4 

If_t hi44- 51,14,  _--4-4-4.. (1±4±4i- b*-j- , ;tfifritTJ, 6,iti-ti4vi 

; 1,- 4.t_t-T-ffritf4A4/t4i.4v1 ii /f70.4.f_til=1)_V, A ,Virit4,1 A4- 5 -4-0* ,f;-=4,

V-* qI ';c- A15,1 , EA, r=i igAth 15q+r, 4F,-* 

/15,1 NCBI 36.3, HG18. 4r<-0 IN 0 1--;Arf§q , 

%-k M FV:=0J o V-42cA_nA '),ci/E/f5q -aT SOAP 

f4 A4471 471 4th II, f,'I /ft h A,13 Y._4A * /14 4R-44-

1-g TT , /0, ..V,1 A41. E:1 12 AO/AI/ft 
ffr,ftll 0 *it- "-TJ:t Cik" Fi 

E(31  ---T-. 0 a A. SNP .3 ,̀N- e7-7 Q , X4Vt a SNP'( I o

fLt EA4Vt griziWif-A- R-

Yl%F)1,14-41Vg- 0 Ak5g'.1 .- L'12 it.454(--3- 4QA JA(0 5ti*lit4g 

4mg AA , 7,1-17,C ii-4ffr424-kj 51)1,J 4- Apt 0 fii - , 

AArM,14- 1] • M A,0 5911 4-fit4g , 4RA- k AO] , 

0 4 wirk HA 0 -aT kMJti )44J-r , T.1 

, 11- ,-1-*A- -hA_ AO 

HA 0 --T- ffriz__,E* iwilt -111--T--" t,

4Mg Ss) k4.4f,'1 , A Virit-fA;tC A 0 z3k4/1*- o 4R-44- HAS A 
, Fs 4; TT , ft] t rb ( Viterbi algorithm ), A:14 A,1-34. 4+ 

gc /6A4.±_t/ft, , Tr-1- Iv, A- 5-Vo-L ,i--AL Af3)1_ hl it4---i-4.igwpi 

-F 1, ,J-V-J9h- -a-rkAt111.4,1#1 ,t,4+ % ---=A4-1- 44- 0 
k , qvikA "F4 Ai.; 147" a 0 XA-it/fi-

/f§il 4(0V, 4A- HA 0 0 "F4 Pg-

h A4 0 4-4M5q eX4. 7>04 X-74- PI- AO 41A-

4:1-L-T- -A-)A , EAl 10 -LTT 10 (A/1A4-

,j4iff h ), -LM,Vk 

A-A- 4E1 PI b5 91-4- rFTir. 
rib 11E, , f OS 4, 9'f 4E1 -T- /RI_ hl — )): Ft_4/t, g ( fff' it4i)i A*(a 

_92  iLi- FtAhl ). Az,_4 *'f,4 /ft 1 4 ( hidden states ), 4,MA,2,1 
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tt;i( M1 ~ Wrm.1t, ;t,..4JiJAtt;i(AJi ~MJJ.f ~8v JU£ or YA *m -Jt.1"lt8v ::JJ1JJf ~)i{11;tJL±1±At½ 

A~iJ1.::lil1]Jf-o ;tRtJk;t,..£.fl}]8{iJ!--ff.ird1iJ, offl-f.1JJf].iz'tgJ Illumina-Solexa, ABI-SOLiD, Life 

Technologies-Ion Torrent/Proton, Roche-454 ?jc11if¾--t::JJ1J;r, jjlji 8V _f_j,' -#xt rJrii.½£~ iJ1..::lil1J 

Jf :(__4-m_ 1-y;:yJ1J;f 0 

~&;t-..£fl}]~~~~,~~~~Jf~*~~,iif~AT¥$~~A~UDNA4;t-..~~ 
If~*' ~~M:ii.¥$~4#~00, ~~~~¥$~~A~~oATM:ii.¥$4#~*+ 

ff.A~U4;t-..~~lf~*' ~~*$£~~if..~ff.~o~&;t-..£.flJl~~~~, ~tl*¥$ 

imJJtA~ tll.. DNA :f-f ;f..81)Jl1];f ~t *~ ~Ji-;f :11J m_;ftJ;rixt' ;jctJ~r)j-ii_J]I;}Jt;8741t ~ 00 0 ~tllf 

rJrii.*JJf;41tim *+ff.A~ iJ1..:tf ;t,.. 81 ::JJ1J Jf ~*~~Ji-Jf :11J :i! fr J:rixt, ~Jfi ~rJrii.*JJf; 41tim 

*+ff.81 £~ ~; YAllAT rJrii.¥JJf;41tim*+ff..81 £~ ~, ~Jt~rJrii.¥JJf;£~81 if..1¾1f.. 

~o ~-)f..£fl}]~~~~' iif~*Jf]~~~A~~Jt£~U~7-J~Jf;f~o~~,~-)f.. 
£ i:1JH1 ~~1111, *ff] 81A~~Ji-A~ ill..j.J NCBI 36.3, HG18o }5 >')-, tRtJk;t-..£aJ] 81 ~~111], 

m_;ftJ;rixt~ ~)i}f--:f: 1c 4t JJ1JFR ¾1L tRtJk;t-..£ a}] 81 J!--ff. ~~11'1, o[YA *ff] SOAP m_;ftJ;rixt o 

&~, ~Mii.¥$~~A~~~j.J~.Jf~, £TM:ii.¥$£~~if..~ff.~,~-~ 

1½ ;t vJ"" Jd1;~ , ;;i ~¥ JJ§ A~ flL rt f:fii ~ lR Ji( 81 J»~A 1t ,tu 

1±-t-.-:(_ rt rJr1fzm 81 ;i( * "fJi~ !R JA" s.11 r x.J£~, Jl JlHr1vr e,¼vJ""~t£!i. fJi~ :f1-t-

11,~- 81lik~¾--f 81 !RJA, xtT SNP ¾l'Jrifr1 i, ' ofYAJlJl,1 e,¼ SNP 1-i,k 81 !RJAO xtT¾l'Jr* 

~ff.~Jo ~1t,t1., 1JJHYi~ !RJAJlel 81 JlrJr ~¾;tf81 * ~ff.81±-*~*-¾~¾, trr.i!JtrJr* ~ m ii 
* ~ff.8v ;:JJ1JJf4&Jlk O J-)\.;:JJ1JJf ~t * rt .i!#~ m 1ms. !R JA8v::JJ1JJfJUlk81 ~)i of YA~ ~4t JJ1JFR tiL 

;tMM-;t-..£. aJJ 87 ~~111J, of yA~tllf rfqf 1u 87 rf*::JJ1JJfiUM-~ ~iP8V;ft1Jit~Jt Jf :11J i!±frJ:rixt, 

N\_ Tr, 1-t-_tlj ~ m T fyf ~ [R J.e\ 81 ::w1J Jf 4ft ti- 0 }5 >' )- ' tRtlk ;t,..~ i:1}] 81 ~ ~ 111] ' fyf ~ [R J.e\ ~ of Y/4 Jl£ 

~u~~~~~f+~~~o~-;t,..~fl}]~~~~' of~~Jf]~~~Jf~~~~*~~# 

>; 1J Fit t 1l, of YA j.Jt1:-1vr ¼* ~*ftJ!!RJA81 ~:1-P;f :11J 0 

~&,$.£fl}]~~~~, iif~~tlATM:i&..*$~~~~1f~*' ~¼*$4#~*+ 

1$.8141t1t ,t-' tRtM-F.tl½ ,t of }dl~' ~}TI ~r!r:ii.f}t~[RJA81,i;AA1t ,t- 0 tRtM-;t-..£ i:1}] 81 ~~ 

111], of y),11¼ i!}J F-i,J½ (r~ of A.Al~, ;;f.1Jff] ,t-44' J;ri_n-$!- ( Viterbi algorithm), ~Jfi ~¥JJf;A~ ill.. 'f 44' 

~ !R JA ~ iAA 1t ,t- o ll7 tt, of YA* ffjJ,txt ¥JJf; A~ ill..8141t1t ,t:i! H:tiiA ~~ #t;:JJ1J o 

r dIJ ~Ji- 00 1, xt 11¼ i!h F-i-1½ ,t of AA1;~ :t1J JfJ ,t-4t J:rijf-$!-itrAt¾l'fr81 ~J£:i! fr-if im:fti7:i&..: 

~ijfflii., ~,$..:(_'fM~JfJ~;i(-ig-"¥$4#~*+1f."ff~Jl~4#~x.~, ~* 

$~~***~**~+ff., ~~~-;t,..£fl}]~~~~' of~*Jf]~ "¥$4#~*+*" 

7-J ¥ J]f; 81 * 1\ 111] --}l_p £ ~, ~ll £ ~, >' )-~ll £~YA ll¥ J]f; £ ~ 81 -Jt.1"lt--f -k o :i!-1£ rf, i}L 81 ¥ J]f; £ 

~~*~--t*s.•rx.~~, ~vJ""~Jl~%ili±~--t*, ~vJ""~Jl~~ili!i.~--t*(*M 
A 1c~kYr ), ~ "iiJ""yAJl§L i:-81 ¥JJ§, ~ of vAJl ff.>1)-JJ-~81 ¥JJf;A ~~k Yr, Y-~~ ##t::JJ1J¥JJf; 

**,tm fiiJ 81 x._~!ZpvJ""" 

ll1 tt, --f1\87£_ lzsl tll..ff} Atlil, ,tm ~ T*1\Alzsl tll..87-;kf±nAJL~tll.. ( trp ~4Jlf Xt~if..1¾ 

1$.~~tll.., Y'All/Jie,--f87f:i1L{JLfJ1..¼t l%¥JJf:r~if..1¾~117-J~i-,i;-~k~ (hidden states), ~%MJJ{:, 
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07%)11.1 -4-itAlft ( observations ), /f34-51J .AAWt4g 1 t5 

44- 4 . 4 ( transition probabilities ) ( observation symbol 

probabilities ) 41, 47A6 ,1k ( initial state distribution ), ( Viterbi 

algorithm ) 4ft-  fk-aT AI Plf,,'*/ x7j- . 3t; , ,ffffih %g 
Ay4f,i1 , ,t_A+ 41- ( Viterbi algorithm ), 474f1•1414'it+4- 1:1 1N Y7 it 

ft-fel,A, 712 itF4g'i.,[1?Hif_ 112 4+X 4VA- ak411, 71- 4,11lu F=Hit_ 

4-41.6_Aff 

i3i41--,*ft-ii,

I. N. 

II. A_Iji)11.1*§I

III. FS at ,:-kAdth : S = 1°' 1} ;Z_A- T L470.1** T IA. 0 if it/ii-* T 

Iv. A5rill>kt}-10.1: V = 
0,1} 

1 /1- /(4- vt.

0 ---ft 

aij

4F4A41/1-4--1.114-121):111-ft, 

71, , t471.4tb,lk 4-4r)t,* 4-*/ . .24-4-4 73JA1,14--4 4g)t,41 4E 

I. 471.4,13 ;V: 4R,2f--L 1L ={ ' (i ES' = °•5), 

AAA-- -lit flf ?X, , -*ft I, Ji/ -aT vi o

II. itt,--f4,4 g1144-0 E i0) A = {a ' (i' ES), iitAAktM-0 Y-Arilf-- 0 

1—Nr/Np i=j 

Nr/Np 

Np *R-4A-A,g1t4g Nr TI71[9,- 20-40 --111) 

0 AO, #) Atlk 4-4A-22 AA_ f 4F41-fi 0 

B = lb, (01 ,(i e S, k E V), jig.  ig)t,- * (k) 

- ( Mu st-hom ) (Must-het) 04"-A 

# sites (L > 0,Must-hom.) 

# sites(L > 0,Must-het. or Must-horn.) b, (1) = 1 — b,(0) 

j) = max [8t- i(i) • ad • bi (K) 
x,14-fqx-41 : tE 

WO 2014/153757 PCT/CN2013/073375 
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ifi. tm JJE½~ IZ5l f.n.tt J:1$ ;f, 01 ;;911J;f lUAHj:: jJ XVlt~;f 11] ( observations ), 1% Jl}J Jt~tlt.:t!-.:}fiJl=. tl:Plk i©c 

4½ :i'J ;fUt ¥ ( transition probabilities ) , ,+g ~ kftj ,t. JJ/l>,"¾ ff §1] iWt ¥ ¾ ::tj1 ( observation symbol 

probabilities) ?fP,fl}'Jl{,~kitiJJ;£¥¾::tj1 ( initial state distribution), jt!,;;f,~:i±,~ArJ;i:'.iJJ=.)i.- ( Viterbi 

algorithm) of fA;}fi!J;Jj- ti:: ill of nt €itJ rlI:JJf;ifft-.~ fil◊" IZ5l itr1, tR.:t!-,$..it "Jl 01 '.% ~1f1J, 1% Jl}J l!t,Jb ,t 

or :~.Al~, 1f1H11orvA~:i±;f1]Jf] ,t-4t1;riJl=.* ( Viterbi algorithm), ~~JB_;Jlf;:it#i!:1:k/i'--#'-.01:it 

1t1t ,t-, or vA~fti ;ttJ£JJf; ~IZ5l f.n tf 4t x. !R JA01 ;J;t@t;f 11J, lf7 iJ:t, orvA * 31k:J:t)(t tJ£JJf5JJk lZ5l f.no1 

it 1t1t ,t,:11±A·NiA rl'f #b1Jl1J 0 

it~ ¾1Jt ffe .w; jp r : 
:i't-ic.: 

I. 'rW; ~#t;;g1,J 011±,,tiJftjJ N" 

II. JJil,5911J;f§1]; 

III. ft-#i~Aki©c~J\7: S = { O, l} , ;t.5Z. 7 x. ~µJJ~,1s* 5#'-.:i! 1ti'¼ J --f 1\" O 1\,-tli! 1tib-11G 

~*{itJ~,1s-*5if-., l~~~*~#i'¼Jt~*{itJ~,1s-*5if-." 

IV. J.VJ11l*i©c~JJ: V = { Q, l} , 11\,-tl:i! 1ti'¼Jt iJ1.*01 * 5if-.l:j J)£Jlf;it 1t $ i!J£_1Z5] ~ -fi, 
01\,-tl;;r:::-fJ-:.o 

i -ffe, ;j;tJ ~ ;?JJ31{, ~k i©c iJJ;E-¥¾ ::tj1 ef;J i , if 1¾1!f-Y f.n4½1J1ie. f4-i,A .&.}.9l$;f §!]ill;£¥ 1ie. f+ 

I. :;fJJ3i{,~ki©:iJJ;£¥¾::tj1ic.JJ n = { n;} ,(i ES,n; = 0.5), 

.,(f-5~* ~~lU!-01·rt»L r, orvA1VIil*# F.t~~ki©: ti:: JJJlo1ornU1.i!:1~" 

II. ic.if1¾#'-.Yf!il4½5fJ1,§.f4-il}J A= { aij} ,(i,j Es)' t?p F.t~~k64½5fJ 01iJJ;£¥ 0 

a-·-{l-Nr/Np 
lj -

Nr/Np 

1=1 

i * j 
Nr, Np ¾JJ1],-tli-FJ!}l1:Yfil4#t;,]'Pif,tt-tt-il1ik.J i©c•r1.1i.,,t-#L tR.:t%1G~fri-4U% Nr or~ 20-40 _zfci} 01 

ti rt,-#t, m :$:. it Jl=.ft-~~ki©c 014½-fJiJJ;E-¥, t?pit X-*/i'--;;A£.f.n¼o1 ifi.ft-.~it.:l yf.no1iJJ;£¥" 

III. iV.9l$;f §i]iJJ;E-4'--9'§. f+ jJ B = { b; (k)} ,( i ES, k EV)' _i!_lf_ o1 iJJ;E-¥¾ ::tj1 b; ( k) ff] --t 1\-;t_ 

~it¼ (Must-horn) A-,t.~*◊(Must-het)o11i.,,t *1t JJ=-0 

b ( ) = #sites(L > O,Must-hom.) 
'O #sites(L>O,Must-het.orMust-hom.) b,(1)=1-b,(O) 

i~ffe,~~~~-... #~~~ef;Jffi# 

_ _ b't(j) = max [ bt-1(i) • a;j] ·bj(K) ~x.. /40-l#~i~t-¥ : t E {1...N} 
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( j ) = arg max (5,_i (i) • ctii
AI5L : 

(IN* = arg max (5N (Ty) 
qA,GS 

Erl 44*A-11, rF lit2 qt - (q*` 1 1)

o

t = 1 2,3, . N —1 
' • " ). 

njj , 4F(4-g 11) 7A.AV_ , J11 FEI ill 47 -fR %iLat C0zAt'(Q,

— 

j4.44§,=1k4-4R,1-ts s el *AL E 4EF-+-; 

4'1 4+ ft, jf-%A-A ;:t ,Ad 4f- wo aVA-11, fkA :04 A0,_ LI 12 -fR:t Y7 

V,* It- 0 07;- 416/f§i1 , ffr -Lt 44it: 

= {7Ci}, E S, 7ri = 0.5) 

at; = 
1—NrINp i=j 

NrINp 

Nr. Np A-if7 ift-tit4v4-4A Nr f) A4't 4)1-4PA E42) 20-40, 

4-  pi 4_4 4E B= {19; (k)},(i ES,k EV) 
, 4 12

#sites(L> 0, Must-hom.) 
bi (0) — 

#sites(L> 0, Must-het. or Must-horn.)  =1— bi (0) , 

#sites (1_,>0,Must-hom.) — i 4,  04A 0 -tit #sites (L>0,Must-hom. or 

Must-het.) h — h egit — jt
‘71-  YJ tit N 

St( j) = max [gi - (i) • ad •19.; (K) 
E {1...N}41qP1,-40) 

T i (j)=argmax6,_1 (i)-aij
it147444-1h 

giv* = arg max giv (q,) 
qA,Es 

4t 4- 41- , 7'1 f4 a 11i; ,t1 

t =1, 2, 3,.. , N -1 
). 

qt - t±i (g* t +1) 

WO 2014/153757 PCT/CN2013/073375 
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'I'; (J) = arg max ~-i (i) • a~; 
%_>(_ ii efiJ .:J:lHt : t E {1...N} 

/Ck - -J-1;- ;f,, h <"'- {,R_,JI., :;(s;_,)I., :;(s;_ ,, 1i,l.''(E) <"'- Jj., '<>,q -',;;(, 
jf.::;.. ,y, ,iS;,J/LJI~- ✓~ "1Ac,"-.:'J7~,"-.:, Jr .=-J 19'n~'lluitu~1..r.. 

qN * = arg max 6~ ( qN ) 
,¢~ %_ifk_t~;J}(;G:, qNES 

@7ifJJJR1:IGii$-1.i, !Zp~vfflt}la;Jl&,if,~~~ qt*= 'P1+1(q*r+1) (t =1,2,3, ... ,N-1 )o 

vp, ;J:RtM-~;l;t__ aJl a1 ~~1f1l, ;J:RtM-F.t--% ,t vr AAl~, ~ffi %_tlI:JJf5£.~ ti!. 1f fyY%_ !R.1Aa1~A 1t,t 

:itr- ffe e2, J5: 

itJ ~ :tJJ-31@ ~k :G: tfit4 0" ~ efiJ i , F.t ~~k ,&~½-fj a1 tf!t.$1-e. r-t v:v;u:t~Jf f!Jtf!t.$1-e. r-t; 

~m~#~~*~;t•~*:G:*@7~•~~a, ~~~;tm;~A~~i:tffl;t!R~~~ 
tt-1~ g ,-?£5- a,~ .. o 

{
l-Nr/ Np 

F.t~~k:G:~½-fja1tfit.$1-e.F-tn A= { aij },(i,j ES), Jt. it, GiJ = Nr I Np 

l=J 

i :t:- j 

Nr, Np 77"]1J;R,F$}J1!_~fil4t:ifP5ffi-it-ifilip :G:•r1.1i.,,t4tt, Nr 7) m rl',4:t, lfx.11i.~~ 20--40, 

~:t ~ Jf 71J tf!f, 4 ie. r-t n B={b;(k)},(iES,kEV) * 1f, 

b ( ) = #sites(L > 0,Must-hom.) 
'O #sites(L>0,Must--het.orMust--hom.) b;(I)=l-b;(O), 

#sites (L>0,Must--hom.) ;;iJ --t 1\- %_ ;;iJ ft◊ a11± ,#, a14ft m , #sites (L>0,Must--hom. or 

Must-het.)n--t1\-%_J{J ft◊a11±,~, a1,R m i,:/4,R--f-1\-;t;;iJ ~◊a11±A a14tt m a{] ,&:;f-P; 

_ 51(j) = max [ 51 -1(i) · a;;] ·b;(K) 
$}-if~tfit.$ 7) t E {l ... N} 

'I'; (J) = arg max 6i-i (i) • a;· 
ii efiJ-HHt 7J J t E {1...N} 

qN* =argmaxoN(qN) 
w..,t-4,t J:ri~)id:ii!y31lifk.t~~k;G: 7) qNES ' 
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412, itY. ffr lk/fi "XJ, Ai4g1,-+ i (qi )" 11,;1 A 4-t- Wi (qi )" •;4 l#J Viterbi 

.1-1 5<.. 0 i 4-it 7 .5C. Y7 if- M 4'4 , T=T )1L, Lawrence R. Rabiner, 

PROCEEDINGS OF THE IEEE, Vol.77, No.2, 1989 -4- 2 A , 

di 11E , T'Vc1 ,-11L A'34.,t 0 4 E,A- 4.6_ 

1) 4P-4g- -A..q1 /f5q , !,)-51-17,t4R-*T-J-L*5P1, 

44A -9- A it. 95%12,C , Ott -kt111 , Tk7 5).11 :;1Qo -

2) 4r<-4A- -A0A A_F4 i.t±01,7 It 4 46, DNA 5)11*.it 

4,>-tk 1 4 It*, (Allele Drop Out) DNA * 7'1
A- *A ML.tfi 44:4-51 4.11E1Eit2c 5A- -AL: 4-> J-Y(,4-' ,12-,--)1- 4 A*, (Allele 

Drop Out) §I itt4t4st_E, 4k4k%gl TT* 

3) 44-N- l A45q , 0A,7 

if,t- 11_44fi 

tR-tg .t1 nfi f5,1 W IR it E1k6A.Lifi-, , 

4Z T, --T- SNP A* STR , it4-4- ,71.tlf] , 

0-4t#1 , ;7krt _5.4Evil. 0 

t /a-#21.± hi. 47 if, E Mefiti,V17; its 

HA - , T t' .14A0,111 -fRAI WA- Aki 

2, -1A4. 1000 TT )-#--4/43.t;,t,E 100. 5)114 
200 V.,C2>o-;-411-ti 400. 

4V,4XIIA 100 it -T- DNA 

it'/Im7V±t 4 .11_ DNA 44- 3- .1 3t5,A4 4V, fg X 4A 0 5rc J, 59,1I4 1 200 

if4-7V4-t*-ti_ 100 4vi , 17 'kl-Z11-4-k1 A3̀1) ait* 

iN/I7 - %)F1,1*.g- o 4M-7- 011 ')---A/f§q, t-4-- 4--&- DNA DNA 

4/- ( 4 12 ), IA DNA *-ti -T-4t A4 4-14-t:i&-*4)14-f-

,Y110 hott--T,tgi -T- OP V*, Az; OF ri2 /1 
1,‘ k hott/f§q*, 2-10 li'itf0IL, - ,-9-121 /11/11-4=V - A'1 $4'4A ak 0 4- 3-4 -IA- DNA 

4f- .1e, --T-4- 4- 4k4k14-7k1-4): /l•Ala ha_,7 hi-tT IV -TX 1 - DNA 111 

. r17AL, -9-1, A*-V,'W/IA,4-_,E*A --F1 if ff4x--F, x,MA4 04.,t hiii-41-A- 3-'etg.glo 

-T- 4, t A-4,2 A 4.K , c fill. 4A4f -4 (Multiple Displacement 

Amplification, MDA)*r.L--T- PCR WGA 7'1 -12-2 /-fi WGA TtqAt , 

)g-ffi 41k1 t Qiagen REPLI-g g k. Sigma-Aldrich 

GenomePlex WGA k(WGA4). Rubicon Genomics 1:A€ PicoPlex WGA Its 

GE-Healthcare illustra Genomiphi WGA 4A-. 
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.J. * 61 ±i ~ft~, :k f- ii ~ijft 611t ~ 61 -if tm t~ :i!_, of vA ~ Yl Lawrence R. Rabiner, 

PROCEEDINGS OF THE IEEE, Vol.77, No.2, 1989 .if-2 }J, i!:i±~m\~4Jt.±j:__*J\.*j:__" 

\11~, ~~1f~~zj-5$£~~61Jf~*fr¾#.~~Jt.~~1f61ttA~~~~?f-~ 

)i.-, ,t.~ )i.-1f VAT ii?f-1fu '9}, .i.~#.JJJl~,itkfn •r1.i0 of it 1.lf-61 :it 1t1t .ti -1..: 

1) tR:t%-*,it a}] ~~171], 4txt5Jlfz61 x..~•r1.1i.,#Ao-ft~M1.1i.,k, t5Jof vA1tl:kf"Jt~5ij]1J, ~ 

51j] 1J ✓itiJTI ¥ of ~iA 95%vA-1.., Jl of vA~51j]1J j :ft 't.-ff-~~, .tt k 11k~~51j]1J61~ ~. 

2) tR.t,%*,i(a}] ~~171], zj-f--~~5Jlfzif.&rdtA1til fa1JJt.±£~ illtt.tw DNA 51j]1J;frt 

* 'f £~'iYJl.R1t, 4~*¼.ik:~A.:f1i.£.~ WL-to(Allele Drop Out)611±AA DNA Jf y,J, of 

vAi!i±*~)i.-,1iJ;Jl1{£AfiL¾lj-1lf f 1J" ~ Jti!:i±*~ii.-, of vAxt *¼M~~A .:f1i.£.~ WL-t0 (Allele 

Drop Out)611±AAJfyij *frKiE, 1JZ~51j]1Jit *~JJu ✓itkJTiof-$: 0 

3)~{%-,t.,it~~~~' of*1t~#1k~~~,zj-f--~~~~:k1k~, ofi!i±Jt.~~ 

A 611t,t-.n.t4;Jfi!£Jr ti::¥, -;k of R1-'!f-6v1t ,t½ k, xti!iii~~51j]1J~11uJ!--1f tlf!~t: x_. 

J5 n, tMJ! ,t.:ij_ a}] ~ ~ 1f1J, ,t.,it aJJ 61 k)TI 1t5JJtz £.~ill it fffi-1t rR .t~~t--1t .t 81 ~ )i.-, ~ 

1x.n.-t SNPA;;tf- STR .:ff~-#rit1t j ~•r1.1i.A, xtfofr1f81ril1t j ~•r1.1i.A.l:1Jof:it)f], llof 

~J#~A~~~m. ~~X~-~" 

m f-kAft5JJ~ltlzHR tffl1t1Ri~~1t.t~ itit 

~*,it~61~-~~, ,t.,it~~t1::1-:ttm-t~1t5$£-~~tffl1trR~~•Jf~61 

Jdft. trltJ!;f..,i( s}] 61 ~Jt171J, ~~ 00 2, ii ,i ift 1000 of vA t!At: j:__J4;i't]~:Jt__j[ 100, 5Jl1J;f 

¥-.ii 200 vA&.¾1fT¥-.1i. 400. 

tR-tJ! ;f..,i( a}] 61 ~~171], j:__)4.;i't] ~¥-.ii 100 :it f-4txt JJ;r;JJf;£ ~ ill DNA i-t*fJ,&_});fJJf;:i! 1t 

;;/ll :kt--#. 81 £ ~ ill DNA f-t *, ¾ ] 1J 1tJ ~ 51j]1J Jf j:__)4.. 1R-tJ! *,it~ 61 ~ ~ 171] , 5Yl1J Jf ¥-.ii 200 EJ 
j:__)4.1tJ ~:Jt_j'[ 100 ;,/{)~' * Jl:it f- xt rf[-:i!_51j]1J;f j:__J4.*--ft51jJ1JJf' VA 1k.it 1-lr-5JJf; VA ~JJf;:i! 1t 

;;/lJ:k/i'--#.615ij]1JJf it*" 1R-tJ!*,i( a}] 61 ~~171], ~of vA*-ffe ~At DNA f-t*¾~ :!t-J[io DNA 

tt Jf :!tt.ii ( 00 'f i:- iF ti:: ) , ii DNA t+ *¾ ~ :!tt.ii :it f-4t xt });f JJf; * H~f. ~ Jfx.t+, it 1lf 5 JJf; &w 

~.5$~~oft-~-t~~*' •*~~&, ~tt~~~~t61~-#, of~~if.t--~~. 

~ of vA ~ ,{ti I &lfJ JJt 171] ju 2-10 t--~ JJE' ~ of VA *m 1:£-1,;y ¼ 1f * J]f; ti illik. 81 lf ://3 t+ * · ii DNA 

it.tw:!tt.ii:it -t4txtn'.~Jf5tf-tit1f 615Jlfz&mJJE 1:#-H±£.~ ill.tt.tw, vAR1f ft_f,Jjj: DNA m -t Jf; 

i~ ,f_&-51j]1] 77'° :ffT O dJ Ji:t ' of VA~ ~ ff Pro)* J]f; iE 'f ,it 1f 81 n;Ji,t T ' xt * J]f; 81 £. ~ ill* 1T 1f ~t~ 5911L 

:k f- ± £. ~ ill .:rt Jf 61 ~ ~i.- io 5/i[, 'iY , .i. ~~it j ~ iii Jf.. .t~ it Jf (Multiple Displacement 

Amplification, MD A)io £. f- PCR 81 WGA -ti?f-, of vA *ff] m .i. fr:&_ 61 WGA it J\!t 5/iL;iJ'[, ~ of 

v:J.*Jf] ~ ±+t.87i}(.1f1] ~-;ki:J Qiagen /A'-~ 61 REPLI-g i y1] 81if(.1f1] ~, Sigma-Aldrich /A'-~ 81 

GenomePlex WGA if(.ff1]~(WGA4), Rubicon Genomics /A'-ii) 81 PicoPlex WGA iK-ff1]~, 

GE-Healthcare /A'-ii) 81 illustra Genomiphi WGA -£}(.ti:1] ~.:ff.:ff. 
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-6 - A-4,2A4K, 4AA4t T 4F,Nq, M01 

4-4i7<d11-4-tit , --1- i;,c ._.[)15.I)114-4.;;_F=:- Ill.umi.na ffr4k7 

,f5,] Illumina Multiplexing Sample Preparation Guide ( Part#1005361; Feb 

2010 ) sk Paired-End SamplePrep Guide ( Part#1005063; Feb 2010), 

4Mg HA AA.10744- 4,Z4,)1#K44- 0 M 

) it gt4VT>liA,M 4M4- & 811 47 , --T- 47 

1-15-,1'f=111-'_ 5j11 k, 

A 51'14.41LA ez_511.14.' 4+ - -1,4k 5M 4,- 5-Vct AAA fiV4 

'-J-5r)1'14.' ±±4i- , A' _ 41r- nt m- 5j1,1 

x-sk ( Metzker ML. 

Sequencing technologies-the next generation. Nat Rev Genet. 2010 Jan;11(1):31-46) 

• Illumina-Solexa ( GATM HiSegTM Miseq ) ABI-SOLiD . Life Technologies-Ion 

Torrent/Proton 41:, Roche-454 ( 4,54o0:h14., ) 42- .T4,-; f -lam 5rill 4, -54 Q ( ) L,442-* FR-

--T- Helicos ( True Single Molecule DNA sequencing ), Pacific 

Biosciences 7< J 91-,;g14 ( single molecule real-time (SMRTTm) ), Oxford 

Nanopore Technologies 1<;- E-5] X 4L RI 4 .tt < ( Rusk, Nicole (2009-04-01). Cheap 

Third-Generation Sequencing. Nature Methods 6 (4): 244-245)o *0-it/ft , 

4A,IJYA' Att4g4oxil,7,-1-1,7k“i41-toxi*A-4.pgiit4t_4_-_ 4h1A*.wg 
k pA Yl 4 , Jul Illumina-Solexa ABI-SOLiD Life Technologies-Ion 

Toffent/Proton Roche-454 4P-T-!7i-T-59114g__EYIL -4 1- Pfrk_Lif`_.4.1II i1A1144- 4-4-591',1 -,, 

ff, 41;kA.RA 0---;A•f5,] , 1-ti) 300. 4F4-4- A_IM ')c'AA1, 300 

4 5y1,1,E-:- =-,irt1 200 4qii, 4ait--T-=i1.-.fifil-:01] *44 it 4A-1 

A,23 /AltQ L DNA 44-7- 3Vir AIM ; iuj 

=1-1' ffr , t ffritT4A6‘1A-t-
01.4 ; iN/17 4_1=1 f,11 , ;-,tffritA23 _J4- 0 4-1, 

o 4Mg k HA 0 A,f§q , 7 1;), 1kA AS 4P.1 
E,Ap4PL, 4F0gA_Illi AO], -FT E,AI, 4-4,t 121 itiAt 

*Pi 4V, fgA_HA 0)-A4 NCBI 36.3, HG18. 

#,*-A_13)I 0 97c 4f- 6;: M 1J o 4F,-* HA OA- ,'f5,1, -aT1%), 

', -/f1 SOAP 

fF(41 A_Frfi 9t;it/f§, *t_E 400 itolt.4,tQ hi DNA )1,1g,t, 
3Vir itwY3 014-t-I 12kftA X.Wi,234/1464.I.F1 ; 11 /frq.,tril 

44- r\- 5r)11 ZJi/IPL23 .914A ; 17,c gL7K,Ig i i -aT k444)_t , 17,c ffr s J],23 4914, 

/f/OJ ffritf4M4 -L1- -f-*/12. 2 , P-at S JAY1,6AA_ 

WA- 0 'A' 7[MA- -aT k4A , A4-.1,t girt -MX zfiutlt-

WO 2014/153757 PCT/CN2013/073375 
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*rtt~~•#*, ~~~4~4~~*~~e. *~~ii;i(Afior~~-~~~~ 
Jftt;i(:ilrAt~ ~ ~-rt, * r~/iUJJ.61 fu/71, ori,A~Jil5Jl1JJ-f1x.iH1; ~ 111J-.h1 Illumina ,12'-~ rJrilt#.-

611YU.¥.., 111HP~Jil T1lumina /2---~ Multiplexing Sample Preparation Guide ( Part#1005361; Feb 

2010) ~ Paired-End SamplePrep Guide ( Part#l005063; Feb 2010 ), i!it~,~~4-'A--#-A,f...~" 

;j:R{,% ,t.~ SJ] 81 ~~111]' J,j,__1_4h;J:f *iltlf5tii@i;J:f ,t.81 ~)k:fPi~¼, .t,~~4t ] 1] FR%1J' or }A* 

m ~ ,r\11t81 it@ttJtlf5tiA.1f'l ~:i! fr O ;J:MJ! ,t.~ sJl 81 ~i5t1111, or }Am r:i!. 1t5J11J4 81 ~)¼:;f11~-¼ 

-#-~1:4t]1J FR11,1J, ~At1g~FR rJx.M,f\.i1H~Jl:.)¼; 1lt~~i!i 815Yl~4~)¼, lI1 iJ:t, ~t4JJ;f1J 

!fl~~~4~I~~~i. ~~~4~#A, :i!-~~~~4~40 ~~. ~~~~~~ 

~~4~•:i!fr~#, ~-'A-Jl~#~*¾#~~¾~#~*~~o Mi!~i!i~~4~* 
~if1g~ FR T * ...:::..1\5Jl1] 4ii;i(~ {-Jl i¢.¾-t 5Pl1] 4ii;i(" foJri!* ...:::..1\::JJ1J4-t f; ( Metzker ML. 

Sequencing technologies-the next generation. Nat Rev Genet. 2010 Jan;ll(l):31-46) ~i-t-1g~FR 

T Illumina-Solexa (GA™, HiSeq™. Miseq ~), ABI-SOLiD. Life Technologies-Ion 

Torrent/Proton ;;j:11 Roche-454 ( ;@.,$flt:1Jii::JJ1J4) 5Pl1J4-t f;; i¢.¾-t::JJ1J4f-f; ( ii;i() ~i-t-1g~FR 

T Helicos /-t-~~ 81 .J\-. '.%J¢.¾-t::JJ1J4Ji,f ( True Single Molecule DNA sequencing), Pacific 

Biosciences /4-~ ~ i¢- ¾-t '.% E•hJJ1J 4 ( single molecule real-time (SMRT ™) ) , i,:J_ ll Oxford 

Nanopore Technologies /-t-~ ~ 81 i'fl }I( .:fL ::Jl1] 4 ii ,f ~ ( Rusk, Nicole (2009-04-01). Cheap 

Third-Generation Sequencing. Nature Methods 6 (4): 244-245 t Fl!iJtiJJ1J4.fi;i(.81 ~ll;Jr:i!.1t, * 

~~ii;i(Afi~~~~~~~or~3R!fl.'A-~~~4~*~~I:i!fr½A~fil~4o~-* 
1/i_ a}] 61 J!..#--ir-111], or i,:,!_ ;f1] )f] ~ m Illumina-Solexa. ABI-SOLiD. Life Technologies-Ion 

Torrent/Proton. Roche-454 :f11J¢.¾-f iJl1]J-f ~j[ 61 _f__'.J;- -#~ fo!j-i&_ ½l-.~ fiUJl1]/f' x.4:i! fr59l1]/f'" 

;j:R{J,t,,t.~s}] 61 '.%~111J, ~ori,A ~;ftJ:rixt~I 300" ;J:R.:J;%,t.~a}] 61 '.%~11'1, J:tixt~I 300 

~ 5Jl1J4~1L 200 ;ill~, -#-Ji~ r~tfotr1f .flj 615Jl1J4i't *~~~ 411] 1#-frJ;rixt, i,Y-1~i!it~4M 

J]f;im!Jt:.A~ ta DNA ;J:f ,t.61::Jl1]4i't *~ ~~ 411] :i!frJ:rixt' ;j:g~fofj-i&_J]1:}Jf;61 :it 1½~ 00; i!it 

~+rtri!MJJf;i! 1t;t~ * t-#--£. ~ f1tA-¥-,t.615Jl1J1f tt *~ ~~ 411] :i! frJ:rixt, iJTI ~.rJri!MJJf;i! 1½ 

;i:t:i * /i'-#--81 l-.~ ~; i,:,_ ll£. r rtri!MJJf;:i! 1t;i:t:i * /i'-#--81 A~~, ifti ;t_rfi!lfJJf; x..-~81 i¢-1% 

ff.~ 0 ;J:M!!,t.~ sJl 81 '.%~1111, ori,:;,1tm 81 ~~ 411J 81~~ *~1=4t]1J FR11,1J, ory:J,7']11-1ar½ 

~~*~g~~~~4~o~-*~~~'.%~~. or~3R!fl~~~A~~~A~fil~7'J~ 
~ 4J1L 111H\1, tRtffi,t.~ a}] 81 '.%~1f1J, 3it!fl 81A~~~,l-.~ fil;;{J NCBI 36.3, HG18" :n P)-, 

;J:Rt!! ,t.~ ~ 81 '.% ~1f1], :i!.1ttrixt81 ~)¼* ~1: 4t]1J FR 11,1] o ;J:Rt!! ,t.~ 1:1}] 81 J!-#--'.%~1f1], ori,:,_ 

3]t!f] SOAP :i!frJ:rixt o 

;J:Rti-,t.~sJl 61 '.%~111J, ¾tJf~I 400 ~ r: A rJB;JJf;ilf7JJt.l-.~ fiL DNA ;J:f,t.61::Jl1J4tt *' 
~~Mi!MM~a#~OO, ~~~;t_Jll:M~~A~~; ArMi!MMa#~*f-#--A~fil 

;j:f *815Jl1]4 i't *' }Jl ;t_m;J]f; X..-fJ:81 i¢-1%#--~; i,:,l_ J;l;j:R{,% r.tl½ ~ or AAl~' }A p!j-i~Jll:JJf;iJJ:11~ 

l-. ~ ~ 1t 7J J~~ 411] , £. r rtr i!M JJf; x.. -£J: 81 i¢-1%#--~ , ifti ;t_m; JJf; £. ~ fiL 1f fl ;t_ g 1~ 81 ij,£. 

1t,to 
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4,13 3.t47144§,lk 6=11'7 

ill ,t_A+ jf- ;A- V /111 -1k 4c,- 4f-1=7;0A 4' ,fie,g;f1, ftv ,t A,231., hi .47 -fax g 

ffrit Ft T 

= {7Ci },(i S, 7ri = 0.5) 

.4,1k 4A-44 YI A = }'(i'j ES)  

aij= 
1-NrINp i=j 

Nr/Np 

Nr, Np 4..)--i-7-P1 -Vit4t4,,-f-4i.--T,F 6k4 Nr -T,TA 20-40 --Z7— AO, 

vit 4R, + B= {17i (k)},(i ES,k EV)

# sites(L > 0, Must-horn.) 
bi (0) - 

# sites(L> 0, Must-het. or Must-horn.) bi (1) =I — (0), , 

#sites (L>0,Must-horn.) h Q04A -tit Q , #sites (L>0,Must-horn. or 

Must-het.)h v.:C — h 

St( j) = max [gt -1 (i) • aid -19J(K) t e 

(j) = arg max (i) • 
444th 

qN* = arg max (q,) 
i_19-34-4-4-V:L,=R_71dh 

E {1...N}

111 /fPug- ;r1 , V X A. Pl6 -fA XRAY-1,&A , 

( t =1,2,3,..., N-1)„

iLT.ffr'fAA A-11 Si (q,)4,71-t -trI4t (qi Viterbi ;A- Y7.14.1 ;#1,1: 

,t51,_ if m , 4.)lu Lawrence R. Rabiner, PROCEEDINGS OF THE 

IEEE, Vol.77, No.2, 1989 -4-- 2 A , 

T i grail N, hit fA 

E.(1A- # Er3t4 g 0

dinIL 411A , *RI ffr :VI A4.4- hr12 RJAA8 .-§il 

€ ti , v',C 4A-Jih irg 7=1- A_447_ki , 4+ ft, 41A- ( Vi.terbi algorithm) M-44 , 

A6. hit 4+X AO zkk. - , -ztA Y3 )1- 4 hi i771-t4-4- /Ii;,t1; 

akE 0A -MX A, /r-3- it 44_O rqi 

tcp1-4_41,  STR —4120 

WO 2014/153757 PCT/CN2013/073375 
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m:-ffe e!At: 

~~~¾*~•·¾~~!- ~~*~#~~-•*~~~~~J-f~••*~; 
~m~#~~*~~•~*~*~~•~~a. ~~~~MM~~filo/ffi~g~~~ 

~1t,t,o 

,trtt!!J!--ft-.s1 ~ ~1111, hri!_ F-t lb ~ iif A.il~ *m T 111 ~-tt: 

flJ'.Jl~~k~iet·¾~ 7-J 1r = { lr;} ,(; ES,Jr; = 0.5), 

{
l-Nr/ Np 

F.t~~k~4¼5f:H1iet.4{1.f4-7J A= { au },(i,j ES), $.. o/, aij = Nr I Np 

b ( ) = #sites(L > O,Must-hom.) 
'O #sites(L>O,Must-het.orMust-hom.) b;(l)=l-b;(O), 

l=J 

i ::J:- j 

#sites (L>O,Must-hom.) 7-J -f-1\- :;t. 7-J tt ¾ 811-i .~, 814ft §I , #sites (L>O,Must-hom. or 

Must-het.);J.J-f-1\-:;t_j.J tt¾sv1i,~, 614ft §I i,:V~. -f-1\-:;t_j.J ~¾sv1iA sv4ft §I 61 ,ft_;;r11; 

_ 5i(J) = max [ 51 -1(i) • a;j] ·b/K) 
k~~iet-'i j.J t E {1 ... N} 

'-1:'; (J) = arg max 51_ 1 (i) • a;j 
i£. i1'1-tlHt j.J t E {l...N} 

qN* = argmax~v ( qN) 
_i! y:J ,ff f:,_t-{1-ti( ~ 7-) qN FI 

( t = 1, 2, 3, ... , N -1) 
0 

i!.£f)j-1;J:.ffl 61 ,¥. i-¾$J%~iet. 5; ( qi );;r11.ii~-tlHt 'I'; (qi) ;tf~Jb?} m Viterbi ~~!-av t.:i#¾-:;t.x." 

*-tii~4fHv:;t.x.s1itful~~i!_, iifi,:i,~.]t Lawrence R. Rabiner, PROCEEDINGS OF THE 

IEEE, Vol.77, No.2, 1989 Jf- 2}], :r,!:i±~,ey~~f$,.¼i:..* A-t-i:.." 

*-t~ffl¾#~¾, ij~~~*fr1#~~i!_, ~~~~~m-t~:;t.MMA~filo/ffi 
x. g .J:AAt •1-f 11J av ,% tit O ;r:: 13-if i!_ 0 

ro~, ~m~i~, ~~~~~~~ij~ffli!_~~:;t.MMA~filo/ffi:;t.g~#•J-f~ 
s1jj'~;t;-, iifi,:i,1{rJ1hf.tlh~iif Ail~, :r.!ii1f1H11,t-4t1:t,~~!- (Viterbi algorithm) Jflir-i.fh, ~ffi~M 

At5~~ tR o/ 4t~g.J:.s\av1~~ 1t,t, ro i1:t, iifi,:i,~31"k.J:®1t MAt5~~ tRsv:rt1t1t,tm:-1-t,tJiA ~;1 

;j:ft-;)J1j 0 

i1:tP!-. ,tRtJ! t-.-~ 1c1JJ ~ ~~11i1, -fYi~ g .J:.e\;J.J ~:1-!111-1±-:rt 1t J ~•r.is11±A, rtr1:r! 1t J ~•t.i 

j.Ji?t_ §J ~ik:it-ifiltJ ~•t.i;;r11 STR sv_f.j,'-# o 
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ffr "4v1i1" )Aifif Xg* A141-4viit, 

j',A-41t4 0,_±_i fLE0,fit4gF-5F. 

1'A-A nfi /4A 0,44 g , IA- ffr4, it 0 /VI Al3L [=I -fax a 

, 

it- 4/LiTit 

Lir , 11A tk T —t it -X *LT T 4Mg ql ')--c 1§I 

it trL7r~~T? i to , h; 44 1-#0.Eg /fk: 

41--T-UP16 hi DNA 44- 0 )rl'lFs Qom, 414 t f4A6- , /R. 

--T- -IA14 4v1 h14-f- W91144t. , 

, it f4P10, E21 hit -Rita  0 

ter ItE , 4-4/Lvf tV;41.- fit Alf LEI Mizt0 , -TT itzm 

,t, 4+ ft, ( Viterbi algorithm ), 'CO A 4-z k44-f2 , 4A 3t  a4-IN hit t Cik Al_ 

, r±rItE _-?go-thAt AI S4 S. VI hi 0 it*ftc ,t fF i4,15t1. 

413 t471.4thWdAl- -17-1 6' 1 s ?kik 4V1-4 i4 E 14- 17 73JX , P-14X+ 4.E*; 

ffl t4+ 

WA- A- 

A; i 40-1k 4c., -i-G7 

0 01: A/f§ii ffr it lit k441)/fl T 

,V4Y3L 4 hi ,t 

4,14th lk TC = {7 1} ,(i E S, Tri = 0 .5) 

1—NrINp 
= 

[IAA 40){,-*- e. A = taii ES) , 412 , 
I Nr I Np 

i= j 

i j 

Np Aii-7-4A11-thl --tc -f-# --Tr Mk; , Nr TTA 20-40 tlal 0 IPA O, 

vit 4, pi 4g, 4.1 B= {bi (k)}7(i E S,k eV) 
 4 1' 

# sites(L > 0, Must-horn.) 
b, (0) 

# sites(L > 0, Must-het. or Must-horn.) bi (1) = 1— 191 (0) , 

#sites (L>0,Must-horn.) — h 'IA ,  0 git R , #sites (L>0,Must-hom. or 

Must-het.). -01A A 04>t AL: - 4-gc 4R; 

WO 2014/153757 PCT/CN2013/073375 
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,t±.t---~ rt rJriito1 ;i( i½ "1mi!" ;;;z 1t r x..J£~, t!JG of i,AJl.:nAt1mi!, ~ of YAJlraJ-tt1mi!, 

~ ~$lM5 ~ m..t.iil JJJ $ltJ:.0114t-t4i:tp of o 

1; ~-i}i)l}] 01 ;t, t-.-4ffiJ.,,\.Jt;i(A.~ $lMjJ£~, ,/f. ,i~ iiJ ffj-J/iiiilo1 Jfn ~}cj;f}Jf; £. izH.R rt fill~ !R 

~#•4~01~*01#~~~~~~½r~~m.;MA~ttrtffi~!R~#•4~01l~, h 

J/ij Q ~ 1~' ;f:-¥f--it iil 0 

it Jf-lJl. "f *¼Ji 
,tf.t-.-~ 1:1}] 01 x...-~ii,' t-.-~ 1:1}] ;}Jt tB 1 -#it }t-{)L "T *¼!FL tRt!!-t-.-~ 1:1}] 01 ~~111]' ffj­

iit-it .J-;J:Jl. "f *¼!Ft J:.41tM-~ -t~-4'--, fJriil-t~-4'--~ rit.~J£~.:JJtAti,:J, 1~: 

Arm.; JJf; fa1 JJtA ~ t.n DNA t-f t-.- 01 ~ij]1J 4 rt * , :,tti ~m.; JJf; 01 :rt 1{ $ ~ , i,::1- 1~ i;t ~m.; JJf; iJJ-Ji~ 

A~~; 

Ar~m.;M:i!#~*+*A~tt#t-.-01~4~*'~~m.;M£~01~%*~; ~~ 

~-~~~"TA~~, ~~m.;M~~A~~~h~.4~,Ar~~M£~01~%* 

~ ' Ji~ ~m.; }Jf; A~ f.R t ·J:m ~ lR Jix, 01 iAA 1t ,i 0 

\fl iJ;t' ;f 1] !fl ii-it }t-{Jl. of* 1r-m ' $lt ~5 ~ 31"3:Ji ~ ~ ,i~ ii, ffj-i,i 01 ~ )k ' AA rtrJ of Y/4 :i~ ii 111]--!J,o 

,fAhti.Jt-)i.- ( Viterbi algorithm), 1f il}J f~-~ ~of All~, p~~JE;JJf;£.~ im rt4t~!RJ~o1~£. 

1t ,t-, lI1 iJ;t, of ),A~ :'lHi1t JE;J]f;£_ ~ t.n 01 :it 1{1t ,ti!.'1t,tii.A. n;l ;j;ibij]1J o 

tRt!!-,t.~aJJ 01 ~~111], tRt!!-ft~ ~of All~, i~~m.;JJt;£.~ t.R rtfffi~!RJ~o1~A1t,t 

i!.--Jfr e1Jt: 

:,tt} ~ ;/<JJ-Ji~ ~k it-iet4"5-¾ /ri1 rfiJ i , F.t ;JlilAk it-4½-3f:H1 iut-4'--1-§. f$ i,A ~,xPL$4 71] iet-4'-ie. f$; 

~!fl~#~.J-*~~·~~it-*~~&~$&, ~~~~~M£.~ttrtffi~!R~01~ 

A1t,t-o 

tRt!!-J!-ft-.01 ~~151], fJri!.F.t~ ~of :k;tl~3R!fl T 11] ~4t: 

;fJJ'.Jl~~kit-ir.t-4'-¾/ri1 h n- = { n-;} ,(i ES,n-; = 0.5), 

{
l-Nr/ Np 

ft~~kit-4½-3f:H1ir.t-4'-4ce.f#-h A= { aij },(i,j ES)' -'A=-ir' aiJ = Nr I Np 

l=j 

i ::J:- j 

Nr, Np 1}]1];tliFJf:J]~~f.Rift:f11~;J:jz4!-il1Jt}t it-•r1.1i.JA±., Nr of~ 20-40 -Z./lcll 01 §) Mci/fL 

,x,VL $ 4 71] ir.t ¥ q;§_ f+ h B={b;(k)},(iES,kEV)' *rt' 

b ( ) = #sites(L > 0,Must-hom.) 

'O #sites(L>0,Must-het.orMust-hom.) b;(l)=l-bi(0), 
' • 

#sites (L>O,Must-hom.) h -t 1\-~ jJ rt½ 011i. ,,Ji, 014ft §) , #sites (L>O,Must-hom. or 

Must-het.)JJ-t1\-~jJ rt½o11i,:t 01i/ft §J YA&.-t1\-~h !t--½011i.}, 01i/ft §J 01 ,it-:fP; 

Pg. 1104
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(St( j) = max [gt -1(i) • ad - (K) tell ...N1 

Ti (j)=argmax6;_i (j)•aii
iM4r14th tE 

q,* = arg max gN q, ) 
kli19344-44-4k4 

( t =1' 2, 3, N —1 

clwcS 

qt* - t t+i (q* t +1) 

(qMP 67 4t Wi (qi )AvA7_-;& Viterbi i `J 

-T- 0 if M , Lawrence R. Rabiner, PROCEEDINGS OF THE 

IEEE, Vol.77, No.2, 1989 -4-- 2 A , t75-P A- 4\2 

--T- 3i4)1- -41, *LEI E., 4. 1 jlt- 4-j- if 4Cti 1-L -T- fiM,23.1,t 4 12 -TA 

AI a JA# Ak4 6(1 g 

dlikE, 4'1 , 0,4*A- 5-itl-L Alf ffrit04)V,VIA24.t 4 hi t -MX a AA 0714 Pi 

a, • 4-+ ( Viterbi algorithm ), Tgi-A F.S-Pv Lig 7k A 1':f.:)4- 

4 hg. 4+X E Atifri- , , 7rj- -ecJ& fi6‘)1.14 hi, 0 1-1A-41#; ji4-14_6_AAWN1 

11E 2MYT A_ HA 0 A/f5,1 fLt a A, h 44_14-*- ,14_b 4,31,1„ gn itif 

it 61 *4i; 4- tk STR 

17)-L; i1t , 4411:1-14 kfl-1- AcL,k-s 44-46-A44-* 

114 i2M)t-a'6`4A4--i-g Ai3---t-ji itAi- k;t _ifl 

X-4)L7TA ifrc -7Th- ( l *-K- ) : ? i—iN=, -,N* .A vt, 

( ) it 1-114)-LA AMA), F  4>iA- ( RAM ), 

( ROM a 44- air- -m-4- (EPROM A, 11-1 

( CDROM )o 

, 4 7'(5,1 *7-aT1,

d)1,- 44 

V*, nA /1] f 4U+ I 'ft A t'fil 0 hi lc>-t- 3zL 

At , t ir4-4*,O-,(4-44.3-12 lc>-i-t0 444'VtAtg 

RI '14-R I5,1 it= 'ft T'T 4AJAC AT, T 

12 AA'in .41. R X: 444rI#J -T-- Oui!.4441 1!.-f#1 n vt4 

A -eciV4 t hi Q 1z n vt.340 71,A, vt,4, 7rj-Aty_ ( PGA), g„ 

al-A (FPGA ) 

), 

.-3114---i--)Li4- 4-4'4 , 

/1k.lcA 

ffrit4I4 

44- 

g`c, 

A7+ 

T. ,c4 A, -4---114t 77]-i; ALE A-4g 4- i_f`_ 4i; gg-A:aT 

414- •• 44 /-,` -4E1 Mgt '14- t , 414-TT 

WO 2014/153757 PCT/CN2013/073375 
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(t =1,2,3, ... ,N -1)
0 

i!.£fofr1tm s1.,i(-i¼$J%~tet-¥ 5; ( q;):;foi!foJ-tlHt 'I'; ( qi );tt~}b?} m Viterbi }f--;io!J f.:i~;tx." 

:k Tii ~4'9.:.61 ;tx.s1itfa1;J~i!_, "[v1 ~Yl Lawrence R. Rabiner, PROCEEDINGS OF THE 

IEEE, Vol.77, No.2, 19891f- 2}], i!:i±~,ey~~fJt.±3:_JtA4°'-i:_o 

*-t~•¾#~¾, ij~~~*fr7#~~:i!_, ~~~~i!m-t~;t*$~~tttffi 

;t!RJAitiji;f f 1J 01 ,f- ~ito ;f:--iltifiL 

m~, ~m~i~, ~~~~~~~ij~Mi!_61~;tMM£~tttffi;t!R~#-;f~ 

sv 7;-;!-, "f vA Im.ii 111]-:kP ,t,4t J;ri }f--;!- ( Viterbi algorithm), 1% Jl}J F.tl½ ~ "[ }:__;j:JfjL kft) ;tUJJf; £ 
~ ill t 4t;t!R J_,;\s1iA~1t ,t, m .il:r... "Tv1~iH~)(f UJJf;£.~ ill61 :i!1½1t ,t,mAttAA ri;l #?i911J o 

.il:r..>'r' tRtM-t,..;l a}j 81 ~ ~111], fyf ;t IR J:.e\:h ~iP+f-,{±.:i! 1½ j td1. 011±,~,' rm :it 1½ p td1. 

:fJ iJ1 gJ if.ik -ltijiJ it •t1.:;fo STR 01 _f_j,' -# o 

t/~;f..i}taJJ-=¾rmi., "itJf-iJL"f*k-m" "Tv1Jt1£1~"Tv1~¼, 41i¾, i!1t, 1½1lA1½#£­

;fl.;f v1 ~-tifi 4'--tAfr ,i ~it, :!t-J:. A it¼ A ~t ¼i! ~ -tift 4'---tA4t ,i ~it, :!t-J:. A it¼ rm 1tm s1 :!t-J:. 0 

it 1}.;j:Jz. "f *k-ms1 ~J!.-#-.s1i'F171] ( ~f 'Jr ~•r1.§1J ~) ~;J~v1 T: J!.-~ -t--AJ t--~i\01 ~ii 

-tt%~ < ~ -t:!t-JL ), 1~-tJs A it J1:-iJL:it~ < i~:!t-JL ), F4i.iJL4~41i;½f a <RAM), Y- **1w a 
(ROM), "fiff.t"fiti44Y-*41WB (EPROM AIAJ:il41tt-2), je,tf:Jt_J[, v1,R1~1~;'\.JG 

_t!Y, *+f-1i;tf 2 ( CD ROM t :n P)-, it J1:-iJL "[ *1t m-M:- _f_ "[ v1 )t "[ ,if.$,. J:..JT {p f!j-i!_:if_l;f 01 ii:\ 

AJt.1~¼i!s1Jt-m' ~ /2171]-:kP"[v1:i!i±xtil:\A$,.1~ltm*frk"#:t=1;Jii7, -t-i~*friti44, if 

~A~~~~Jt~¼i!7iA*fr~~*~~-t7iA~ffM:i!_U;f, ~~**4•,tE.~1}.~ 

41i%~t 0 

~~~~, ;f..;l~61~~¾"f~m~#,~#, @#A~fil61U¼*~&o,tE.J:.i!_~ 

~7iAt, j~ffeWA7i*"f~m4•,iE.4.BtAm¼i!61ffi4'--~frl~~fr61~#A 

@14-* ~JYlo 171]-:kP' j(P*m l,t14-*~&, :fP,{±.jJ - ~~7j A t-H-, "f m ;f,..4]iJ_,;\1,.;,-j.ps1T 

~~~t61~-~A~fil61U¼*~&: J!.-~)f]f-)(f~-~½~&~#~~61~#n~~ 

01 ~ 1)'t.i!_4i} ~Ji!$-, J!.-~ ¼i! 81 ill¼.!!_44 fl ~Ji!$-s1-t m Jtt.A ~Ji!$-, "[iGJ:ijJ. n F4-f1j ( PGA ), JJ)l 

Jh"f iGJ;J='i n F4-f1J ( FPGA) .;f o 

t---tt~~~61¾~tt~Afi"f~~M~&ii!_~~~7i*~•61±~A~~ffeW~"f 

v1i!i±:tVl *-tift-4'--;f-m * 81 lt141c:.A, fotri!_s1:tY;f "[v141Wf--#it 1}.iJL "f *41t¼m t, 
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-k -aTi;kk_7

) 14t it- 4M+ -JF.J AIL *4 44-k 
4k14- j1 0,447-k 1-14f-it /L a fh f, TkJ#1 H1- , 

1 12 0 

-F6r=l,Tg -/f§P4- 4Vki,li '10'1* 

l5q/Wfi r*/V)Jj) °A ?'v, AA , 

4AAPIMIWIFT-,A0a'AU-74(f5q- 4- .1.11)14 4L,A4-4,*4t* -f-t-0(0 
--T-A1-9, 4Ef 47)), *_1-41&, 44 ,A,i5i,nA -14 -1'114i- 0 ffr -iAAJ Avfxg- A 
H)] g 0), vzi  1 %-•- ,q,11-- ;KA J Mumina 

1, A_ nA ';c',i16/f5q 1A--"Nlit L4: 

1) wItk,a-kt Op V.44rfultA, AA FPI 

011444-, 4/IL* grfi R111, 4ff -

2) tegtAija-k itoitff- h74f- , =lb DNA 4F, 4glk 444'3 

3) -f-irwItAA-I -itoPA,J4 it t> ram qhi 

4) 4Mg WIL*# -1 u^ F t11- 4/14-*5911 
5) hi ilt4-4-49TWt 

6) ),Itaylf-3iti( vi-kii-47 , -iv t€Lx-4-4-.AA-

4.  , 4,1 AI LI X11 DNA, 4M14-* 591114 A-4A 1

):1-±Lq-i--5)11 

7) W1,231/1-t-4w DNA %M f't> , f 1 )4 
8) 4r(-fg- *1-4A `ZA -11-* • 4-4-itif-4,-40 '0)i 121 
9) x f q% €rS Q '~, 41-tM-
10) M-1113 F,S-2-, 4, #1 91-4-* 
11) AIA6-, -It/C-t- 0 xo

1, A_ HA 9-7c /ft 3. 41r4-i; ffi 44-7t44All J/s 41r gf1+7 

—F: 

1, )-)1,10/1I,T.,-4-iikh N. 
2. 

3, F I S= 10,1} , x 7 1,11V,,, 7 f o 0 /1',44-0,2-4-* 7 A, 

WO 2014/153757 
13 

~e4~~ff~, ~~~*~~~~ffe-~-A*tt¼. 

PCT/CN2013/073375 

JLP)-, ~*~ aJJ ~+ ~~1f1] t s1 ~.rJJ ~tif Jt o[YA :!A~ -/i'-~J_f.iJcl3k t, ~ "of yAJl~ 

+if-Jtif-~~~4~. ~or~~+A~+~ilf.Jt:!A~-+~3kt.i~:!A~~3k~ 
or YA ;km ;i;i 1+s1 :lfJ s\ ~ JJl, ~ or YA ;km 41:_ 1+.:rh ~Ul3k s1 :lfJ s\ ~ J.Vl. r1r~:!A61 tl3k:k\1 *YA 

4t1t.:rh~Ul3ks1:lfJ s\~m!i-#-117-)~tiL s1 r J1,Ai1f ~ A1tm ~, ~ orYA41ur~-+it J}-{Jl. or* 
Jpt41it¼m t. 

r dr7lti!t¼~~1f1Jxt *£ aJJ s1 ~~11Ut~#--. *4Yl.tA.tt;;J(A~ lt½J£~, r dr7 61 ~~ 

~~m~~~*£~, ~~S~7-J~~*£~~~~- ~~~t~~~~*~;;J(A~#~, 

i4;;-,'1R*4w.tA.fl 61~mkrJrilii~61-R;;J(A~14 < 1fH!1~Jt J.f~~ t JL~¾, 1t.t¾f'~it61 «¾ 

~JL~~~ffl~». i~~. #*~~~)A%*AAr~~~~*ff- ~m~MA~~~~ 
aJL:ir T~%, ;l::3J7-JofvAiif1:i±rr~R1i61'f}YlrJ'<>, 11'1-:kPoffl_;k~ ~ Illumina/~6) 0 

-&~*= 
~:f i!J 1, *£ a}j ~ ~111] 61 .i.~ffe .Wt ~it: 

1) ;it.Ai if im JJtA {Jl'i I fa7 JJetf 4-, i ~ k qr ~.JJdm JJeA i Ji. k Jtm; ;#;, ~ ~ fa1 JJt /4- tfr Jpttf, A 

*tt~Jpt#, A*~iffal~A-½fal~Jpt#. 
2) ifimJJt?.A{Jl'ii imJJt?.tf**ff½,£.~ ill.tf Pg, .tt Pg r4bJ DNA ,tR-tffi#Jr-1\~114-t f:,~_,-j<.,tt) 

~~4' * * ,friij]1J4 0 

3) if imJJt?.A{Jl'ii im Jlt?.iij]1J44'Uffi t~:i±:i±~-;f, E; A*l-~fil~:f411] * ff J;~xt. 
4) tR-ti- J;~Jf f!t ** ff JE;JJf; fa7 Jlt?.if.;fi .:it-Ifiltj it-•t.iii:i-1-k: ~ ~ i. ~:it 1t ~-ff-81 :tJJffetfriW1J. 

5) ,ttg ~JlI: JJf; l-~ tn s1 :it 1t $ i!J . xt !% JJf; £-~ ~ * ff :tJJ-k~ 1t . 

6) ~~ ,lJJI: JJf; it 1t 1m #c +*, :k\1 ~ -~~ A~ :k\1 x.. #ii:i Jt i.iE% , ii:i I A;rll x.. #, >' Hnx.. #~A% 
riiJ -xt x.. #s1 * 't JE;JJf;tf *· tJlJpt,£. ~ tn DNA, tR-tffi1Jr-1\~w1JJf-t f:r ~_,-j<.,ttJ ~~J.f, 

**•fr5Jl1J4. 
7) }J£Jlf;:i!1t1l:l *+*DNA iJl1J44Uffi*-H:i±~-' -#--!0 A*,l.~ tn~:f 4.11J J;~xt 0 

8) tR-tffi J;~xtf!t *· ¾:-tJt;i;fti tJti.iE%, x..#~:i! 1t1EJ *+*61£-~ ~. 

9) ~mJt~¼, x..#~:i!#~*+*~£_~~. $~x..#~*~~~*~-
10) 1tM f,tJ¼ t:if4Atl~~i11i~ s\, m x..#if.1%*~it*J1i~*Af5if*~. 
11) m; }Jf; it 1t 'lt_ ft 81 ifk_J~;;fti ~ 0 

;ffe-Jt l!l 1, .:f..£ a}j ~~111] i:f71t ,t-¾i!f--¾r,¾ m l 1H1 f,iJ¼ t :if4 A7'l~ YA Zl-if ilfl¾itrffe .WrHP 

r: 
#ic.: 
L %' ~~iW1J 61-ti.~,ft7-J No 

2, ;)l:;yJ1J4.ftJ: 

3, F.i~~kit-:!7-J: s = { 0, 1} l ~)(._ J X.. #P}g~~*@,*j!1ti¼ J T1"\o O 1\.{U!1ti¼ J Jt 
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-1140 Nr 

4, AA,J=Ikd74f,h : V = {0,1} O 4-' ,4U-,1/**A,iff-A- A_ 

01R,

7gptJ71.4 -4xf- A.1- , 

J1/1 $4 RI t2 

h144--4 4-i 

I. 471i,kt-,-4gt,-4L-. i.-(Lh ir = ES, =0.5) 

hi44-44 4E A = , (i, j E AS) F14 ,1k 4Yft- ; OA*. 

1—NrINp i=j 
au = 

NrINp i#j 

Nr, Np Al3-

AL434 

f' B = {bi (k)},(i ES,k EV), Z,ALK /t1 

( Must-horn ) J-trs, Q (Mu s t-he t) • /1* 4-0 

# sites(L > 0, Must-horn.) 
b,(0)= 

# sites(L > 0, Must-het. or Must-horn)' 191 (1) = 1-12' (0)

#33tA—i-qc4FAA4Er- , 

: j) = max [81-1(i)- -b.i(K) tE{1...N}

( j) = arg max 6;_i (i) • aii

0:clk  ; g=r1 
,t a -:-K. , q; = arg max blv (q,) 

L., FS 

t 

cri A'RA-11_ cil = t +1) (t =1,2,3,...,N-1) 1,2,3,...,N —1) 

OZ—itift1 

4-f-ZPIt7t&kg: 

A_ 1-& ,12 AOLiA.AL), FL IVF ( 

) -PGD )4,1f , h IT Ajal.* HLA 

41 IVF-PGD ‘.)6.‘ j,§1 V], /-:*-Z--- ilt4-t013 1.1.*Al A6. —f— gA 

4A 5V-A 'fts? 4 1*,74-0 *31k/T-4.-b l'*t*-f- 844 ITT -

WO 2014/153757 PCT/CN2013/073375 
14 

i.iE* ilJ tJf~ ~ * ~ ,Pf. 0 

4, JYl,::Yl1J ~k.i©: ~~: V = { 0, 1} 0 11\.{Ut 1ti'¼3t i.iE* 01 * ~1f-._,£j JE;JI{:; if 1t $ i!J £ Jzsl ?J2 -fi 0 

* - -ly , ifv ~ :fJJ .Ji~ ~k. i©c tfit if 7t ~ ~ i , if-1¾#. Y 11L ~f ;fj 4'§. f4-V:Vl.,JYl,~ ;f :9iJtfit if f§. f-t­

I. :f7J.Jl~~ki©ctfitif1J"-~ il~ Jr= { n;} ,(i ES,n; = 0.5) 

,7±5~~ ~:f 4fUi-ilJ •r-t ot T' it 4¥-# f.t,~~ki©c ti:: JYl 07,if ile:.•r±im ,;ff 0 

II. ilif-1¾#. YfR~t;ftf§.f4-ic,~ A= { aij} ,(i,j Es) JZF ~t,~~k.~Ht;f-Hvtfitif 0 

a,. -{1- Nr I Np z = J 
lj -

Nr/ Np i-:t:-j 

Nr, Np ?}]1j4z,F$}l1:~11l#tiPif.ii;:4}/!iip 6 1)1.1i.,,t#to 

:iiv ~JYl,~ ;f :91J tfit if ,j;§_ flj:-

il Xt l< Jf· :91Jtevf,.1ce. f$-~ B = { bJk)} ,(i ES, k Ev), ~Y 01 tut if ?};f m -f-1\- '.it~tt¾ 

(Must-horn) A.-z~*¾-(Must-het)01{i)Utdt Jto 

b, ( ) 
__ # sites(L > 0, Must-horn.) 

0 --------- b;(l)=l-b;(0) 
' # sites( L > 0, Must-het. or Must-horn.)' 

*~-Jy,~~~~-·#~, ~~~ffi# 

zx.. ¼J~~tfit* : b'i (i) = max [ b'i - 1(i) • a;j] • bj (K) t E {l...N} 

:it_>( ~i{,7;J,~4t: 'I\(i)=argmaxc\_1 (i)·a;j tE{l...N} 

** - -Jr, ,,1,!';, r':> 0 ;,,{(_,IL, -;k_,11., -;k_ ,, r,;,,"(EI "'- 1'.P -qq ~A. 3p_::..,y, rn!LJR✓~ '17\.,~'17\.,~, jf-i=-iifnJR 7LiJJCt,~1J:. 

kfm '.it_if~:J~~k.i©c, q,/ = arg max oN ( qN) 
qNFS 

~~#~ 1 

-, ,tfJ1i:1~t~&,9.l:J£: 

-)(f A,:S/3 W !i if ii-1---~Jl B J:-tl?, tf ✓-Jt~""Jl!I. 01-:kJL A(3t i.iE*)' 151 Jl:rA41c IVF ( #.fr1¥:~t 
Jfk¾-fE;Jl{:;;fjfliAl;i() -PGD XHr' ;f(f1: 1ls1t!i if -/i'--_,£j 3ti.iE* HLA jfile,?J2im%-f011Jt!it'.t '.£ 0 

tl.i±-1-- IVF-PGD ~€;If%]$}], ,f±* _::..Am: 1tYP ~J,;/<.JE;Jl{:;if-§mJJf2.~fi'#lJTx.4-f, ~#l;f, 01 YP ~J,;/<. 

~~~~£*~kt~M, m:frtm,;~~~*~~40 ~#l~~ilJ~~*if-~~#~.H±fr 
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4 hie 4, (PED7-1-OWGA), 4 h ff- A_ It] Qiagen REPLI-g MDA 

4A-ff, fiIi 011 -1'; it OA -1-* &4'f-k3i41- -kklt* 

9.:_*(PED4-F), --4 -*(PED3-M) 11A,tiff-**)L(PED-Sister)O ),-§j , [El Il

DNA. 

AjE, IVF-PGD fklh TT. A- 14 Pi 
Ji)14- 3- -21-7((PED7-2-0AF), )-it tIlR .4)i DNA, 17 gt -iff-AlY1f; 

f4P14.--f 4_2•1L It DNA AI CoyarisTm 200bp kJ, , 
illumia®'2— J HiSeq2000Tm J+ix 0 , -t-ff 

Agilent'Bioanalyzer 2100 411 Q-PCR it- 4i- , /c>-44 4 it4--j-

HiSeq2000Tm 59-11.140.-f,)-11*, "AZIggs-Y) Pair End 90 index ( 90bp index 5M* ), 5)11.14;"*" 

it- 30X, 1`4_q 5I-Pi 4 ti7 /Ix illumina®* 111F-4-0 - ( -aT)13 

http://www.illumina.com/support/documentation.ilmn )„ 

gill DNA, V.}C 73,4- .43* 71(A,R,I1404_61 DNA ft] Covarisim 

4T 0 -49-4T 200bp , tRA HiSeq2000 TM 5g1.14 ,1tiVI_L4KA--. ., -.-A -4:1---

.4-, 2.14-it -f-1- All in One -441t, -.11-ifrq44t,91 NimbleGen SeqCap EZ -44413.t4---iX 0A 

(http://www.nimblegen.com/products/seqcap/ez/index.html TI--4-kg>1). All in One :it 0 _tit 

it 0 11 ti;EA-44%ft.;,'S , Rti;Egi,L),4-6- _ 1--_ri, C IMO SNP 4-2JLARA,411 MHC )14 

. 4- 41 Agilent'Bioanalyzer 2100 Q-PCR 4`,- -40 

.4; illumina® HiSeg2000TM F/911.14-4 I4 43-h Pair End 90 index, FM 4 *"*. 4.13 11 

L lk 0 30-50X. 4 ,11 illumina° Wt + ( Trf 
http://www.illumina.com/support/documentation.ilmn A_Ji>1 ). 

51,1 -fitfg 
1. A,i131-4 .-4-4,_t DNA : 

a) it 44--f-A& , I -4i4Pqk * 0 4 
b) /IAA Burrows-Wheeler Aligner (BWA, http://bio-bwa.sourceforge.net/)4A , k 07;ri114 

N ( Hg19, NCBI release GRCh37). -)f-f#1 SAMtools 

PCR It4f- it 04 

c) 'k)+1 Genome Analysis Toolkit (GATK, http://www.broadinstitute.org/gatk/)4t4tAt-1 

2. Wl4-4I_ 4 hiit4-44- 41,1 3.tL 
3 [1?I 1-4ft 

V.-4# -4ft , a B. L. Browning and S. R. 

Browning. Am J Hum Genet 84:210-223.(2009)A1 t. 

WO 2014/153757 PCT/CN2013/073375 
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1:--£.[ffl fll;yf J:j!f (PED7-1-OWGA), 1:--£.[ffl fll;yf J:1$ *}f] Qiagen /2'-gJ 1§17 REPLI-g MDA ;}-f J:j$-iJX.1f1] 

~, P- ~;J:Rti--iJX.1f1J ~-iJt., a}] -=I¾ :ilrA-t-tf:.11, 4-t .ti$? 4h ft1 -f,rfj- -1\5Jl~ Jf· J.lJt.1-ci!,1};J:ff- o fiil Et ~~9:.,l 

~ /i'--~ '* 'f x.. ffe(PED4-F), #-ffe(PED3-M):fPJti.iE-:t--k JL(PED-Sister)ii1 >'r ft) Jill., -tJllf5llt[ffl fll 

DNA" 

,tf.5tA rvF-PGD ~€:in ro, vt-ttJ1.~~ a1 JJ£JJi;;J:if.A -ti~, A .:fJ±r:~ro, or VA ,tf. 14 ftJ }:/4 ro -tw 
Jf5l2f-:!/:,1-f 1J(.(PED7-2-OAF), A ~9:.,!JE;JJi, m},f Jill., ,t,l}f5l DNA, :i!-1ti!J11J;f, v:/4~i.iEJJ£Jli; fm Jlt!, 61 

JE;JJi,if fa1J1t±£.Gffl fll-tt J:f? 4h DNA Jt1 Covaris'l'M TT ~1x.-tr iJVr _f_ 200bp :k_,J, av ff f~, tR 

ti- illumia(B) /2'-gJ HiSeq2000TM 5Jl1J;f1x.ii1 __t_;j:;L~*:i!-1·nt4' ;j:tJ 4:kf av x,4r.:i 

Agilent@Bioanalyzer 2100 :fP Q-PCR ~)!-:i!-1tm .Jt, ,¼;/'-&61 x4~1iJ~:i!-1t illurnina@ 

HiSeq20001M 5!)11] ;f 1x.5Jl1J ;f , 5Jl1J ;f ~ wt fJ Pair End 90 index ( Up xJ.... ef,7 90bp index 5Jl1J ;f ) , 5Jl1J ;f i* 

Jl 30X, ± £. Gffl f115Jl1J ;f o * tf71x.~ 61 ~d}fti.t.1.J.l-tt1t ~ )k1t~-t*,~ illumina ®-tf1t +-M- ( "f \fl 

http://www.illurnina.com/support/documentation.ilmn $t.}f5l), 

x.. ffe, #-ffe i11 Jc. i.iE-:t--kJL>')' ft] _m DNA, v:/4 ll2f,:k::1 -f 1J(.AJJ£Jli, m},f Jill. DNA ff] Covaris1M 

.:JriJVT1x..:JriJVT _f_ 200bp :k_,J, 61 ff.,€~, ;J:Rti- illumina® /2'-gJ HiSeq20001M 5Jl1J;f1x..ii1 -1..tJL**.ill-1t 

44, X.41#-H All in One ~ ff -tr!t R, J!-·ff..-tf1t 9t!., NimbleGen SeqCap EZ ~ fat -trn $t.4,4 i3L a}J 

-=I¾ (http://www.nimblegen.com/products/seqcap/ez/index.html "f $t.}f5l) o All in One ~ fat Jl. i@) _i_ ilt 

ita1 ~ ;J:j lR .J:A-tr!t$t.~ ff , * ~ ;;J:j lR .J:A ~M,±9)' J& -t lR .J:A, 1 M 61 SNP 1±,~, !R .J:Ai11 MHC l-.Gffl 

!R" ~ ff .:Jrn$t.roii1 XJlfi Agilent®Bioanalyzer 2100 i11 Q-PCR ~*.ilr.-1t!m .Jt, -id~ii1 X,4§J;t 

t*:i!-1t illurnina® HiSeq20001M 5!!11]Jf1x.5!)11]Jf, 5!)l1J;f ~wtfJ Pair End 90 index, 5!)l1J;fi*£fJ ~ 

;J:j/R.l:Aav 30-50X, * tf71x..~av~4fti.t.I.J.l~11~)!-1t~-t*,~ illumina®-tt1t+-M- ( cif \fl 

http://www.illurnina.com/support/documentation.ilmn ,b'K.}f5t), 

.::.. , 5JJ1J ;f dJfUi-¾ i!f-: 
L Jt.i.iE-:t-i1:1x.. #-£.[ffl ill DNA 5Jl1J;f 7}~: 

aj ~~#~m11n~4*~~~lf~ 
b) 1tft1 Burrows-Wheeler Aligner (BWA, http://bio-bwa.sourceforge.net/)~f~Jq i ii15Jl1J;f 

;f § 1J trixt ,if.A.* ~::f £.[ffl fll ( Hg 19, NCBI release GRCh37), ff- Jt1 SAMtools -¼f.t;J.f­

PCR ~ j_ it J:'lt 61 ;f §1J o 

c) 1tft1 Genome Analysis Toolkit (GATK, http://www.broadinstitute.org/gatk/),tt:;,fi..?ili\£.Jq 

-~1n ff-:i! -1t if-1~£--tt -tt-illitJ :t,r±i11Mt!f;.. ~ i_ a1 tfr5JJ1J 0 

2' JB_; }Ji,£_ [ffl ill.if 1t $ 00 ?ft) 4 0 

3, tRti-Jt. i.iE* £. Gffl ~ .Jii-JJvr x.. #-61 if 1¾1f.~: 

tR-ti--ti 1\.J ~ ,% Jii- JJvr if 1f. ~ , J!-1f. "f ~ ::f X 1tik B. L. Browning and S. R. 

Browning. Am J Hum Genet 84:210-223.(2009).i!t.ft o 
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4. 4Mg9;:k1---f-47 )_V4figVilMittiAt0-f-,g-K91: 

a) 'it J11 BWA %rii.1 b - [11 4. 1 Hg1.9, NCBI release 

GRCh37) 

b) 3t47J #1,-* J , 23,A1P16.1- Nr=30, 

c) , tk114--<. 4 4k44E ( )h it )O 

d) 41g3tA-41i4k4L4E*, ,=jY-4 444t ( 

e) , yk,R,41.1 

g) 1,7,UL Y16 --f- 71(4_4 3.; -t,11 .*_ 7 Af3 .-vtrat 0 4.. 'A it -iv 

# A 
* 4'_ ', i  I ,r•-AEI 

4-i- 4A lit 11 ,1 fit i' li- %A 4-1 *4 0 411 lit .4_4 2f-i 

to 

rl 

VE,÷,- 175,194 233,794 74.94 2,345 3,318 70.68 

- \::, A_ _t. 81,129 81,576 99.45 1,476 1,480 99.72 

-t *3

y -r-

VE, ,-,-/>- 172,968 173,631 99.62 2,329 2,330 99.96 

--V- Il -*.' ,-,-/ 80,877 81,042 99.80 1,472 1,478 99.59 

_kJT--4 ic>- 58,194 60,194 95.88 967 990 97.68 

: M -V3-" if', IA Tit 04i ; - T  -IA litt ci; 51,±A 

5, HLA V] -Pik 

a) , ZR. T YJIAf:.? iLtiAtA rs7480526 0)iL_ {21 

t rFi XA1 J16‘Y) 

FA 'hi 

b) A,tiiE*- 114A,1.3A MHC C f- --4i ,N1 —4, 29,- r -) 

HLA nAtA0 

tl,t fl HLA AA TM 411 Az; , gf)

HLA M XVT=4)\--T-1' , 

im 2 

ki-3 4 (-3 4L , 4A-&- IVF-PGD %f; 4_1 IVF-PGD 

= T T 8 ft*f4 OF *AIla-f- gea OF ftWig's-

fQ A _-9:1441, iii-1-4-*145k5A4t;-2-i;/“ -. :/**14-x_4-47-0 8 i - ft** iril)A4-f- it4i-

Cl hle tq , hie VAIIJ Qiagen REPLI-g MDA T tq -14,4,1 /1' 7K -i4, 

4f- Yelf-L =lb ----f- jrA a_4' -4k 

-4-* 4X4)11_ J L DNA. 
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4, tR:tM- x._ ~if!-#.~ .:}fi WVr M Jlf, tm JJt 8V if!-1%#. ~ : 

a) 1tft1 BWA ~%JJI:J]f,if!- §m}Jt!,51jJ1JJf JHM- t~51t .flJA~ ~Jf l-. ~ fil ( Hgl 9, NCBI release 

GRCh37) 

b) ,leg ~;fJJ-±~~k.~1fit¥ foJ i , fV~_})I:J]f;if!-1¾#. "t'fil~½'ft 1-E. F+, Nr=30, Jt-'t # J:.r)f =Q" 

c) iJdt Jl±JJ{; tmJJt4}t--1±,1t 815J1tlJt1t ,t-, -}f-,lcg ~,xJt~Jt f 1Jifit¥f-E. F+ ( .t:'ic-J:.r!r:Q t 
d) ,lcg}t$J~iqfit¥f.E.F4-, {11.iifoJ:J:tHt ( .t:'ic-J:.rfj-:Q )a 

e) k)fi ;t_J:J+.~k.~, *@1 ~f}) JR 1/tiii-1~ 

f) tt ti:: 
g) i,::,(J');fj]f; ti:: 1-lii 81-f- 7]<_£_ ~::$}~rt *7} *Fi' xt JU;j]f, tm jjt!, 81 £. ~ ::$}~ /jikftl 1r1.iit it:k11 

r: 

#~ 
'$'*~/~ ,t1.* ~tt-. 

✓fi.iJfi 4ft 1±.#,z}ft i'fVJfi ¥ ✓fi.iJfi z}ft 1±,*,#t ✓fi. iJfi ¥ 

"t':tl;J it¼ 175,194 233,794 74.94 2,345 3,318 70.68 

n;l -;-J-
JJ.;A 

0 81,129 81,576 99.45 1,476 1,480 99.72 

it¼ 172,968 173,631 99.62 2,329 2,330 99.96 
"t':tl;J 

Jf-.~ :/J.,A 

Jfi 
~ 71' 0 80,877 81,042 99.80 1,472 1,478 99.59 

~Jl.*¼ 58,194 60,194 95.88 967 990 97.68 

5, B -.it~'"{a HLA ~JJ1J.j'1J~ 

a) :t!:itx._~if!-1~~, ~5JJE::..Jft T MJJf;tmJJe,tf. rs7480526 .L.81£-~~, f,m5Jl1JJt-7,7 B -
~~rn~,*~~~~~*,tf.~~IJ:.~~~£.~~-#.~~~;t.M$7,7B­
.1t ~'" rn ,t1., 

b) i!:it,f..~~i-af ►::l-1l ti:: ' ~iJl.*:fP}U;j]f;,tf. MHC ~ 81 if!-#.~ -t+, J-}-..~J1J WVr:!it1i1 

81 HLA ~)J1J~JZ£ffiie,81 o 

,t~:J:J!J:.:QMJlf;81 B -.1t~£-~~:if11 HLA ::S}~rt*, J-}-..~~.ttJ1.iJfi81MJJt;, ip B -.1t~rJJ 

,t1. :if P HLA ~ )J1J ~ ~ 1£* JZ£ rlii 81 m; JJ{, , it fr ,t ,,2t- .Jt * :if P tii.A 1-'t , )}-.. ~ ~ Jl. -~ ~ J L 81 if-w, 

~~#~ 2 

-, ;j:fJ1"~t~Jl.J4:Jl?.: 

-51t}zj=1:l:::fJ:fv B-J:t~'".tJsif*, ~49',: IVF-PGD ;t;;f]o ~i:it-1-- IVF-PGD ;t;n ft]Ji}J, ,if. 

~ ~~:rt 1-l'J- T 8 1-- Yr ~-J,tM Jlf, , :l:::fJ it fr Yr ~J;jtJl± Jlf, if!- tm JJe ,1, J& JTxAf, ~i, J& Jfi 8V Yr ~J,Rit1Jt 

:!:¾ ~ £ ~ li. ~ #:M Ji:JJ , it fr #:M J]t ~ 1Vt ,,~ 1~4 o ;i, ,tit ~.Al 81 8 1-- Yr ~J,f,.if!- tm JJt;J:-f ,f..it fr 

±£. ~ f.R;yf J:j!f, ±l-. ~ i.R.tf J:j!f *ft1 Qiagen /A\..§J 81 REPLI-g MDA .tf .1j$-ii(.1f1] ~, jE ;/',fr;j:~:J:%-ii(. 

~~~~~*fr-#, ~~?~H1~*-R~Jt&.Jt-~::S}#o 
~Et~~t~~1--~i tfx._ffi, ~ffe8V>'rftJm, iJllfx.lt~til DNA" 
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IVF-PGD ip YPJ1J1,10-6) -T-- ¢ , A- 14 Al 1 11 

*-3. z1, Asc at .ftlA DNA, ±4±4-1-5Y1J1- , jgk JJ,13 

8 t-a-M-f.iuoitt4h1e-4)----03 DNA, x 4- 1-glia DNA, i7,(A.443-4-7.1<AUJI 

pi6*;,._iit_ DNA If1 Coyaris TM 4T 4 ifx 4-T 4 200bp + 0 A , 4R. 4-i 

HiSeq2000Tm All in One .444t -.11-17qt. /(t 

NimbleGen SeqCap EZ )4 44 )4 -it HA -14 

(http://www.nimblegen.com/products/seqcap/ez/index.html  -iff4t4). All in One Z.; 

ti; C J-A44A_;,.S , q ti; EA. 1M 0 SNP 4:75-, ..Z.A,Icr MHC It-Q Z. 

A 4iAX-i _ _/4-.11 Agilent®Bioanalyzer 2100 Iv Q-PCR !E•i-

~T illuminate HiSeq2000Tm 7;911.144X'R.14, fdl'J~ 4-YJ Pair End 90 index ( 90bp index 

x14 ), -4*AY-J •q4-;f7sia,0 30-50X. 4 17 ifx S Y-,--tititE P.7?: illuminate

4-4'(/F-4-11- ( TT ±a http://www.illumina.com/support/documentation.ilmn  AJTA- )0 

1) C-14-)1_ El AIL DNA, --f--7X DNA ( ) 4fr -!k : 

a) 11- 44-i-''41-1 -4_4*44.- 

b) #1 Burrows-Wheeler Aligner (BWA, http://bio-bwa.sourceforge.net/)=14- I -

§1 ( Hg19, NCBI release GRCh37), SAMtools 

PCR Ixegto4§1. 
c) 'f f#1 Genome Analysis Toolkit (GATK, http://www.broadinstitute.org/gatk/) x.*A1-$ 

1-AkfriV-1-1-4A,4# R. - ,1-4_412tk*:f /61 *5)11 
2) 4ME,t,- 8 INAI pk. wIt591,] ,*(43, 41-, )-)-4A23 4 hij71.4th /ft , 

t-4-)NIIP.6 hilt/14.1M 

3) it 8 -/I`)4I.,‘-*- MfIt'(l--)1`4+%;11)-4P16.' 91'•1 .rE) ai 41, 5C-4- 01_ [1--1 

1 1 , 5C-4- i5-*-4-4-ifrIJ 

4) sh as-) M4Mg-lt--* 7 1 )4)1,22.'04±_t 11.

5) Viljh kT4f,11 #(4g5 -4-1-44-/frY_F,11, •• -144Mgil s,1.‘ iS 4,- o 

6) 91,i)J1, A,z3 it* t 4 i fiA zA %to 

1/‘ 22 L/i /til, -1-4A-%9,11f4a JIt 

X3'2 (4- x .5C) ,,,l, V,- ,T., lit SNP Call 41 A' A 414 ,--_, -) AA +(` lf>) 

/,-•? - x -At, ',-,-, - 2183 97.16% 96.68% 99.63% 

4-:- i-1>- x 4-̀-, 2156 93.18% 98.95% 100% 

-Pgi-l -r x IL:ic`,- 1154 82.32% 99.31% 97.59% 

7) 13 HLA hi] -Pi to 
a) h. 7ZR. T 4 -5W4*.iroILA rs7480526 1-01 -f,}1 

WO 2014/153757 PCT/CN2013/073375 
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,tf.'t.A IVF-PGD ~.':;.n, .i!,;/'f,Jl.J;fti 01MJJf:r;f1tA-t't, A.rfJ±E-MUf., ofi,:J,,tf. 14 ffi] i,:J,Jfdihlf5l 

2f-jc:1--f 1)(_, A ~t,lMJJf:, JJt{r JI!1., -tJtlf5l DNA, .tit ;ft)Jl1]Jr,, i,:;,~tz.-i.iE.JlI:J]f:, tmJJt?. 01 ¾"1Ht JfC 

8 /i'-MJJf:,if-§mJlt?.1:-l-.~ fil.tf Jf? 4h DNA, x. ffe, #ffe>'r ft]JI!1. DNA, i,:J,,R2f-jc:1--f 1Jz-A!ll: 

Jlf:rm'f-{ffil DNA ff] Covaris™Jriw{x..Jriw_f_ 200bp :k_,J,{i{J)t.,sk, iR.:J-% illumina®/A'"~ 

HiSeq2000™ )1Jli];f1x.01 .. t.AJG~,,-j<.i!-1i"~).f, :Z).fi!;ft All in One ;t:)t irnit, J!-#-.tJ1tJt 

NimbleGen SeqCap EZ ;t: rt ;Jrn R ~ ).f iJt S}J ~ 

(http://www.nimblegen.com/products/seqcap/ez/index.html of ~'k.lf5l)o All in One ;t: Jt Jc.§) .i.i~t-it 

01 ~ tt-B..t.s1\Arnit;t: Jt , * ~ # B..t~ tzAt-±Pr .N.-t B..+~. 1M 01 sNP 1±,k B..t~iP MHc A~ B., 

;t:Jt irnitJ§-01:Z}-ff§. Agilent®Bioanalyzer 2100 :fP Q-PCR ~)ii!;ft;'pUk, ½1~01:Z}-f~lH~i! 

fr illumina® HiSeq20001
'M 59]1J;f1x.5911J;f' 5911];f Jir_lll&-7,J Pair End 90 index ( flp xx.roJ 90bp index 

5J11J ;f ) , 5J11J ;f iiCt_7J ~ # lR .t~ 01 30-50X, $,- 'f 1x.. g& ov 4'--4ttit.I. ll-tf1t ~ )i :ff~-it ,ml illumina@ 

-tJ1t-fM- ( of ll1 http://www.illumina.com/support/documentation.ilmn $1._lpl ), 

.::.., 5J11J;fzlfU%¾1Jr: 

1) x.~,£.~ fil DNA, --f¥ DNA ( ~tz.-i.iE.1-t~) 5Jl~;fzlfU%¾1it~¾~: 

a) :i±5,m.:J--f-1l,$-_l-1.&.:fP{4:tdt * 01 ;f §1] 

b) 1t!f] Burrows-Wheeler Aligner (BWA, http://bio-bwa.sourceforge.net/)~-f~-'m i 015J11];f 

;f11J J;rixt ,tf.A.-!:4'--~,£.~ fil ( Hg 19, NCBI release GRCh37), -ff- ff] SAMtools -¼f.t;--;J-'f 

PCR ~ j_ .tt Jf 01 ;f §1] o 

c) 1t!f] Genome Analysis Toolkit (GATK, http://www.broadinstitute.org/gatk/);j:_z:;,-fiJftX.l-.-'m 

i 111. ** 4-t if.1faX.l-.ti-it-illitJ td±iP.tk: tk. ~ Jt 01 ~5J11J, 

2) iR.:J-% 8 /i'-JlI:JJf:,if, fa1 Jlt?.5911JJf·zlft.:J-%7}1Jr, ¾J5U i¼ tl: ./i'-,lI:Jlf:r tm Jlt?.l-. ~ fil:fJJj{,1t 01 l-. ~ ~ 1t ,& , 

~~•+MMii1~~A~tt:i!#~OO. 
3)~;t.8/i'-MM$~~~-+#~MM,~&#~MM~~A~tt:i!#~OO~x.#ii1A~ 
~, xtx.#otif-1¾#-~i!it:tJJ*Mt, 

4) 11 JJ/J F-tl½ 1~fl-:k.:tl~, ¾J51J1Rt%Jt~ 7 /i'-rJI;JJ€;ot}!-~ ~ ~1tJ-#--fiftJ;t_x. #ovif-1¾#-~ 0 

5) 11 JJ/J F.t.!½ ~ ;r4-:k.:tl~, tRt%x. # if-1¾#-~, ~ ~10-1t5J11JrJr;JJ€, ov if#-~ o 

6) -1t5Jllj}ll:Jl€,:i! 1t ~ -}f-1& ,& 01 fiJTI A,_ 0 

i,), 22 -t* l#-7,7111]' 4'--,ai--f 1)(_,£.~ ¾~ tt *' xt :.ft5J11j}ll:J]€;07,£.~ ¾~ ,1VftJ•r1.tit it-:k11r: 

*~(# x X.) ,t,1±J,z}ft SNP Calli¥ ;,'(i.iftJif,.(*%) /1V~if,.(rl%) 

rt◊x*¼ 

*¼xrt½ 

*¼x*¼ 

2183 

2156 

1154 

7) B -J:t~---:fP HLA ~]1]J1Jlli1T 

97.16% 

93.18% 

82.32% 

96.68% 

98.95% 

99.31% 

99.63% 

100% 

97.59% 

a) i!:i±x.#if.#-~, A:rJJ~~ 11½5J11J)ll:})€;§mJJt?.,r±. rs7480526 J:.01$#-~, fffe-5J1 1J$,-

7,7 B -.tt-pt UH1.o 
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b) , 

,V•r -1$11 40/fil 177 HLA MA_?,-; a AI 0 

4Mg- _k_ YJ 4 HLA 3 _111 - 4-t-J-1-A € J-K=N3 gfi

HLA M AAAI- ALOitilyi6‘, X.3 )A )L U-K. 

-1-21EtsfcA ,4. 

k ph1 OA ;OLA,f;V2H.11,13 -MAI A4A,V--,-itt, A --T-A -fA;t 

AA.Vi-, tI4A-3'-gc4SL A -T- 4-f4A,234., r=1 -fA;t S 4A-

OCR. 

*-f OA- EJ 1111,51.1 441t 4AAVL 4P-4A-

4 A- -aTJ;), ill/ t4,24k-A t 7t k 0 *41'1, 

Xnfi 41,449.41A-*J;L44-t-,T-*Pl4b* 
nfi 4'4 , C j y j " 07:A/W " ')c:' A/KJ " " 

l§,j" n--,,f§,J". T5,1" 4=-4 t g - Q i ,T§q /(§,1 =7,L --11-474+4_E. 

414. f71-4+A -A-4,1. of] A AM -14 , 

,-1 ,-t ,14__A_It* —,t44 v-k4Q FA 0--c' AO] J5'L -5-715I1 o fit, 44; izL 41- 4+4,E, it #4+A 

—11 A; 0-c 
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b) :li&:i.±$.--}f 5!-, tt ¾Jt¾:t- av it 1tt&)nu tt *, of ! 1l ,tJc-i.u:.:t-:ifi:i MJJ&i ,,tf. MHc !Rav 

if ,ft~¾_ :fr - ft, J-A ifii .j'1] Wr-#.i1i'Hv HLA ~ J51J ¾_ :fr ~ ffic.. 

;j:R{J,Lt.i£J]±J]§av B -J:-tlz.~"'"£.l!J~:ifi:i HLA ~~§t*, J-Aifii:®-J:tJl..J~avMJJ&,, flp B -.1-tlz.ytFJl 

•t1.:ifi:i HLA ~ J51J E; Jt¾% ~ ffic.av }]±J]&,, .111A-t14'-,,zj:; !_$ :ifi:itiA -f 'g' J-Aifii )rt Ji.,~~ JL av*~· 

.r..~~ftH1. 

,t.£ aJJ av J}TI ,tMJJ&i£- l!l jn t fYi,t lR 1A.iA}!.1t ,t-av -}f 5!-, m -t J;jTI ,tMJJ&i £. l!l jn t.f=' fYi;t_ lR 

J:A,iA£.1t ,t- av ,r,. tit v:V~.:it J!:-;J:JG of *1t~, ~M}* ~kJ:-tlz.S !fl -txt MJJ&i £. l!l jJi lf fYi;t_ lR .tA, av ;it 

@i;f f 1J * fr~ttr" 

~f4'-£~svJ!-1f.*~7f~~~ff~4~sv~i£, 4'-~~~~A~*½~~-~-~ 

~~~svM*~~, of~~~~~~*tt~#•~~•~,~~~~~,,tf.4'-£~sv*~~ 
~ .:t. fl O $.-£ 1:1}] av¼-#~~~ ii7 f)f F1Hx.:f1]~✓t<-llJ't1£1,f ~ ~ 4hf¼ ti:: 0 

,,tf.$.-iJtaJJ-¾ aviliiizt t, ~~ ~* "-1--*i€,1§1J", "-~ *~1§1J", "iF;t,t±*i€,1§1J", "iF 

1§1J", "J!-1f.iF1§1J", A "-~,F1§1J" ~avilii1zt;t-t~ft¾ii*~1§1JAiF1§1Ji/ii1ztavJ!-1f.4t1£, ft 

~, ##A:t-#A~¼-t4'-£~sv£~-1--*i€,~AiF~lf.,,tf.4'-~~-¾t.f=', ~~i!_~-i½ 
av ,F ;t •t± ;f_i!_~ - ;t_ J~ av ~;;/{J ~ av * i€, 1§1J A ,F 1§1J . mJJL ilii i£ av J!-1f.4t 1£, tt ifiJ , tt;ft A 

* 44= A of v:A ~ 1£1,f av-1--A j 1--* i€,1§1] A iF151J lf VA ¾i! av 7f ;\.ft¾ 0 

Pg. 1111



(C.0 = 121 g D ?)‘ { 1E} = -2‘ c-K 

nit* E14 [ff ff,,-, 1-, to -V31/-* 03-444 IN 'TT 

Y9' Tf-c7qT411_',/ WY), r,4 q4 Liak 

3-kwf 

-f,c7WTY):/, ftli, le_ 4- Var#1t- tio 3-I,. 44 6 T 

Titl-tFX ,91I5tql cK*-E!- -1/4 4- -g'ar*It- 01-K4 s '6 

° vrirl-rry Y.4 -tr-X 

td Tt-63F zir4- kd 4-i73T FA/ Trr--11 `4- -V/ar(*I. 32T -1/4 T 'S 

-17,q [14 4- -V/Z*1- 032T44 9 ').VS *4--fir4-** 'L 

**0 1- -1/4:1;" VT-i0 44-aT ,9tI143144 4-
-V Y.4 t i;ft 11 Td Yzi4 n -4-k-,0477V-iff ii0,4_, WI/ 

171 -11( 4- V/•Zr*If- OTT,. 44 I V--*(*"4-** '9 

* -4+3-“iYWifat fi34 

WO -4 vT\la t'd -47?,1014 tiq 44 I *4-ctro-wm s 

err,*4 17S t-OLIOON `11O1O.1dMIALTOI 110I-SOTOOTOUIpOI 0TTI 'GI -MS -THY 'baslg/exaToS-IupEnhII 

[if r+ L-V 1 Puy' :iq -V ad; T -rctr4** ‘17 

tip -k-P 4 

*.F7'M-Y{Y vi\la 1117-9V TY32144 `4-Vary ti- z *4 -c,Yrt->J* 

° ,11- ;5,yTtoi, -5'4134. 41 It t-10 

TY-1111'W VTL -4 VI\la a bTf-9tM 32144 VariC-Wt T r e sz 

° Tq -"V Tral Tifc 

* tr-x 4-Tf Et4 c-K y Tit 1:1V-qf ,9V 5Y :4-7144 Y4 T,fiwfyLatez gph 
tTifik * -tr-X Tn_Af - ,51ITY 1-7014 

t7t-i1117,94 

VizZk 4,:4+111A,9tITY*Tilar-lie 'V rtl'_o id, -4 vi\Ia I=11-TVI q/ TY 4-V 
tV-W 

4-17IF 9f.IT[fi( I id, -4 V1\10 Trq 

ViV*tt LAI st-'1,1-*AtYf 4I -ET 171 ITENTV--.1_,/ w4-

6 I-
SLE£LotcrozNatiad LSL£SI/tIOZ OM 
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L -# k~ tJJI)J@ £. flHil 1f fyf t !R J:Aij,£_ 1t ,[, 67 7i 51, Jt-44' 1.£-i±-f-, ~Jt T §rj -!fr~: 

R 1-if rJI: JJ@ fu1 JJE&-. l!l ti!. DNA ;tf t---61 ~911J Jf tt *, YA ~.}JI: JJ@ it 1t 1m .:Jc+#-£_ i!J till'+ t,.. 6159111 Jf 
~±" 1Il. • 
....-o7J'-..-, 

JJt. -t rJI:JJ@tmJJe,lttl!J ti!. DNA H-t---61~y11J;f tt *' :ttJ ~rJri!_r1I:JJ@61 :rt 1t ~ 00, YA1~kffi trJI:JJ@ 

:fl] :ii~ 1tt l!l -fil ; 
Af-Mi!_r1I:Mi!#~#c+#-Al!ltt#t-.~~Jf~*'~~m.;Mx.~~~~#--fil; ~a 
iRtl! F.t-1½ ;t ti]'" AAl-fil, Y/, r!j-i!_r]I;}Jf;;f-JJ:!i@ £-l!l-fil 1t 7'J )(Jtm:Jf yrj , A f-p}Ti!_r]I:}Jf; x. ~61 ~ 

1%#--fil , iffi ~m.; JJf; A l!J ti!. 1f f~ ~ lR J~ 61 iA~ 1t ,to 

2, tRtl!{xA1J~.,-J<_ 1 M ~ 61 ::ii )k, Jt.4t 1.£-i±-f-, r!j-i!_rJI:JJf; ~ l!l ii!. DNA ;J:-f t,..}lJ-J-.,fttl rJI: 

JJf; tm JJER 1l 61 , * 1f , Mi!_ 1tt l m.; JJf; tm JJt~ ~ -t yp ~J,j<-, :{tm.;A. ~+~-qp o 

3, tRt%{J..:f1J~.,-J<_ 2 Hri!_ 617i )k, Jt-44= 1.£-i±-f-, r!j-i!_r]I:}Jf; £-l!l ti!. DNA ;J:-f t,..}lJ-J-.))3;JJf;~ 

tmJJER1l61 o 

4 , tR t!! tx i1l ~ * 1 rJr i~ 61 ::ii 5i , * it 1.£ ,?t -t , rJr i~ 5911J ;f ~ * Jl ;f 1J Jfl ~ ~ 

Illumina-Solexa/Hiseq, ABI-SOLiD, Life Technologies-Ion Torrent/Proton, Roche-454 :f>1~::$} 

-f 5911]/f :!it it 61 £ ;Y -# gtJ!J-61 o 

5,~-~~~*lffli!_~::ii*, Jt#~-i±-T, ~tl*rJI:Mful~Ai!lttDNA#~~~ 

lf~*.tj ~::f ;f f1]mAtJ:rst, ~~r!j-i!_r1I:JJ@61it1t~ ~ o 

6,~-~~~*1ffli!_~::ii*, Jt#~,?t-t, ~tl*ffli!_MMi!#~#c/i"-#-£-~tt# 

t,..615911J;f §t *1§ ~::f ff f1J .Ht 1tJ:r.1t, k~ trJri!_JJI:JJ@i! 1t1m .:Jc /i"-#-61 £_1!J-fil; YA a 

A -t rJri!_fJI:JJt, it 1t1m * /i"-#-61 A l!l-fil, kffi ~}Jri!_fJI:JJt, x. ~61 ~1¾#---fil 0 

7,~-~~~*5A.6ffli!_~::ii*, Jt#~,?t-t, ffli!_~:;f;f~hA~~::fAl!ltto 

s, tRtl!{J..f
1
J~.,-J<. 1 rJri!_61 ::ii 51, Jtit iL,?t -t, rJri!_rJI:JJf; it 1t1m * t-#-~Jt rJri!_rJI:JJf; 61 

X. ~ YA a?t iiE;;f o 

9, tRt!!tx:f1l~* s r!j-i!_ 61 ::ii )1, Jtit iL,?t f-, rJri!_5t iiE;;f 7'J rfj-i!_JJr;JJf; x. ~61 Jt-1~-f-:k-o 

10, tRtl!tx:f1l~* 9 rJri!_61 ::ii5l, Jtit iL,?t -t, tRtl! F-t-1½ ;t oJ'" A.tl-fil, k~ ~JJ;i;JJf;£1!J 

iii. itf~t!RJ:~61iA~1t .t-.Ht--lfr ~Ji: 

:tti ~ :r-11:!i~ ~k .0 if!t¥¾ ~ efiJ _;_ . F.~ ~~k ,0 4¼f:H1 if!t¥ia f-+ YA a_xJt ~Jf frJif!t¥ia f-+; 

~Jfl~#~$*~~A**.0*~~•~~~, ~~~~rJI:MAl!lttitffi~lR~~~ 
£1t,[,o 

lL tR-tl!txi1J~.,f_ 10 rfr1~61 ::ii5i, Jtit ,f.£,?t f-, fo!j-i!_F,t l½ ;t-q-A.tl-fil *ff] T §1] ~4t: 

:flJ:Ji~~k.0if!t¥~7$'h 1r = { 1r;},(i ES,tr; = 0.5), 
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li ~Y5ir.  )3 A = }'(i'j ES)  417 , 

1-Nr/Np i=j 

Nr/Np i#j 

Np hi 04,, --f-4A- Nr 7 J AO, '(i ei 20-40, 

4 4r1 B= {bi(k)},(iES,kev) 
 4 t 

#sites(L> 0, Must-horn.) 
bi (0) — 

#sites(L> 0, Must-het. or Must-hom.) (1)=1—b1(0) ,bi    

#sites (L>0,Must-hom.) :t A q, ii 4R , #sites (L>0,Must-hom. or 

Must-het))) -TA 4gcR vJ.A:TA—A:A -!IL-s- - 4t q 1T1 ; ,;?1,

at( j) = max [gt -1(i) • aid • bi (K) te{1...N1 

tY.(j)=argmax8Y_1(i).a;1
67 4' 4t.h 

q,* = arg max 8 (q,) 

04* qv Ls

t E {1...N}

CJ #I if*:, fi r=, ,0 ik -a7 g  7 a -fR t a A t>,- t+1(q*t +1) 

(
t =1,2,3,...,N —1

). 

12, V(449.4,A --* 1 ffrit , 44 ,11 A -T- , 4 - t4 -6-: ffri,t -T-Ait Ah 

AA* ;r  o 

13. tMA44,1A-* 12 ffrii , 44VJEA -T- )i M taft; 4,5

'It 4,2 STR —4t o 

14. ti_5 0 g O_„ 44+;(,EA_I- , 

DI hi DNA 

473i.Q hi DNA 44-7c, 
591,J) - ffr i?1 5911 t- -T--4-tff_ ffr Jit--4133t-tri_4Q 

4 , Y3J4 Af-314-4- 4o lNiI7c 9-11 yv ; 

041_4 hi DNA 44- 7?7gii4g*, A tffr A•L A4. 411 it* -1-  1J4 

4yi. 11:1f,11; 

W14-1:1-4-4vi II- hiff- 17 1,14.4t , /1:14y16-

*mg , ffritF4p16-. ift g_1, 4 

*-4,447c , Z.JJ,1 I:1 + -MAI a A Y7 4A4. 

15. 14 ffrit t4 DNA , ffr 

it DNA 44-. ,1-; ti it -T-- VO-4 },Affr 
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Nr. Np ¾]1J;fl,i;-$}J1!_~fll#ti11ifti-it-ifilip ~•I1.1±,,t{t, Nr 7-J ~ P.t#t, JT;z1ii.~~ 20-40, 

;ii t< ff 51J t11t t- ie. r+ ;}-J B={b;(k)},(iES,kEV) , * rt , 

b.( ) = #sites(L > O,Must-hom.) 
'O #sites(L>O,Must-het.orMust-hom.) b.(1)=1-b.(O) 

, I l , 

#sites (L>0,Must-hom.) 7-J -f-1\- ;t 7-J it¼ 81 {i ,,}, 81 #t ~ , #sites (L>0,Must-hom. or 

Must-het.);}-J-f-1\-;t;}-J iti'--811±,,t 814t ~ i,),,R-f-1\-;t;}-J *i'--811±,~, 814t ~ 81 ,&:ij:11; 

_ 51(}) = max [ 51 -1(i) · a,j] ·bj(K) 
$)-i#~ilit.:f.;}-J tE{l...N} 

'I'; (J) = arg max 51_1 (i) • a;· 
ii \ti] -tlHt 7-J J t E {1.. .N} 

qN * = argmaX(),v ( CJ,v) 
:i&1/3;f1°JRt{q}(~7-J qvecS ' 

(t =l,2,3, ... ,N -1), 

12, :trlti-tx..i1l*5f<. 1 foJri-l817i ~!-, Jt-44' 1£-ff- -t, iJi-ffe ~At: foJri-l f.m;t lR J~;}-J ~#-!14 

-tf-:i!1t i ~•r1.811±.,,L 

13, :trttm:fx..i1J~JJ<. 12 r1r.i£ 817i ~!-, Jt-4+ 1£-tf- -t, rJr .i£:i! 1-t i ~•r1.;}-J .i11 m Jfi-ti-ii=-ifiltJ ~ 
1f'f.:fP STR 81 _f_j' -ft 0 

14, -# HJ -t k~ ;l}lf Jjf, £. i!l fll 'f fq;t lR J:t,i;j,£.1t ,t 81 ,~d,if,, Jt-44' 1£-ff--t, ~At: 

5t4;ictJ }t~JL rfr .1£5(_ 4-;ictJ }t~j[ :it -t 4t xt Jlf J]§ £ i!l ill DNA t+ $.. vA ,RJlf Jjf, :it 1-½ ;J:m * 1'­
if. 81 £ i!J tll DNA :f-f-$.. , ¾ ] 1J ;Jct} }t ;;911] ;f 5tJ4- ; 

~ff~I, Hr.i£~ff~I~Hr.i£5t4~Jt~I~~' *A:i!-t~Hr.i£~ff5t4:izlfr~ 

ff, vA 1t...R11'rlf Jl§ vA -Rrlf JJ§~ 1-½;J:t:i * /i"-1vf.81~1Jl1Jff tt *; vA-R 

¾#~1[, Hr.i£¾#~1[~fofr.i£~ff~j[~~' *A:i!-t: 

£ -t rlfJJ§£i!J fll DNA tf %81~1Jl1Jff tt *· ;JctJ;irJr.i£rlfJJ§81:i!#Jf--OO, vA1t...kfiTI;lrlfJJ§ 

:tJJ-±b£i!l ~; 

£ -t rJr.i£rlfJJ§:i! 1-½;J:m * /i"-1f.£i!l flltf t--81 ~1Jl1Jff tt *, kfTI ;trlf JJ§ x..-tij:-81 if.1%1:f.~; i,:J. 

,R 

tRti-ftJ½ tor lzAJt~, i,:J. r!r.i£rlf JJ§~JJ-±~£i!1 ~ 11 ;}-J ;Jt~Jf f 1J, £-t Hr.i£rlfJJ§ x..-tij:-81 

if 1%1vf. ~ ' k,% ;lrlf Jjf, £ i!l fll rt fl ;t lR J:t 81 J»\£ 1t ,t- 0 

15, :trlti-tx..i1l*5f<. 14 r}T.1£81 ,f. i,it, $-44'1£.{±--t, :izl--Jfr e,;ft DNA t-f $..1J"-r% ~j[, r}T 

:i~ DNA t-f ,$..¾ r% ~j[jf -t !,J-..rlf Jlf, :ill fr,'f,i~JT;zt-f, R ,ff ,{ti½ rlf Jlf, fa1 JJe., J-J-..r}Ti,l ,{ti½ rlf Jlf, iro JJt 
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Afir)l-UA4'.1,121.ii DNA 44-x, 4 ffrizrqatJ-7=J14 --T- hgAs 44AOF 
16 4r( 49. ill -R- 14 ffr 0_, , 4+ 4,E. --T- , ffr it 5 ,J4-- )) it 0 

Illumina-Solexa/Hiseq. ABI-SOLID. Life Technologies-Ion Torrent/Proton. Roche-454 

17. V,UA4,1-R-* 14 h R.:.A„ 4 -T-
-' ffr it%1 ;I;f-tVo -T-=1 ,1-ffr )i11 , 

DNA 4-f- 9-114-. t, 4 , Atffr AIfif3e1it 

ft-14; 

4 1,14-#, ,§Ct ffrit 

--T- M itWg it/14.4o SLJ , §Ltg W1,1. -4-0--f-4,4-, 

18. 14 gito -Mt /ILA -T- fMg tg kAJ_T2 7AI}M6.1_ 
AY-10012ft 

443.t471.4th,1k. 04g1-L”Ei*I7

II t% jrf- rd-  4f- ,Q ;41ik'4)L4-1.1 , R_ hit -TA tgi,k0,6A 

19. tr,N*.ii1A-5g 18 ffrit6-] _INVJEA -T-, ffr 

471.44§,=1}0,4R4 * 7z- = ' = 0.5),

F,S.,AA):4,44-0 ixiti A= {au Mi' j  ES) , ,1', 

= 
1-Nr/Np i=j 

Nr/Np i#j 

Nr. Np _#--if7-$A•51-Vd-tit4v-f#-Itr Aft; Nr l PA Sc, 4tILL,-_, q 20-40, 

.)) B ={bi (k)},(i ES,k eV) , 4 

# sites (L > 0, Must-horn.) 
bi (0) — 

# sites(L > 0 ,Mu st-het. or Must-hom.) b;(1)=1—b1(0) , 

#sites (L>0,Must-hom.) - x Q 4ff- R , #sites (L>0,Must-hom. or 

Must-het.))) — Y-) ORR i).A._--T-/K—Al 4-A 0 -tit R 01;?1, ; 

gt(j) = max [8, -1(i) • ad•bi(K) t {1...N}Alliqa,407 

Ti (j)= arg max 5,, (i)•aii

thr* = arg max c5sN (q, ) 
it 93 4 3: •=lk eS 

t E 11...N1

qt* = P tii(q*t +1) 
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~~MMA~mDNA#~. *lf• ffl~-lMM~~~mr~~*- tMA~~~-

16 . tfdM- {x_ f-1] -:l- ,,-j<. 14 ff ii_ st .% iJt , * 4t 1.i1 --f±. r , fofr ~ )ljllj ;f ~ I :h J1 m 
Illumina-Solexa/Hiseq. ABI-SOLiD. Life Technologies-Ion Torrent/Proton. Roche-454 :fPif.1t 

-t ~J11J ff ~1[ st .f-:Y-#. 

17. tRtffi{J.;f1]-:l-;f<. 14 rfr~s1 .¥dft, *4ti.iE--f±. r, .Hi--&" e?.i.ttJ:r.xt~JL r!j-:ii_J;r.xt~JL 

~ rfr~~J11Jff ~l'..:i'm:i!, m r ~.+rJr~)Y11Jff tt *~~~ff 71J .Hi-fnr.xt, }:/41~: 

i!i± ~4 M JJf; fa1 JJtl!- ~ tll DNA tl ~ €11 )J11Jff tt *~~~ff 71] .Hi fr J:t.xt, {ti ~rfj-if_JJa;JJf; €11 :it 

1t~i!l; 

i!i±~.+rfr~JJ;i;JJf;:i! 1t:i'm *+#-A~ f11t+~s1 ~J11Jff tt *~~~ff 71J .Hi HJ:r.xt, ,pin ;trfrii_ 

MJJf;:i!1t:i'm :k/i'-#-01,£,~~; }:/4&, 

,£,rffl~MM:i!#~:k/i'-#-~,£,~~. ~;tM~MM~~~if.~#-~. 

18. tRtffi{J..t 1J-:l- ✓f. 14 ffl:ii_s1 .% ift, *tt i.iE--f±. r, tRtffi f.tlb ~of A.il~, ,p/B ;tMJJf;,£,~ 

ill lf i:vt 1( lR .tAJti;,\A1t ,t-.Hi--ffe e?.i.tt: 

;it)~ ;fJJ:k@ ~k ~if!t-¥¾ ~ 1fiJ -,t. f.t ~~k ~ 4¼fj 01 if!t,¥}.§. f4-}:/41l.x,Dl,~ff 71] if!t,¥+.r. f+; 

~Jf]~#~~*~;t_•*~~*~~•~-a, ~~~;tMMA~mtffi;t!R~~~ 

A1t,t-. 

19. tRtffi{x..:f1J-:l-Jf<. 1s rfr:ii_s1 .% ift, *4t1.i1--f±. r, rfr~~~,J½ ~of A.il~ .4Utl r 71J ~it: 

;f7J:k@~k,'6if!t¥ 77"~ :h ;r = { ;r;}, ( i Es, lZ"; = 0.5), 

{
l-Nr/Np 1=.7 

f.t~~k~4¼f:H1if!t¥+.r.f+:h A= { a;; },(i,j ES)' * lf' aiJ = Nr I Np i * j 
Nr. Np ¾]1J.,!z~$}l~~fll4fbl'11if.1iz-tt-illiif ~-r±1±JAL Nr :h m f'A4tt, JTx.11i.~~ 20-40, 

.x,Dl, ~ ;f 71] if!t ,¥ +.E. f+ j; B={b;(k)},(iES,kEV), * lf, 

b ( ) = #sites(L > O,Must-hom.) 
'O #sites(L>O,Must-het.orMust-hom.), h;(l)=l-b;(O), 

#sites (L>O,Must-hom.) :h -f 1\- ;t :h it¼ €111± .#. €114ft ~ , #sites (L>O,Must-hom. or 

Must-het.):h-f1\-;t:h it¼s11±,#, 014ft ~ }:/41l-f 1\-;t:h *¼€it1±,#, 014ft ~ 01 ,&:if11; 

_ 51(j) = max [ 51 -1(i) • a,j] ·b/K) 
k~Gif!t-¥ :h t E {l .•• N} 

'I'; (J) = arg max 51_1 (i) • a,j 
iiifiJ-tlHt:h t E {1...N} 

qN* = argmaxo,v ( qN) 
i!v31l•j{L~k~:h q""

5 
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=1,2, 3, ." N -1 

20. - 4t-11-1114/1 - -1, W014-1- ffritit117-4A, TTik- ffr-

4A4--i- J; 

--NL n . .t1 DNA 44- 0 91,.1 44 V4 pi6.'  it** , ;ZIA1 fl,23 4,146 

121 11 ; 

gr. iz_144 1-1A4-4Q lNifiq_t .11,f21- 9114, :tif4 A4- 5 -E- ; 

ff, fglit s, 9-k4gf,11, ffr itF4A6-4;146.4,t 4 f,1 /ft h 

f4P16-4.,t 4 hi 12 AVi t 

21, 4r, f4-4M1*--* 20 ffri?._1 0-it , --T- , 11 iJA-A/1  i-rtik7 4_ 4 ±11 DNA 

4-Y-)- 1V7 5•I'l* 4 , 3Vir 

22. #049.41*--* 20 hit€r`I , 44VJEA , 

.4,t 4 h-144- %g14 t , i ffr a 

ffritf4Mitfi40 4 -f_111 , ;VA- 01-44- 

011LI?2; 

23. tMA-4k41A-* 20 ffrAL0 4-4/t, fff, 44+ fir , 4Mg -aTk44f,1 , r ,1'14 

A4g- hi trN%t'E gc0Atzr-j-T;Alt---, : 

t44*,§ A -, 4,4k 4,, - X04  g,-*-E 

41 t 4+ ft, 1447- X'  K'-=lk -)f- 1=7 ff-L4-11, ft A- 4.fry3 g. hitt, -fAz g -c

,kft; 

24. ff(tAAiii-k* 23 fff- i?_1 , 44+1,1A- PJ !it `,g 7k4411 1f1 T 44k: 

1k4“4-44 4FA,-

Tr = {.7"Ci } ,(i E S, 7-1-i =0.5) , 

A = {au },(i,j ES) 4 ,12,

1-NrINp i=j 

Nr/Np 

Nr. Np hi4t4P-T-4A- Nr )9 61 PA4t, 5ix(ft_:;v_,[42) 20-40, 

, 4R, -ter`- 4E B={bi (k)},(i ES,k EV) 

#sites(L> 0, Must-horn.) 
bi(0)— 

#sites(L> 0, Must-het. or Must-horn.)  b,(1)=1—b,(0) 

#sites (L>0,Must-hom.) — h 4->- tit #sites (L>0,Must-horn. or 

Must-het. ),)j &-f-A, h 4-gc N ; 

j)= max [gt -1(i) • aid-bi(K) 
ig14igg1-41-h te {1...N} 

4th
i(j) = 

qN 

934-47-AA-,=lk dY) 

arg max 8,-, (i) • ctii

= arg max (51,(q,) 
q, ES 

t G ...N} 
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(t =1,2,3, ... ,N -1), 

20, -#it .n.tJL or* Jt-m, Jt.4t 1.i1:1±--t, ftil it .n.tJL or* Jt-m -1..,rj-1itt" it¥4'--, ft ii it¥ 
4'--i! -t::rlt91:J£~.tJvftv:Mit: 

£. -t JJ± JJf; fa) JJt£. l!l fll DNA if~ {)7 )lj]lj ;fit * , ;j;q }t_JJ± JJf; {iry :it 1t -f- 00 , f,Z 1it kfu %_}]± JJf; :tJJ :ii& 

£.1!1~; 

£-tMil¥M:i!#~*+#-£.l!ltt#~~~Jf~*' ~%_¥M£~~~%#-~; ~7:l 

~-~~toTA~~, ~Mil¥M~¾l..i!l~~JJ~~;f~,£.-tMil¥M£~~~ 

1%#-~ ' k/fJ %_$ JJf; £.1!1 fll o/ f_q %_ lR ;I:~ {)7 k»~£.1t ,i 0 

2L ~{ltR,tx.11]*.rj( 20 ffj-ilii1it ~tJL1\--m, Jt.4;y,f.u:,,r±.-f, i!i±~.tfJE;J]f;ilf7JJt?.£.i!l fll DNA 

if~il1~1j11J;f it *l:j ~::f ;f f 1J i!HH::.xt, ;j;fv~ffrilJJ±JJf;il1:i!1t-f-OO" 

22, irltR,tx..J1l** 20 f!rilil1it 1}-{JL1\--m, Jt.4t 1.u:,1±- -t, i®-i±~.tf ffj-if.¥JJf;:i! 1t,+m * +#-. 

£. l!l fllif ,$..ilry ~lj]ij;f it *l:j ~::f ;f f 1J jjl,f-f J;l:.Jt' k/fJ %_f!j-il$Jlf;il 1t;tm * +#-~ £_ l!l ~; vA 7:l 

£.-tMil¥Ma#~*+1t-~£.l!l~, ~%_Mil¥M£~~~%#-~o 

23, trttn,tx..111~.tz 20 fJrilii1it .n.tJL¼m, Jt.4t1.i1:1±- -t, trttn, F-t~ tor Ail~, k/fJ%_¥ 

JJf; £.1!1 fll o/ f_q ,t lR J.,,\ ilry ;;)x.£_ 1t ,ti! --Jfr ~U,: 

~~~¾*~•·¾~~i, ~-*~#~~-•*~~7:l~~;f~••*~; 

~m~#~.n.*~%_•~*~*~~•~~&, ~~~%_¥M£.~ttf~,t!R~~~ 
£.1t,t,o 

M,~-~~*.tznMil~~*' Jt.#~1±-T, Mil~~tork~~*mT~~~: 

:tJJ:il{;~k~ir.t·¾~ jJ n- = { n-;} ,(i ES,Jr; = 0.5), 

{
l-Nr/ Np 

F.t~~k~*t5l':H1ir.t•}.§.ff jJ A= { aii },(i,j ES), * o/, aiJ = Nr I Np 

l=j 

i ::J:- j 

Nr, Np 1}JJ1JAz_,r-$jj~~flllt;;f-P~{~-itilliflj ~•r1.1-i.~At, Nr 7-J §) 1'~4:t, JT5l11i.~~ 20-40, 

,xJt .~ ;f :91J ir.t • q;§. ff 7) B={b;(k)},(i ES,k EV) , * o/ ' 

b.( ) = #sites(L > 0,Must-hom.) 
' O # sites(L > 0,Must-het. or Must-horn.), b; (1) = 1-b;(0), 

#sites (L>0,Must-hom.) 7-J -f 1\- %_ ;tJ tt f;- ii11J. A il14ft §I , #sites (L>0,Must-hom. or 

Must-het.)JJ-f1\-%_j; it¾il11-t,it il1lt §I i,:,ZJl-f1\-%_j; ~¾il11i,it il1lt §I il1 ,&;;f-11; 

_ 51 (J) = max [ 5, - 1 ( i) · aij] • bj ( K) 
$J~Gir.t1i ;t) t E {l ... N} 

'¥; (J) = arg max 81_ 1 (i) • a; 

i9£~{i54tJJ 1 
t E {l...N} 

qN* = argmax~v ( qN) 
i!v::11-if1fk.J}~k~JJ q,;ES , 
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qt -41 t±t (q*,- { 

( t =1,2,3,...,N -1)0

25. 20 , 44+4,EA , qi7L-vitalkA 
4 ,14_04A,,,,

26. V<4 44'1  25 ffrit0 -44-4/L7T-itx- 1, 440EA qizLitz*; it,
4A---TEM; STR 5L —ft o 

WO 2014/153757 PCT/CN2013/073375 
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(t =1,2,3, ... ,N-1)
0 

25 , t~tffi {x.11] ~ .rj-Z 20 flr:Q Mi it Jf.{JL of i~ 1\'-m , Jt tt ,f.i1:,/f. -t , fi!j- :Q fJll X. !R J~;tJ e., iP 4 ,ff. 
:it1-½ !, 0,11.i1i~1±,,L 

26, t~tffi{x.3¥1]~.rj-Z 25 Hr:QMJit Jf.tJL of ~Jr-~, Jt.tti.i1:,/f.-t, Hr:Q:i!# !, iG: 1r1.;,!J~ ~ if. 
ti-tt-~!, i61f:f.7fP STR i1J~_f_j'-# 0 

Pg. 1116



WO 2014/153757 PCT/CN2013/073375 

1/1 

7 

X4*14c--

r / 
/ 

/ l'L II 6. iv 11841- V g-- / / 
I Mj 'sill 4-4-gA / 

4133-V4464k Mk+ 17.27>(.4#04a. 

zfh tRiR-4k *La %A_EFI4X4-%1_ 

II 

1000 

100 1200 

441,,73t 5)114 ti 

300 

kL, ,t-g A 

11 2 

400 

4-41-tc. 

WO 2014/153757 

1/1 

ti/tr-A ,~ 

¥~~;/<JJili;~k~tr,vf..1r-~i1,7-j_-, YA 7:UHMf!t 
44Er-$-; ,tti :Jt,Jt~ ff §1] irt$-}.e. r4-

---------------------------------
, ____ 

00 1 

1000 

100 200 

;Z)4f{;JJ{ 
~j11J;f~j[ 

;la= 1[ 
~-<-

00 2 

300 

!,t:'.,)(f~J'._ 

PCT/CN2013/073375 

400 
( 

I 

I 
I 

I 
I 

~fJf~_J_ 

Pg. 1117



INTERNATIONAL SEARCH REPORT 
International application No. 

PCT/CN2013/073375 

A. CLASSIFICATION OF SUBJECT MATTER 

C12Q 1/68 (2006.01) i 
According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

IPC: C12Q 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 

CNPAT, WPI, EPODOC, CNKI, PubMed, GOOGLE, NCBI: hidden markov model, HMM, Viterbi algorithm, library, sequencing, 

hidden, embryo, creat 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 

Y 

Y 

A 

YU, Weidong et al. Construction of cDNA Library from Rabbit Single Preimplantation Cloned 
Embryos. Chinese Journal of Biochemistry and Molecular Biology, April 2004, vol. 20, no. 2, 
pages 162-165, page 163, right columns 1.2.3 and 1.2.4 

CN 102317473 A (PACIFIC BIOSCIENCES CALIFORNIA) 11 January 2012 (11.01.2012) see 
claims 1 and 2, description, paragraphs [0161]401661 

CN 102127818 A (ZHANG, Kang) 20 July 2011 (20.07.2011) see the whole document 

1-19 

1-19 

1-19 

documents are listed in the continuation of Box C. annex. • Further 0 See patent family 

* Special categories of cited documents: "T" later document published after the international filing date 
or priority date and not in conflict with the application but 

"A" document defining the general state of the art which is not cited to understand the principle or theory underlying the 
considered to be of particular relevance invention 

"E" earlier application or patent but published on or after the "X" document of particular relevance; the claimed invention 

international filing date cannot be considered novel or cannot be considered to involve 
an inventive step when the document is taken alone 

"L" document which may throw doubts on priority claim(s) or 
"" 

which is cited to establish the publication date of another 
Y document of particular relevance; the claimed invention

cannot be considered to involve an inventive step when the 
citation or other special reason (as specified) document is combined with one or more other such 

"O" document referring to an oral disclosure, use, exhibition or documents, such combination being obvious to a person 

other means skilled in the art 

"P" document published prior to the international filing date "&"document member of the same patent family 

but later than the priority date claimed 

Date of the actual completion of the international search 

10 December 2013 (10.12.2013) 

Date of mailing of the international search report 

16 January 2014 (16.01.2014) 

Name and mailing address of the ISA 
State Intellectual Property Office of the P. R. China 
No. 6, Xitucheng Road, Jimenqiao 
Haidian District, Beijing 100088, China 

Facsimile No. (86-10) 62019451 

Authorized officer 

ZHANG, Bin 

Telephone No. (86-10) 61648321 

Form PCT/ISA /210 (second sheet) (July 2009) 

International application No. 
INTERNATIONAL SEARCH REPORT 

PCT/CN2013/073375 

A. CLASSIFICATION OF SUBJECT MATTER 

Cl2Q 1/68 (2006.01) i 
According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

IPC: Cl2Q 

Documentation searched other than minimum documentation lo the extent that such documents are included in the fields searched 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 

CNPAT, WPI, EPODOC, CNKI, PubMed, GOOGLE, NCBI: hidden markov model, HMM, Viterbi algorithm, library, sequencing, 

hidden. embryo. creat 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant lo claim No. 

y YU, Weidong et al. Construction of cDNALibrary from Rabbit Single Preimplantation Cloned 1-19 
embryos. Chinese Journal of Biochemistry and Molecular Biology. April 2004, vol. 20, no. 2, 
pages 162-165, page 163, right columns 1.2.3 and 1.2.4 

y CN 102317473 A (PACIFIC BIOSCIENCES CALIFORKIA) II January 2012 (11.01.2012) see 1-19 
claims I and 2, description, paragraphs [0161]-[0166] 

A CN 102127818 A (ZHANG, Kang) 20 July 2011 (20.07.2011) see the whole document 1-19 

□ Fmihe:r documents are listed in the continuation of Box C. [8] See patent family annex. 

* Special categories of cited documents: "T" later document published after the international filing date 

"A" document defining the general state of the art which is not 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 

considered to be of particular relevance invention 

"E" earlier application or patent but published on or after the "X" document of particular relevance; the claimed invention 

international filing date cannot be considered novel or cannot be considered to involve 

"L" document which may throw doubts on priority claim(s) or 
an inventive step when the document is taken alone 

which is cited to establish the publication date of another 
"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
citation or other special reason ( as specified) document is combined with one or more other such 

"O" document referring to an oral disclosure, use, exhibition or documents, such combination being obvious to a person 

other means skilled in the art 

"P" document published prior to the international filing date ··&"document member of the same patent family 

hut later than the priority date claimed 

Date of the actual completion of the international search Date of mailing of the international search report 

10 December 2013 (10.12.2013) 16 January 2014 (16.01.2014) 

!Name and mailing address of the ISA Authorized officer 
Stale Intellectual Properly Office of the P. R. China 
No. 6, Xitucheng Road, Jimenqiao ZHANG,Bin 
Haidian District. Beijing 100088, China 

Telephone No. (86-10) 61648321 !Facsimile No. (86-10) 62019451 

Form PCT/ISA/210 (second sheet) (July 2009) 

Pg. 1118



International application No. 
INTERNATIONAL SEARCH REPORT 

PCT/CN2013/073375 

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 

1. Z Claims Nos.:20-26 

because they relate to subject matter not required to be searched by this Authority, namely: 

The subject matter of claims 20-26 relates to mere presentations of information and therefore does not warrant an international 

search according to the criteria set out in PCT Rule 39. 1(iv). 

2. ❑ Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 

extent that no meaningful international search can be carried out, specifically: 

3. ❑ Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

1. ❑ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 

claims. 

2. ❑ As all searchable claims could he searched without effort justifying additional fees, this Authority did not invite payment 

of additional fees. 

3. ❑ As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

only those claims for which fees were paid, specifically claims Nos,: 

4. ❑ No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted 

to the invention first mentioned in the claims; it is covered by claims Nos.: 

Remark on protest ❑ The additional search fees were accompanied by the applicant's protest and, where applicable, the 

payment of a protest fee. 

❑ The additional search fees were accompanied by the applicant's protest but the applicable protest fee 

was not paid within the time limit specified in the invitation. 

❑ No protest accompanied the payment of additional search fees. 

Form PCT/ISA /210 (continuation of first sheet (2)) (July 2009) 

International application No. 
INTERNATIONAL SEARCH REPORT 

PCT/CN2013/073375 

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 

1. IZJ Claims Nos.:20-26 

because they relate to subject matter not required to be searched by this Authority, namely: 
The subject malter of claims 20-26 relates to mere presentations of information and therefore does not warrant an international 

search according to the criteria set out in PCT Rule 39. 1 (iv). 

2. D ClaimsNos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 

extent that no meaningful international search can be carried out, specifically: 

3. D Claims Nos.: 

hecanse they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

1. D As all required additional search fees were timely paid by the applicant this international search repmt covers all searchable 

claims. 

2. 0 As all searchable claims could be ,earched without effort justifying additional fees, this Authority did not invite payment 

of additional fees. 

3. D As only some of the required additional search fees were timely paid by the applicant, this international search repmt covers 
only those claims for which fees were paid, specifically claims Nos.: 

4. 0 No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted 

to the invention first mentioned in the claims; it is covered by claims Nos.: 

Remark on protest 0 The additional search fees were accompanied by the applicant's protest and, where applicable, the 

payment of a protest fee. 

0 The additional search fees were accompanied by the applicant's protest but the applicable protest fee 

was not paid within the time limit specified in the invitation. 

D No protest accompanied the payment of additional search fees. 

Form PCT/ISA/210 (contmuat1on of first sheet (2)) (July 2009) 

Pg. 1119



INTERNATIONAL SEARCH REPORT 
Information on patent family members 

International application No. 

PCT/CN2013/073375 

Patent Documents referred 
in the Report 

Publication Date Patent Family Publication Date 

CN 102317473 A 11.01.2012 WO 2010068289 A2 17.06.2010 

US 2011183320 Al 28.07.2011 

US 2010221716 Al 02.09.2010 

CA 2746632 Al 17.06.2010 

WO 2010068289 A3 14.10.2010 

AU 2009325069 Al 17.06.2010 

EP 2370598 A2 05.10.2011 

US 2013029853 Al 31,01.2013 

CN 102127818 A 20.07.2011 None 

Form PCT/1SA /210 (patent family annex) (July 2009) 

INTERNATIONAL SEARCH REPORT 
Information on patent family members 

Patent Documents referred 
in the Report 

CN 102317473 A 

CN 102127818 A 

Publication Date 

11.01.2012 

20.07.2011 

Form PCT/lSA/210 (patent family annex) (July 2009) 

Patent Family 

WO 2010068289 A2 

US 2011183320 Al 

US 2010221716 Al 

CA 27 46632 Al 

WO 2010068289 A3 

AU 2009325069 Al 

EP 2370598 A2 

US 2013029853 Al 

None 

International application No. 

PCT/CN2013/073375 

Publication Date 

17.06.2010 

28.07.2011 

0209.2010 

17.06.2010 

14.10.2010 

17.06.2010 

05.10.2011 

31.01.2013 

Pg. 1120



CI IIPPI ttR -8 -
MR Flgiii-9-

PCT/CN2013/073375 

A. ±MItli3i1* 

C12Q 1/68 (2006.01)i 

VA ITI F*- 'ff_l3-Y'J,!-(1PC)rAM. HI litMtilITI* $11 IPC MM,3-}J: 

B. #LVIK 

it* ri<i*fLUR I r. r*(4113-1.4MIT-ri3-1. _-9-) 

IPC : C12Q 

/RAAlltrA ,ilt i n*WfVF11.3CNWF Mit* a 

AFIRtAtF11-1.Mri*Ttzt liMMifi rfiVt , frlitfOrnittifi (Anit)11) ) 

CNPAT, WPT, EP0D0C, CNKT, PubMed, GOOGLY, NCBI: ( iFTir -Aomi, vl-EZP,., Zt, ;AVID, ( r. , frPt, AZ, 91,11 , library, 

sequencing, hidden, I-1MM. 

C. tsftMAlt 

t* T1113Cft, .gsf RI, IP leYi tl).RI tti)n()V.fiJW* 

Y 

Y 

A 

V2 2 V, .*--til)..fittrtlIllifleDNAZTInt7/1, rlsr illt.tf-?..t - T-t.ttfR, 

04 2004, 7, 20 t, Al 2 M, AI 162-165 X 

V9(1,V 16 1.23 1.2.4 

CN102317473 A (.tnt.Mi'lT1,:74t.tfiftt-f&IPAW4q• ) ii. oi , 2012 (11. 01. 2012) 

TIAZIJ7t 1-2, itFq -t-M [0161:j -L01661 R 

CN102127818 A (3- 1.1) 20.07 2011 (20.07.2011) 

#.T.-.1,.:t 

1-19 

1-19 

1-19 

• A 3czft- c t - AIX TN . • Al, HA I.Irtftzft. 

* Ilt5c,ft :/f* :t' : "T" 7 FilillIEHAfitAtZH21.Vii_M - FIIITIltadt, 'fat 7 

"A" -1,Xt TIMUf-MMPt TRAIAlt—Nt0.5Mit 7,1.1fft• RA t.TiP:ra.T. <F's_'-Or 'ft 

"E" 7t.MTErliitILIEtn ,1 , O../e5MtAllitl,fl "x" M:D M 'ft, *-IttitiVtit, lAN*Rit' Et 
"L" 7I MktftAVtt ,'.ifftMzgETtft, 1 .,. .TA — M ITIVIO,Ine,c7cA- P.Illdit 

I.PI C'ffq<7.lzM ll'ITI<LAP. ITIAlthte.AIJ.E19 "Y" tntil ltvc,ft, nvcrt - -- ..gmlzt 
ltnc ,ft (tovtiviln) er1,-#_aivt ,-x-tT-*/ t-AltA5Atf.mpArtt, 

"0" 02117- TH {VT, 7:111Mt.All_TMCI't W*Rtrint ITITA- AIJ 'I't 

"P" l&Y5HATMItFislillHIEljETt*I11.71tAVHlI5Eft "&" r], ton5c,ft 
FiRittt-Rtan 19 VA 

10.12 )1 2013 (10.12.2013) 
ITIRIttl, - I10 419 PIA 

16.1 A 2014 (16.01.20141 

ISA/CN nfF,f n [li ttt_E: 

rli ''fzk RATH El El ' '- rii,;71 :K , , 
itr IIIJL;IMtrtE<Nriff- ItgM 6 1 100088 

4t.•A.-.≥' : (86-10)62019451 

1_1Rt'51 

3KW 

Iti-t-'1,411: (86-10) 61648321 

PCT/ISA/210 (t 2 _X ) (2009 7 n) 

~ ~;r- 1:ft :liH!x -a 
l
[E1§;$if-ly 

PCT/CN2013/073375 

A . .3:.~l'i<J,t~ 

C12Q 1/68 (2006 Ol)i 

~,If({ IE l§;~:f!J5t~(IPC)jjli;~ lff] fft:'tJ!ll!E % 5t~:f[J IPC W3l'i'5t~ 

B. #;~®fli! 

~~i'l<J:®:1i&~IU!!':stmk(tjj;llJl5t~*~fa5t~~) 

!PC: Cl2Q 

'el, *{E~~-@l~tp i'l<J ~:®:1~~~/t:stmkl)}_j,~ 1¥1~~:stmk 

iE IE!§;~~ Rt:l"tl'ffl i'l<J Et!. =flJ&ffl/f{lJ&ffl}li¥11'i~, '.flJ1!ffli¥J~~iiiJ C-!l□ 1JVl3 l l 

CKPAT,WPT,EPODOC,CNKT,P11bMed,GODGLE,NC!lI: li'lJ-1:1,.fyCaJ:itml1'/, :!°~l::t~/12, ::Z-Jl', ;li!jf¥, li'[j-1:1;, J!ER/i, ,fi),!, iITTJf¥, library, 

sequencing, hidden, 1-Ilvllv.1. 

C. ffl*3tf1!" 

~ ~* '}[ffl:stft, :ff~fft, HrllJ!tB~Ei!:ffi: ta~B<J;&T'J~* 
y 1i~Jl.* ~. ~-'¥1-tf:l!Ailtr"lt~J!ERil cDl'iA ::Z-Jl'B'J,fiJ~, 't' [;ill1'.!/&.lf.r:'t-"'i5H1'.W't:/R, 1-19 

01 fl 2001, m20%, m2Jtll, m1G2-1Gsm 

~ !;£.~ 163 ]l'(:t,j-"': 1. 2. 3 ~□ 1. 2. 4 

y CN102317473 A CjJo~U:/ii'i!P,Ei(-'Fi'i'ct!/&.lll-'tfili:fA-~l!t.0i'rl l 11. 01 fl 2012 C 11.o1.2012) 1-19 

1ifr£:19)fU•* 1 2, 1-naJlt1~[01GlJ [0166rn: 

A CN102127818A (5-\f:~) 20.07 }'l2011 (20.07.2011) 1-19 

-f'tl)jl,~i[ 

□ Jt~:st14iE C ~i'l<J~yJ:tp3ftlt:IL IZI };£.[ff]~~:f!Jff114o 

• 'llffl>Z:1'tBtJl1;t;~!l;J, "T" if$iwBd1:!t7'ctll.2ZJ§0;(J;", 1'5$',Hffl:/KJ!i, 1!D'J7 
"A" iA.7'J ;p[-;J'JJLl1itl:Cb'l~7f-JrJ"l. 1l1t~~!JJul;IQ5B'lY1't :'1.Ai!l'.&SJlZ,I_!li;fo:d;}Ji)_!lb'Ji'EJ5Y1't 
"E" #i'EIP;i;$ilB B'l""!~fn1;tfiRo/E51:$-lM-'!if1J "X" ~~ffi*~:'t#, •~~m~:'t~. iA~•*m~~ 
~"~m~tt5t:tll.~*~~~RM:'t#, d.7'Jn~~~fi 'ff.s)l;;ic;¾JFJr~iJls(]d;;ic;-l'lc~i'Jxlttt 

'JI i'llYf'Hi0;t, □ Ulffl BiwArlZ'IXf!h~~rlrnUI "Y" ~Jllffl*BiYf'f, :"H/ii:'tf'f-"'ijs ;i'ii\"lll1Ar $ :llil its ~y f'f 
ffljiYi't C~oJl,fZi.l/.iJlB'J) ~~#H~#~~M-f-*~•tt*A~.7'JBmi~~. 

~"D&□ ~0H.~ffl.MffldX~~~0HB'JY~ •,jt1Ji',~0<J:&:~HAFfn1J½'di 
"P" 0::/fi B 51::-f-00 P.i $il'r B1§Jg-f-Bfi~*Bitt7'ctll.B j"J>Z:1't "&" rlt~~:tUB'l>Z:1't 

!El§;~~;;J:;1§;1cfvZEl<JBWI !El§;~~:J'Ri!rilJ~~ B WI 
10.12 }'j 2013 (10.12.2013) Hd fj 2014 (16.01.2014}, 

ISA/CN ~<J.,g;f~:rnei~~±tilr'J:, ~;&t'rm 
q:t * A RJ=t :rri IIl IIl * 9;~ tx f'i'XfnJ 51t.W 't' oo:it:JJtmiett!Z:~ ntfriffi_l:\'iXfill'r 6 % 100088 

1tJ'l%, (86-10)62019451 it tl;-ly ~; (86-10) 61648321 

PCT/ISA/210 *(~ 2 ]l'() (2009 '¥ 7 fj) 

Pg. 1121



1=113M.PA* 
II R Fliitrff 

PCT/CN2013/073375 

MII V. IiitlltillMtki,At li izntt*Mt9,1,(1M 1 ' 2 W 

talg, -- /gM 17 V 20) , MX±-4-V1IW*14 ITI Pt-11*V , _, in 5'1. ri] MIT: 

, 

1. 0 tOM*: 20-26 

fq3'-'',1f1•4.aTW*AKV-fillf-Tirt*ri<Jt A, F‘II: 
4,5cf4_M* 20-26 aV-lrYT7.1af)14)t (PCT gij gl,i139.1(v)) . 

2. • fX _iI*: 

IA E inla m pt- FigiiirliTri-PAZMVM-1., P.MTV:ArrThil17,1PlaNITIPtitt 

iA: 

3. • #5( 1 -1 : 

IXIV'Eir1 li l,k1V-VIM*, ff fa'- „...1,rriq 6.4(a)V 2 'IVnT 3 Vi tW*1.it 

Vii t V 11111*—Ittiqh191(1.V 1 T..* 3 IX) 

*XI PtittV-ItzlEMTI Pt Elgiiirrill, V -,1 1H A, RP: 

*V-itt*Ati**(TqFft 

IMF f-Vil W*, 

MA TR-1,301. 

MI fW WI ?i- iSM . 

1. • Eli f . FP ill A V Fititli T 1ff *Ift.44 in fil3 Mt 4**, *ITIITM*.fli*,ipav'f'rgt*M-RfilW*, 

2. • Iii -T-TM14-,TiVTFIIT*F14tVrit it RP V4 .:13 r7f 1** fittR fiMV.Itf-i-i**, 
In*. 

3 • Ell 'ErligAiRIVE14*,44T%3-1-*W*MAY)fffiritA**, *1M RtAVIi*,14.71E** 
1.4 ot M , 1+--Oll *: 

4. • FiriiiiAVOI-MAVWTRIMMIJniti*I. ITIII-t, iKmpttgr*IRE*IlaiolivvwmiamI 
m; MiA•111)M-RtiJW -1: 

,qi,1IY) MA: • EPIA4tOi T Fitt*** , PI Fri-MT Will, ifellErl-, 
• Flg iiiA IA T Vin IIEr: VI , ,RIM T rf11:5 , {Ei tiVriV,AltrnErl- Idl 
• lift Pf4linettV.IFM-*A =ff-i.3( lz . 

PCT/ISA/21.0 P(V, 17:,,,tX(2)) (2009 7 

tttlm~f::"1~ 17 ~2)(a), )(,JJt@:&ff1~**11t(IIl~t():1tJJ'o'l'i<J:l!rn"!!PT 

I. [gi :&1'11~*= 20-26 
~::kJB1!'1Yit?;})f~*::$:~wJ!fft():%A<J£~, ~p, 

:&l"J~*20-26¥/v&~~l'i<J1"§,~t'fd,ff: (PCTilll!l!Ll39.l(v)) " 

2. □ ~1'11~*= 

PCT /CN2013/073375 
1

[3'1~$il~ 

iz:1::kJB 1fJYit &III~ $ilrt1:f~-€t!;lll5El'i<l~*i¥ll'ffl5t, lJJ"ffiliilltff{f1iiJ'i'f~5(s<JIIl~t():%, 

Jl.1MiliiJt 

3. □ ~1'11~*= 
iz:1::kJB1i'J£JAJi~l"1~:J<. # _§J9:'i'f?1i,i!!Ulll!l!U 6 4(a)~ 2 iu~~ 3 iuA<J~:J<I\'!l~, 

2. □ rnrxmr1t:±l'i'fl'!l1rn~*llift□ J111s<J~z;1J&Pfl~xt"tl'fll"i!J11t*s<J~ifll~**ff~*· *~1rr*Wiut~"lll1f:1oJPif 
t□ JI!!" 

3. □ E13f$ilA 1J.:Jti:Httli:Jl;JT~5tt11!:~:J<r)HJl;JA<Jllfftnt():%Jl!1, ::$:OO~t():%tlH11·1J.Yit&BtlJl!!i'!<Jll~@~l'f1~*" 
Jl.1M:f!!iJL £~1'11~*= 

4. □ $ii A*:Jtiattli:Jl;Jt11i:~*tl#Js<Jll/ft□t():%Jl!1" l!IJ!t, ::$: III ~t():ltJJ 'i!i"iJ.,~ &~1'11~* ~ cp1¥f5'd,11:&l'i<Jtt 
IIJJ; 'E).*it'.ftllJll'J(J~l'fl~*Jl'c: 

*'fm.st.a'-JJ..!OJl: □ $ilAtl#JTll/tt□ t():%Jl!1, [E]HttltxT #iSl~. ~/'!lat, t,i#JT #iSlJ\'10 

□ $iJA~tl!JT Pitt□ t():%Jl!1, [E]Htt'txT #i5l ~. fl3.*tEW9<r!~~5El'i<l8ti'llJl!Jl~~ r;itl#J#i5l11'1" 
□ tl#Jll/ft□ t():%Jl!18t5l,:t,11:x#iSl ~" 

PCT/ISA/210 *Cffi I JJUiJ;Jll(2)) (2009 "I' 7 fall 

Pg. 1122



111VMPL-kRiS 
p];A-vRnv, ,p, PCT/CN2013/073375 

1A.VEIVI 1,1N -f1.1 .1z -V1941 

CN 102317473 A 11.01.2012 WO 2010068289 A2 17.06.2010 

US 2011183320 Al 28.07.2011 

US 2010221716 Al 02.09.2010 

CA 2746632 Al 17.06.2010 

WO 2010068289 A3 14.10.2010 

AU 2009325069 Al 17.06.2010 

EP 2370598 A2 05.10.2011 

US 2013029853 Al 31.01.2013 

CN 102127818 A 20.07.2011 

PCT/ISA1210 0171,•tt-i -t!lPffit) (2009 7 

00 ~i[\ ~ 1n~ {1:j-

1

00~$i~ 

-Ji:'flc])Jc""'flJEfJJiL@!-
PCT /CN2013/073375 

~~.W'i!rq:,5iffli'!<J 

I 
0;fffB:l!Jl 

I 
fiilM'.1¥-5flJ 

I 
0;fffB:l!Jl 

1¥-5flJ:'t14 
CN 102317473 A 11.01.2012 WO 2010068289 A2 17.06.2010 

US 2011183320 Al 28.07.2011 

US2010221716Al 02.09.2010 

CA 2746632 Al 17.06.2010 

WO 2010068289 A3 14.10.2010 

AU 2009325069 Al 17.06.2010 

EP 2370598 A2 05.10.2011 

US 2013029853 Al 31.01.2013 

CN 102127818 A 20.07.2011 7C 

PCT/ISA/210 *<[ii)nji~;!'UffHt)(2009 '¥ 7 fl) 

Pg. 1123



3/5/2021 Espacenet - Bibliographic data 

-N\ 
0)fl 

--666 $--,tztri 

Bibliographic data: CN104063789 (B) 2016-02-10 

ksAkz§,h§t.4%,.. !; k-A7 S-,k t, t, bk§shb:s3 

lrrformatien in Predetermined Area Of Fetus Geneme 

Inventor(s): CHEN SHENGPEI, ; GE HUIJUAN, ; LI XUCHAO, ; YI SHANG, ; 
WANG JIAN, ; WANG JUN, ; YANG HUANMING, ; ZHANG XIUQIN 

Applicant(s): BGI HEALTH SERVICE CO LTD 

Classification; 

Application 
number: 

Priority 
number(s); 

Also 
published as: 

- international: Cl2QI/68 
- cooperative: C12Q1/6809 (CN); C12(11/6858  (ER  KR,  US); 

C12Q1/$8$9 (EP,  KR,  US); C12Q1/6883  (US); 
Gl6B20/00  (EP,  KR,  US); G16630/00  (EP,  KR,  US); 
Gl6B40/00  (KR); Gl6H50/20  (ER  KR,  US); 
Gl6H50/30  (EP,  KR, US); C12O2600/118  (US); 
C1202600/156 (US) more 

CN20128067404 20120514 Global Dossier 

WO2012CN75478 20120514 

CN104053789 (AL AU2012380221  (Al)  AU2012380221  (82 
EP2851431  (All EP2851431  (A4)  EP2851431 (B1L 
ES2656023  (T3) HK1196401  (AIL JP2015525062 (AL 
JP8045886  (B2L KR101770460  (B1L KR20140146193  (AL 
PL2851431  (T3) RU2014150655 (A) RU2597981  (C2) 
SG11201407515R  (AL US2015094210  (AIL 052018320235  (Al) 
WO2013170429 (Al) less 

, Abstract oi ‘. • 

Provided are a method, system and computer readable medium for determining the 
base information in a predetermined area of a fetus genome, the method compris€r
the following steps: constructing a sequence library for the DNA samples of the fetus 
genome; sequencing the sequence library to obtain the sequencing result of the fetus, 
the sequencing result of the fetus comprised of a plurality of sequencing data; and 
based on the sequencing result of the fetus, determining the base information in the 
predetermined area according to the hidden Markov model in conjunction with the 
genetic information of an individual related hereditarily to the fetus. 
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CN 104053789 B 1/3 .95., 

f)Ji)L Ltl M. DNA 4*, ttig ; 

Pfi Yfj( Walt UR 4)tfff- ) L riTAIJ r-fM Wititi8 L riThliD1-4 M*Fid 
rT-IACT 

M.-Tffiii1f1) L NI] , IRE rnt- -M41.0 , 
1,_A ri<J4iMA„ ) L *fa ,Ai 'OA, 

14ffii-110)Ln*-ffiff9.110vrtM)a5, fg.A.)AK 
MOM TfMILP,M. 

2. Vfil5(fIJO* 7 Pat A*11EA-±, ,PfiliVOLMNI LL DNA ),A0M-N. rfn 
'11 gR ki‘J 

3. VCIOIEV* 1 9-fitn)J , A 1-1-EA--T., T11UMina- Selexa, 

ABI-Solid, Roche-454 7--'iljs[ilft-;*Krri —fitiktPliiigilfT; c_N-A1-7- ri,J. 
4. tRTM.V.f.M.* 1 19-iiin4m A*fiE,67. , —7$-/qM)1V9T±IJP) L VirA ITT-M _ 

NA-A LLAI- 0.11iA*I1 
5. VC.401.1 * 4 Plat 1)1. , TWAIAT, T; LI M. 

6. VCRfIJ 1 PfijiM- -:&, V.7-[iffAT,91AMOJLI*trI ti*k`-PfijilfOLnY.. 

7. tRE fr_I -V-g<- 1 .orti :,7 , Aii,NTA--T-, A-  WIZ* LL & ,1 -14] 0.25 4/001

re/N ~'~fJ)'fr `~flf =fir`,1b re = 25 — 30,N YOTi.t.f9 E<IiAN 

or z 

i'PYAgnf, W4, A rr' , Pr= re/N. 

8. tkTg.TRfliVc-* 7 ffiiIk/sTiJ'-&, IM'a;(f -T' , re = 25. 

9. VTERfIJ -V* 4 WI i , A.* T riTiliM FY- M V  
LLx1-, {TO il'ArAl.VS - Wz>A#A,OVt-' 0.0i 
%A- : 

6- ) A ( base, m 

x v 

- baSe, base, 

2 
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1. -f~1iis5ERaJL~l!lm t:pfw5E[X±gjlffl¼~fg ,@J'-J7J¥t, ,;tif1iEtEr, 1?1}%rJUW#I : 
nxtmuL¥1t1m oNA i+*, 11J7J:1»rnffxw ; 
x1 JiJrj£jffi,~ Ff x !$ Jft1T~P1~ Ff, l:J, {\! ~t~ Ra J L s"J 1»1~ Ff to*, ?Jrif:Ra J L s"J 1»1~ ff ta* ffi $>NP!~ 

ff 22& 1lt ,t1J fl¾ ; l:), ,& 

~T ?Jrif Ra J L s"J i»!~ ff ta*, ta¾ Ra J Liffi {t *§ ~~{4 s"J ~ {t{a }§,, +IHJN ~'El~~ nJ ~ +l~'L 
11Js'.iEfaJrj£t»1'.iE rK±is"Jffl¼¥fg .~,, J:iJr5£=tm'.iEtxti~¥fg .~, 1?1timu Ls1•1i~,,; q:i1?1tt, 

i?f ?Jrif:Ra J L s"J .i'(i {if :@{f -'faJ ~'El~~~, i?f ?Jrif:Ra J L s"J ~P!tff ~ * 3 {"F A§i\ ~ Ff Ju, 11 AA% ~t 
2l&titi • W Ji tJitWt$, A!M~ ff JU ,tit!;$ 7]'-~ ;f□ :'fJJfra ~~ t!tt$ 71\. ~, 1'.t: ~.~ ;m tt- f:~•rt, ti WT W Ji 
nr f3t s"J JiJrJ£Ra; L s"J •f*:@ o 

2. t~tlilitZ;fU~* l J=i)rj£1¥J77rt, ,;tiffilttr' J=ifrj£~ft )L¥1tltJi DNA,r$;is:~Nv7¥:st:JJr )ijjfiL 

q:i tJVfx s"J o 
:3. tlHA!ltJ.:fU~}J< 1 JiJTJZER17JYt, ,;t~filtEr, J:iJrj£1P!~ff~;fUfflmd§ Tl l umi na-So l eni­

ABI -Solid, Roche-454 t□•71\.-r1P!~ff~JiS"J.¥,J>-141 x1·JiJrJ£1P!~ffXWJtl:ffS"J o 

4. tlHAUx;fiJ ~ * 1 faJrJZE R"J7Jrt, ;tttit1.IEzt r, Jtl:-w1?1tiii?f ?JrJZERft J L R"J i»!~ ff ~a* !5 ~ 
fflff~Jtt1T~~,h:J,~~JE*~™J2EffiJE!X~i¥Jfflff~*o 

5. tlztAHY:fiJ~* 4 faJrJZER"J7Jrt, ;1ttit1iEt'f r, JiJTJZE~~~ffJU-'faJA~~~¥l!JtiL 
6. :ttztAstVfU~* 1 PJTJZEB"J1nt, :tttt1iEtEr, PJrJZERaJLJ!{tt§~~{*~PJrJZERB )LS"J:x 

-Ht 0 

7. :tlz~tJ.l'.:U~* 1 f1TJZES"J7J¥t;;, :ttttfiltEr, tEPJrJZE!!ttf:~-Yt;;q=l, *m 0. 25 {"FJ~PJrJZE 
1<JJfrft~~t~V¥:fr~, W:ffl re/N {t-'faJJiJrj£]HJi1i.$, ;!tq:i re = 25 ~~ 30, N T'J?lTJZEffiJE tx±i □¢J 

¥-:lt, 

*ffl 

{f-'faJ~tJi$~~~[4, A9"1, Pr= re/No 

8. tltt!ist£:fU~* 7 JifiJZE81·h1t, ,;tzy1iE1£r, re = 250 

9. tlz ti txlU ~ * 4 J=ifr;r£ 817J¥t;;, ;l:t tif 1iE 1:E r, ~% ?JTJZER11 J L 81 ~P!~ ff ta* !5 ~~~ff JU JtHr 
ltxt,Ll~~~*~rffiJZE~~~~i¥Jfflff~*Jtl:-W~WWfflr~0~~~---~~ 
fft¼~ : 

1 . 1 1 
l~))/j,e = 22 2(I-&)A(base,mk)+ 2e-A(base,mx,)+ 2e-A(base,Jy,) 

k~{0,1} 

;l:t q:i , 

,\(x,y)~ { 

Q 

l ·---e 
,../1 
""1 ·-

2 
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CN 104053789 B 2/3 )15, 

10. M* 1 Pfiiiri'VM, TM/lif?1- , LoiUv Erp(7-A-T. 

11. tt8EWM*. 10 witin J./ J.V-t4'f1 T , 
Afn STR rlisj 

12. ----- *it -J  LA MINI LOOVAM- rrsi : 
Pla_UOV-14tiit:RWZ_T ffl. DNA 4*, ; 

Ailit; . ,14MAIJit il-tj11)-M1MV-tro-111_ , 4 
lja4;f1M) L PVIM)LriT-JAIJq'MV H ; 

, A-T.14M1M)LWAIIJVST, M IMLIAtlit-i*r1471-i*Vigs, tRE1Z.P.1 /./T 
TI M4 Pfii-119Vk:RIVAAM,2,/0A-Jifi)Lr ,J IT[  tt-M, 
/qM 

L r#,4 L ni/P1)Mr- -IJ, P6h.A.).rt 
ATM4 ni±.1141A .NWT-N11Xt.3i•-4-f0AYiPIJOLVK 37` , 40g ityr ffi

3 

m-hvrovilitinn_ T[i*M. 
13. tRIE.V.f. 110* 12 Pfiiiryg  T T, At tt DNA g*3•JA , Writ 

DNA 4.75J'ARNAd-T.) - *i)tli rin I=IfikYRM)LA ki DNA f*.*. 

14. tRfERf ILO* 12 T 9Till)1111 -1AVAil I um i nu-so exa, 

ABI-Soli d., Roche-454 

15. tRIEVAIRY.* 12 Al Pfiii.EntR14 
PVRI1VIVAffIll, 11U -T.14TiiM)LIMrilIJVHiT-- n -TT 

rrioiot; 
16. tRIE.R4M-* 12 Pijiffi‘J .i, WIZ* LLn. )1] 0. 25 ifFYVOliiqJ 

)IXI , re/N.fPIAAVIIIVA+ re = 25 - 30,N AkilfrEoom 

a: 
• or ;"' ,y, 

/P YvIg1.04V , re/N. 

17. &MOW* 16 PfiitS.111J. .-A,Jit*-4Ai-T-, re = 25. 

18. tR/E.RfLIVAZ 15 

LW, 14.4 
V-4j1 : 

, 

A 'base,m. - ),A(basesn, + 

3 
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10. ittt~;r;Z.:fU~.sJt 1 Ji!r:i£S1:tJ·1t, ;ttt~1iEtE T, Jtl:- iv1'1i'i5 :Jifrj£fiJHE lK±i79 B~nZftE 
~ 1~ $ tdi S'Mil ,r.1 o 

11. ttHMr:Z.:fU~* 10 Jifrj£817J¥;t;, ;tttit1iEtEr, P!r:i£YM1t $~·r179m § Qlff<1'r~3t$~ 
·ri:fP STR 81~&~,f~ o 

12. -,frjt m rliJl5EMa) L£[E]tJi 9'lflll5ElK±i1ii¥{1L~-81~~JE, ;ltt'3"1iEtE T' 1'11'!5 : 
XWfi-JJ!#kJI, Pfr:i£xw¥JJ!#k11~rHMHtJL~lzsltli DNA ¥~;4;:, tiJJ!iffi.~JfXW ; 
mff*m,mj£mff*m~Mj£xw~m*mffl~,~~~rxtMj£mffxwnl:fim 

ff, ~ {J:$t1~Ha J LB11ffi.~ffis*, P!r:i&:Ha )L81~ffi.~Jf ia * 8:1 $~~ffi.~ff~1l:rEt20AA ; 
?J"'ffr*IL ¥rJifrj£½11JLS1~»rnff£1t~, £ail'M11 JL:i!14z't-§*~1$S1:i!14z'11§ ,l~L t[HJllil~elb ~ 

nJ x ti~, liJl 5EPJr:i:£tm5E IX ±i 011ri¥1a ,l~L PJri£ tm 5E IX ±iui¥{a ,~, 1'11! Ha J L 811¥1-fi'r~, ;tt 9'l 
1'11'~, 

~'if PJrif Ha) L 811'(l_ {if :@{'F 79 If~, 1t ~ ~, ~'if Pfr:i&:Ha) L 81 iffi.~ ff £a* '3 ft ~Ji\ ?I'% Ff JU, {'/§' WJ n; ~t 
~ti ti~ t±:1 m: tl!tlli $, ~~~ff JU t-ID!:$ ½" :f!J :flJ 1JJfr11 )[:k ~ t-IDE $ ?J"' :f!1, tt ~.~ ;!; t~ l:t ~ 1:t, ti 11'J-r t±:1 :i: 
PT13t 81 PJr:i&:Ha J L 811¥1-1$~ o 

13. ttHJIM£:fiJ~* 12 PJr:i£S1~~JL Jtt~1u:tt:r, Jtl:~zv{,1tt DNA tf::zis:?J"'~-*11, JiJrj£ 
DNA t-'f:zls:?J"-~ *Jl~r M/yz:(E[)'r )Wj Jfo. 9'l tR)[:ZHtJL¥ [zs] tli DNA tt:zls:u 

14. t[HA§tJC;f;lj~.sjt 12 Jifrj£A/,J *~JE, ftt~1iEZ:t r JiJrj£iffi.~J"f*1179m § I I I umi m1-So l exa, 

ABI -Solid, Roche-454 ,tr! l'(l_?J"--riffi.~ff*Jl8/,J,¥&~,frp o 

1 s. t~mix:tu~* 12 JiJrj£0,g~~JE, ftt~1iEtEr, Jtl:~zv1'1tt 1::txt*11, J=iJrj£!::txt*11~ 
Pfrj£ iffi.~ ff *Jlf§ ~, ffl r ~g PJrj£Ha) L s,g iffi.~ ff £a* ~~ft~ ff YU nt ff 1::lM, ~ {£ 11}§ IE* § T PJr 
j£ ffll 5E ix±~ 0,g ~ffi.1J Jt ta* o 

16. t~mt:z.:tLl~* 12 Pfrj£8"J~tJE, ~t~1iEtEr, Pfrj£;1Bt1'!::t)Pt*m 0.251'F'J'.f Pfrj£1'<)] 
frfFl:k~tlllt-¥?J"-:f!J, ;,J(-ffl re/N 1tJJJiJrj£]!tlitlli$, Jt 9'l re = 25 ~ 30, N )1;;J5Jrj£tiJUl lX±i □"J iE: 

*ffl 

- . , ... . , - ' J ( l - pJ 
a., ---· Pr i q, --- k!iJ, __ < --··; )---· '\ t1 --- /J 'i., n 

.... ,'t \ • • • ~ ;,. • ? t l: • ~, / J: ·t 

l .r:. 

1f 7'J£t_§JU$~el4, J:t9'l, Pr= re/No 

17. t~mt:z.:tLl~* 16 JiJrj£s"J*tJE, ;tt*HiE:ar, re = 250 

rn. t~tm rx:f1J ~ * 15 J=iJrit S"J *~Jc, Jtt#1if 1:E r, ~'if Jifij£flb; L □"1 iffi.1J Jt ~a*~~~~ 1"f: Ju ill 
fi~~,~~~;E*§rmj£fflJE1X~s,gfflff~:1lnl:-±v~m~ffl~~0~~;E•••~ 
□1fi£: 

1 . 1 l 
Pb = ~ -(I - e)A (base, m, )+ - & • ~(base, m, ) + - & • ~ (base, J,y. ) 

I, i18e L... 2 . ,c 2 . , 2 , 
kc{0,1} 

it_ ,h ,,, •-t•' 

3 
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.ffh 7±1t)Lallgariq T E ki pit 
P7f iir& 

[0001] it 

[0002] 

[0003] *RH)] g'RC±10)LMEI fi11-1 f9-1 E( 1130/WM,Ig n )7 

[0004] lAitrx9-4 1ki rid -T.1*U 
1,-,mm-Apj yv 3 

o 'TA Th*-1\-AVVI nEttglattil,-40TAMIIIJMER-Z ; rni 1111-1 

Li*FrA4/qMNYit ri -lit4Fitg, .6,YvVid,rilgit ELI-T-Z 21 -1611.L1E-#1 1)TAili,JFA fQn 
LtRYAJs1.4rol x46q'rg-V,-,id.1-0 -LkIti-wiE T Ft Afix4A-AfttA. A 

Vnit.1.4fritIVEVAII±L, IOA-1-fM 
/11P, 
[0005] Fl TIT 

*DA rcrlpf' 
[0006] *RIM rAAvA3x41-AyKrIVA- nfAyKirl,E-6 .—. 
[own 4:*-a —tb T )L f. f)` E0441ri-at_ri-

-C.* EA , ik0A T : Fxt)M ) DNA ff*, itljd _ 
; WAIT-41Y,, Q=1041121) L Atilt M , Pfrit }M) L M V FIR 

A -T-ffi tWLITArT;MV, ) LI* )tti* &CZ, tir,̀ 

IL A. ( /fiLd 1.1 kA., J,RN  Tn MMEL!1- > o f-₹- fP , fir  kin 
1VPOLACii-t ( Z 4*-fft nriTUEM (hidden states) , 

?)--4VEnouViT,N (observations), /f4.101>)   KtlEflin±4KSi•04414, (transition 

probabilities), 9-LV)t-N$A.*',5}-4  (observation symbol probabilities) fillMfAt-6
ft4 (initial state distribution) , RAD ATI_NC Wffitl:kg0g,*[Ln'i (Viterbi 

algorithm) VIE M-MVS:9.ftL17t In , 1).ifoi)t-T4.T11.1EA 
is )2, o El rtu tUEL-a Mg-htfMJ, lEil-tilJ)t Ei4 
(Viterbi algorithm) , f*IITAWAP„ F-T1 rJ LA M Fri 
fy-Arr,V,AAry,N, IjAAMIXIgi)L41. MIITI*Mnill)-2r- Alf 
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~1" JEnii J L~ ~ ;g q:i fvi JE !R±§x ~~1i ,~, ~<J1i5!, ~ ;jc~~lit ~ 
tJl ~i~*~ 

[0001] 17t%:r211§ ,@, 

[0002] jc 

f;UR19l±i 

1/14 }TT 

[ 0003 J 4s-: 'R aJl 1& Ez ~JB 5E Rt; L ~ l3l t11 Lt" tm 5E ix ±i It~ 1a ,ig s{J 1J1t, * t5E lP it~ tfl nr ·~ * 
J1JL 

;11:._s,!_t±--.l-'­
f=:I -'T-- 1.XJI' 

[0004 J m1tt1:*m ~ 8:J rm1ttm !1!t 'Jl~ ey:~rm mM s{J*MJ, Jl~ ~:k·t1, *n~·t1, tt5f t1: 
ffim#tt~~~"m#tt*maj*~3T*~=•¥™m#m,$¥™ffl#m&~~~* 
n.~~•¥13lm$~r•T~m¥13l~Btt~~ttm#m~¥13l~~nn:rm$¥13lm 
#m~~rn$T¥13l~~~~m~~*m,¾a-5E~Nk~~*~~ml3l~~~~;~ 
~~nn~m~§nnffi~~nn,~~$£~~8:Jrffi21%~~~-~m~~m~~ 
'ff?il:' ,~) L:zzJ~~5t:kl~i ~lP J:st 1-tff:;>[:ic* 1l;~ff!t1m5t:ktit~11L EB T § 1WA>J:®1t·t1*m rt6 
:x~ xJl s{J 1itiT1f A, ~ nMtx~··t1:tmJtJ:1rxt~1trrEJ)(~~tmtt~¥, ~ m ~ ~, *H¾f P *lE * 
*~m~mffiM~~lli" 13l~,tl~~ffi~mI~M~~~~m~~Jtl:1T~~,~~ffl~T 
11: , ~ ~ILl1Jt ~ 1Jt 1-r s{J § s{J, ~ + ?J" &, JI~ 0 

[0005J rt rm, § mr (1{Jif't:l 1':r@:11J1~ =f-@:{l}:ff 1tc:1Ji:JtJ:" 

~H~IAJ~ 
[ooo6J :zJs:iz: BJJ a a~&MJR:J~:trvbit ~ tta ~btt* 1'61 ~:t.. - 0 

[0001J tl:zls:iz: 8J:l O"J-'i'1JTIIT, :zjs:iz:aJl ttHli 7 -lr/t{lJfl'iERt JL£ ir,J fll ~ffl'iE tx±i~£1R ,@, 01 
1fit o tlHJi!l7Js: iz BJJ s{J ~~ 19~. i!:<1J.1!~1r1ff Ju W-131 :Hxt R& J L¥ l3l m DNA tf 7Js:, i'tJ 7-fjlJl~ Ff Jt 
):if'- ;X'J )1Jril$ITT1J;t,JtJ:$:it!:1f~ITT1Jlt, ~J ff::ftr~m:u L O"JiW~rtiA*, )1Jritflb )L O"Ji.WiJITiA * FR g; 'i'iW1Jrt: 
~t.@;j;t) M :¥r Pfi5£R& J L s{J ilJl~Ff ta*, ~ * R& J Lm1tt§ ~T1-t s{Jffl1t11t@,, tlUi ~i!b /F PT 'x 
+'" 'lfrJ r#. ,-,_,. i:;i:;: ';:f; tflfi ,-,_,. '>f ±Jf- fr,(1 fif, Ji f~ f;'I, o .::z.1 . .io. fr,(1 Ji ~ 1r:1 n;; rl': '-j' :p::i +§ o1l. -=c 41~ Ji ~ tr:1 fr,(1 _ V,:, 'I~ '.±o, Vffl JE r;1 ~ :if,JE J/'. -'A 1r.1 1/IJ)(, =-<E IP ,tc, J \. J.l'.J =-<E k''I ,:_tl/1/ PX.1'1.Jr:E, 11· cc:1 J 7l'- \. =-<E i"I l::1 J.l'.J {A 

PiH tfl ~ m ( § r ~ 'f]Jt 1LI~ ¥ 1iHt ~ * m ' 12}, R. Wc T s{J PiH tfl t.ll * ) 0 ,X'j T ql 1JlrfoJ1L 1P,Z ;fi :flt ff] 
i~flb)LU~-1i'T~ ( /X:tit.1'&~ II'J:iJ.a~) 1t~~i*)lft~ (hidden states), PT ~i~ .rfoJt:o<J 
¥1JlUFf~1i '31ioO})J~ffJU (observations), 1f fl)J~~~Jjij)(tt11Jf ffi)U(~$tl$f!!t$ (transition 
probabilities) ,~m~na:1Llt!!t$-fr;:f'ff (observation symbol probabilities) lU19J~b)[:ic~ 
t!!t$%;:f'ff (initial state distribution),:flt1i'JIJ!UPT~31U:1i.~PPJSttbt~¥t;; (Viterbi 
algorithm) ti:zt@~'E\!b /F PT 'xti~:til$r ffi ~ PT~~ s{J flfr JL-$.1i'r~tB.i:f, JA rm$t1f ]E$ flbJLBS 
1~ }~, 0 ~rm, t~ t@:zjs: R 8}j s{J ~ ~ 19iJ' 11 EtiJ ~t ~ /j\ pJ 'x tl ~' Wu PP pJ ~ J!U:ilU ffl mt~ rt w ¥! 
(Viterbi algorithm), *~Bfr JLffl1tt§*Tfts{Jffl1t18 '~" PT ~j~fiB5EBb JL~l3lt.a rtitt5EIX 
±i s{J ttf<W~Ff JU, rn Jlt, PT~~ ~JlJ!hxt mu L~ ~ t11 s{J ±m 1tf§ }iiUtl:11 r ru:r&ilJl~ 0 
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[0008] A-.* n5c *WE)] ffi f frIlM L.-01404Afilf 
FA _ 

)0 ?A. DNA 4*, ti/V±AlJr-)4 _,COV ; 

Rid  T fFfr NI] IMIlj.ic)tfiiroLrmrAirf.mv,9aEroLkwAlm-t, a 

LIAtLf t ̂4* nit. 

LoOliatiA jJ I= f411)3 , pJ *VA-  , 
AR )1J Eti LL (Viterbi algorithm) , 

r-t#' . Wi tAKTT,N , Haft, pi N,V)'&1thxt)ifi) L u gli rr,J1*,r, 
T2F-- )>ki  VI A 
[0009] A*Wi: rrsJIA , ORGIA LE I —Edit' )L WY, !Am  
A, -1,-M-VIA-Wi fit4 th 11)V-Ith4i_6-TtMJ1n1M-T 

Mfi )t-18)LA.*-41):  I`4  /.r p1 L M-Z W,i4iOkri 
, fi'MA-%zitht0.1-JI:WA IT Ai4fit ntri4-, R/1411)ikt- /.1T 

tif*441L.-1, mrinf ojt.iftmt (Viterbi_ algorithm) ,M-TAP)LMArfMT, 

]fiJC-1*tfl .ti4n1.*Mt, l'Ufhiti)L41111Mr11Wg},--AntAVI:T;N, 
i)&1111xI)]fi) Lkt ri4JafitVil # fTT AMA . 

[0010] *REA (01-iinh_ER bs)14A ffilA rIA 3J`K`i Lb , TV77`14)) n 
T EA , ,V1 V-

5t DA 
[0011] *a FA / Ffi- rigm -CP it h BI 1‘44 

zfry ggo, R-rp : 
[0012] 1 1 M*RFEJl —trgA n4IJ)1][,71- - ; 

[0013] IN 2M MM. _ 
tf, Qo 

n illg)t -T4'10)01MlirrifiiVEdAeArTA 

[0014] T rlig - i-ymm- F/14•K A 
W,J t77-4LI E__i?kivl Ws] 5-fift 4P-  tEl 144--.ivi -A *I  n5-- Hit 

kr ):7JVA 'It , Nit -T1614-4Tar-A, VI VVYA-7 rIA PVLI 
[0015] ' i/A 7Kif-i"Z —",".10=1" /1R1t FE M, A•idknig.MriTj•-.-Ang 

  "Z=1" TTY 
-{f4, X.E.111r11,14giitrri 4•drY-MiA 

QA," V`" 
[0016] US. rtj 11) 
[0017] A*a WA hfi , ffl T frlifrAZti)L41.111Mitrf)i. E00-401.1P, n 

CE*XM , iA -)j- rkNk, --FX7($1,4 : 
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[ooosJ -tE:zl('fe:_ ~ 8{]x. ·1J'rn:f, :zl('fe:_~ t~t±:1 f - ·1rfi ffl T11m5EM11 JL¥ 1Elr11. c:rftlt@J){±i~~iH'@ 
g~~~.m~4'fe:_~~~~~,~~~~ffl:~$~m~m.mitk$~m~•~rttxt 
R11 J L~ [2s] tll. DNA t+ :zl(, tiJ it 1YW ff :SC$ ; iYW ff ~IL JiJTJtiYW ff ~Ir. .cJ JiJTJ£X $ t,JJ m~lr.t§ 3±, 
ff: _fl~r M p)Tj£ i!Jlu ff ::t$:itHfl!Jluff, Ll {f Ll {f $tt1!J R11 J L 8{] Y!JlU ff t5 *, Ji)rifJ11 J L 8{] i!Jlu ff t5 * 
83 $,t YYWff~tM tiJ JJ¼ ; 7}·ffr~H, ¥r p)Ti£M11 J L8{]1PWff fa*· fig fl-R11 J L:il{t ffl ~,t{t 8f.J:il{cff 
fa,@,, RHA!rni~ ~nJ ::ktt:@, 11m 5EJoJTJ£fNJt tx±:gQ8{Jwi~fa ,1~,. %um i~~t1E, FJtti1f :}xt-ttr~!Jlli 
$ mi Jiff it 8f.J 11Jl 5E Ma J L¥ It] t£L c:p N! 5E IX ±if~¥{§ }~,Bf.] 7J rt, r:iJ Ll {f WJ I~% _q, ~ PJ A tl:@ , {vHm 
nJ LlJfiltlliJffl !t!Ht br~rt (Viterbi algorithm) , ~~R11 J L:1!1'½t§~'l'f4:8{]:lffi:1'½{a )§L nJ Ll 
11Jl5EMf1 JL¥ [2s] tll. c:r tt5E 1R±istt-~@3tff JU, 83 .tl:t, pJ Ll1f 3!JJ!£J(,Uf1 J L¥ [2s] tll. s{]:il1'½11§ }~LitHf 

r mrt& ~!Jlu , JA rm nJ Ll 1f 3ixtihM Ra J L¥ l!l tii s{] :rl 1t1a ,1~,Jtl:ff r mT11m 5t" 
[0009] a*.tzi:f,Ej R{Jyj~15-oo' *1zl:f,EliHH:W J ~5frftit•tl pJi~fr-J:i!t O tlHh!l*1zl:f,Ej Rf.J~)Jlli 
f;JLl, ~it•t-JL pJ*fl' ffi1 LtF{it1fm4, JiJr5£t~4nirt~)i'.)::EJ. ~tAff Ll11¥r Ra )LS{]i!Jlurr:ta *· faitM# )L:@1tt§~i'-f$Rf.J:@1'½fB ,\!L :tlH@l~~_q, ~ PJxtl:@, 11fH5Etln5Etx±is{]f~¥12f ,l~L 

~ffl*~l:f,El~tt~mPT~*ffi1,~~1f~~~)i'.):~ff~1T~ff~~m4,Ll~fflM~~~ 
-r'iJxtl~, {,vLl:tzo PJ LliE!Ht;,f-iJffl ,!;tt br:'nrt (Viterbi algorithm), ¥f R# JLA"JY!JlUfffff *, ~ 
1& Ra JL:il1'½t§ ~~'-1$ s"J:il1tfa }~L PT Ll11JB5ERa JL¥ l!l¾ii c:rt'i!f:5E [X}gjtS{]f~ffi~Jf 10, 83.tl:t, PT Ll 
1f ~zt-fuM R11) L~ I!] tii R1 ;il 1'½121 }~,Jttfr r fiJ{&i!JlU 0 

[ oo 1 o J * 'jj:_ aJJ ~ ~fj J1□ 1f TID :f P 1Jt ,~ ~'B-a r 1m s"J m it c:r '€ITT 7J' ~ tB , '€ITT 71"- ~'B- JA r TID s"J m it c:r ~ 
:fil:f,El~, ~imu*'fe:_l:f,El R"J~~ Tfu~JU" 

~11~iR.H~ 
[0011 J *'fe:_ a,g s"J _tit:fn 1 ~ ~H JJ□ s~1fTID:fn 1Jc,e JAta1r rTID~H l!lJt~~ 19Ll s1mit c:r i'B-~ 
f~ l:f,Ej ,fil ;flJ ~ 0) f£fu~ ' J:t c:p : 

[ oo 1 2J 00 1 J9 t~ ti 7J'( 'fe:_ 6Jl ~ ~'" ~ JJlli 19u i'tb :f Ll m r.i !b $ PT -x ti ft1 :itl: ff 71"- tfr ~ 0TEt£~ ~ 00 ; Ll 
lk 
[ oo 1 3 J 00 2 ,rm ti 7J'( 'fe:_ ~ Er'1 ~ ,t ~ nfil 1:JLl 81 ffl r 11Jl 5E flB J L ~ l2il tfl c:r tm 5E IX ±Ext~ !B~ ff Ju Bf.J * tJt n1 fa t-iJ ~ Ji 00 o 

~ ~ ~ ~4!! jj j:\, 
[0014 J rTID Wfffitlit7J'( 'fe:_ ~ s{] ~!Jlli 19Ll, foJrit~!Jlli 19Ll s{]11;;1:JU-tE ~1100 c:r 1J;; t±:1, ::1t c:r ~ Ptt~ti 
ffl~~~~~~~*~ffl~~~~~~ft~A#ffl~~~~~~~~#.rOOWM~~~ 

00 fflj£ 81 ~~f;JLl ~:,J;;f;JHi 81' f.£ffl rfu~~f7js:'jj:_ ~' rm~ §Efifulf 795(,j-]j'( 'jj:_ ~ 8{] ~~ iu 0 

[0015J rm~illl1J'J si~, #ii3-"ffi~", "ffi=" 1:x.m rmit § s"J, rm~§t:i=m.fu~79ti=t~~s1~t§ 
Jt :1: J! 'riwZ trnt 13' ta ~ foJr ta~ 0{] ttf:ttfrE st Jjci: 0 83 r1t, ~~5E 1f "ffi ~ '\ "ffi = " 0t tt1iE PT 
ri 8f:l ~ _gjUlr r.'E\ 1f tt 1o1 ri~,t ~~~~,ti~ tir1iE . ill~ !Pt-th, 1£* 'jj:_ 8f:l s"J :t~ it rr , ~i ~ p 'h 1f ill 
8J1, "$,t" 8{]~ x~M'l'wtM'l' Ll-1::o 
[ oo 1 6 J 11Jll '.rE flt J L~ l!l tii r:t1 tm '.rE IZ:±3x wi£~ 18 }~, 61 -h rt 
[ oo 1 1 J a* 'fe:_ 8}j 8{] ffi ~ 1f 00 , * 'fe:_ 8JHI t±:1 7 ~ 1rft Wfl 5E fl11 J L~ l!l tii c:r tiJLiE lR ±i ~~ 11§ ,@, 8{] 
~~◊Wffl*'fe:_11J'J8{)~~~,~h~~Wr~W•: 
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[0018] -6 , )1.31 IA LI. DNA g*, ttigiia W1..)V. tRIM* 11)1 it , )L N 

M DNA ff ---zkri4JKonjt- P/Wfl'il '3R -1_1. tREAK lI l- 1=J Y--- )A /if fr- -4JPlL 

n 4'4 YEI , tmg-* Ei)] nJ
Iffr o +1, itil fP A' d 0 lffif iffizi'PYJIM ) III hi DNA g .44,1**:, 

M DNA, EIIT .14 - r1P110) Wifif`-F , 

OM MAI-T4 A' li kTqx4)11A-isti-K, 

t(1- VtlX +14 nmq---4),47KAA-i--±-6-AA+34, ONO 

lumina &IA it. 91 lumina Multiplexing Sample Preparation 

Guide (Par t#1.005361 ;Feh2010) gk Paired-End SamplePrep i de (Part#1005063 ; 

Feb2010) , it_5 P,Mq TF, FA.* Z tRfE.*VAITTAIOJ,),XittY*PIVKAtT*A}7 

frl , , n Pkt g5t. 

[0019] A- t4 )a,1  VAL1 FT; _ c. .)Ekr -T- M1r1:45(-n, )N)tf li 

-619I0Y-MV -1),Z 7s•Rfg- F1MIITIAPAI, IJA 

Elrld fl a* #+ PZ-WAIJ V -i[J, /NM flit+ PR -T. )R%-t1 ;I AA LE:M. 

k, AA:4, AM911J FT: N h„ — AH1911J

 

Jx 

Q 1)&6- CIA1,11, 37' , )Z- th- tA fn 4iL 

1Wit PR -T. ' z_if-UrA .)- --/A*1_41-11-1LLA- T AlfltaA0 

/54=4-010,,-ta (MetzkerML. Sequencing technologies—the next generation. Nat Rev 

Genet. 2010Jan ;11 (1) :31-46) ft( A,  '3R -T- umi na—So exa (GATm, HiSeq2000T".4 ) , 

ABI-Solid 4n Roche-454 ( tf,M9Milry, ) .irjs1LIry,t ; ) pa+ •ft -T-

Helices rrj * tt (True Single Molecule DNA sequencing) , Pacific 

Biosciences (single molecule real—time (SMRTTm)) , 0,R Oxford 

Nanopore Technologies 1/_•- J m fL All ft; '-4`  (Rusk, Nicole (2009-04-01). Cheap 

Third—Generation Sequencing. Nature Methods6 (4) :244- 245) 31tVIJIMAAITJANCII 

4)c., MI*A nkiI njLJ, 5011 ifg lt; -)1 

MAK:am   oiu n Il lumina-Sol exa, ABI-SOLID, Roche-454 fit  'Tr 

[002o] TEAM,, A.411011,1Fi-MT_Ff, I-E-iJ- IM-P)T314r-t--,MT4Pgr -T-A31_41- LLxt, IM DA 

(±:*a rliPfifffl *iii"fir; R. IV Ikf'Pr_301fr-f-, . 1k` 

Trcif/g/qM-,TIVR friVVIThirtb, Ine<193-JIME0 A. xt -T SNP ft t)i-t i, 

SNP RAlj j I 1 o )o-T.3-i-tm,'1:-.-Rdrvti-th., tiAtt Ir ft i,,RIErj --Ri*ri<J 7-L- 4( 

-. 141337`, Aff P/M* -1V4.1-L4nriT/911Jrg,WE. Wil)N rNITT-X traE 0 V 4A1V-T431 

TEKTIJ +1* A- E.111 , M- 1J,Alti4P1T-NTIJ in TA -i.r)1 rItt/E.4-

E   v- icauLnI, griof4PMII -Tfrj1,- E< MAIJE-14tdE fRtg7k ri)J n 
0!1, I Kt P] tRIE*E 1)1rilg 

nvw) -T--,xri4J 4-Au4+ #YJIJ1,1kri[J, i-E1cl lYTIT/RitAgA4L7 E0 0 41EUFT,R. fRtg.7 aP)J 

W#!1, 5'01 rrsJ ) ,J N #!1 , fREA-XE.1)109-SEPIJ, 

NCBI36. 3, H618. :IA*, fRIE*a m-it/cmi , Ati-litx4n j j 

VTEAKaM , Ls,. -X-)11 SOAP AIT LLt 
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[ 001 8] -~ 5t; ' tt xt mu L¥ It] &'Ji DNA tt *' t-1J y_fj}iu ff)( 1$ 0 t-tHM * JR SM 8/,J ~ ~ iYU ' ~~) L ¥ [;is] 

tll DNA fp 4 S':J * f)JR * ~ ~ tt JJU ~~ fftlj O f~ ti 4 /)Z Rjj S':J ~ ® ~ bfil iYU ' nJ ~ *ffl {f {~*~~~)Lt~ 

w~ 8{]g'1frltt* 0 iYU :tin, t-[H~*1z 8J=l 8/,J~JJfuiYLl' pJ ~*m 8{] Z#tfrltt*79¥2frl,L1t' P1<11J:z)fP j[,Jej 

Jiu O ~ q:i, 1:ftm2¥Y35'r ml Jill o *m 2¥ ~35'r ml lfu. fp79~t JL~lzsitli DNA 1¥,¥8/,J*¥m, nJ ~ ~7!.YJfu 
~lJIJjc ~rJ !IX t-+ 1J :i1'.J~IH# ~t J L¥ It! tJi DNA, JA rm PT ~ 1=1>F JJ Q[A] ~t J LiE 1t 1x: 1f 8{] ~t~ T, xt ~~ J L 
~~~fflillfi~~~ffl.~fttxt~•#/4:,~~fflffXW~h~~~~,*~~tt#Affl 
aj~fflffl+~~Mfftt#illfi~§m~,~f~~~~~,~~~%Mffttff~r~~M 
Illumina 0P]J1Jrti1A8/,J:J;JU¥., 1YU:fl!J~ ~ Illumina 0P] Multiplexing Sample Preparation 
Guide (Part#1005361 ;Feh2010) ~ Paired-End SamplePrep Guide(Part#l005063; 
Feb 201 o) , i!Ui ~ m~ ~4~ # A* X o t~HI * R 8}j 8/,J ~Jlfil 1YU , J,).1±. 4m tt *ti IfX i'P< itt'f: * B''17Jr! 
;fP'& 4i'r, fil~'Jttt11U ~~fffU, I'iJ ~*ffl ritJ r'n'dts{]t~@~tt~ 1-3\JfU~i!Hf o 

[0019J 1±t~~1NUffXWFo, ~41NUffXWSffl fiNUff1X~, M1NUffXWillfi1NUff, #~1~ 
ffl@:~MffM*,~MffM*~rn$~Mff~ffl~~~ 0 ~ffl*bZ~i:8~~~,m~m+ 
illfifflff~7J~~~4#~~~mm~,Bmm~mf~~-•~~~;~m~~;,~ 
$NU ff 7J rt, rn .ll:l, ~~ ti lu m i3: ®~muff ~ I B"J ~ ~;,, 1}1U'.[ $mu ff s"J tt ,9, , m ~ w ti ~ 1mu ff 7!.J 
•-M®,~~~~Fo~Mfflff~fflillfi*m.~~~~tt~%*m~~ff~tt~m~ 
N°m~~~;~ffl*JJttBMili~~fffi=~ffl*tt#~~~-%~~*tt#.m~ 
*=1~1m1Jfff E1 (MetzkerML. Sequencing technologies-the next generation. Nat Rev 

Genet. 2010Jan ;l 1 (1) :31-46) § ttf 1t! ~ ~I[ f I I lumina-Solexa(GA1
M, HiSeq200(/11".;$), 

ABI -Solid ;fP Roche-454 ( 1.M~El~iNUff) rNUFffEl :.?J\.~rNUFffEl ( ttA~) Bt!{E)G~l[r 
Helicos 0P] DSJ'l~~·?J\.riNurt:tt# (True Single Molecule DNA sequencing), Pacific 

Biosciences 0P] l'j'I.?J\.~~strNUff (single molecule real-time (SMRT™)), ~,,& Oxford 
Nanopore Technologies 0 P] !J(J ~pg* :fL 1N1J rt: tt ::f: ~ (Rusk, Nicole (2009-04-01). Cheap 
Third-Generation Sequencing.Nature Methods6(4) :244-245)0 lli![~jiJfftt#B"J::fw=iill 
~"*~~tt#A~~~~M~~~m~*m~~l¥1~*7J~~~•mfi~~~m~*­
t-lHm:,tR8JJ B''1Jl1t)J~1Yu, m ~lUffl m ~ Il lumina-Solexa, ABI -SOLiD, Roche-454 tn 1'j'L7J\.~ 

~~~B~¥&-~~m~k~~fflffl~XWillfiffl*· 
[0020J ffmJili, a1iiLl1NUffts*~JB, m ~~4J1JT~1NUffts*~~~jffJUill:f'J ttxt, ~{fJfff 
]E ~ J1JT~tm5E rx: ±ixt ;ili 01 rwu rr:111:ffl" 1±* x q:i J1JT1tm □"1 #i~ "tmJE rx: ±i" Jili1t t· x.~iH~, ~ 
ffi{fW~13m~R~Bl~$#~~~~~*~~~~oxtf~P*mW~,m~~ffi~~ 
sNP 1v: h: 8"1 rx±i O xtf5HJr~f\1t~PtHir-tt. w11tm.~ rx±itff s"J ~Jitr ~5Hfrss ~fn,1ts"J~*~ 
~<ifl3?J\., ~Pmt¥Jfr~ * ~ i~~B1t81rmUffJ31JI O f).1JWffta * 9"1mtf* ~ i'B@~±}!Jt8"JiNuffJx 
ffl □1JJrt m rJ ::f ~t# JJU ~I[ 1M o tlzffl * /)Z ~fl 1¥1 ~~ 11,1, m ~21Jmit:Jt JiJr1~¥U s"J faft 1nwuff~ffl ~ 
2 J:n 81 ttw~~ ft~ff JU JtHT ltxt' fA w 1iiLl * ~ f tm~ ~ ±}!,It 8/,JiNU ffJxtm O ~ y[,' 1'~1$ * R O)j 8"1 
~~~,ffl5El>Z~~m~~~~fflk~~~~$~*ft~omffl*bZ~l¥J~~~,m~~ffl 
81 ~ ft~ ff JU 81 ~~1Hf ::f §Z:tt ~lj ~I[ $U' m ~ 79{f 1i:iJ 13"~ !® ~~ ~ ±i 812 J:n ff JLI O 1'~1$ * R O)j 

8"1~~1lflJ' m ~J*ffl 2J:P8"JA~~~~~til {tj;J~fl~Ff :YU O 1lfu:tin' tlz1I*'fe:_8fl 8"J~Jlfili7U' * 
m 81A~~~~~til79 Ncsr36. 3, HG 1so §j1Jr, t-lz1m*R8JJ 8/,J~~1YL illfi ltxt8{]7Jr!JF::f 
~~mm~◊mffl*bZ8JJl¥JA~~Jlfilm,m~*fflW~illfi~xto 
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[0021] T-4±-kki-tLaLiAx -al/MIJFTT,MM-,gA'k-19 -LoilZ 133-J`K ; JAR 
g'zNEwLwi ,  

it4;f41.-J)1 L IA tA ftlt *rz..FEArrgziori, 
V, Mfilizi) LI.*-4111 1"4-*AZ*V-,- „gs, kt /.1F Pi , ' 11)V-ift E( A4,4011A 

rrA.10A, pi_rjs -finE*-Lmi (Viterbi algorithm) ,f14.4)3*-1-- 
IAN Ctkb`I kkt'(u P,O Lid it, AF- I lVO-D4M.) 

[0022] TffiV- 1, x4f-IJNEtiEMV14-Akt-  il-M411-41T37H9TrrJ.:Ng.Arf -1,V__EFI 

[0023] A.*:t All)t in -Kieiti)L1*-4Mt*"*In A-14;a5LE, lt) 
lxotRri*am '0'10,1:filn"routi*TH -t44" Mfl.) 

41Q01#zra-4,, 
  *fa'ri4tV1EI., 

#11 (observations) 
W--f-Ritk*ft4 
state distribution)  
MJL 
[0024] 
[0025] 

,14...TAK-tfElfgUA-11/U4---“Vtlif-t 
(observation 

AMIIIM ATT, tlin -T-* -1-01111nA--"AtiliVEL ( 
) c t=f-WJJ  riri  V, LA*--ffit ( 

(hidden states) , I-II - IjA-IfILVITi911 tMAIOIIV1-1: 
(transition probabilities) ,X[Ji! 

symbol probabilities) 41-41JM>K151Tt#3j A" (initial 
,  k417NUM OitittE*L.'w& (Viterbi a l gorithm) TIM ffi Err k 

„ 

[0026] 1. KM9lil h, Y3 N. 
[0027] IL Xq Fii = Ifh,, fh i f ff1 MH = {mho, mh,} , 
[0028] Aril, 
[0029] mhk = fin 1,k • • rni,ky • • . , M N, lc} , fh k I f  1,1c) • • • f  k) • • • ) f N,1{}

[0030] 

[0031] k c [0, 11, i = 1, 2, 3, . . . , No 
[0032] 111. H = hi ] , hof[i h iftYiiiii** A 

[0033] 

[0034] xi E 10,11, y ,E 10,11, 
[0035] y- q,= {x „ y,} .U.TA RSTA-fPUMMA.-1, 
[0036] ffl N, PP,A4K,)k,--.INZ T Q Q. 
[0037] IV. S = s„ , s„ , sNf , 
[0038] A Fri , s, = A, ni,c, n1,G, ACGT fr['41,4 A 

[0039] v. TJ'AfliliitW-JriTITi9[Irfitk-i**-ftY.Alin e u e. 
[0040] V], I=JRVT1-44aMSMUV : 
[0041] = [ E Q) 
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[0021] MfF *' ~T ~f»-t5E IX±ixt@ s11»iuffJ!£1M' ,uftij 5Et»-!5E IX ±i q:t 81ffl15}ti•ff :Ylj ; ~,& 
~+M~5E~ffi5ElK~~~$%~-ff~.~oo•~~~~.~5Effi5ElK~~~~~-ff 
:Ylj' ~ ff$t1~tllt5Etx±is1t}Hiitff:Ylj O tlHM*bt~ 81~JJ~H31J' pJ ~,i1Ut~-f-Jifri£Rt )LS/,JiJJ!Uff~a 
~. ~i\'-ijtJLM14fi§*1'1~B1M1t1i ,@L RHN~i~ 1FnJxtl~, 11iJEJifri£fDbi:fK±is11rfol\~{8 
}~, o :tfHk:*izllj:j 81~~1Jlj, PT ~tUm •ttt:t~;\t~ (Viterbi algorithm), fl§'Ml~Bl41FPTJ.JJ 
~' Em 5Eijt) L~ [zs] §'._§_ 41 tt5E [K ±i 8/,Jiji~fa ,@, 0 EE Jl:l, nJ ~~ 5(JJthM ijt) L~ [zs] tli 81M1t{a }JU! 
ff r mr ii i»rn 0 

[ 0022J r oo ~ ~ oo 1, xt tum • tt t:t ~ rt 11 M ~i ~ )I( nr ~ +l ~ Jtl: ff 7]\. +Jr s1 mHt:ltHr w too 
fsljj£ : 

[0023J tt*JC q=i Jifr11'.ffl s"J;f::itt" ijtJL~1t*§*1'1zis:" 11'ts1~tE~1t)~UCt, ~ Rt JLzJ8JJl 
~ :~'dil ** 81 t-fzis:, {¥1J :tzottH!i!l * 1x: ~ 81 ~ ~ 131J , Pf ~t;:J~ffl R<J "Rir J LJ~H~ if§* t-1zis:" 79 Rir J L 81 
%H~WIJ :tz□ :x-83: o EE Jl:l, -=ff-\'. s<J~ lzsl tlim AArlfi, if§ 3 -f-*1-\'.~ lzsl tlis<J ~1~M!tJ1Itli C ~p J!tfii 
1[~1'jl fi'r fzjs::@]IH1L ~J,& fl/c--f R1 ~JIWLt1iir ) 0 )(,t-f q2:!f:JtrfiIJJL {~;ff;flt mi~ Rir) L 811'jI fi'r:@ ( :x 
-83:l'jlfi'f~B"Jitli~) {f79~1t~~ (hidden states), pJ~~~lfiI.#ts1iJJ!Uff~1iJAli3{$)¼l~ff 
Jlj (observations) , ff l:l}J5t~~J!£1Alf:HUf tB~~~)t$fi!f$ (transition prohahil it i es) , x,¼l 

~ff:Y0fl!f$7J\.:1ff (observation symbol probabilities) 1D1JJftt~~fl!f$7J\.:1ff (initial 

state distribution) ,:fzfi']JnljpJJJjjJi•ttt:t~rt (Viterbi algorithm) t#:l*JTtB:i:PT~~81 
Rt J L 1¥1-1-i'r ~ §:_§_if , NdfrI $t 1~ ~ $ Rt J L B"J f~L\~L 
[0024] 
[0025] 
[0026] 
[0027] 
[0028] 
[0029] 

[0030] 

[0031] 
[0032] 

[0033] 

[0034] 
[0035] 
[0036] 
[0037] 
[0038] 
Ji_iL 
[0039] 
[0040] 
[0041] 

t'l':illl:SH!rtv~i:tz□r : 
ic§:: 
I. w~ii~JJ!1J011v,8JJ79 No 

II. :x-83:B1J'J't{i'f:lli7J\.f3Uic.)\1 FH = {fh0, fh 1} ;fn MB= {mh0, mh1}, 

J:tr-h .,,,,. ...... ,, 

k E {O, 1}, i = 1, 2, 3, ... , \o 

llL ~~:5rd~D01flt)Ll'j11if~ic79 H = {ho, h1J ,t#iU:tih,holU h 17J\.Jilj~{{;!'=I-Btffi:fW/:>l 

Jtcp, xiE {O, l}, y iE {O, l}, 

rt~ xi:fD y JliAAB1ffJLlxt, qi= {xi, y;} gliAA7:fzfi'J1m~fuiiin.Ibs1~t~~x~, 
rru fiJr ~PT§~ tB JIB 81 ~Bl~~ ,t\ rn AA 7 *if Q o 

IV. i»!Uff~Hkhc.79, S = {s1, ... , si, ... , s~} , 
~rp, si= {n i,A, ni,c, ni,G, ni,G}, 1-\'.*Jl:tf:V:,881$ITTIJFf{§}ilL T~i'a'J ACGT [J]f~WiiX~B1 

V. f½JRa J Li;&nf;fD-f:r6J~JJ!Uff1'/§'~$71'f3uic79 8 :fD e o 

ffi ~ ;y ' t1;! if::rJJPii ~R ~ itVf 2±111 rtJ.' j) J & $iiHt w: mttfk9£ ~$ : 
r. :tn~t~x~{~f$7J\.;ftHc79 TI = { TI J u E Q) o 
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[0042] rii,JTA/A,A-aA- r tAft4 In T bil%V.11Y# ' f74

flfikit#WX,LA-V—tfArs ; 
[0043] II. tk4M-70,-;- n , -1.21A-t- AgLIVA4'YV Pr= re/N, A re RtAj:ffeHf-
M VITA 0(t(, YvtitiPtailA: 25 30 2_1F—Eic,

[0044] III. VC 405-4. ITAA, V11, ill  III A = taikl (j, k E , A 
ajAkita .“--";11P1A4', PP 

[0045] =Pr(q = 1 1 

, 
t. 

[0046] AA = , in n -F Y 

-H-)MX4, qi= {x „ TRicjAV-ft743. Wsjkit#a%) . *Ii\-0H-, xi — 0 Rt, 

t'YLANIFfILEA-riNAI-AltuYv 
[0047] 1M=7$- , 44g i**M igi$V : 
[0048] +RTr-47R nA:vmj,-i,e3i)mry,x1 vi.4.yv B = (si)} (1 = 1, 2, 3, N, 

j E , A 111 (s) RA" &R. ( .)a5 = Y.,}) 
NRIJ9Ji_fr[iRiJr-f-Mg114PIRet", 

[0049] 

b = Pr s: j.i117n ,111I

+ 11„. + 17;,. -1 1' 

[0050] It '41 Pi, b.seRt "ARA i, 47f-,-V-t-1.4[4181L*-ifirAq ( 
PI, WOW_ di TA! In PJ_%I  ft", HP 

  )r( baselqf — ?u : .x71:

[0051] \ I 
- 8) A (Ivise,m,_ i —c • 

' 2 

[0052] j=1; 

[0053] \,X-

c' x 

3 x 

base, in 

= Ix i, Yi}) 

[0054] ?at rilAVYTT;NtRA4'  l)J`ATI (si) Llp t 
_LA- 141)A11., 111 ktfk)OL5 ) T, ( rrmi -Rito 

[0055]  4'4 V.H; nittc4, iNff  ( 1-It N; XITA,4' VI 4-14 ) 

[0056] ) q 
• 
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[0042J tlHM*i;t~ s"J~mI'f5U, tE1:d::~~~fzJM st't1H~ r, PT~ i&z:?r.1 ""Pr(q, = .i) ~-} tiP~ 
, 

~~-~~affi-,t~~ili~~m~ttffl~. 
[0043] II. tlH!J*o.:~ st~JIB!:Wu' ic.1if1t:m:tJHt!Vi79 Pr= re/N, ;l:t9 re 1~*A~Wcf 
~ 1E1tll:mtll-:if t:u1xi51., 799G~~JxtJNtE 2s iu 30 zJsJ" 
[0044] II I. tl:HAl:*i;t~ st~JIB!:fyU, i2.1if1t:mtll$tf!M~§J$it279 A = {ajk} (j, k E Q) ';It 9 
ajk79~j-;l;kri§$t~s"Jtl!,t.$, HP 

[0046] Mfl)L.fit't'Jho = {m!,x1''"''mi,x;'';.,mN,x)' hi= Lfi,Y1'; .. ,J;,Y;'"",JN,v-) fl{_J Ftff\ x)fO y itll 

ms"Jff3'Llx1, qi= {xi, yJ tll.m7:fltffJ~Jiffinijs"J~~-~~" ~,tffff, xi= o 1-~*' "£3:im 
·ri~'E1tJ:, x1m.~[t]~J:~fft~[is]~79 mi,o''a 

[0041J ffi=7V, M/if:x!Jili~!-f!Llif!1¥9£[3$: 
[0048] tlHE*i;tf:1)=] R"J~JIB!:ffU, i2x3il~ffJUf~1.$~[479 B = {hi,j Cs)} (i = 1, 2, 3, ... , N, 

j E Q), jt9 b,,j (sJ f~*"a{ft,8 L 1&m-e*•1i1vfo~a)L.1if~ ( ~~ j, j = {x,, yJ) 

st, xJil1JJ1ujU~:frJt1JJ1uf¥f;; ,1~J1 l'!U~·ri", ep 

b1)si) = Pt(s1 lq; = j, { m0,m1 }) 

[0049] 

[0050] 

at' it~~W:EJflB"JPT~~-ri", tiP 

£:,base = Pr( basejq1 =j, { mu,m1 }) 

[0051] 

[0052] 

[0053] 

0 

[0054] Jlt-tv~nHf HMM ~Jji:, tt,tfft,12,s"JxJl~FfYHl-¥7J'-:ffT bi,j Cs) it., t1Pi+.tt,t-f_tr 
,r,1J:~[n]~aJL~1if~ ( ~i-~~) r, Jfu.9Rili:E~=imTiJJlUFf#ittE ( x~~ffYU) B'fl'iJ~Mio 
[0055] m=w,11Ji!@&~il¾E¥rel4,J:Ore@J1~U ( lrnf~-£if§Jg.~tMX.$ml4t207!79fYLl) : 

[0056] 2 ,,, 1=1.m1 •§U:~!J(q·.)=(max8.(q)·a )·b (s) 
N-A)l=IJ r=11..Jt::YL~ l .l . q{--.._,)E..Q l 

1 
,. q/,-·)q/'.,· • 1,qi - J 
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[0057] 

[0058] 

= alg max ) • It 

PA's  ̀ 5 (qi ) uf-J (qi) Viterbi v-•, 11<.7 
  LawrenceR. Rabiner, PROCEEDINGS OF 

THE IEEE, Vol. 77, No. 2,1989 2 A 

[0059]  4 ITR1-4-)LIMR- : 

[0060] <4;:••= arg: max ej,. (q v) 

[0061] ?OM oi rimkRi ,PP p] = `P ; ((i) (1= 

[0062] igA ,%,Iffim c, 

[0063] Hk, tLI LL EA' ri4T/L 
IRf*NA-AMItfri I-E-fi9tf4rumzivpi,g, : 

[0064] 1) Wig *A FE)] ̀ A.likfY!1, 04 + Mt -x4 tit:;  , )014 N'ItiA, A , RP ij.* 
g F-11 T-111_,J fi`'41 *VI ) L WI* )-N. , 401R114 

95% r,t Tr-)-CPTA-f/MJ k/ 
[0065] 2) fRfE*al--#4-AlMJ, flabf 

—1±V±1P M f'41Y,-4/K , AAIJNXIA-kOsai:rkefiA rf-N 
i=itayk- WriiI4  II] to 
[0066] 3) tRig4-a "-hst1M1, I-E-u-Aci-iil*rx-Afr- , xt-T--L11t1 )A , A7 4 

ffl*, :7)—(PJ T Of 12. 
[0067] .Y1*, tR/E*a F.1)J :1101, 4alEim CM 41 Risif-44:fA  7h ate, 
+NWT SNP pk STR  fs[112-iAltIttL,6„ (ì 7:1'I$z  I-E-cJ
IsJ frIlif)tik, Rutin], g- LAMI P,- ,12„ 
04)1iJrif , 

[0068] J J-Ta LIM +IN C00CPP,- .12 
[0069] A:zka- FA — -* -a F.91114 ± 

tkfm*a rrmiLix , RI: 2, 1000 i-iTI*OA- : <_)VtitgV_-_,, ,N 100, Jr 
M,X 200 R74)TM,X 400. 

[0070] WM* j1..)VttiggAri 100 Jt-f. ff x4IPOLMIAM. DNA g*-, titsig_ary, 
c-.)V IR4E4a riisi .htlYtI,Noff-, ,x. 200 -L-J- 100 4  II  1 Tx49TA g_fri 

Idd t.t)SAK. 
riT):#01, j _rl] M DNA /11-7W-IkX,, DNA il*ftARAits_.-TI,XTP-M41 ffrI 
IMJA ) IA M. DNA ***0 JIL, )t yE 

[0071] nA_Afx, 300. fRE4a A WO; ffi lMJ 
LLx4 _. 300 1M WI 200 *Pi, 4  ri 

—15 ftk:Eoi-Ax,MiTitillY,AtE.. tug*a fAix , IJJA T I=H-1•411nh 
tiAjt+•1*,J'il /q4--MEI.+ -fAIJIAMAIL& ; AAA' MI] r:T; 'tilt, ill* 
flJ)tt'' ,rIli]Fi^:RA` AAA isxmr)Iiiry-,rrAb„ —7,$-PIAMIJYT--;Or+ ),XTrii, 
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[0057] 

[0058] 

6/14 ITT 

g,_~/EX.o ~-yi,~~J31:S{]JEx.S{]t'i':tffiffij£, pJ~~ % LawrenceR. Rabiner, PROCEEDINGS OF 

THE IEEE, Vol. 77, No. 2, 1989 ~ 2 )=I, ii!H1~~~~~J-t~XffA*Xo 
[0059] 

[0060] 

W Im 7V , Em 5E :i: §} iK * , -11~ @l itB :i: vt £%:B~ : 

EJflJEjU!t)jx~, q,~occ argmaxJN(qx) 
qNdJ 

[0061] 

[0062] ffi n7V, iilti t±:1 §a* 0 

[oo63J rn JJt, ~g~1t1L}~:ttxt flft J L~ tFlt_§_ s{] ff Ju ill ff ?J\. tJr o t§ rt Jtfw. 21:r s{] r Fl!TiwJJ!Hi # 
~~,*~~~~~tt*~~,~~~~~m~tt~PTRffl~m#ffi~~~= 
[0064] 1) -J;B -tu!+ i& gR ,,,,-M; hilj +6.lffill fr¢, I--'-- ti --:.;:{TT At v-f /" ,11i5 Ml: I--'-- 6' v-f-J:µ.,)r.5 M: I--'-- ti ep-tµ::s;r. 

'll'C:J/J'.I /+'- /X. :'lJ ~ /JIB 17 , WJ. i1/,~ tl:J 1.'l,"' ,..I, X-~ /1:J )(-//JJ, l':L'llL "", /1:J '-'J--/JJJ, l':L 1.\J. "", '-'J- 7K 

~ir{ft,S\, [q]f$pJ ~fLUfJ!htftiffi.~ tB *fl& JL~~M1'½ 7 ffl:* S{]iJl:m{ft,S\, tftiffi.ul1tEJfl$P]' r'§'JJt 
95 % k1 r .. §_PT k1:r&:1mtt.frr~*~mi, :Jt1': 7 *m:r&~m1J a~mlf,] o 

[ 0065] 2) i-lH!is * bt fJJt~Jlfu {JU ' :,f {_§_ pJ ~ ;@j1 - {)\ ~»rn ff Rt~$ ~{ft ,?,i: ' $ ,frp *ms{] 11L~,' xt 
r-®~~~~~r:rm~w~~*,$%mr'§'Jfflff~~*~~~~~~~~~~ff~,PT 
~lmM::t~r!tiWrfiiU, fa5'!l1t~PT$o 
[ 0066 J 3) t-1ui * bt ~ ~ )Jfu 1Ju , PI ill ft:il 1t * m f~ ~ , xtr-®JtttlitEr ~*m, PT iffi.M :tt fm 
1ft ,~ s{] f§ ,~,1HJ;J!E WT tB *, -1J( PTRfi s{] f§ }&:L;_jc, x& 111E MC~iffi.f~;/Jp JllH~ ~ ~: x. o 

[0067] 1j ::?r' tlttm* bt gJt~lfie:1JU' * bt ~ i'r:! Ell 5Eflfr) L~ ~ §_§_ rtifmJE [X:rgil:iij,f~{§ ,E;, B"TJrrt' 
:,f{£/3~T- SNP git~ STR ~~-#:il1'½$~·ri{ft,~, xt}1fr~S{];lffi1'½$~'fi1ir,8:l:)JpJ~)=j:j, _fl PT 
~ $ .f$1ft,8 [q] at {~ffl' Lj {f:1Lf§ ~iiiL ~* 7 pJ Jtt1T~ 1HJ3ci1Jt@JJ!Llfl& J L~ ~ tll {§ ,~,' Jtflj *m 
~~mu S{] § S{]' ~pJ ~ill1T~iUY,',:Fl!T:;ife-=f ~JE' am-=t-tB !:i:Fl!T11JJEJti":X:;ife~{fr' 79- -@f~ R 
tf ~ ~ 1f ;f P x. *, ~t~f'LJ ~, ,1·11I ~~ t11' AA f ry11i&: o 

[oo68J m T~j§JE½11JL£~t_§_ q:tf.ITTJE tx±:g\tf~£18 ,~, s{]~~Jc 
[oo69J 1'±415( RJHl'-J :x.. -~®, 4s:btRJH~tB 7 -.f$ m rEmJi'fltJL~~m tfifiJbE tx±tt~@~ff 
JIJ s<J~UJE o t-lHM:2Js:btf3J:l B1~00ZfJLl, ~::;igll 2, ~~~Jc 1000 PT ~'ElJt :>CWttJilU~Jt 10O, 1»1uff 
~JI 200 Lltz.?J\.i-Jr~.I'. 1000 

[0070] 1tHM *1stfljj S{]~,Wj:1JU' xwt-JJ:§1~1[ 100 ~rttxt~t JL£lislm DNA ff*, tiJ7liYi~ff 
xw O +IHm4~btRA i'l':i~hffi1Ju, iffi.uff~.I'. 200-½ xw+JJJ!~.I'. 100 t§Jt, * £L~rxt?Jr.tJJ7!i'l':i 
1YW ff }CJ$ ill fr iYW ff' ~), {J: R1~1Y!u ff fa*' ?frt~ f lj S{] iYW ff fa* EE $-i" iY!Ll ff ~tk: t1J AA O t-lHM * it 
gA s{J~Jlfu1Ju, if riJ ~ill-tl;'EL:rt DNA +¥477\. ~~IL~ DNA t¥477\.~ ~lt~r JA q19=1~r JWJ .rilL 
q:t txVlX ½11) L~ ~] t.li DNA ++ * 0 EE J1t ' it~ ~Jf,i'JJ ~ :ifl:J=l:j rill fr tiiJ r: FW :ti iY!u 0 

[0071] f~f}ffi/4: tz lljj s<J ~ lJfe: {JU' {f ;izlt:l:ilI,' if riJ Ll 'E1t!5 btxt~.I'. 300 0 f~~ * R lljj s{] ~Jlfu {JU' 
btxt~.m 300 EJiYluF°f~.R 200 t§J!, ff _§j~-y~~?J-r1#¥IJS{]iYlUfffa*lJ~~~fffUill1f btxt, 
~~~~~ffi~!X~~@~fflff~ffl 0 mffl*~llJl~~Jlfu~,riJLlfflrillfifflff~~~~ 
-'& ~ff-+ 5l:t~JJIJ 131i tu, 'E1Jr1ifg,,f ~Ii r XX~3l$\.fl!J:'.t Jtrt d}t:im r'§'J;®_m,A{j$y)Llff ~)!, EE .tl:t, ~~l!J$ 
:¥um ik ®iffi.U ff ~.I'. s{] r'§'J ;@.;., 1*It1muff s{] t~ ,8, ill-ff ti r'§'J 1ffi.Llff 5iX$ 0 !Aw, ti r'§'J Fo tl xJ·1ffi.u 
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it;tA to '4,A-1,±0.-K57"ti-i- frf n<i tiumt Ajt_fiR 
-ftl.il• .3k _AVAIJ AOC PfiiiMz-/I-UrAilrf---t a (MetzkerML. 

Sequencing technologies-the next generation. Nat Rev Genet. 2010Jan ;11 (1) :31-46) 

PR J Il lumina-Sol exa (GA', HiSeq2000 - ) „UT-Solid f1 Roche-454 ( t.FA 
AlPt; ) -)1 ;*-!7'f411 -1?'1f'i ( VoK ) ,wmti.+Iw-f. He 1 i cos W‘J  

IA* (True Single Molecule DNA sequencing) , Pacific Biosciences INFJ--' 
.',9Ii!):?; (single molecule real—time (SMRTIm)) , 2  Oxford Nanopore Technologies //_ ±id 

rlisMATLMI ±-q4J0M- (Rusk, Nicole (2009-04-01). Cheap Third- Generation Sequencing. 

Nature Methods6 (4) :244-245)0 tVililiJrY-R7KrilT4119-6E/1-L,*RIMAAA.F: iik4}-1*A_ 1),Z 
tR/EAKVAIIIA-4*-77iIX f0 

AnTllumina-Solexa, ABI—SOLID. Roche-454 #1V-3-j\---nlijr-T, , n 
Mg,IJ fktE 7a W., YENJ bil=J1)1JIY,JVNI Jri4Jj$ ) •PliM'AR 

0, bi- l Yv/iffil-/,±Th4gAkl_fg NAM EA VY-N IA MAIM, -fflUI-UU n)` j:V 
tRIE.*a NCBI36. 3, 

ITG18O M*, ntrr'ijJ fktE*aCi4iA-44v. 
ffilP1 I:U01 SOAP 31ti-T- LLkt 
[0072] IRCA.ROJ ri4JZA4X, .5J -̀ KIM 400 d -TATP)iiI)V1)1_,nrAfT:MV, API )1.21-1 
*t.11 
[0073] wm2ka M camlu] 0. 25 f/PYviMci%)'a51K4'3J4ti T(:M re/N f'
YAMfiff , re = 25 — 30, 4)L  25, N 

[0074] 

X;..2 ,Y, =A--t 

[0075] = it '

• v, 

[0076] ipYV.iMfP-F.'4, pr= re/N. 

[0077] 7ta7,7o5-?.!f)]n -r. fioli, lvtritm 1.--L f , '1 -A PfiiifF)1 

EON xl 81',J AO"; WE — /LIM- T RA4v.,4414JAM : 

[oo78] Pu„, .=

[0079] A ill , 

[0080] (x 

[0081] 

[0082] , 

- 6.) A "hi ., )H- 

gt3 

%VA-  

E • A ( base. 111 - • A 'base, 

Nuaitfu 

n ' .116\ )01 IA 

LA LI. 

rf,N r-Tf rjAjilmj (Viterbi algorithm) , ffrhOjkit- - 
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ff~&illfi*~,~~~~tt~~*~~~ffl~tt~~~m.m~~~~~~ff~~B 
tJS11:3. /J' ~~ r * ___:_ 1~11J!Uff 1JDit~ w ~ • JJ'--J-11J!U Ff H*" ?fr~*-= 1~11J!U /ff E3' (MctzkcrML 

Sequencing Lechnologles-Lhe nexL generaLlon.NaL Rev GeneL.2010Jan ;11(1) :31-46) 

1'1t!11:3./J'~~T Illumina-Solcxa (GA™, HiScq2000™~), ABI-Solid ;fp Roche-154 ( ~n~Wi 
iYWff) iYWfff E3' :•JJ"---fiYWfffE3' C ttf:) 'filt!11:3.+l)lir Helicos 0trJ s{]~~•*--fiJJ!Uff 
tl* (True Single Molecule DNA sequencing), Pacific Biosciences 08J--i¥'-JJ'--J-~S1· 
~WJ/f (single molecule real-time (SMRTTM)), 12),,& Oxford Nanopore Technologies 01==1J 
S"Jtp;i*.JUIJ!Uffti*~ (Rusk, Nicole (2009-M-0l). Cheap Third-Generation Sequencing. 

Nature Methods6 (4): 244-245). ~ia~WiUfftt*A{];,FJf;J-rill1t, ;zjs:~]Jltitt#Aff! ~~1iJ$:f!MA{]~ 
~m12J,*ffl~~~~ff~~~~•illfi±¥~ffl~ff.fflffl;zjs:RBJ=J~A~~~,m12J,~ffl 
m§ Tl lumina-Solexa, ABT-SOJ,iD, Roche-4fi4 5fP•JJ'--J-~IJ!Uff~IR"J.¥&~f~M?fr~.3'c.¥ 
~ffl~ff~Willfifflff 0 fflffl;zjs:~BJ=J~~Me:~,~12J,~ffl~~fflff~~~~*/J'~~m~ 
~,ey12J,~ffW*~~~~~~~8~ff~•*ffl;zjs:'it~~~Me:~,ey12J,%ffl8~~A~~ 
~¥~tllfF~~~~ffJU o 15U~P, t~ffl;zjs:2>z8J=l B"J~Me:1!70, *ffl B"JA~~~¥~tll~ NCBI36. 3, 

HG 18. !h>'r, tlHi;zjs:'it 1lJHl"J~Me: 1!70, illfi ttMR"J~~#/J'':l'l:t~JJIJ ~l!fffU" t~JJ,jl;zjs:'i}_~ R"J A1$~ 
JM'15Ll, ~ 12),*ffl SOAP illfi btkJ" 
[0072J tlHi;zjs: tit f1J:J R"J~Me: 1!iiJ, 5J'-tfr~W 400 ~-=f¥-=f ?fr~Bfr JL R"J ilJ!ur¥ti1f *, iff 1f Bf:r JLJl 
1tt§~,t1ts"1Jl1tf§ ,@,, t~1i~_q )j\~:J(tJt@, 11~'.iEPfr~tm'.iE~JJJGs"Jnt¥1* ,@, u 

[0073J t~ffl;zjs:'i}_ f1J:J 81 ~Me: fftu, lH~ t:t~tt)l(:ffl o. 25 ft ~1;JJ~jcplft~1l!f.$-:fr~, )1Zffl re/N ft 
7'.l!!Hll1t!t$, jct 9'l re = 25 ~ 30, 1)tm 25, N 7'.i?fr~fm'.iE~JJJGs"Jt:&, 
[0074] )Kffl 

[0075] 

[ oo 7 7 J t!R 1h!l * tt BJ=J s{] # Me: 1!iU , i~ fafr j;f, 1Y1u ff m * --'=J ~~,~ff Ju ill fi li xt , 12), 1i: 11ifl '.iE --'=J faJr 5* tm 
'.iEg~~@~~~~fflill-~1'1m~ffl~~0~~'.iE•$~~~N¥: 

[0078] 

[0079] 

[0080] 

1 - 1 1 . 
Pb- = "-(l-s)A(base,mk.)+-_s·A(base,1n, )+-s·A(base,.f1,) 

z, ase . L., 2 . · · · · · 2 ' 2 · ·' 
k~{O,l} 

:'ff= V .. 

[0081] ~rJtti n'-tJ-r 1f~-5t. mr rn:i Br£illfi r 1+rffiti!li:i£, fil 3f{ttt!ti~ffl-=f 11ifl'.iEM11 JL¥ lisl ta 
~ffi;E~~~-ff~~~~.~w~~o 
[0082] 831l:l, lUffl i~~ ~JL ~~1iJ%~½Sz:tili.~.llfilmT rn:f Jifr:i£ B"Jiiifl 5EM11 J L¥ lisl ££1. 9'lf.JJ.l'.iE IX±it~@32 
ff Ju s"J~r!, nJ 12),jiJtii1!iU frri;m;tt bt~r! (Vi tcrbi algorithm) , 1'§1' AA~~~ )j\m :J({t~, 1Iffl;E 
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)IA)LAN ri ~'f  LoifiJ4AVA/Vi 2,, FEE rf 1=4 5-WDIlfis) 

[0083] J1LhF, tutz,.* F9jki,JA-Iti#IJ,T9tRtu-40v E,*(y-A-1.*Vt rrsikk,, A :'e-A 
AYJA STR  

[0084] efP)- 50tV, PJ bi _ I0J1-VEI 
nJ 

[0085] 'A 2kAJA.4-AAA. KVAV, Afi fA 
I JJJWMkfritb,-ffladrti-TA .401.)1WILLI--ifj- E0PAMV--fA 

[0086] r-inAi'•1i 4 
[0087] A*V_IA *a HA [P frliiii-MILAA'-it-ffi.. fRIE*ar.[JJ  

. 0,1t4 TM) L IVirAIFT-44iT , 
IRE ZOT *4'4 , n 4401,n oELF 

, hVO4%ci-ITAR TuuT)TAM F-T1 0,1ELIN p k FL/a 
(viterbi algorithm) , faint , ' 1V1) 

▪ iLL PJ I:lA-S,-A1thx,M)01111.0*M-)2ati-d-Y--41f4Mr)liJ 
[0088] WM*- htfml -T.40,%* FL mL tRtEkt-PirMr*14-1-I, 
• Ed-j-An4AVIA.t. toualEA MAIN, APA-31E*LL.w&i-i , 3Rm 0. 25 iirY.1+1]tii) 

re/N rti re = 25 — 30,til 25,N Vfilifl)1 EO5'ATA

Ix
[0089] :)R1L11 

(1

[0090] 1.Te e • 

[0091] i/P YAM-0M-F 4, Rill, pr = re/N, 

[0092] VtE..).- I4J]ne-Xffil.N, PlTii.MA. 1V)IIVA[MiT ?"5• .PJ3Iti-l- LLxt , 
4P)Ttinit- --)14tTCA—VaTM'MV,TIJ/2,-AWAt*I- Ari<V411. : 

I 
[0093] =" H - 6' ) A ( base,m,, • Ai, base,m , ) - ) 

[0094] 1X , 

[0095] 

[0096] -T.*tE3J`tli-X3-J-, visutLizA -Tghtgoopii 
F. Y1

C

Wr- N ifs] 
[0097] JILL(`, RfE*arl)1rilT4-,:-htIMJ, RiVvEAW-T1'1 ,5itrii,PfA.ki„ 

V4.Affg -kilifu STR lEI4J . - #0 
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mu L¥ l-tl t£l_q:i tt 5E IX ±i 81 Ii¥1* ,l~L 83 JJ:I::, PJ Ll lf 5(J:rfuM H11 J L¥ l:tsl ¥11. 81 :ifH~ 1§ }i~Utt fr r iw 
t&1~u o 

[0083] Jltj[,' t-tztM*ftBJl 81~Jru!fYU' fJlt'.iE tx±i79 E/J;Of¥tElfH~~;:ttt011ft,8' rm :il1t$ ~ 
tt79m~•~ff•$~tt~srn~~&-~. 
[0084] tE:zjs::.'t q:i Jifr:i£81*i:g." ;j:§ ~" fZ1tr x]U~, ffi!tPJ Lln::Htlt§~, tE PJ Lln:: i'sJ:tit§ 
Ji, R~f3tUJ$~J_ffi_t;£:r}J(§t_t81%HiffiPnJ" 
[oo85J rm~w. 8Jl 81 :El::, :zjs:@[±itl*Ai:r! ~tUJf Wt~, tEM mi Jikt£:i£8111)l!5EH11 J L¥ ltl tli q:i tln 
;E IX ±i +* W~ff 5U ~ 7J~ 81 tt1iElO 1Jt ,Q ill ~*r Efiij ;E Bt J L~ lzMli tf1 fw;E IX ±]Jt;j-* W~ff 5U 81 * 
~rc , 79 m :i£ 1f f1':, ;-F w w :i£ 0 

[0086] itjf{;JlnJ~1l-m:t 
[oo87J tt*1zll,,~Rf.Jx.-1fTIIT, *1z8JlmW 7-:f,ht.ifJLi'iJiiftJ1xt o :ttH@*1zsJrnf.J~Jru!fYU, 
it• tfl PJ ~ ft m:t _t t¥ fit lf :t~ 4-, pfr5£ 1~ 4-3£ r *&:~JI ff tA ff Ll {f ¥ r Ht J L 811~U ff ta*, ta 
* Hit J L:@14¥ t§ ~ 1-1-t 81:@14¥1t ,~,, ttH@l~~-71; $-i'iJ x tel~, 11JH 5EJ=ifr:i£t»l5E IX ±i Rf.Jfi¥12f ,~, 0 83 
JI:!::, lLl ffl ~it •tfl PJ i* 11- }]xt, BtUJ$lr 5(J:r-t!r~ JJmAfJDif pfr5£ 811f1t, fA rmPJ Ll ilUi1YU ~o !! ** t:t• 
rt (Viterbi algorithm), fl§'WJ~~~ $ t:!Jxt:l~, 1ift§5EHfl JL¥1zsltli q:itt5EIX±iAI.Jii¥1R ,~,, 
83Jlt, -ar Ll1f 5(J:iihxJ Ht J L¥1zsJtli01~1t1a ,@,Jtl:ff r-mrr&1~u 0 

[0088] t[HAs*btBJl Rf.J~Jrte:ffU, :t~~¼!Ti'.lZ~~l!ttt:t~rt, ttHAs~~$PJxt:l~, ;iify5Epfr:i£ 
~5E1XJJJG01Ii¥f§ ,1/~L itHAs*i:ZBJl 01~nmfYL tEPJr:izE!!tt t:t•rt q:i, *m o. 2s ftY'.l*JJMr!i( 
;:tt~$n\.~, %:ffl re/N f1J=79]Hlit~$, ;!=tq:i re = 25 ~~ 30, 1:itm 25, N 79pfrj£~5EIX±inf.J* 
/3[, 

[0089] )Kffl 

[0090] 

[0091] f1J=79]Hli$~,f$~§J$, J:tq:i, Pr= re/No 

[0092J tlHAs*bt sjj 81 ~nmfliu. rv=rJ£:t8t◊i:ij'-f:fr:i£1ITT~J¥tt *~~ ~~J:¥1u ill ff t:~M, ~1 {t {IJfl 5E 
~M~ffi5E~~M@~~ff~~ill-W~~~~~~0~~5Effl$ffl~~~~= 

[0093] 

[0094] 

[0095] 

[0096] ~T~1Alf 71'-ffr$)j-' mTEfil 2i'.~ill1T 7 t:¥:fffi:tj!ljj£, lli 3 Pit:lfum:ffl r1im5E~S )L~ 18 tfl. 
~ffl~~~~-~~~*~·~N~:izEo 
[0097] Jl:t::?r' tlHAs * bt f1)j 81 ~Jru! 1YL ffl5E IX ±]¾79 2 ~o t¥ tEl0: f½ $~·ti 811ft ,8' rm jg 14¥ $ ;:t 
tt~m~$~ffg$;:ttt~srn~~&-#. 
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[008] VE2kiANT, "7a  T 177 tea. ,(T1iA. 

.1:1-UVIMAlt-E6STIP.4444 ( ( ,qma-F _ 
) ,1 AAL-it/04Ra ( ) (RAM) , ,=11 11

(Rom) , 7 Is 17-TIAStEH 0,-/(7-'1M (EPROM pJc l')\-1] VY-Wgg ) 1%,Mit4St RAI 
11 (cDRom) itntucT,PA:it-mtt F-Ts U-kl- MARI. TT EP Patfr1 rj-f•MEARilf;- 

ri<JIte., AiftXtk[445(Afk*-4 AITIE*49 414, 
fk*Z-_ h RAtiTM•J=-T.*I l P;),A-RTY-fiAA-ita-VMMLIJ 

[0099] 1i-znJt*, rrm-wJ\--of TlItCt MT. laftil-L417 
' iUJ Ill ft ri4A4`#ClY- //IT n 
K--1111#* .AO 'MO, R/(1. —T,ffi)J Aril 4, -I-LITM 4;0 
N4A7K niff ritq TM, :PAM t
ritTANindiFM-, A-4 MA -1]] VA FA L ,A1 AIN (PGA) , 

i11-tf-N (FPGA) hi o 

[0100] * --a7-ovo<J-tti-a . ayKkly: -of wtf .YI)LLitA'ffif#IiiJm-Ismtrii,i litTR,va 
41R ki `-M- P),16A-V.IT;xtVt t[i nRIV)-±-6 ,9vIrr,JNYT,M- 0.Mit -T.— frlii-i±ntilAciAltY-Iitit-
0, +I, TAITErT , 
[won A*,a -•1 -̀' L'h-'1N 

_L*)=-MWri-t44iA 0 _Litt lyji,4 
JAKM- 0,TOJ *It XR. 0.5-M Stit rif,VV:AA'N, O TittAnittAkt 

PJ.SixftxtV4iAnff.R.itYVITOVOVIA - PrAtiAltrllfr-f, 
1-1[1,11R4-fiVr4 
[0102] TIT)IVIi ith-lfAki- aiiM M}J*11,17-0-1*-0 400-A/A7KA WJ- -FA 
AAA fX)1] nzst-a riTra i=i/iiFEA P.444AA- P-5(,-* 

h, 4O 1J in)'4A11)1frFrilifg1A71%-ft ( 1Jtcrt35-' J. V-*4-11-A%' 
`n((3` -A14.-"*-5-AtFM, 414± .315-01 ) Fgf-A-- atiA ri)j-VAK. 
2-Mt F.01 , J%J AI  9141-JR riMIAVL , 1-01414 A t I 1 um na 

[0103] — jkt j j 

[0104] 7kana-v -rirr,Ji_rcm,T-mm 
[0105] 1) P,!1I7•ifx WVP-048 ,1,44R  -11; nitiKtiftfp: 
[0106] 2) 1M)L*FtA Y:0 14f0I-41I. P1'74--'4[Adi DNA /A pp Th O

[0107] 3) tR filirft 
[0109] 4) .'irAlirl4R-NITACCAULtit,11-g,-1,Ittktg.  

[0109] 5) .4)t-NWJAAIrT,NtREA_Vigl-T-11XkLA, _ 
fTft t0 I:Lx1w,J AtAtulti-T3-)1T. 
[0110] ftwfiqm : 
[0111] 
[0112] I. N. 
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[oo98J iit:zl(i£~~rm §, "·1+.;;tJLPTij;fi'Jffi" PTLl~1ffiiJPTLl1'1. ~ ,f¥1~,iffi1§,fttl~1t 
~~ffLl~m4~fi~~,~-~~~~~*~®ffi~~fi~~-~-~~~rm~m~~ 
IL 11 wiffl PT @;fl' Jj 8{]~~1t8"1~1lfLl C ~~ JJ' ~tEJU:«) 1'1.ti5 Ll r :~~ -1-~$1-ZIJ~ 81 
~uJ~$ ( ~-=f~W), 1fJ!tJsj:~i+~;;J;Jl:ftt:g ( Ei~W), Mi:tflff-I[;Z:fffi't~ (RAM), ,R ij;Z=f{it~ 
(ROM), PTtfl~PTffi$iU~ ij;Z'f1~:lfi (EPROM ~!AJj!Z'ffitii), YtH~H, Ll,&{flt~:if:YG:ffl:,R iJ 
Z'f{it~ (CDROM) 0 !hJr' i+~t1 nJij;fi' M ~~PJ Ll~ nJa~ _efJSp pfrj£fEff 81tfl;~~{m'21~ 
8111' J1xi, Iii :Y:;;1lfU :tzrn:iJ Ll:im:i1Mif\:~ ~fmfr-Jj Jtt1T ft "Ft:3 m, tt~mfi~ $ii:, fa¥ if ~JJ6, ~ Bt Ll 
~~*~1f~mfi~~*Ll~-=t-1f~~fflmJ&~ff,~~~~Z-¥~att~mZ-¥~~~0 
[0099J @-'=13~fa¥, :zl(_ttrijj R"J%H"iHJ-.i:iJ LlfflM~14, !VX14, IID14~t:1i'J s1t.li '21:>K':tl.Ylo a_tJ£ 
':t~7fA9'l,$1-w~~1f~nJLlfflZ-¥~aZ-¥~~9'lfl~*~~ffi4~fi~~~fi~!fX# 
~ CT1tl14 )l(':t.EJL 1lfUiz□ , iz□ *ffl ~114 )l(':t.EJil., f,D ft!h -':tlJ11i:1f:it 9'l-t¥, r:1Jffl :zl(@l±:gt0J;D A{] F 
Jutt;fz 9'l 0111-r~~fm 1fJ 01tllit*':t.El : Jt~ m r xJ·zijJAlHa 1% ':t.El:tz'.$&:sJJ at 0{]:iz'.$& n ~JFt 
81 ~1J:iz'.$ll: ~lE%, Jl~ '21:J1! s"Jt.l:! '21:tz$~ n ~Ji!is1~ m .IBG ~]Fi, "i:iJiU1fi'] l4J°U (PGA) , JJ!l:l:m 
PT ~fE (l [1$JU (FPGA) ~ o 

[0100] :zl(tt#@l±:gt R{] ~im tt#A.in PJ Ll ~fa¥':tJJil._t 5£':tlJ11i: flJUJf~tlw i'r''1 ~-rm~ -rm 7J\.W 

~~PTLl:imrl~**ffi4ffl*~~#~~.mJ£~~*PTLlt¥~f-#tt•mPT~Z-¥~1'1' 
M 9'l, i~ff!¥fEtAtfBt' 1'1.tt:1frt':tnffiiftU A"Jw~z. -~fti;_§_if 0 

[0101] Jltjr' fr:zl(bt 6}j -§-1-':tnffiflJU 9'l 81 ,§-J)JBt-~ 5G pJ Ll~~a-1-~:EJ. ~~ 9'l, fil pJ Ll 
~~~•5G•~~~#fE,mPTLlm~~m~Ll_t•~•~rr-~•~9'l._tJ£•~~• 
~~PTLl*ffl~#~%A':tm,mPTLl*ffl!fX#~~~~~%A':tm"mJ£~~~-~~ 
*Ll!fX#~~-~~%A':tm~*~~~~~~ffl~~~m~.iliPTLl#~tr-~tt~m 
PTilltZt¥1it1rM 9'l o 

[ 01 0 2] r Tifi i~ tirif ~ )Jffi flfij xt * b( sJ:J □1 7f ~ * 1T !@¥~ 0 * ~])i ±:gttt# A .in i~ ¾ Wffr¥' r Tifi □1 
':t~~&fflfi£6}j*bta}j,W~S~~~~*bta}j~ffi~.':tnffi~9'l*tta}jA~tt#~~ 
1t:t:01, Th:~*11li±ip;J 01xiJtfoJrWiJ£ □1tt#~~14 c 11u:tz□~~ J. IV"m7$~-Jl~~. ~m1lt~ 
lf. ~ <( -5J\.-=f 52: ~i ':t ~~ 1Bi1¥ff >) , ~ - ~&, :t4 "¥: tB ~& t± ) wt t'f-1t A~~ J1i i£ a}j ~ m 11 . Jifi JtHj 1fLl Eix 
fx ~ * ft)ljj tf= r rm $t , :f:)J ~ PT lJ, :im rl m IJ!1:J {Hf R1 ~ ;J;m f= JD , 1YU :tz□ PT rJ * IJ!1:J t:'=! 1 1 1 um; na i~ 
i§'j 0 

[01 o3J -~9:Jfrt 
[0104J *bZ[ljj':t~wu01:=t.~w1Jf{QJ15: 
[01 o5J 1) 3c{1,1J*11t* 1rflt1 L~1:f¥1m;m s1-¥rfr::1t¥Jt. t~Il":z~ rr* 1f s{]it1:f¥4mM" 
[0106] 2) MiUL%Jrf~.wizD:>(ffl:lnjH.§.:>(ffl:~~[ls]g_§_ DNA ti:&'vfntt{,t◊ 

[0107] 3) %~1:f¥4o/JM1lHJJS7G [P]1muff~'Ei1ITTLlff~**ffXW11:J@: 0 

[0108J 4) 1muff~1l8"JJitlJt!:1Trl1Jt., rliJt.~14tlHIM.m:{!1Ltt~i'5~~*i&~o 
[0109] 5) ~1~81 r§'JM ;tff 1Ll1lHmrm~Jt!:ffg_§_9&~;@.t.tl.~ta ;I(~ A~~ [zs] i;_§_~~ ff J°Llill 
fi~xt.~ffl~-~xt~ff~,WAM~Jt!:fi*~" 
[0110J -5J\.tfrtl~ : 
[0111J ~c§: 

[0112J r. rm~1&1mu s111,8t~Jg No 
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[0113] II. FH = {fha, fh1} R MH = {mho, , 
[0114] H; Lift 

[0115] 11 - fm 1 k, • • • , mi k, • • • , mN, lc} rhk {f 1 lo • • • fi, k, • • • , f N;

[0116] V:111;.,, , mh C,G,7":. 

[0117] k E 03, 11, i = I, 2, 3, . . . ,N.  

[0118] III. %IqTAFIrrott.}L- -/I'i4-ff9-. ia,Yv H = hi} , 

[0119] 

[0120] 

[0121] 

[0122] 

[0123] 

[0124] 

0h153-Alrlia*ri ff-1

1,x i E }0, 1}, y E {0, 1} , 

Fir xi R y ,ffljj.k q i= {x yi} fflhk J Rill M.-WM 
if)TVEII ffi TYLIA kta%)a5MA t J,±i 

IV. S = {s1  , si , , s,} 

A, ill si = {i i ,, A, ni,c, ni, G, ni, , RAJELRA „T, • ACGT 

tt 

[0125] V. t -i%A)LifkfiVilt-iT/911JF---T44-kf- YJIJ -izyv e fk e. 

[0126]  PIMIK , 1$3}4 I=JR*a-44;f1MOUV : 

[0127] I. VALi'AAL514; -4 .-EYV TI = i f (j E Q) 

A f1141-A rri 

[0128] tRc2ka rry.ffiim] ,6tfY_f.rryhAu--F, r-Ts t_ kiz <= (47, up 1-4
frft kftM4)Vt ji A ITTPJ. *I 1441- f 
[0129] II. tktg.7_all]n:-:thtlx, AY= re/N, A re fl-MA24:Ne. -
j1 YANtt/EYI: 25 TIJ 30 Z10] 

[0130] III. tR/E*RFIA , /lift-i*TLMW-FFI -in A = fa jkl k E 9) , A 

afkM1A4tOM niA#  • PP 

[0131] a il =Pr(q, p 

[0132]  ji• Pl : 

[0133] ftTg7 - r{)] B = {1)1, (si)} (I = 1, 2, 3, . . . , N, 

j , rri (si) Rt";}/ i1V.A j, ( 4)J_ j) 

nI-E-u-qw, 

[0134] 

Prk q, = 

+n , 7 

[0135] -A- .184**- L 'WM ( 4k1,5 j) 

14 
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[0113] 

[0114] 

[0115] 

II. :Sl-BJ:B"J~{i'r:tt'l-%!51Jii:D'9 FH = {fh0, fh1} lP MH = {mh0, mh1}, 

;tt Lf:1, 

k E {O, l}, i = 1, 2, 3, ... , No 

10/14 }TT 

[0116] 

[0117] 

[0118] III. ~%-*~ns"JmtJL!'j'l.{if~ ic.7'.J H = {h0, h1], t~:§lj:1:ih, h0lP h 1'5t§IJ~1{; B-BJ:;ij')FP:Sl 

[0120] A9'1,xiE {0,1},yiE {0,1}, 

[0121] rti xilP y JBJJlG 13'0!-f JUxt, qi= {x i, yJ iB.h~ T iltfi'Jw~iffIJii'i½B':J RiiUk~, 
[0122J rm JifrlP'iJ~~ t±:1 rm 81 rs.BFt~Vl:k~i'£lfJ¾ I *it Qo 

[0123] Iv ,\ITT1I r:z ltfr U2 ':J -'h S - { } , iJ,~IT><)U/p iu/::J, - S1, , , , , Si, , , , , s~ 

[0124] ;ttq:i, si= {ni,A,ni,c,lli,G,ni,G},1~:«llt1:fr,#:s"JiPrnff{1U~L1'11sf ACGT [ 1J,¥~i)g\:¥B1 

l5t~o 
[0125] V. -'f:l:)J½itJL*&lP-'f:l:)]1Yrnfft'lh~$jj'-!51ji,c'i7'.J e lP eo 

[0126J *~jv, &1;/i~1JJQir!t~M¥±i'-1ff@:t, ~J&-tiii14J1Uli!JM1£l4 : 
[0127] I. 1JJPit)jjc~tltl;$7}~1,c.7'.J TI= {n) (j E Q), 

[0128J itHJi1i:zls::&:8J.lB1~flfil1JIJ,1£¥!~~~~JyJEB"J't'l'rmr, PJl;l,1&1r1 c::cPr(q ""i)4z ! ep~ 
, 

'ftf.lz§ ,,.,1-1;.:i;c:fr*,,_ /,,Ji. r5 1IJj:lf.l 'A j·A[c.Mi..+R"W: 
1''r'll.1'..,~'IJ\,e.,',1I:.$~ [ 1\/,",[IJ Ji:i0'JP t1!:cl:t>'l'R--scfo 

[0129] II. itUi7's:tz8J.l st~JJftH9U' 1,c,ff!.{i'r{z!s:l!H.!Ht!f.$11 Pr= re/N, ;ttc:p re 1~*A~Wc--r 
£~tll:ic:tllf:i:)]{Xzl&, 7'.JJi:J.&Ji-tJilHt 25 iiJ 30 z.fr:fJ o 

[0130] II I. t1Hi*tz8J.l B1~flfil19L ic i'j§.{if{z!s:!!H.IU~l$~8J'fi,c,;',} A= {ajk} (j, k E Q) ';ttq:i 
ajk7'.J~:g~)jjc~$~,t:i □tf~)t~, ep 

[0131] 

.. I (1- p,)' 
a11c=Pr(qi=klqi~1=J)= I (l~pr)·Pr 

P, 

[0132J * -w, #lfltxlJB¥f rr:~ilil!f¥Wi¾: : 
[0133] HHi*tzlJjj Bt~1Jlil191J, icxJrl~ff:9H~~~9;§:!47'.J B = {bi,j (s;)} (i = 1, 2, 3, ... , N, 

j E Q), Jtr:p bi,j (sJ 1~*"1£1:fr.s( i, ~$-BJ:*.$.{-fr~lU~ti)L.$.1-i'r~ C ~-~ j) st, xJJiITTUiLl~ 
f~~~Llff{§ ,1~, s1PJ~~tl:'', ep 

hi,J(s;) = Pr(s,.[q;=J,{m0,m1}) 

[0134] 

[0135] 
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TAIrr,J fct", lap 

[0136] 

[0137] 

[0138] 

[0139] 

[0140] 

[0141] 

[0142] 

[0143] 

Fri tk7T, 

— J . '1 in, 

—
I

( I base,m,)+ A( base. PI 
• 

I —e x — y

.43 ray 

T-7: -/$-, 4] i*M, F3S, fril A tVA  ( T 

maxgi (q, 

(q1 )= amnia-x( , ( 

III 

irt El , ' 141 Wit4sAt.4-s, , F riomu,ftMr . : 
= arg max o 

[0144] +f Pi' ! [  tHq kP P] RHO) LV-4_ 

[0145] 

[0146] 

[0147] 

[0148] 

  A 
[V5ttRM2A. : 

(1) PM-V.4 Pri'RM 

1 
+

2
 s

WV f;Sti'g itY0( ) 

(q. ) i= -1Yt, 

YAfri IN 0M-1C-fn., MOL tkijfx)ilr*"  TIFF, I= 

EDTA TICAVLIkt, Oragenp.' DNA ritaiM /DNA ../1-CAPJ-ft. 0G- 250 TA 1[1. 441-1M-C_ 

[0149] (2) lue...-14frimAue... .411CitZ DNA Iktafot Infinium.'t HD Human610-Quad BeadChip 

jANPI- Z44-T--37`1.u. 
[0150] (3) IV sin, 1600g, 4 °C 10 5iiril,*IfiLftafillifiMft)=F, Ifl 

0, 16000g, 4°C AJIL8 10 VA 0 WEEIC. 01.[IlLVTE TIANamp Micro DNA 

Kit (TIANGEN) AR DNA, flji.1-14*ft-40 L ffl. DNA 11 3J -̀4-ifl/Ei +Min 

ri '41 NJ:V-4*A PT_IA DNA° *<4-9TV.YIJIT,J1il.V DNA fRIEli A. Hi Seq2000T71111)T:4,3( 

Aglient'Bloanalyzer2100 WA!' 

, Q—PCR Diseci2000nIRD-t--,WKIJ , 
Fmffi y+ Y PE101 index (0P A to lbp index , -IRZ J (-R- A'RIC'ph Wr,

4-"AV Illurnina'Kfpf)1)1 ( TJCEld http://www. i I lumina. corn/support/documentation. ilmn 

) 

[0151] (4) y..*- 4*M- It'd nmaR VI) L1I +++' ifI lM4Vij TIANamp Micro DNA 

Kit (TIANGEN) DNA. 

15 
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JJ!lB"JPT~~·ri", l:!P 

!~,base = Pr(baselq; = j, { m0 ,m1 }) 

= L lei- s)A(base,mk )+ +EJ.,A(base,mx,) + _!_8 · A(base,J;,,) 
/iE{O,I) 2 ~ 2 , 

[0136] 

[0138] 
{ 

1-e 
Ll(x,y) = , 

e/3 

x=y 

x=t= y 

[0139] 

[0140] 

~ =-W, i:i;J i! §Hm it!f 4':W r$, !P n!fP] 11:ff t± C r TIIT ~ ~ MIU'iu tflH\l5£ * 9£ ~t~ ~79 Wu ) : 

5Ex.fiDtflHI$ 8, ( q,) = ( ~~~S,. ( q;)-aq,~,q,) ·b,.,q, (s,) 

[0141] 

[0142] 

[0143] 

5EX.J£[P]t!'t'ft '¥,.(qi)= argmaxS; ( q1 )·aq,-,q, qHE{l 

[0144] 

[0145] 

[0146] 

[014 7] 

~nW, ilfu t±:1 to* o 

~~1JU 1 

t'F £tj)(*lz.~;!J, : 

[ 0148] (1) Ji)T ~ ff Rn 111 tr5 ~ 1' * ~ q:t :X. * lP * * ql :l!Jl B"J :Y'r JW1 1Ill , mu UH ~ J§' .t!XM:if W 1Ill , ~ 

EDTA t}[,*f1f~X*, Oragene°'J DNA U~!H~** /DNA §:t{ti-tJfU:i: OG-250 **ffl:x_iij:ifnjHR:x.£; 

ntmto 
[0149] (2) Ul:SZ.£J:lP5'Hll:SZ.£J:U¥1f DNA1lI!XJ§'fflinfinium® HD Human610-Quad BeadChip 

~ IE! ~ A ill ff ?J" ~ o 

[ 0150 J ( 3) Iti £; * 2¥ 1Jl :Y'r ffll Ifil, 1600 g, 4 °C ~ ,Ll, 10 7}· '§rfi , ~~ Ifil iW HeI ;f P Ifil ?Jt :n'- :ff, Ifil ?Jt W 
~ 16000g,4°C~ 1Ll' 10 -%'§rfi,ill~~~~,#;yj@IS"JE1§:ffiAfl.o 2¥~=!Ifil?Jtffl TIANamp Micro DNA 

Kit (TIANGEN) tl!IX DNA, 1i¥1J£J:*l1Jfltl )L£ ~§:§.DNA 1filif1?7J, :3f Jl},,A~Ifil?J'-~ Ifil?JtJBJrj~Q{] 

tJ§:Wffi r:rttltK£J:5)€£ lr,J§:ll DNAo ~~Jifr1i¥1JO{]Ifil?Jt DNA i'!H$ lllmnia® 0P] HiSeq2000™~VJrJJt{SC 

H'J J:;tJL ~ *illff 7-tw, ;j;aj 7-tif H'J Y.:W§:1 Agilent® Bioanalyzer2100 ~~ViU J=, ~?J'-;frHff Gfil i-'fil­

~*, W§:6:Ji Q-PCR 1f1txJr331'XJ$:tH1TJE.;., il-~Fo mumina® HiSeq2000rMiViUJf{)(iVJUff, 

~ViUJf1Jelfl&79 PEl0lindex ( ffiP~[P] lOlbp index iViUJf), ;tl:cp{J(M B''1~9i5CW.JIRfmf'ic:7fYtdf~ 
j'~~~Illumina®fm1t~flfr ( nJB:J http://www. illumina. com/support/documentation. ilmn 

~Itx) o 

[0151] (4) :X.*:Y'rftJifil,-f#*:Y'rJi!iJifilB§:ffiijfil;fPM11JU:ifwrfilY!U]Uiffl TIANamp Micro DNA 

Kit (TIANGEN) ttI[h:i\JfU:i:tlI!X£1E!tfi DNAo 

15 
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[0152] Ib. DNA 4AM,, n MA- DNA 4 Pri , jt Covari sTm4T[Ci5C IT 500bp 

l'n9tf)it n DNA J'Ll PAL RILLV, DNA 

AN*Ail-TVA , i*MIWO T : 
[0153] : 
[0154] 

4 Pri +OM IIIuni a 

10 X T4 ff l'412 i+ 10 til

dNTPs( I Ontrvi ) 4 p1 

T4 DNA 5µl 

KlenoW µl. 

T4 r , K 5 pi 

DNA 30µl. 

ddH 2C) 100 pi 

AI  Hi Seq2000TmArT:45CA 

[0155] 20.caE--L 30 1)j'irihFi, ftt PCR Purif ication Kit (QIAGEN) Ali ilk*Y-flia-NPV. 

34 tot EB 141

[0156] **Z0/11-14I01. A 

[0157] 
10X Kienow 5µl' 

dATP(1mM) 101' 1 

Klenow exo- ) 3111 

DNA 

[0158] 37°C t 30 3i` , MinElutel' PCR Purification Kit (QIAGEN) .*ft 

12 II 1 J EB +. 

[0159] : 
[0160] 

2x Rapid DNA .t1AVCIPA 

PEI Adapter oligomix(20uM) 10µI 

T4 DNA Sµ1 

A n lop I 

[0161] 20°Ca8Z 15 3jit ln,iltij PCR Purification Kit (QIAGEN) lt-OT 
'HP] ri'VTVV- 32 to I [J EB airriA 
[0162] 

16 
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[0152] [~JfiIJt DNA f+fpj!,, ~4} Jifr~ZiB"JJifr~ DNA ttPuP, fffl ffi Covar is ™tJWf1)jJWf 3'£ 500bp 

::k1J, S"J)t '®:◊ ~%-~1iB"J DNA h ,®:12),,&Ifilft DNA ttfP:flHMillumia® 0-J:u HiSeq2000™11Jl~Ff15(B"J 

1::fJlJ!)f Jtl: ff Jtw , JI_ 1t ±v ~,~or = 

[0153J }fdiffi11~J[&S1t* : 
[0154] 

!OX T4 ~t~it®}!U!f:flJ;~7't1¥&: 10 µl 

dNTPs(l 0mM) 4 µl 

T4 DNA ~il'!l 5 µl 

Klenow J=t .§z 1 µl 

T4 ~ t~t'f~Il~~ 5 µl 

DNA ht& 30µ1 

ddH2O11-Jr:t: 100 µ1 

[0155] 20 °C &S 30 ?J\.fff J§, 1fffl PCR Purification Kit (QIAGEN) [EJ~y:*ftiffif1i,:'l[r"-40 o ~%-

Jifrf~:¥LJ S"J~40~J§ftr 3,1 µ 1 s"J EB tt11t11fJl4~ o 

[0156] *ftiffi;$1Jn~¥ A &S1t* : 
[0157] 

l0XKlenow fl.Jrp~ 5111 

dATP(lmM) 10µ1 

Klenow (3'-5' exo) 3µ1 

DNA 32µ1 

[0158] 37°C 1./ili 1-f 30 1J'"fff J§, §:} MinElute@ PCR Purification Kit (QIAGEN) tit\{t ff 1!GT 

12 µ 1 If') EB lfl o 

[0159J :ti~B:Ji&Sft* : 
[0160] 

2x Rapid DNA :ii:fi~t9'11,& 
PEI Adapter oligomix(20uM) 

T4 DNA :iitt:• 
~;Jflif£ A B\Jr:tm 

[0161] 20°C&S 15 7HrpJ§,1tff.l PCR Purification 

1i¥UB"J7'-4m1iFzFoi:&-T 32 µ 1 B"J EB iil'f1fJlq:t o 

[0162] 

16 

25µ1 

10µ1 

5~il 

10µ1 

Kit (QrAGEN) @I r11ot-1irt&J o it-r1r 
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[0163] 
[0164] 

PCR 

M::61t.Q 11sV.11-7-11 
Phusion DNA. Polyrnerasc Mix 

PCR ( 10 pmol/p1) 

.1ndcx N( 10 pupal; }i1.) 

vt 

98 C 

98 C' 

65'C: 

72'e 

72 C. 

10 pl. 

25 id 

p1 

jul 

13 p1 

30 s 

10s 

30 10 /1'- i101,

30s J
'3 min 
1-101(1 

[0165] IM PCR Purification Kit (Q1AGEN) PCR jAV. gAii,ffig-T-. 50 it 1 n EB 
Cifia 
[0166] -1,4 Bioanalyzer2100 ;WM LI..ft g .4?_1 

Q—PCR FT-A 

±  PE101 index ( iolbp index avg. ) , rI145MTV;V-itN.R*4lPV&MTN, 
Illumina"* fp ( http://www. illumina. corn/support/documentation. ilmn  

) 
[0167] (5) : 
[0168] a. it)11 SOAP2 ( ftR4:Y NCBI36. 3, HG18) 

[0169] b. lifi SOAPsnP ( h R (CHS) *AWEITUnk 1 T-Ait- ME ) x4tVE.1-1-1-
SC) iJ (consensus sequence, CNS) jam* o 

[0170] c. fkl iaffi U-1,ER.A ri4J 4- CI )11-' 
[0171] (6) : 
[0172] a. Ag_i'-',111V4Z44.111.14. A-fiA 1- .111tVr4,RP -t)44V)iAll.Vf[AjJaA' 

[0173] 

[0174] 

[0175] 

[0176] 

[0177] 

0.250 

[0178] 

[0179] 

b. 1)1j BEAGLE x45.  IQ- n 
(7) VI )1Afg-i*ILT,M : 
a. )1j SOAP2 4  rill ( N4 0j NCBI36. 3, HG18) 

b. ttigill)V0%)- 44< _ 
1,411:1)]M>U51[4,-  

I)1 RingR re — 25 ( &th ff ) 
C. -1E-1,-1---ttitLAriTAMPigs, ( ) 

17 

CN 1011053789 B 

Phusion DNA Polymerase Mix 

PCR 5[~J (10 pmol/µl) 

.Index N(J O pmol/µl) 

jfilti1v.k 
[0163] &@f_%J¥~□r = 

[0164] 

98"C 

98"C 

65'C 

72"C 

n·c 

30 s 

1. Os } 
30 s 

30 s 

5 min 

Hold 

lO µ1 

25 µI 

l µl 

] µJ 

13 µl 

13/14 ITT 

[0165] {.1:'.ffl PCR Purification Kit (QlAGEN) @1~51: PCR Ft?ZJ o if Jli~JB¥~Ff 50 µ 1 i'l"J EB 

tl Jrp ml q:i o 

[0166] t1il?!Hi't<JJ.:W§'.2. Agilent® Bioanalyzer2100 t&iffi.~J=, f5t7J\.'Hlffilit4ii-~*' N§'.2. 

i1 Q-PCR 7J;'l!xtpij~jJfill175ES:, ii-tiFo, ffl Ulumina® HiSeq2000T\liffi.~ff{5Offi.~ff, 1ffi.~ff1Je 

r✓f 21&79 PE 101 index ( ep .XX rt] 1 o 1 bp index iffi.~Pf ) , ft q:i {t i:}S-<J~Jyj,fli'.».1§1H1=1Jr!ilH~ ~~ 
Ilhrmina~' ~ 11:-¥ fl}} ( pJ EB http: //www. i 11 umina. com/ support/ documentation. i lmn 1ft 
![Z) 0 

[0161] (5) x~~~tlUffi.~rl'5Ht'l : 
[0168] a. {tffl SOAP2 ~%1ffi.~fflX1risttxtJUA~~~~~tii ( t&:z!:79 NCBI36. 3, HG18) o 

[0169] b. 1:tffl SOAPsnp ( 1¥iJ:frx.n* (CHS) **~XtJffi{tffl 8':J :t%-=f A it:IGLl~Jtm ) MtxtJffiJtHT 
·Jjzff}lLJ (consensus sequence, CNS) t1ilY!◊ 

[0170] C. fR:~:zt±:ltiicAv:,88':J~~~o 
[0111 J (6) x~~1i1t~ttlfi = 

[0112J a. 11il~*fli¥--½x~~~~ s<Jt'H4s:~~~9£14, ept~If:Zx~, fli¥:tPT¥i7Jrx.J5X% 
*frt'.1fi2{ft,8 s<J~ ltl ~ o 

[0173] b. {tffl BEAGLE xtx~s<J~{i't~illff-rtlfi 0 

[0174] (7) ~tJL~{i'r1t~ttlfi: 
[0175] a. ffl SOAP2 ~%1tuJt1ffi.~ffJX1mf:LMiLlA~~~¥~tli ( t&4'(79 NCBI36. 3, HG18) o 

[0176] b. 12il~1JJ~i:Plf~~t~$[PJ m., L2},&~{i'r1$.mt£1.$~f$m 140 
[0177] f2iJY!1JJYt~~tl!f$[PJ_;_ =*I&x~~JxfJffitJb:t, HP fr~fJJ~t~~t~$t§~, J)J7') 

0. 250 

[0118J ~1i'f14:]Hll$~f$9;§:14 di~:L'fu, f!tfr'JIIX re = 25 ( ~~J~~Hx7Jr!Jifri£) o 

[0119J c. ~JEH~~1ft,8 s-<J1»i~fff~L~,, fft2il~xJJ~Ff}7Lltl!t$ml)$ c Jt~tt:~ ~x7Jr!JiJr:J£ > o 

17 
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81 

WI-UT 114-1zr?filliM,W, ---,17W_4---Eil)i)J,TJ,Tai 
-W.Crit4 EiNW 1-9;Ri*-'ff ° 1)4 %WU •-. 
i-rllYi7K TIT ' ° fiM-DPrflOWc:fr--% I-;4 

w‘lilm-iwffEAJRW-f f10 -A -Tri fi4W-6V VAIM E/IJ „ -,, Tr, '„ „ 

„ '„ „4 11 // . 1  7f414-f f!y1) Yt*Ti [88 [0] 

° i W412 :Milailfl.q*a n 0„Att ElLi ° FYI Cif 

VU FIE Nv-VECTW1-7- T 'WM u dOrlif- ---i -HT_tiHII T tN411 `-4' 4 .-1-14U4q/T"D'A-F-

° fzv k YY-Va-00 7 0 7 ` 'f fiC4T-4 Mi r -t-,( W-Tkrarkl *Vr, [L810] 

Y+4-1-ffia- 16014k1

vr4yiTf1(4144--,-FhtaTM*4 /4--P1411M-1-1.-Wri [Ma -MitTP-MX1._ 

161 - - "T-WiT5" A>  - Tri0-1[1.-:Wqr‘ii) KIN* [98 [0] 
y YTTT [go [0] 

%a:96. 69V.9 669.'S 
%0L'ea t 

99 Eci.t t %90-00t te91, ti3t3t,  f,-1 X 
alci'vot %9.1•66 t9Ei'≥"3Z 

%09'er3 64.9 vot 99Z tot 
. (y;s:vfits f.tzstT,9z 06E39z 

6 s.P6•6€ 6t,13'i-V %LW% t•9 60V99 
%if;9i.3 t.196:s9 i?£z`99 0./.0troot zgs6i3t 

'k4U [Cif ̀ WWW4 5-V Mg . -41/-

° 
.J

° MOIM NM 

° ( ) ft:), +UM' 1,1q1E0 'P 

[1781.0] 

[28 1.0] 

[Z81.0] 

[ [810] 

[08 1.0] 

sg1 17.-1/171 2 68R9(110-1 ND 
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[0180] d. t1Ji!UC1J$t~$~1$, lP~rtJt!'tn ( ;lt~:t~-·~y:1J;;!Afr:i£) o 

[0181 ] --c#. ,-,....,. ~ /,1-, ,f..P.. ::;/;s: ,f_.t,----1e---H· r,=;J ",R ~ f'..!.'-t;t.\z '7,. 
c. vro JEJIX~t-,v\.,~,,v(;t~, 7T ~ 1!PJ1 l!X Juiirf::r. o 

[ 0182] f. rifiJ w 0 

[0183] +lHfis Ba JL t±:l 1±.J§ S"JB:if w J.ill~ IE!?J"~ta 5F!' :¥Jt1i'J S"J?J"-~11t11fH'ttJEitimr : 
[0184] 

i':t{:t {,¾,~~ 
fiL{il', W\'li,/l!~ tl}:~;t'. l.!LiH& titf..l~ *** {;t,,\\Jt l{l;lifHJ: if}lifiF~ 
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DETERMINING A NUCLEIC ACID SEQUENCE IMBALANCE 

CLAIM OF PRIORITY 

[0001] The present application claims priority from and is a non-provisional application of 

U.S. Provisional Application No. 60/951438, entitled "DETERMINING A NUCLEIC ACID 

5 SEQUENCE IMBALANCE" filed July 23, 2007 (Attorney Docket No. 016285-005200US), 

the entire contents of which are herein incorporated by reference for all purposes. 

CROSS-REFERENCES TO RELATED APPLICATIONS 

[0002] The present application is also related to concurrently filed non-provisional 

application entitled "DIAGNOSING FETAL CHROMOSOMAL ANEUPLOIDY USING 

10 GENOMIC SEQUENCING," (Attorney Docket No. 016285-005220US), the entire contents 

of which are herein incorporated by reference for all purposes. 

FIELD OF THE INVENTION 

[0003] This invention generally relates to the diagnostic testing of genotypes and diseases 

by determining an imbalance between two different nucleic acid sequences, and more 

15 particularly to the identification of Down syndrome, other chromosomal aneuploidies, 

mutations and genotypes in a fetus via testing a sample of maternal blood. The invention also 

relates to the detection of cancer, the monitoring of transplantation, and the monitoring of 

infectious diseases. 

BACKGROUND 

20 [0004] Genetic diseases, cancers, and other conditions often result from or produce an 

imbalance in two corresponding chromosomes or alleles or other nucleic acid sequences. 

That is an amount of one sequence relative to another sequence is larger or smaller than 

normal. Usually, the normal ratio is an even 50/50 ratio. Down Syndrome (trisomy 21) is 

such a disease having an imbalance of an extra chromosome 21. 

25 [0005] Conventional prenatal diagnostic methods of trisomy 21 involve the sampling of 

fetal materials by invasive procedures such as amniocentesis or chorionic villus sampling, 

which pose a finite risk of fetal loss. Non-invasive procedures, such as screening by 

ultrasonography and biochemical markers, have been used to risk-stratify pregnant women 

prior to definitive invasive diagnostic procedures. However, these screening methods 

30 typically measure epiphenomena that are associated with trisomy 21 instead of the core 
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chromosomal abnormality, and thus have suboptimal diagnostic accuracy and other 

disadvantages, such as being highly influenced by gestational age. 

[0006] The discovery of circulating cell-free fetal DNA in maternal plasma in 1997 offered 

new possibilities for noninvasive prenatal diagnosis (Lo, YMD and Chiu, RWK 2007 Nat 

5 Rev Genet 8, 71-77). While this method has been readily applied to the prenatal diagnosis of 

sex-linked (Costa, JM et al. 2002 N Engl JMed 346, 1502) and certain single gene disorders 

(Lo, YMD et al. 1998 N Engl J Med 339, 1734-1738), its application to the prenatal detection 

of fetal chromosomal aneuploidies has represented a considerable challenge (Lo, YMD and 

Chiu, RWK 2007, supra). First, fetal nucleic acids co-exist in maternal plasma with a high 

0 background of nucleic acids of maternal origin that can often interfere with the analysis (Lo, 

YMD et al. 1998 Am J Hum Genet 62, 768-775). Second, fetal nucleic acids circulate in 

maternal plasma predominantly in a cell-free form, making it difficult to derive dosage 

information of genes or chromosomes within the fetal genome. 

[0007] Significant developments overcoming these challenges have recently been made 

5 (Benachi, A & Costa, JM 2007 Lancet 369, 440-442). One approach detects fetal-specific 

nucleic acids in the maternal plasma, thus overcoming the problem of maternal background 

interference (Lo, YMD and Chiu, RWK 2007, supra). Dosage of chromosome 21 was 

inferred from the ratios of polymorphic alleles in the placenta-derived DNA/RNA molecules. 

However, this method is less accurate when samples contain lower amount of the targeted 

0 gene and can only be applied to fetuses who are heterozygous for the targeted 

polymorphisms, which is only a subset of the population if one polymorphism is used. 

[0008] Dhallan et al (Dhallan, R, et al. 2007, supra Dhallan, R, et al. 2007 Lancet 369, 474-

481) described an alternative strategy of enriching the proportion of circulating fetal DNA by 

adding formaldehyde to maternal plasma. The proportion of chromosome 21 sequences 

5 contributed by the fetus in maternal plasma was determined by assessing the ratio of 

paternally-inherited fetal-specific alleles to non-fetal-specific alleles for single nucleotide 

polymorphisms (SNPs) on chromosome 21. SNP ratios were similarly computed for a 

reference chromosome. An imbalance of fetal chromosome 21 was then inferred by detecting 

a statistically significant difference between the SNP ratios for chromosome 21 and those of 

0 the reference chromosome, where significant is defined using a fixed p-value of ≤ 0.05. To 

ensure high population coverage, more than 500 SNPs were targeted per chromosome. 

However, there have been controversies regarding the effectiveness of formaldehyde to 
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enrich to a high proportion (Chung, GTY, et al. 2005 Clin Chem 51, 655-658), and thus the 

reproducibility of the method needs to be further evaluated. Also, as each fetus and mother 

would be informative for a different number of SNPs for each chromosome, the power of the 

statistical test for SNP ratio comparison would be variable from case to case (Lo, YMD & 

5 Chiu, RWK. 2007 Lancet 369, 1997). Furthermore, since these approaches depend on the 

detection of genetic polymorphisms, they are limited to fetuses heterozygous for these 

polymorphisms. 

[0009] Using polymerase chain reaction (PCR) and DNA quantification of a chromosome 

21 locus and a reference locus in amniocyte cultures obtained from trisomy 21 and euploid 

0 fetuses, Zimmermann et al (2002 Clin Chem 48, 362-363) were able to distinguish the two 

groups of fetuses based on the 1.5-fold increase in chromosome 21 DNA sequences in the 

former. Since a 2-fold difference in DNA template concentration constitutes a difference of 

only one threshold cycle (Ct), the discrimination of a 1.5-fold difference has been the limit of 

conventional real-time PCR. To achieve finer degrees of quantitative discrimination, 

5 alternative strategies are needed. Accordingly, some embodiments of the present invention 

use digital PCR (Vogelstein, B et al. 1999 Proc Natl Acad Sci USA 96, 9236-9241) for this 

purpose. 

[0010] Digital PCR has been developed for the detection of allelic ratio skewing in nucleic 

acid samples (Chang, HW et al. 2002 J Nall Cancer Inst 94, 1697-1703). Clinically, it has 

!0 been shown to be useful for the detection of loss of heterozygosity (LOH) in tumor DNA 

samples (Zhou, W. et al. 2002 Lancet 359, 219-225). For the analysis of digital PCR results, 

sequential probability ratio testing (SPRT) has been adopted by previous studies to classify 

the experimental results as being suggestive of the presence of LOH in a sample or not (El 

Karoui at al. 2006 Stat Med 25, 3124-3133). In methods used in the previous studies, the 

?,5 cutoff value to determine LOH used a fixed reference ratio of the two alleles in the DNA of 

2/3. As the amount, proportion, and concentration of fetal nucleic acids in maternal plasma 

are variable, these methods are not suitable for detecting trisomy 21 using fetal nucleic acids 

in a background of maternal nucleic acids in maternal plasma. 

[0011] It is desirable to have a noninvasive test for fetal trisomy 21 (and other imbalances) 

30 detection based on circulating fetal nucleic acid analysis, especially one that is independent of 

the use of genetic polymorphisms and/or of fetal-specific markers. It is also desirable to have 

accurate determination of cutoff values and counting of sequences, which can reduce the 
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30 detection based on circulating fetal nucleic acid analysis, especially one that is independent of 

the use of genetic polymorphisms and/or of fetal-specific markers. It is also desirable to have 

accurate determination of cutoff values and counting of sequences, which can reduce the 
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number of wells of data and/or the amount of maternal plasma nucleic acid molecules 

necessary for accuracy, thus providing increased efficiency and cost-effectiveness. It is also 

desirable that noninvasive tests have high sensitivity and specificity to minimize false 

diagnoses. 

5 [0012] Another application for fetal DNA detection in maternal plasma is for the prenatal 

diagnosis of single gene disorders such as beta-thalassemia. However, as fetal DNA only 

constitutes a minor fraction of DNA in maternal plasma, it is thought that this approach can 

only detect a mutation that a fetus has inherited from its father, but which is absent from the 

mother. Examples of this include the 4 bp deletion in codon 41/42 of the beta-globin gene 

0 causing beta-thalassemia (Chiu RWK et al. 2002 Lancet, 360, 998-1000) and the Q890X 

mutation of the cystic fibrosis transmembrance conductance regulator gene causing cystic 

fibrosis (Gonzalez-Gonzalez et al 2002 Prenat Diagn, 22, 946-8). However, as both beta-

thalassemia and cystic fibrosis are autosomal recessive conditions, in which the fetus would 

need to inherit a mutation from each parent before the disease would manifest itself, the 

5 detection of merely the paternally-inherited mutation would only increase the risk of having 

the fetus having the disease from 25% to 50%. Diagnostically this is not ideal. Thus, the main 

diagnostic application of the existing approach would be for the scenario when no paternally-

inherited fetal mutation can be detected in maternal plasma, when the fetus can then be 

excluded from having the homozygous disease state. However, diagnostically, this approach 

!0 has the disadvantage that the conclusion is made based on the negative detection of the 

paternal mutation. Thus, an approach which would allow the complete fetal genotype (be it 

homozygous normal, homozygous mutant, or heterozygous) to be determined from maternal 

plasma, without the above limitation, would be very desirable. 

BRIEF SUMMARY 

Z5 [0013] Embodiments of this invention provides methods, systems, and apparatus for 

determining whether a nucleic acid sequence imbalance (e.g., allelic imbalance, mutational 

imbalance, or chromosome imbalance) exists within a biological sample. One or more cutoff 

values for determining an imbalance of, for example, a ratio of amounts of the two sequences 

(or sets of sequences) are chosen. 

30 [0014] In one embodiment, the cutoff value is determined based at least in part on the 

percentage of fetal (clinically relevant nucleic acid) sequences in a biological sample, such as 

maternal plasma or serum or urine, which contains a background of maternal nucleic acid 
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number of wells of data and/or the amount of maternal plasma nucleic acid molecules 

necessary for accuracy, thus providing increased efficiency and cost-effectiveness. It is also 

desirable that noninvasive tests have high sensitivity and specificity to minimize false 

diagnoses. 

5 [0012] Another application for fetal DNA detection in maternal plasma is for the prenatal 

diagnosis of single gene disorders such as beta-thalassemia. However, as fetal DNA only 

constitutes a minor fraction of DNA in maternal plasma, it is thought that this approach can 

only detect a mutation that a fetus has inherited from its father, but which is absent from the 

mother. Examples of this include the 4 bp deletion in codon 41/42 of the beta-globin gene 

0 causing beta-thalassemia (Chiu RWK et al. 2002 Lancet, 360, 998-1000) and the Q890X 

mutation of the cystic fibrosis transmembrance conductance regulator gene causing cystic 

fibrosis (Gonzalez-Gonzalez et al 2002 Prenat Diagn, 22, 946-8). However, as both beta­

thalassemia and cystic fibrosis are autosomal recessive conditions, in which the fetus would 

need to inherit a mutation from each parent before the disease would manifest itself, the 

5 detection of merely the paternally-inherited mutation would only increase the risk of having 

the fetus having the disease from 25% to 50%. Diagnostically this is not ideal. Thus, the main 

diagnostic application of the existing approach would be for the scenario when no paternally­

inherited fetal mutation can be detected in maternal plasma, when the fetus can then be 

excluded from having the homozygous disease state. However, diagnostically, this approach 

W has the disadvantage that the conclusion is made based on the negative detection of the 

paternal mutation. Thus, an approach which would allow the complete fetal genotype (be it 

homozygous normal, homozygous mutant, or heterozygous) to be determined from maternal 

plasma, without the above limitation, would be very desirable. 

BRIEF SUMMARY 

25 [0013] Embodiments of this invention provides methods, systems, and apparatus for 

determining whether a nucleic acid sequence imbalance (e.g., allelic imbalance, mutational 

imbalance, or chromosome imbalance) exists within a biological sample. One or more cutoff 

values for determining an imbalance of, for example, a ratio of amounts of the two sequences 

( or sets of sequences) are chosen. 

30 [0014] In one embodiment, the cutoff value is determined based at least in part on the 

percentage of fetal ( clinically relevant nucleic acid) sequences in a biological sample, such as 

maternal plasma or serum or urine, which contains a background of maternal nucleic acid 
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sequences. In another embodiment, the cutoff value is determined based on an average 

concentration of a sequence in a plurality of reactions. In one aspect, the cutoff value is 

determined from a proportion of informative wells that are estimated to contain a particular 

nucleic acid sequence, where the proportion is determined based on the above-mentioned 

5 percentage and/or average concentration. 

[0015] The cutoff value may be determined using many different types of methods, such as 

SPRT, false discovery, confidence interval, receiver operating characteristic (ROC). This 

strategy further minimized the amount of testing required before confident classification 

could be made. This is of particular relevance to plasma nucleic acid analysis where the 

template amount is often limiting. 

[0016] According to one exemplary embodiment, a method is provided for determining 

whether a nucleic acid sequence imbalance exists within a biological sample, the method 

comprising: receiving data from a plurality of reactions, wherein the data includes: (1) a first 

set of quantitative data indicating a first amount of a clinically relevant nucleic acid sequence; 

5 and (2) a second set of quantitative data indicating a second amount of a background nucleic 

acid sequence different from the clinically relevant nucleic acid sequence; determining a 

parameter from the two data sets; deriving a first cutoff value from an average concentration 

of a reference nucleic acid sequence in each of the plurality of reactions, wherein the 

reference nucleic acid sequence is either the clinically relevant nucleic acid sequence or the 

background nucleic acid sequence; comparing the parameter to the first cutoff value; and 

based on the comparison, determining a classification of whether a nucleic acid sequence 

imbalance exists. 

[0017] According to another exemplary embodiment, a method is provided for determining 

whether a nucleic acid sequence imbalance exists within a biological sample, the method 

l5 comprising: receiving data from a plurality of reactions, wherein the data includes: (1) a first 

set of quantitative data indicating a first amount of a clinically relevant nucleic acid sequence; 

and (2) a second set of quantitative data indicating a second amount of a background nucleic 

acid sequence different from the clinically relevant nucleic acid sequence, wherein the 

clinically relevant nucleic acid sequence and the background nucleic acid sequence come 

30 from a first type of cells and from one or more second types of cells; determining a parameter 

from the two data sets; deriving a first cutoff value from a first percentage resulting from a 

measurement of an amount of a nucleic acid sequence from the first type of cells in the 
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sequences. In another embodiment, the cutoff value is determined based on an average 

concentration of a sequence in a plurality of reactions. In one aspect, the cutoff value is 

determined from a proportion of informative wells that are estimated to contain a particular 

nucleic acid sequence, where the proportion is determined based on the above-mentioned 

5 percentage and/or average concentration. 

(0015] The cutoff value may be determined using many different types of methods, such as 

SPRT, false discovery, confidence interval, receiver operating characteristic (ROC). This 

strategy further minimized the amount of testing required before confident classification 

could be made. This is of particular relevance to plasma nucleic acid analysis where the 

0 template amount is often limiting. 

[0016] According to one exemplary embodiment, a method is provided for determining 

whether a nucleic acid sequence imbalance exists within a biological sample, the method 

comprising: receiving data from a plurality of reactions, wherein the data includes: (1) a first 

set of quantitative data indicating a first amount of a clinically relevant nucleic acid sequence; 

.5 and (2) a second set of quantitative data indicating a second amount of a background nucleic 

acid sequence different from the clinically relevant nucleic acid sequence; determining a 

parameter from the two data sets; deriving a first cutoff value from an average concentration 

of a reference nucleic acid sequence in each of the plurality of reactions, wherein the 

reference nucleic acid sequence is either the clinically relevant nucleic acid sequence or the 

W background nucleic acid sequence; comparing the parameter to the first cutoff value; and 

based on the comparison, determining a classification of whether a nucleic acid sequence 

imbalance exists. 

[0017] According to another exemplary embodiment, a method is provided for determining 

whether a nucleic acid sequence imbalance exists within a biological sample, the method 

~5 comprising: receiving data from a plurality of reactions, wherein the data includes: (1) a first 

set of quantitative data indicating a first amount of a clinically relevant nucleic acid sequence; 

and (2) a second set of quantitative data indicating a second amount of a background nucleic 

acid sequence different from the clinically relevant nucleic acid sequence, wherein the 

clinically relevant nucleic acid sequence and the background nucleic acid sequence come 

30 from a first type of cells and from one or more second types of cells; determining a parameter 

from the two data sets; deriving a first cutoff value from a first percentage resulting from a 

measurement of an amount of a nucleic acid sequence from the first type of cells in the 
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biological sample; comparing the parameter to the cutoff value; and based on the comparison, 

determining a classification of whether a nucleic acid sequence imbalance exists. 

[0018] Other embodiments of the invention are directed to systems and computer readable 

media associated with methods described herein. 

5 [0019] A better understanding of the nature and advantages of the present invention may be 

gained with reference to the following detailed description and the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a flowchart illustrating a digital PCR experiment. 

[0021] FIG. 2A illustrates a digital RNA-SNP and RCD method according to an 

0 embodiment of the present invention. 

[0022] FIG. 2B shows a table of examples of frequently detectable chromosomal 

aberrations in cancers. 

[0023] FIG. 3 illustrates a graph having SPRT curves used to determine Down syndrome 

according to an embodiment of the present invention. 

5 [0024] FIG. 4 shows a method of determining a disease state using a percentage of fetal 

cells according to an embodiment of the present invention. 

[0025] FIG. 5 shows a method of determining a disease state using an average 

concentration according to an embodiment of the present invention. 

[0026] FIG. 6 shows a table that tabulates the expected digital RNA-SNP allelic ratio and 

!0 Pr of trisomy 21 samples for a range of template concentrations expressed as the average 

reference template concentration per well (m) according to an embodiment of the present 

invention. 

[0027] FIG. 7 shows a table that tabulates the expected Pr for the fractional fetal DNA 

concentrations of 10%, 25%, 50% and 100% in trisomy 21 samples at a range of template 

15 concentrations expressed as the average reference template concentration per well (mr) 

according to an embodiment of the present invention. 

[0028] FIG. 8 shows a plot illustrating the degree of differences in the SPRT curves for mr 

values of 0.1, 0.5 and 1.0 for digital RNA-SNP analysis according to an embodiment of the 

present invention. 
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biological sample; comparing the parameter to the cutoff value; and based on the comparison, 

determining a classification of whether a nucleic acid sequence imbalance exists. 

[0018] Other embodiments of the invention are directed to systems and computer readable 

media associated with methods described herein. 

5 [0019] A better understanding of the nature and advantages of the present invention may be 

gained with reference to the following detailed description and the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a flowchart illustrating a digital PCR experiment. 

[0021] FIG. 2A illustrates a digital RNA-SNP and RCD method according to an 

0 embodiment of the present invention. 

(0022] FIG. 2B shows a table of examples of frequently detectable chromosomal 

aberrations in cancers. 

[0023] FIG. 3 illustrates a graph having SPRT curves used to determine Down syndrome 

according to an embodiment of the present invention. 

5 [0024] FIG. 4 shows a method of determining a disease state using a percentage of fetal 

cells according to an embodiment of the present invention. 

[0025] FIG. 5 shows a method of determining a disease state using an average 

concentration according to an embodiment of the present invention. 

[0026] FIG. 6 shows a table that tabulates the expected digital RNA-SNP allelic ratio and 

~O Pr oftrisomy 21 samples for a range of template concentrations expressed as the average 

reference template concentration per well (mr) according to an embodiment of the present 

invention. 

[0027] FIG. 7 shows a table that tabulates the expected Pr for the fractional fetal DNA 

concentrations of 10%, 25%, 50% and 100% in trisomy 21 samples at a range of template 

~5 concentrations expressed as the average reference template concentration per well (mr) 

according to an embodiment of the present invention. 

[0028] FIG. 8 shows a plot illustrating the degree of differences in the SPRT curves for mr 

values of 0.1, 0.5 and 1.0 for digital RNA-SNP analysis according to an embodiment of the 

present invention. 
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[0029] FIG. 9A shows a table of a comparison of the effectiveness of the new and old 

SPRT algorithms for classifying euploid and trisomy 21 cases in 96-well digital RNA-SNP 

analyses according to an embodiment of the present invention. 

[0030] FIG. 9B shows a table of a comparison of the effectiveness of the new and old 

5 SPRT algorithms for classifying euploid and trisomy 21 cases in 384-well digital RNA-SNP 

analyses according to an embodiment of the present invention. 

[0031] FIG. 10 is a table showing the percentages of fetuses correctly and incorrectly 

classified as euploid or aneuploid and those not classifiable for the given informative counts 

according to an embodiment of the present invention. 

0 [0032] FIG. 11 is a table 1100 showing computer simulations for digital RCD analysis for a 

pure (100%) fetal DNA sample according to an embodiment of the present invention. 

[0033] FIG. 12 is a table 1200 showing results of computer simulation of accuracies of 

digital RCD analysis at mr=0.5 for the classification of samples from euploid or trisomy 21 

fetuses with different fractional concentrations of fetal DNA according to an embodiment of 

5 the present invention. 

[0034] FIG. 13A shows a table 1300 of digital RNA-SNP analysis in placental tissues of 

euploid and trisomy 21 pregnancies according to an embodiment of the present invention. 

[0035] FIG. 13B shows a table 1350 of digital RNA-SNP analysis of maternal plasma from 

euploid and trisomy 21 pregnancies according to an embodiment of the present invention. 

!O [0036] FIG. 14A-14C show plots illustrating a cutoff curve resulting from an RCD analysis 

according to an embodiment of the present invention. 

[0037] FIG. 15A shows a table of digital RNA-SNP analysis in placental tissues of euploid 

and trisomy 21 pregnancies according to an embodiment of the present invention. 

[0038] FIG. 15B shows a table of digital RNA-SNP data of the 12 reaction panels from one 

?,5 maternal plasma sample according to an embodiment of the present invention. 

[0039] FIG. 15C shows a table of digital RNA-SNP analysis of maternal plasma from 

euploid and trisomy 21 pregnancies according to an embodiment of the present invention. 

[0040] FIG. 16A shows a table for a digital RNA-SNP analysis of euploid and trisomy 18 

placentas according to an embodiment of the present invention. 
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(0029] FIG. 9A shows a table of a comparison of the effectiveness of the new and old 

SPRT algorithms for classifying euploid and trisomy 21 cases in 96-well digital RNA-SNP 

analyses according to an embodiment of the present invention. 

(0030] FIG. 9B shows a table of a comparison of the effectiveness of the new and old 

5 SPRT algorithms for classifying euploid and trisomy 21 cases in 384-well digital RNA-SNP 

analyses according to an embodiment of the present invention. 

(0031] FIG. 10 is a table showing the percentages of fetuses correctly and incorrectly 

classified as euploid or aneuploid and those not classifiable for the given informative counts 

according to an embodiment of the present invention. 

0 [0032] FIG. 11 is a table 1100 showing computer simulations for digital RCD analysis for a 

pure (100%) fetal DNA sample according to an embodiment of the present invention. 

[0033] FIG. 12 is a table 1200 showing results of computer simulation of accuracies of 

digital RCD analysis at mr=0.5 for the classification of samples from euploid or trisomy 21 

fetuses with different fractional concentrations of fetal DNA according to an embodiment of 

5 the present invention. 

[0034] FIG. 13A shows a table 1300 of digital RNA-SNP analysis in placental tissues of 

euploid and trisomy 21 pregnancies according to an embodiment of the present invention. 

[0035] FIG. 13B shows a table 1350 of digital RNA-SNP analysis of maternal plasma from 

euploid and trisomy 21 pregnancies according to an embodiment of the present invention. 

~0 [0036] FIG. 14A-14C show plots illustrating a cutoff curve resulting from an RCD analysis 

according to an embodiment of the present invention. 

[0037] FIG. ISA shows a table of digital RNA-SNP analysis in placental tissues of euploid 

and trisomy 21 pregnancies according to an embodiment of the present invention. 

[0038] FIG. 15B shows a table of digital RNA-SNP data of the 12 reaction panels from one 

~5 maternal plasma sample according to an embodiment of the present invention. 

[0039] FIG. I SC shows a table of digital RNA-SNP analysis of maternal plasma from 

euploid and trisomy 21 pregnancies according to an embodiment of the present invention. 

[0040] FIG. 16A shows a table for a digital RNA-SNP analysis of euploid and trisomy 18 

placentas according to an embodiment of the present invention. 
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[0041] FIG. 16B shows an SPRT interpretation of digital RNA-SNP data for euploid and 

trisomy 18 placentas according to an embodiment of the present invention. 

[0042] FIG. 17 shows a table of a digital RCD analysis of 50% placental/maternal blood 

cell DNA mixtures of euploid and trisomy 21 pregnancies according to an embodiment of the 

5 present invention. 

[0043] FIG. 18 shows a SPRT curve illustrating the decision boundaries for correct 

classification according to an embodiment of the present invention. 

[0044] FIG. 19 shows a table of digital RCD analysis of amniotic fluid samples from 

euploid and trisomy 21 pregnancies according to an embodiment of the present invention. 

0 [0045] FIG. 20 shows a table of digital RCD analysis of placental DNA samples from 

euploid and trisomy 18 pregnancies (E= euploid; T18= trisomy 18) according to an 

embodiment of the present invention. 

[0046] FIG. 21 shows a table of a multiplex digital RCD analysis of 50% 

placental/maternal blood cell DNA mixtures of euploid and trisomy 21 pregnancies (E= 

5 euploid; T21= trisomy 21; U= unclassified) according to an embodiment of the present 

invention. 

[0047] FIGS. 22A and 22B show a table of a multiplex digital RCD analysis of 50% 

euploid or trisomy 21 placental genomic DNA/50% maternal buffy coat DNA mix according 

to an embodiment of the present invention. Unclass denotes unclassifiable and T21 denotes 

?.0 trisomy 21. 

[0048] FIG. 23 shows a scenario where both the male and female partners carry the same 

mutation. 

[0049] FIG. 24A shows a table of a digital RMD analysis of female/male and male/male 

DNA mixtures according to an embodiment of the present invention. 

25 [0050] FIG. 24B shows a table of a digital RMD analysis of mixtures with 25% female and 

75% male DNA according to an embodiment of the present invention. 

[0051] FIG. 25 shows a table of a digital RMD analysis of 15%-50% DNA mixtures 

mimicking maternal plasma samples for HbE mutation according to an embodiment of the 

present invention. 
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[0041] FIG. 16B shows an SPRT interpretation of digital RNA-SNP data for euploid and 

trisomy 18 placentas according to an embodiment of the present invention. 

[0042] FIG. 17 shows a table of a digital RCD analysis of 50% placental/maternal blood 

cell DNA mixtures of euploid and trisomy 21 pregnancies according to an embodiment of the 

5 present invention. 

[0043] FIG. 18 shows a SPRT curve illustrating the decision boundaries for correct 

classification according to an embodiment of the present invention. 

[0044] FIG. 19 shows a table of digital RCD analysis of amniotic fluid samples from 

euploid and trisomy 21 pregnancies according to an embodiment of the present invention. 

0 [0045] FIG. 20 shows a table of digital RCD analysis of placental DNA samples from 

euploid and trisomy 18 pregnancies (E= euploid; Tl 8= trisomy 18) according to an 

embodiment of the present invention. 

[0046] FIG. 21 shows a table of a multiplex digital RCD analysis of 50% 

placental/maternal blood cell DNA mixtures of euploid and trisomy 21 pregnancies (E= 

. 5 euploid; T2 l = trisomy 21; U= unclassified) according to an embodiment of the present 

invention. 

[0047] FIGS. 22A and 22B show a table of a multiplex digital RCD analysis of 50% 

euploid or trisomy 21 placental genomic DNA/50% maternal huffy coat DNA mix according 

to an embodiment of the present invention. Unclass denotes unclassifiable and T21 denotes 

W trisomy 21. 

[0048] FIG. 23 shows a scenario where both the male and female partners carry the same 

mutation. 

[0049] FIG. 24A shows a table of a digital RMD analysis of female/male and male/male 

DNA mixtures according to an embodiment of the present invention. 

25 (0050] FIG. 24B shows a table of a digital RMD analysis of mixtures with 25% female and 

75% male DNA according to an embodiment of the present invention. 

[0051] FIG. 25 shows a table of a digital RMD analysis of 15%-50% DNA mixtures 

mimicking maternal plasma samples for HbE mutation according to an embodiment of the 

present invention. 
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[0052] FIG. 26A shows a table of a digital RMD analysis of 5%-50% DNA mixtures 

mimicking maternal plasma samples for CD41/42 mutation according to an embodiment of 

the present invention. 

[0053] FIG. 26B shows a table of a digital RMD analysis of 20% DNA mixtures 

5 mimicking maternal plasma samples for CD41/42 mutation according to an embodiment of 

the present invention. 

[0054] FIG. 27 shows a block diagram of an exemplary computer apparatus usable with 

system and methods according to embodiments of the present invention. 

DEFINITIONS 

0 [0055] The term "biological sample" as used herein refers to any sample that is taken from. 

a subject (e.g., a human, such as a pregnant woman) and contains one or more nucleic acid 

molecule(s)of interest. 

[0056] The term "nucleic acid" or "polynucleotide" refers to a deoxyribonucleic acid 

(DNA) or ribonucleic acid (RNA) and a polymer thereof in either single- or double-stranded 

5 form. Unless specifically limited, the term encompasses nucleic acids containing known 

analogs of natural nucleotides that have similar binding properties as the reference nucleic 

acid and are metabolized in a manner similar to naturally occurring nucleotides. Unless 

otherwise indicated, a particular nucleic acid sequence also implicitly encompasses 

conservatively modified variants thereof (e.g., degenerate codon substitutions), alleles, 

orthologs, SNPs, and complementary sequences as well as the sequence explicitly indicated. 

Specifically, degenerate codon substitutions may be achieved by generating sequences in 

which the third position of one or more selected (or all) codons is substituted with mixed-

base and/or deoxyinosine residues (Batzer et al., Nucleic Acid Res. 19:5081 (1991); Ohtsuka 

et al., J. Biol. Chem. 260:2605-2608 (1985); and Rossolini et al., Mol. Cell. Probes 8:91-98 

a5 (1994)). The term nucleic acid is used interchangeably with gene, cDNA, mRNA, small 

noncoding RNA, micro RNA (miRNA), Piwi-interacting RNA, and short hairpin RNA 

(shRNA) encoded by a gene or locus. 

[0057] The term "gene" means the segment of DNA involved in producing a polypeptide 

chain. It may include regions preceding and following the coding region (leader and trailer) 

30 as well as intervening sequences (introns) between individual coding segments (exons). 
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[00521 FIG. 26A shows a table of a digital RMD analysis of 5%-50% DNA mixtures 

mimicking maternal plasma samples for CD41/42 mutation according to an embodiment of 

the present invention. 

[0053] FIG. 26B shows a table of a digital RMD analysis of 20% DNA mixtures 

S mimicking maternal plasma samples for CD4 l/42 mutation according to an embodiment of 

the present invention. 

(0054] FIG. 27 shows a block diagram of an exemplary computer apparatus usable with 

system and methods according to embodiments of the present invention. 

DEFINITIONS 

0 (0055] The term "biological sample" as used herein refers to any sample that is taken from. 

a subject (e.g., a human, such as a pregnant woman) and contains one or more nucleic acid 

molecule(s)of interest. 

(0056] The term "nucleic acid' or "polynucleotide" refers to a deoxyribonucleic acid 

(DNA) or ribonucleic acid (RNA) and a polymer thereof in either single- or double-stranded 

S form. Unless specifically limited, the term encompasses nucleic acids containing known 

analogs of natural nucleotides that have similar binding properties as the reference nucleic 

acid and are metabolized in a manner similar to naturally occurring nucleotides. Unless 

otherwise indicated, a particular nucleic acid sequence also implicitly encompasses 

conservatively modified variants thereof (e.g., degenerate codon substitutions), alleles, 

!O orthologs, SNPs, and complementary sequences as well as the sequence explicitly indicated. 

Specifically, degenerate codon substitutions may be achieved by generating sequences in 

which the third position of one or more selected ( or all) codons is substituted with mixed­

base and/or deoxyinosine residues (Batzer et al., Nucleic Acid Res. 19:5081 (1991); Ohtsuka 

et al., J. Biol. Chem. 260:2605-2608 (1985); and Rossolini et al., Mol. Cell. Probes 8:91-98 

l5 (1994)). The term nucleic acid is used interchangeably with gene, cDNA, mRNA, small 

noncoding RNA, micro RNA (miRNA), Piwi-interacting RNA, and short hairpin RNA 

(shRNA) encoded by a gene or locus. 

[0057] The term "gene" means the segment of DNA involved in producing a polypeptide 

chain. It may include regions preceding and following the coding region (leader and trailer) 

30 as well as intervening sequences (introns) between individual coding segments (exons). 
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[0058] The term "reaction" as used herein refers to any process involving a chemical, 

enzymatic, or physical action that is indicative of the presence or absence of a particular 

polynucleotide sequence of interest. An example of a "reaction" is an amplification reaction 

such as a polymerase chain reaction (PCR). Another example of a "reaction" is a sequencing 

5 reaction, either by synthesis or by ligation. An "informative reaction" is one that indicates 

the presence of one or more particular polynucleotide sequence of interest, and in one case 

where only one sequence of interest is present. The term "well" as used herein refers to a 

reaction at a predetermined location within a confined structure, e.g., a well-shaped vial, cell, 

or chamber in a PCR array. 

0 [0059] The term "clinically relevant nucleic acid sequence" as used herein can refer to a 

polynucleotide sequence corresponding to a segment of a larger genomic sequence whose 

potential imbalance is being tested or to the larger genomic sequence itself. One example is 

the sequence of chromosome 21. Other examples include chromosome 18, 13, X and Y. Yet 

other examples include mutated genetic sequences or genetic polymorphisms or copy number 

5 variations that a fetus may inherit from one or both of its parents. Yet other examples include 

sequences which are mutated, deleted, or amplified in a malignant tumor, e.g. sequences in 

which loss of heterozygosity or gene duplication occur. In some embodiments, multiple 

clinically relevant nucleic acid sequences, or equivalently multiple makers of the clinically 

relevant nucleic acid sequence, can be used to provide data for detecting the imbalance. For 

!0 instance, data from five non-consecutive sequences on chromosome 21 can be used in an 

additive fashion for the determination of a possible chromosomal 21 imbalance, effectively 

reducing the need of sample volume to 1/5. 

[0060] The term "background nucleic acid sequence" as used herein refers to a nucleic acid 

sequence whose normal ratio to the clinically relevant nucleic acid sequence is known, for 

15 instance a 1-to-1 ratio. As one example, the background nucleic acid sequence and the 

clinically relevant nucleic acid sequence are two alleles from the same chromosome that are 

distinct due to heterozygosity. In another example, the background nucleic acid sequence is 

one allele that is heterozygous to another allele that is the clinically relevant nucleic acid 

sequence. Moreover, some of each of the background nucleic acid sequence and the 

30 clinically relevant nucleic acid sequence may come from different individuals. 
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[0058] The term "reaction" as used herein refers to any process involving a chemical, 

enzymatic, or physical action that is indicative of the presence or absence of a particular 

polynucleotide sequence of interest. An example of a "reaction" is an amplification reaction 

such as a polymerase chain reaction (PCR). Another example of a "reaction" is a sequencing 

5 reaction, either by synthesis or by ligation. An "informative reaction" is one that indicates 

the presence of one or more particular polynucleotide sequence of interest, and in one case 

where only one sequence of interest is present. The term "well" as used herein refers to a 

reaction at a predetermined location within a confined structure, e.g., a well-shaped vial, cell, 

or chamber in a PCR array. 

0 [0059] The term "clinically relevant nucleic acid sequence" as used herein can refer to a 

polynucleotide sequence corresponding to a segment of a larger genomic sequence whose 

potential imbalance is being tested or to the larger genomic sequence itself. One example is 

the sequence of chromosome 21. Other examples include chromosome 18, 13, X and Y. Yet 

other examples include mutated genetic sequences or genetic polymorphisms or copy number 

5 variations that a fetus may inherit from one or both of its parents. Yet other examples include 

sequences which are mutated, deleted, or amplified in a malignant tumor, e.g. sequences in 

which loss of heterozygosity or gene duplication occur. In some embodiments, multiple 

clinically relevant nucleic acid sequences, or equivalently multiple makers of the clinically 

relevant nucleic acid sequence, can be used to provide data for detecting the imbalance. For 

'.O instance, data from five non-consecutive sequences on chromosome 21 can be used in an 

additive fashion for the determination of a possible chromosomal 21 imbalance, effectively 

reducing the need of sample volume to 1/5. 

[0060] The term "background nucleic acid sequence" as used herein refers to a nucleic acid 

sequence whose normal ratio to the clinically relevant nucleic acid sequence is known, for 

~5 instance a 1-to-1 ratio. As one example, the background nucleic acid sequence and the 

clinically relevant nucleic acid sequence are two alleles from the same chromosome that are 

distinct due to heterozygosity. In another example, the background nucleic acid sequence is 

one allele that is heterozygous to another allele that is the clinically relevant nucleic acid 

sequence. Moreover, some of each of the background nucleic acid sequence and the 

30 clinically relevant nucleic acid sequence may come from different individuals. 
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[0061] The term "reference nucleic acid sequence" as used herein refers to a nucleic acid 

sequence whose average concentration per reaction is known or equivalently has been 

measured. 

[0062] The term "overrepresented nucleic acid sequence" as used herein refers to the 

5 nucleic acid sequence among two sequences of interest (e.g., a clinically relevant sequence 

and a background sequence) that is in more abundance than the other sequence in a biological 

sample. 

[0063] The term "based on" as used herein means "based at least in part on" and refers to 

one value (or result) being used in the determination of another value, such as occurs in the 

10 relationship of an input of a method and the output of that method. The term "derive" as used 

herein also refers to the relationship of an input of a method and the output of that method, 

such as occurs when the derivation is the calculation of a formula. 

[0064] The term "quantitative data" as used herein means data that are obtained from one 

or more reactions and that provide one or more numerical values. For example, the number 

15 of wells that show a fluorescent marker for a particular sequence would be quantitative data. 

[0065] The term "parameter" as used herein means a numerical value that characterizes a 

quantitative data set and/or a numerical relationship between quantitative data sets. For 

example, a ratio (or function of a ratio) between a first amount of a first nucleic acid sequence 

and a second amount of a second nucleic acid sequence is a parameter. 

2,0 [0066] The term "cutoff value" as used herein means a numerical value whose value is used 

to arbitrate between two or more states (e.g. diseased and non-diseased) of classification for a 

biological sample. For example, if a parameter is greater than the cutoff value, a first 

classification of the quantitative data is made (e.g. diseased state); or if the parameter is less 

than the cutoff value, a different classification of the quantitative data is made (e.g. 

Z5 non-diseased state). 

[0067] The term "imbalance" as used herein means any significant deviation as defined by 

at least one cutoff value in a quantity of the clinically relevant nucleic acid sequence from a 

reference quantity. For example, the reference quantity could be a ratio of 3/5, and thus an 

imbalance would occur if the measured ratio is 1:1. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0068] This invention provides methods, systems, and apparatus for determining whether 

an increase or decrease compared to a reference (e.g. non-diseased) quantity of a 

clinically-relevant nucleic acid sequence in relation to other non-clinically-relevant sequences 

5 (e.g., a chromosomal or allelic imbalance) exists within a biological sample. One or more 

cutoff values are chosen for determining whether a change compared to the reference 

quantity exists (i.e. an imbalance), for example, with regards to the ratio of amounts of two 

sequences (or sets of sequences). The change detected in the reference quantity may be any 

deviation (upwards or downwards) in the relation of the clinically-relevant nucleic acid 

0 sequence to the other non-clinically-relevant sequences. Thus, the reference state may be any 

ratio or other quantity (e.g. other than a 1-1 correspondence), and a measured state signifying 

a change may be any ratio or other quantity that differs from the reference quantity as 

determined by the one or more cutoff values. 

[0069] The clinically relevant nucleic acid sequence and the background nucleic acid 

5 sequence may come from a first type of cells and from one or more second types of cells. For 

example, fetal nucleic acid sequences originating from fetal/placental cells are present in a 

biological sample, such as maternal plasma, which contains a background of maternal nucleic 

acid sequences originating from maternal cells. Thus, in one embodiment, the cutoff value is 

determined based at least in part on a percentage of the first type of cells in a biological 

?0 sample. Note the percentage of fetal sequences in a sample may be determined by any fetal-

derived loci and not limited to measuring the clinically-relevant nucleic acid sequences. In 

another embodiment, the cutoff value is determined at least in part on the percentage of tumor 

sequences in a biological sample, such as plasma, serum, saliva or urine, which contains a 

background of nucleic acid sequences derived from the non-malignant cells within the body. 

25 [0070] In yet another embodiment, the cutoff value is determined based on an average 

concentration of a sequence in a plurality of reactions. In one aspect, the cutoff value is 

determined from a proportion of informative wells that are estimated to contain a particular 

nucleic acid sequence, where the proportion is determined based on the above-mentioned 

percentage and/or average concentration. The cutoff value may be determined using many 

30 different types of methods, such as SPRT, false discovery, confidence interval, receiver 

operating characteristic (ROC). This strategy further minimizes the amount of testing 

required before confident classification can be made. This is of particular relevance to 
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plasma nucleic acid analysis where the template amount is often limiting. Although 

presented with respect to digital PCR, other methods may be used. 

[0071] Digital PCR involves multiple PCR analyses on extremely dilute nucleic acids such 

that most positive amplifications reflect the signal from a single template molecule. Digital 

5 PCR thereby permits the counting of individual template molecules. The proportion of 

positive amplifications among the total number of PCRs analyzed allows an estimation of the 

template concentration in the original or non-diluted sample. This technique has been 

proposed to allow the detection of a variety of genetic phenomena (Vogelstein, B et al. 1999, 

supra) and has previously been used for the detection of loss of heterozygosity in tumor 

0 samples (Zhou, W. et al. 2002, supra) and in the plasma of cancer patients (Chang, HW et al. 

2002, supra). Since template molecule quantification by digital PCR does not rely on dose-

response relationships between reporter dyes and nucleic acid concentrations, its analytical 

precision should theoretically be superior to that of real-time PCR. Hence, digital PCR could 

potentially allow the discrimination of finer degrees of quantitative differences between 

5 target and reference loci. 

[0072] To test this, we first assessed if digital PCR could determine the allelic ratio of 

PLAC4 mRNA (Lo, YMD, et al. 2007 Nat Med 13, 218-223), a placental transcript from 

chromosome 21, in maternal plasma and thereby distinguish trisomy 21 and euploid fetuses. 

This approach is referred as the digital RNA-SNP method. We then evaluated whether the 

10 increased precision of digital PCR would allow the detection of fetal chromosomal 

aneuploidies without depending on genetic polymorphisms. We call this digital relative 

chromosome dosage (RCD) analysis. The former approach is polymorphism-dependent but 

requires less precision in quantitative discrimination while the latter approach is 

polymorphism-independent but requires a higher precision for quantitative discrimination. 

15 I. DIGITAL RNA-SNP 

A. Overview 

[0073] Digital PCR is capable of detecting the presence of allelic ratio skewing of two 

alleles in a DNA sample. For example, it has been used to detect loss of heterozygosity 

(LOH) in a tumor DNA sample. Assuming that there are two alleles in the DNA sample, 

30 namely A and G, and the A allele would be lost in the cells with LOH. When LOH is present 
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in 50% of cells in the tumor sample, the allelic ratio of G:A in the DNA sample would be 2:1. 

However, if LOH is not present in the tumor sample, the allelic ratio of G:A would be 1:1. 

[0074] FIG. 1 is a flowchart 100 illustrating a digital PCR experiment. In step 110, the 

DNA sample is diluted and then distributed to separate wells. Note that the inventors have 

5 determined that some plasma nucleic acid species are already quite diluted in the original 

sample. Accordingly, there is no need for dilution for some templates, if they are already 

present at the necessary concentrations. In the previous studies (e.g. Zhou et al 2002, supra), 

a DNA sample is diluted to an extent such that the average concentration of a specific 

"template DNA" is approximately 0.5 molecule of one of the two templates per well. Note 

0 that the term "template DNA" appears to refer to either the A or the G alleles, and that there 

is no rationale provided for this specific concentration. 

[0075] In step 120, in each well, a PCR process is carried out to detect the A and/or the G 

allele simultaneously. In step 130, the markers in each well are identified (e.g. via 

fluorescence), e.g. A, G, A and G, or neither. In the absence of LOH, the abundance of the A 

[5 and the G alleles in the DNA sample would be the same (one copy each per cell). Therefore, 

the probabilities of a well being positive for the A allele and for the G allele would be the 

same. This would be reflected by the similar numbers of wells being positive for the A or the 

G alleles. However, when LOH is present in 50% or greater of cells in a tumor sample, the 

allelic ratio of the G and the A alleles would be at least 2:1. Previous methods simply 

20 assumed that the sample was at least 50% cancerous. Thus, the probability of a well being 

positive for the G allele would be higher than that for the A allele. As a result, the number of 

wells being positive for the G allele would be higher than that for the A allele. 

[0076] In step 140, to classify the digital PCR results, the number of wells being positive 

for each allele but not the other would be counted. In the above example, the number of 

25 wells being positive for the A allele but negative for the G allele, and the number of wells 

positive for the G allele but negative for the A allele are counted. In one embodiment, the 

allele showing less positive wells is regarded as the reference allele. 

[0077] In step 150, the total number of informative wells is determined as the sum of the 

numbers of positive wells for either of the two alleles. In step 160, the proportion (Pr) of 

30 informative wells (an example of a parameter) contributed by the allele with more positive 

wells is calculated. 
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Pr = No. of wells only positive for the allele with more positive wells / Total no. of wells 

positive for only one allele (A or G). 

Other embodiments could use all wells with one of the alleles divided by all wells with at 

least one allele. 

5 [0078] In step 170, it is determined whether the value of Pr shows an allelic imbalance. As 

accuracy and efficiency are desired, this task is not straightforward. One method for 

determining an imbalance uses a Bayesian-type likelihood method, sequential probability 

ratio testing (SPRT). SPRT is a method which allows two probabilistic hypotheses to be 

compared as data accumulate. In other words, it is a statistical method to classify the results 

0 of digital PCR as being suggestive of the presence or absence of allelic skewing. It has the 

advantage of minimizing the number of wells to be analyzed to achieve a given statistical 

power and accuracy. 

[0079] In an exemplary SPRT analysis, the experimental results would be tested against the 

null and alternative hypotheses. The alternative hypothesis is accepted when there is allelic 

15 ratio skewing in the sample. The null hypothesis is accepted when there is no allelic ratio 

skewing in the sample. The value Pr would be compared with two cutoff values to accept the 

null or alternative hypotheses. If neither hypothesis is accepted, the sample would be marked 

as unclassified which means that the observed digital PCR result is not sufficient to classify 

the sample with the desired statistical confidence. 

20 [0080] The cutoff values for accepting the null or alternative hypotheses have typically 

been calculated based on a fixed value of Pr under the assumptions stated in the hypotheses. 

In the null hypothesis, the sample is assumed to exhibit no allelic ratio skewing. Therefore, 

the probabilities of each well being positive for the A and the G alleles would be the same 

and, hence, the expected value of Pr would be 1/2. In the alternative hypothesis, the expected 

25 value of Pr has been taken to be 2/3 or about halfway between 0.5 and 2/3, e.g. 0.585. Also, 

due to a limited number of experiments, one can choose an upper bound (.585+3/N) and a 

lower bound taken as (.585-3/N). 

B. Detection of Down Syndrome 

[0081] In one embodiment of the present invention, digital SNP is used to detect fetal 

30 Down syndrome from a pregnant woman's plasma. Using markers specific to fetal/placental 

cells, the ratio of alleles in chromosome 21 may be measured. For example, to determine if 
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an observed degree of overrepresentation of a PLAC4 allele is statistically significant, SPRT 

is used. 

[0082] According to one exemplary embodiment, digital RNA-SNP determines an 

imbalance in the ratio of polymorphic alleles of an A/G SNP, rs8130833, located on PLAC4 

5 mRNA which is transcribed from chromosome 21 and expressed by the placenta. For a 

heterozygous euploid fetus, the A and G alleles should be equally represented in the fetal 

genome (1:1 genomic ratio); while in trisomy 21, the trisomic chromosome 21 would be 

associated with an additional copy of one of the SNP alleles in the fetal genome giving a 2:1 

ratio. The aim of the digital PCR analysis is to determine whether the amounts of the two 

[0 PLAC4 alleles in the analyzed sample are equal or otherwise. Thus, both the A and G PLAC4 

alleles are the target templates. A real-time PCR assay was designed to amplify PLAC4 

mRNA and the two SNP alleles were discriminated by TaqMan fluorescent probes. A 

schematic illustration of the analytical steps is shown in Fig. 2A. 

[0083] FIG. 2A illustrates a digital RNA-SNP method 200 according to an embodiment of 

[5 the present invention. In step 210, the sample is received. In step 220, the nucleic acid 

sequence, e.g. PLAC4 mRNA, is quantified in extracted RNA samples. In one embodiment, 

this is done by real-time PCR for PLAC4 mRNA. In one aspect, this step provides the 

operator with an idea about how much dilution is required before the target reaches the 

`realm' of digital PCR analysis. 

a0 [0084] In step 230, the sample is diluted. In step 240, a concentration of the diluted sample 

is measured. The diluted sample concentration may be confirmed to be —1 template/well (i.e. 

reference or non-reference sequence or either allele). Some embodiments use techniques 

described in section IV for this measurement. For example, we distributed the diluted sample 

to 96 wells for real-time PCR analysis to confirm that a usable dilution has been achieved. 

?.5 The dilution concentration may also be left as an unknown, thus removing this step as will be 

explained later. 

[0085] In step 250, digital PCR is performed on each well of the array. For example, the 

same diluted sample was distributed to 384-wells for real-time PCR analysis. From the PCR 

results, an amount of markers for each nucleic acid sequence and the number of informative 

30 wells is identified. An informative well is defined as one that is only positive for the A or G 

allele but not both. In step 260, a calculation of an expected value of Pr is performed. These 

steps will be described in more detail later. The calculation includes determining a parameter 
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from values determined in step 250. For example, the actual average template concentration 

per well may be calculated. 

[0086] In step 270, an SPRT or other likelihood-ratio test may be performed to determine 

whether or not an imbalance exists. For a euploid case, we expect an equal number of A-

5 positive and G-positive wells. However, when template molecules from a trisomy 21 fetus 

are analyzed, the number of wells containing just one allele should be higher than that 

containing just the other allele. In short, allelic imbalance is expected for trisomy 21. 

[0087] As mentioned above, SPRT is a Bayesian-type likelihood method which allows two 

probabilistic hypotheses to be compared as data accumulate. In digital PCR analysis for 

0 trisomy 21 detection, the alternative hypothesis is accepted when allelic imbalance exists (i.e. 

trisomy 21 detected); and the null hypothesis is accepted when there is no allelic imbalance 

(i.e. trisomy 21 not detected). The allele with the higher number of counts is referred as the 

potentially overrepresented allele and its proportion among all informative wells (Pr) would 

be calculated. SPRT is applied to determine if the Pr indicates sufficient degree of allelic 

5 imbalance that would be expected for a trisomy 21 sample. 

[0088] Operationally, SPRT can be applied and interpreted through the use of graphs with 

a pair of SPRT curves that are constructed to define the probabilistic boundaries for accepting 

or rejecting either hypothesis. FIG. 3 illustrates a graph having SPRT curves for determining 

Down syndrome according to an embodiment of the present invention. The SPRT curves 

10 plot the required proportion of informative wells positive for the potentially overrepresented 

allele Pr, (y-axis) for a given total number of informative wells (x-axis) when confident 

classification could be made. As depicted in Fig. 3, the upper curve sets the probabilistic 

boundaries for accepting the alternative hypothesis; while the lower curve sets the 

probabilistic boundaries for accepting the null hypothesis. 

as [0089] The experimentally derived Pr value would be compared with the expected value of 

Pr to accept or reject either hypothesis. If the null hypothesis was accepted, the samples were 

classified as having been obtained from pregnant women with euploid fetuses. If the 

alternative hypothesis was accepted, the samples were classified as having been obtained 

from pregnant women with trisomy 21 fetuses. Alternatively, either hypothesis could not be 

30 accepted if the Pr for the given number of informative counts has not yet reached the required 

level of statistical confidence for disease classification. These cases were deemed 

unclassifiable until more data were available. If disease classification is not possible, 
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additional 384-well plates may be performed until the aggregated data become classifiable by 

SPRT. 

[0090] SPRT thus offers the advantage that a smaller amount of testing is required for a 

given level of confidence than other statistical methods. In practical terms, SPRT allows the 

5 acceptance or rejection of either of the hypotheses as soon as the required amount of data has 

been accumulated and thus minimizes unnecessary additional analyses. This feature is of 

particular relevance to the analysis of plasma nucleic acids which are generally present at low 

concentrations where the number of available template molecules is limiting. In addition to a 

strict classification, the classification may also include a percent accuracy. For example, a 

10 classification resulting from a comparison with a cutoff value may provide that a sample 

shows a likelihood of a nucleic acid sequence imbalance with a certain percentage, or 

equivalently that determined imbalance is accurate to a certain percentage or other value. 

[0091] A similar approach could be applied to determine the genotype of a fetus with 

regard to either a mutation or genetic polymorphism, using fetal nucleic acids in maternal 

15 plasma or serum. One should recall that a fetus would inherit half of its genome from its 

mother. As an illustration, consider a particular genetic locus with two alleles, A and B. If 

the mother is a heterozygote with a genotype of AB, the fetus could theoretically have a 

genotype of AA, BB or AB. If the fetus has a genotype of AB, i.e., the same as that of the 

mother, then there will only be nucleic acids of the AB genotype (from both the mother and 

20 fetus) in maternal plasma. Thus, nucleic acid or allelic balance is seen in maternal plasma. 

On the other hand, if the fetus has a genotype of AA or BB, then there would be allelic 

imbalance with an overrepresentation of the A or the B allele, respectively, in maternal 

plasma. This consideration is also applicable to disease-causing mutations (e.g. those causing 

cystic fibrosis or beta-thalassemia or spinal muscular atrophy), in which case A could be 

25 considered as the wildtype allele and B could be considered as the mutant allele. 

II. DIGITAL RCD 

[0092] A disadvantage of digital RNA-SNP is that it can only be applied to cases 

heterozygous for the analyzed SNP. One improvement is that it would be ideal if a 

noninvasive test for detecting fetal trisomy 21 or other fetal chromosomal aneuploidies (e.g. 

30 trisomy 18, 13, and the sex chromosome aneuploidies) based on circulating fetal nucleic acid 

analysis were independent of the use of genetic polymorphisms. Thus, in one embodiment, 

chromosome dosage is determined by digital PCR analysis of a non-polymorphic 
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chromosome 21 locus relative to one located on a reference chromosome, namely 

chromosome 1 in this study. A change of the ratio of chromosome 21 to chromosome 1 from 

2:2 in the genome of a euploid fetus is differentiated from a trisomy 21 case. In digital PCR 

analysis for trisomy 21 detection, the two hypotheses to be compared would be the null 

5 hypothesis that there is no chromosomal imbalance (i.e. trisomy 21 not detected) and the 

alternative hypothesis that a chromosomal imbalance exists (i.e. trisomy 21 detected). 

[0093] This approach can be generalized to the other chromosomes involved in other 

chromosomal aneuploidies, e.g. chromosome 18 in trisomy 18, chromosome 13 in trisomy 

13, chromosome X in Turner syndrome. In addition, apart from chromosome 1, other 

l0 chromosomes not involved in the aneuploidies concerned can also be used as a reference 

chromosome. A similar approach can also be applied to the detection of cancer, by analyzing 

the change of ratio of a chromosome commonly deleted, in part, in cancer, to a reference 

chromosome. Examples of the former include chromosome 5q in colorectal cancer, 

chromosome 3p in lung cancer and chromosome 9p in nasopharyngeal carcinoma. FIG. 2B 

15 lists some common cancer-related chromosomal aberrations which result in sequence 

imbalance. 

[0094] FIG. 2A also illustrates a digital RCD method 205 according to an embodiment of 

the present invention. In one embodiment for steps 220-230, extracted DNA is quantified, 

for example, via Nanodrop techniques and diluted to a concentration of approximately one 

20 target template from either chromosomes 21 or the normalizing chromosome (such as 

chromosome 1) per well. In one embodiment in step 240, the confirmation may be 

performed by analyzing the diluted DNA sample by the assay using the chromosome 1 probe 

only in a 96-well format to confirm if —37% level of the wells were negative before 

proceeding to digital RCD analysis using both TaqMan probes in 384-well plates. The 

25 significance of the 37% will be described later in Section IV. 

[0095] The testing of step 240 and results of step 250 may be done with a real-time PCR 

assay designed to amplify a paralogous sequence (Deutsch, S. et al. 2004 J Med Genet 41, 

908-915) present on both chromosomes which are distinguished by paralogous sequence 

variations that are discriminated by a pair of TaqMan probes. In this context, an informative 

30 well is defined as one that is positive for either the chromosome 21 or chromosome 1 locus 

but not both. For a euploid fetus, the number of informative wells positive for either locus 

should be approximately equal. For a trisomy 21 fetus, there should be an overrepresentation 
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chromosome 21 locus relative to one located on a reference chromosome, namely 

chromosome 1 in this study. A change of the ratio of chromosome 21 to chromosome 1 from 

2:2 in the genome of a euploid fetus is differentiated from a trisomy 21 case. In digital PCR 

analysis for trisomy 21 detection, the two hypotheses to be compared would be the null 

5 hypothesis that there is no chromosomal imbalance (i.e. trisomy 21 not detected) and the 

alternative hypothesis that a chromosomal imbalance exists (i.e. trisomy 21 detected). 

[0093] This approach can be generalized to the other chromosomes involved in other 

chromosomal aneuploidies, e.g. chromosome 18 in trisomy 18, chromosome 13 in trisomy 

13, chromosome X in Turner syndrome. In addition, apart from chromosome 1, other 

l 0 chromosomes not involved in the aneuploidies concerned can also be used as a reference 

chromosome. A similar approach can also be applied to the detection of cancer, by analyzing 

the change of ratio of a chromosome commonly deleted, in part, in cancer, to a reference 

chromosome. Examples of the former include chromosome Sq in colorectal cancer, 

chromosome 3p in lung cancer and chromosome 9p in nasopharyngeal carcinoma. FIG. 2B 

15 lists some common cancer-related chromosomal aberrations which result in sequence 

imbalance. 

[0094] FIG. 2A also illustrates a digital RCD method 205 according to an embodiment of 

the present invention. In one embodiment for steps 220-230, extracted DNA is quantified, 

for example, via Nanodrop techniques and diluted to a concentration of approximately one 

20 target template from either chromosomes 21 or the normalizing chromosome ( such as 

chromosome 1) per well. In one embodiment in step 240, the confirmation may be 

performed by analyzing the diluted DNA sample by the assay using the chromosome 1 probe 

only in a 96-well format to confirm if ~37% level of the wells were negative before 

proceeding to digital RCD analysis using both TaqMan probes in 384-well plates. The 

25 significance of the 37% will be described later in Section IV. 

(0095] The testing of step 240 and results of step 250 may be done with a real-time PCR 

assay designed to amplify a paralogous sequence (Deutsch, S. et al. 2004 J Med Genet 41, 

908-915) present on both chromosomes which are distinguished by paralogous sequence 

variations that are discriminated by a pair ofTaqMan probes. In this context, an informative 

30 well is defined as one that is positive for either the chromosome 21 or chromosome 1 locus 

but not both. For a euploid fetus, the number of informative wells positive for either locus 

should be approximately equal. For a trisomy 21 fetus, there should be an overrepresentation 
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of wells positive for chromosome 21 than chromosome 1. The exact proportion of the 

overrepresentation is described in the following sections. 

III. INCORPORATING PERCENTAGE OF FETAL SEQUENCES 

[0096] A disadvantage of embodiments of methods 200 and 205 described above is that 

5 fetal specific markers are required. Accordingly, in one embodiment of the present invention, 

non-fetal specific markers are used. In order to use such non-fetal specific markers, 

embodiments of the present invention measure the fractional concentration of fetal DNA in 

the maternal plasma (i.e. the biological sample). With such information, a more useful value 

of Pr may be calculated as follows. 

0 [0097] Even with the small fractional percentage of fetal DNA in maternal plasma, a 

trisomy 21 fetus would contribute an additional dose of chromosome 21 sequences per 

genome-equivalent (GE) of fetal DNA released into maternal plasma. For example, a 

maternal plasma sample from a euploid pregnancy containing 50 GE/ml of total DNA with 5 

GE/ml DNA contributed by the fetus (i.e. 10% fetal DNA fractional concentration) should 

5 contain a total of 100 copies (90 maternal copies + 10 fetal copies) of chromosome 21 

sequences per milliliter of maternal plasma. For a trisomy 21 pregnancy, each fetal GE 

would contribute three copies of chromosome 21, resulting in a total of 105 copies/ml (90 

maternal copies + 15 fetal copies) of chromosome 21 sequences in maternal plasma. At 10% 

fetal DNA concentration, the amount of chromosome 21 derived sequences in the maternal 

plasma of a trisomic pregnancy would therefore be 1.05 times that of a euploid case. Thus, if 

an analytical approach could be developed to determine this small degree of quantitative 

difference, a polymorphism-independent test for noninvasive prenatal diagnosis of fetal 

trisomy 21 would be achieved. 

[0098] Accordingly, the degree of overrepresentation would be dependent on the fractional 

Z5 fetal DNA concentration in the analyzed DNA sample. For example, when placental DNA is 

analyzed, the theoretical RCD ratio in the fetal genome should be 3:2, i.e. 1.5-fold difference. 

However, as described above, the theoretical RCD ratio would decrease to 1.05 when a 

maternal plasma sample containing 10% fetal DNA is analyzed. The experimentally derived 

Pr is calculated by dividing the number of wells positive only for the chromosome 21 locus 

30 by the total number of informative wells. The experimentally derived Pr is subjected to the 

SPRT analysis with the calculated Pr and the theoretical RCD ratio. 
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[0099] FIG. 4 shows a method 400 of determining a disease state using a percentage of 

fetal nucleic acids according to an embodiment of the present invention. In step 410, the 

fractional percentage of fetal material is measured. In one embodiment, the fractional 

percentage is determined by measuring the amount of a fetal-specific marker (e.g. 

5 Y-chromosome, genetic polymorphism markers (e.g. SNPs), placental epigenetic signatures) 

in relation to a non-fetal-specific marker (i.e. gene sequence present in both mother and 

fetus). The actual measurement could be done by real-time PCR, digital PCR, sequencing 

reactions (including massively parallel genomic sequencing) or any other quantitative 

methods. In one aspect, it is preferable not to use the gene target that could potentially be in 

0 allelic imbalance for this measurement. 

[0100] In step 420, digital PCR or other measurement method is performed, including 

diluting the sample, placing the diluted sample in the wells, and measuring the reactions in 

each well. In step 430, the PCR results are used to identify markers of different reference 

nucleic acid sequences (such as chromosomes or alleles). In step 440, the actual proportion 

5 (Pr) of the overrepresented sequence is calculated. In step 450, the cutoff value for 

determining a disease state is calculated using the percentage of fetal material in the sample. 

In step 460, from the actual Pr and the cutoff value, it is determined whether an imbalance 

exists. 

[0101] In one embodiment, the fractional percentage of reference nucleic acid sequences is 

incorporated in a digital RNA-SNP method. Thus, when investigating a LOH due to cancer 

cells, this can be done with tumor samples with less than 50% cancer cells. It also may be 

used on samples with greater than 50% cancer cells to obtain a more accurate Pr and thus 

reduce the number of false positives, which would lead to incorrect diagnoses. In another 

embodiment, the fetal nucleic acid percentage is incorporated in a digital PCR method to 

2,5 determine if a fetus has inherited a parental gene mutation (e.g. that causing cystic fibrosis or 

beta-thalassemia or spinal muscular atrophy) or polymorphism from maternal plasma nucleic 

acid analysis. 

IV. INCORPORATING AVERAGE CONCENTRATION PER WELL 

[0102] Another disadvantage of previous methods (e.g. Zhou, W. et al. 2002, supra) is that 

30 the average concentration of templates per well (m) is required to be 1 per well. Given that it 

is difficult to obtain an exact concentration, this can lead to inaccuracies. Furthermore, even 

with an exact concentration of 1 template per well, previous methods have ignored the 
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statistical distribution of the templates in a well. In the previous methods, i.e. the old 

algorithm, the expected value of Pr for accepting the alternative hypothesis is assumed to be 

the allelic ratio and, thus, is independent of the average concentration of the template DNA 

per well. 

5 [0103] However, due to a natural statistical variation of the templates in the diluted sample, 

there will not be exactly 1 template per well. Embodiments of the present invention measure 

the average concentration of at least one of the sequences, which is then used to calculate the 

cutoff value, i.e. the expected Pr. In one aspect, this calculation involves a statistical 

distribution to determine a probability of a well containing the different nucleic acid 

0 sequences, which is then used to determine the expected Pr. 

[0104] In one embodiment, the average concentration is taken of one reference nucleic acid 

sequence, which in one instance is nucleic acid sequence with the lower concentration in the 

DNA sample. In the case of a sample without an imbalance, the concentrations of the two 

sequences in the sample would be the same and either one can be regarded as the reference 

5 allele. In the case of a sample with, for example, LOH, the allele which is deleted in the 

cancer cells would be regarded as the reference allele. The average concentration of the 

reference allele would be denoted as mr. In another embodiment, the sequence with the 

higher concentration may be taken as the reference sequence. 

A. Digital-SNP. Example using SPRT and digital PCR 

.0 [0105] FIG. 5 shows a method 500 of determining a disease state using an average template 

concentration according to an embodiment of the present invention. In step 510, an amount 

of the different sequences are measured. This may be done for example by counting the 

makers in a digital PCR experiment as explained above. However, it may be done by other 

methods that do not involve an amplification step or that do not use a fluorescent marker, but 

15 could use other properties, such as physical properties like mass, specific optical properties or 

base-pairing properties. 

[0106] In step 520, the actual proportion of the overrepresented sequence is determined. 

This may be done as described above by taking the number of wells showing only that 

sequence and dividing by the number of informative wells. In step 530, the average 

30 concentration of at least one of the sequences is measured (the reference sequence). In one 

embodiment, the reference sequence is the overrepresented sequence. In another 
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embodiment, the reference sequence is the underrepresented sequence. The measurement 

may be done by counting the number of wells negative for the reference sequence in the 

digital PCR experiment. The relationship between the proportion of negative wells and the 

average template concentration is described by the Poisson distribution as described in the 

5 next subsection. 

[0107] In step 540, an expected amount of wells positive for the different sequences is 

calculated, for example, using a Poisson distribution. The expected amount may be as a 

probability of the sequence per well, an average sequence per well, the number of wells 

containing the sequence or any other suitable quantity. In step 550, the expected Pr is 

0 calculated from the expected amounts. In step 560, a cutoff value is calculated from the 

expected P„ for example, by using SPRT. In step 570, a classification of the nucleic acid 

sequence imbalance is determined. Specific aspects of method 500 are now described. 

1. Determining expected amount of sequences 

[0108] Once the average concentration per well (reaction or reaction mixture) is known 

5 from step 530, the expected number of wells showing that sequence may be calculated in step 

540. This amount may be expressed as a %, a fractional value, or an integer value. Using a 

specific example for illustration, assume the average concentration of the reference template 

per well (mr) is 0.5 per well and the genotype of the trisomy 21 fetus at the P LAC4 SNP, 

rs8130833, is AGG. Therefore, the reference template would be the A allele and the 

,0 overrepresented template would be the G allele. 

[0109] In one embodiment, a Poisson distribution is assumed for the distribution of the A 

allele among the reaction mixtures of the wells of the measurement procedure, such as digital 

PCR. In other embodiments, other distribution functions are used, such as binomial 

distribution. 

[0110] The Poisson equation is: P(n)= 
e-m 

n! 
where, n=number of template molecules 

per well; P(n)=probability of n template molecules in a particular well; and in= average 

number of template molecules in one well in a particular digital PCR experiment. 

[0111] Accordingly, the probability of any well not containing any molecule of the A allele 

at an average A-allele concentration of 0.5 would be: 
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embodiment, the reference sequence is the unde1represented sequence. The measurement 

may be done by counting the number of wells negative for the reference sequence in the 

digital PCR experiment. The relationship between the proportion of negative wells and the 

average template concentration is described by the Poisson distribution as described in the 

5 next subsection. 

[0107] In step 540, an expected amount of wells positive for the different sequences is 

calculated, for example, using a Poisson distribution. The expected amount may be as a 

probability of the sequence per well, an average sequence per well, the number of wells 

containing the sequence or any other suitable quantity. In step 550, the expected Pr is 

0 calculated from the expected amounts. In step 560, a cutoff value is calculated from the 

expected Pr, for example, by using SPRT. In step 570, a classification of the nucleic acid 

sequence imbalance is determined. Specific aspects of method 500 are now described. 

1. Determining expected amount of sequences 

[0108] Once the average concentration per well (reaction or reaction mixture) is known 

5 from step 530, the expected number of wells showing that sequence may be calculated in step 

540. This amount may be expressed as a%, a fractional value, or an integer value. Using a 

specific example for illustration, assume the average concentration of the reference template 

per well (mr) is 0.5 per well and the genotype of the trisomy 21 fetus at the PLAC4 SNP, 

rs8130833, is AGG. Therefore, the reference template would be the A allele and the 

;O overrepresented template would be the G allele. 

[0109] In one embodiment, a Poisson distribution is assumed for the distribution of the A 

allele among the reaction mixtures of the wells of the measurement procedure, such as digital 

PCR. In other embodiments, other distribution functions are used, such as binomial 

distribution. 

[0110] 
mne-m 

The Poisson equation is: P(n) = --- where, n=number of template molecules 
n! 

per well; P(n)=probability of n template molecules in a particular well; and m= average 

number of template molecules in one well in a particular digital PCR experiment. 

[0111] Accordingly, the probability of any well not containing any molecule of the A allele 

at an average A-allele concentration of 0.5 would be: 
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0.5°e" 
P(0) =  — = 0.6065. 

0! 

[0112] Hence, the probability of any well containing at least one molecule of the A allele 

would be: 1 — 0.6065 = 0.3935. Therefore, —39% of the wells would be expected to contain 

5 at least one molecule of the A allele. 

[0113] As for the non-reference nucleic acid sequence, for each cell of a trisomy 21 fetus, 

the genomic ratio of A to G would be 1:2. Assuming that the A to G ratio in the extracted 

RNA or DNA sample would remain unchanged, the average concentration of the G allele per 

well would be two times that of the A allele, i.e. 2 x 0.5 = 1. 

0 [0114] Accordingly, the probability of any well not containing any molecule of the G allele 

at an average G-allele concentration of 1 would be: 

P(0) = 1 — = 0.3679 
0! 

[0115] Hence, the probability of any well containing at least one molecule of the G allele 

would be: 1 — 0.3679 = 0.6321. Therefore, —63% of the wells would be expected to contain 

5 at least one molecule of the G allele. 

2. Determining proportion of overrepresented sequence 

[0116] After the expected amounts are calculated, the proportion of the overrepresented 

nucleic acid sequence may be determined. Assuming that the filling of the wells with the A 

allele and the G allele are independent, the probability of a well containing both alleles would 

2.0 be 0.3935 x 0.6321 = 0.2487. Therefore, —25% of the wells would be expected to contain 

both alleles. 

[0117] The proportion of wells expected to contain the A allele but not the G allele would 

be the number of wells containing at least one A allele deducted by the number of wells 

containing both the A and G alleles: 0.3935 - 0.2487 = 0.1448. Similarly, the proportion of 

25 wells expected to contain the G allele but not the A allele would be: 0.6321 — 0.2487 = 

0.3834. An informative well is defined as a well being positive for either the A allele or the 

G allele but not both. 

[0118] Hence, the expected ratio of wells containing the A allele relative to the G allele in a 

digital RNA-SNP analysis is 0.1448/0.3834. In other words, the proportion of wells positive 
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P(0) = 0.5o e-o.s = e-o.5 = 0.6065. 
O! 

[0112] Hence, the probability of any well containing at least one molecule of the A allele 

would be: 1 - 0.6065 = 0.3935. Therefore, ~39% of the wells would be expected to contain 

5 at least one molecule of the A allele. 

[0113] As for the non-reference nucleic acid sequence, for each cell of a trisomy 21 fetus, 

the genomic ratio of A to G would be 1 :2. Assuming that the A to G ratio in the extracted 

RNA or DNA sample would remain unchanged, the average concentration of the G allele per 

well would be two times that of the A allele, i.e. 2 x 0.5 = 1. 

0 [0114] Accordingly, the probability of any well not containing any molecule of the G allele 

at an average G-allele concentration of 1 would be: 

P(0) = 10 
e-i = e-1 = 0.3679 
O! 

[0115] Hence, the probability of any well containing at least one molecule of the G allele 

would be: 1 -0.3679 = 0.6321. Therefore, ~63% of the wells would be expected to contain 

. 5 at least one molecule of the G allele. 

2. Determining proportion of overrepresented sequence 

[0116] After the expected amounts are calculated, the proportion of the overrepresented 

nucleic acid sequence may be determined. Assuming that the filling of the wells with the A 

allele and the G allele are independent, the probability of a well containing both alleles would 

W be 0.3935 x 0.6321 = 0.2487. Therefore, ~25% of the wells would be expected to contain 

both alleles. 

[0117] The proportion of wells expected to contain the A allele but not the G allele would 

be the number_ of wells containing at least one A allele deducted by the number of wells 

containing both the A and G alleles: 0.3935 - 0.2487 = 0.1448. Similarly, the proportion of 

25 wells expected to contain the G allele but not the A allele would be: 0.6321 - 0.2487 = 
0.3834. An informative well is defined as a well being positive for either the A allele or the 

G allele but not both. 

[0118] Hence, the expected ratio of wells containing the A allele relative to the G allele in a 

digital RNA-SNP analysis is 0.1448/0.3834. In other words, the proportion of wells positive 
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only for the G allele is 2.65 times that of wells positive only for the A allele. This is in 

contrast to the fetal genomic ratio where the overrepresented allele is 2 times that of the other 

allele. 

[0119] For SPRT analysis, the proportion of the informative wells positive for the 

5 overrepresented allele (Pr) is calculated and interpreted using SPRT curves. In the current 

example, the proportion of informative wells would be: 0.1448 + 0.3834 = 0.5282. Hence, 

the expected Pr of a trisomy 21 case at m, 0.5 is: 0.3834/0.5282 = 0.73. 

[0120] As the average template concentration (m) is a key parameter in the Poisson 

equation, the Pr would vary with in. FIG. 6 shows a table 600 that tabulates the expected 

0 digital RNA-SNP allelic ratio and Pr of trisomy 21 samples for a range of template 

concentrations expressed as the average reference template concentration per well (mr) 

according to an embodiment of the present invention. Table 600 shows the expected allelic 

ratio and proportion of informative wells positive for the overrepresented allele (Pr) for a 

series of average reference template concentrations per well (mr). 

5 [0121] The expected value of Pr varies with the average concentration of the reference 

allele per well (mr) in a non-linear fashion. As shown in table 600, the expected value of Pr

for accepting the alternative hypothesis would increase with mr. As the expected value of Pr

for accepting the null hypothesis is fixed at 0.5, the samples with and without allelic 

imbalance would separate more widely in terms of the value of Pr when mr increases. Note 

!0 that in other embodiments the value for accepting the null hypothesis may be other than 0.5. 

This might occur when the normal ratio is different than 1:1, e.g., 5:3, and thus an imbalance 

would occur when the ratio deviates from 5:3. The difference in the amounts of the two 

different nucleic acid sequences would then be determined on a case by case basis. 

[0122] However, as previous methods (e.g., Zhou, W. et al. 2002, supra) used a fixed 

expected value of Pr for LOH samples, they underestimated the value of P, for those samples 

with LOH (alternative hypothesis accepted). The degree of underestimation would increase 

with mr. In other words, the higher the average concentration of the reference allele in the 

DNA sample, the more inaccurate the old methods would be. This underestimation of Pr for 

accepting the alternative hypothesis would lead to the inaccurate calculation of the cutoff 

30 values for accepting both the null and alternative hypotheses. 
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[0119] For SPRT analysis, the proportion of the informative wells positive for the 
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equation, the Pr would vary with m. FIG. 6 shows a table 600 that tabulates the expected 

0 digital RNA-SNP allelic ratio and Pr oftrisomy 21 samples for a range of template 
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according to an embodiment of the present invention. Table 600 shows the expected allelic 
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5 [0121] The expected value of Pr varies with the average concentration of the reference 

allele per well (mr) in a non-linear fashion. As shown in table 600, the expected value of Pr 

for accepting the alternative hypothesis would increase with mr. As the expected value of Pr 

for accepting the null hypothesis is fixed at 0.5, the samples with and without allelic 

imbalance would separate more widely in terms of the value of Pr when mrincreases. Note 

'.0 that in other embodiments the value for accepting the null hypothesis may be other than 0.5. 

This might occur when the normal ratio is different than 1:1, e.g., 5:3, and thus an imbalance 

would occur when the ratio deviates from 5:3. The difference in the amounts of the two 

different nucleic acid sequences would then be determined on a case by case basis. 

[0122] However, as previous methods (e.g., Zhou, W. et al. 2002, supra) used a fixed 

~5 expected value of Pr for LOH samples, they underestimated the value of Pr for those samples 

with LOH (alternative hypothesis accepted). The degree of underestimation would increase 

with mr. In other words, the higher the average concentration of the reference allele in the 

DNA sample, the more inaccurate the old methods would be. This underestimation of Pr for 

accepting the alternative hypothesis would lead to the inaccurate calculation of the cutoff 

30 values for accepting both the null and alternative hypotheses. 
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3. Calculating cutoff values based on expected Pr 

[0123] For embodiments using SPRT, one may use the equations for calculating the upper 

and lower boundaries of the SPRT curves from El Karoui at al. (2006). Furthermore, the 

level of statistical confidence preferred for accepting the null or alternative hypothesis could 

S b.e varied through adjusting the threshold likelihood ratio in the equations. In this study, a 

threshold likelihood ratio of 8 is used because this value had been shown to provide 

satisfactory performance to discriminate samples with and without allelic imbalance in the 

context of cancer detection. Thus, in one embodiment, the equations for calculating the 

upper and lower boundaries of the SPRT curves are: 

0 Upper boundary = [(In 8)/N — ln y 

Lower boundary = [(In 1/8)/N — ln 8]/In 

where, 8 = (1 — 00/(1 — 0o) 

7 = - 00) / 00(1 — 01) 
5 

00 = proportion of informative wells containing the non-reference allele if the null 
hypothesis is true 

,0 = 0.5 (see below) 
01 = proportion of informative wells containing the non-reference (i.e. 

overrepresented) allele if the alternative hypothesis is true 

N = number of informative wells 
= number of wells positive for either allele only 

(ln is a mathematical symbol representing the natural logarithm, i.e. loge.) 

[0124] For the determination of 00 for accepting the null hypothesis, the sample is assumed 

i0 to be obtained from a pregnant woman carrying a euploid fetus. Under this assumption, the 

expected number of wells positive for either template would be 1:1, and thus the expected 

proportion of informative wells containing the non-reference allele would be 0.5. 

[0125] For the determination of Oi for accepting the alternative hypothesis, the sample is 

assumed to be obtained from a pregnant woman carrying a trisomy 21 fetus. The calculations 

35 for the expected Pr of trisomy 21 cases for digital RNA-SNP analysis are detailed in Table 

600. Hence, 01 for digital RNA-SNP analysis refers to the data shown in the last column of 

table 600. 
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3. Calculating cutoff values based on expected Pr 

[0123] For embodiments using SPRT, one may use the equations for calculating the upper 

and lower boundaries of the SPRT curves from El Karoui at al. (2006). Furthermore, the 

level of statistical confidence preferred for accepting the null or alternative hypothesis could 

5 b.e varied through adjusting the threshold likelihood ratio in the equations. In this study, a 

threshold likelihood ratio of 8 is used because this value had been shown to provide 

satisfactory performance to discriminate samples with and without allelic imbalance in the 

context of cancer detection. Thus, in one embodiment, the equations for calculating the 

upper and lower boundaries of the SPR T curves are: 

0 Upper boundary= [(ln 8)/N - ln o]/ln y 

Lower boundary= [(ln 1/8)/N - ln o]/ln y 

where, o = (1 - 81)/(l - So) 
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So = proportion of informative wells containing the non-reference allele if the null 
hypothesis is true 

= 0.5 (see below) 
01 = proportion of informative wells containing the non-reference (i.e. 

overrepresented) allele if the alternative hypothesis is true 

N = number of informative wells 
= number of wells positive for either allele only 

(ln is a mathematical symbol representing the natural logarithm, i.e. loge.) 

[0124] For the determination of 0o for accepting the null hypothesis, the sample is assumed 

W to be obtained from a pregnant woman carrying a euploid fetus. Under this assumption, the 

expected number of wells positive for either template would be 1 : 1, and thus the expected 

proportion of informative wells containing the non-reference allele would be 0.5. 

[0125] For the determination of 81 for accepting the alternative hypothesis, the sample is 

assumed to be obtained from a pregnant woman carrying a trisomy 21 fetus. The calculations 

35 for the expected Pr oftrisomy 21 cases for digital RNA-SNP analysis are detailed in Table 

600. Hence, 01 for digital RNA-SNP analysis refers to the data shown in the last column of 

table 600. 
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4. Measurement of average concentration 

[0126] The measurement of mr may be performed through a variety of mechanisms as 

known or will be known to one skilled in the art. In one embodiment, the value of mr is 

determined during the experimental process of digital PCR analysis. As the relationship 

5 between the value of mr and the total number of wells being positive for the reference allele 

can be governed by a distribution (e.g. the Poisson distribution), mr can be calculated from 

the number of wells being positive for the reference allele using this formula: 

mr =— In (1 —proportion of wells being positive for the reference allele) 

Note that In is the natural logarithm, i.e., loge. This approach provides a direct and precise 

0 estimation of mr in the DNA sample used for the digital PCR experiment. 

[0127] This method may be used to achieve a desired concentration. For example, the 

extracted nucleic acids of a sample may be diluted to a specific concentration, such as one 

template molecule per reaction well, as done in step 240 of method 200. In an embodiment 

using the Poisson distribution, the expected proportion of wells with no template may be 

5 calculated as e-"1 , where m is the average concentration of template molecules per well. For 

example, at an average concentration of one template molecule per well, the expected 

proportion of wells with no template molecule is given by CI , i.e., 0.37 (37%). The 

remaining 63% of wells will contain one or more template molecules. Typically, the number 

of positive and informative wells in a digital PCR run would then be counted. The definition 

!,0 of informative wells and the manner by which the digital PCR data are interpreted depends 

on the application. 

[0128] In other embodiments, the average concentration per well, mr, is measured by 

another quantification method, for example, quantitative real-time PCR, semi-quantitative 

competitive PCR, real-competitive PCR using mass spectrometric methods, etc. 

25 B. Digital RCD 

[0129] Digital RCD using the average concentration may be performed in a similar manner 

to the digital SNP method described above. The numbers of wells positive for the reference 

chromosome (non-chromosome 21) marker, the chromosome 21 marker and both markers 

can be determined by digital PCR. The average concentration of the reference marker per 

30 well (mr) can be calculated from the total number of wells negative for the reference marker, 
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4. Measurement of average concentration 

[0126] The measurement of mr may be performed through a variety of mechanisms as 

known or will be lrnown to one skilled in the art. In one embodiment, the value of mr is 

determined during the experimental process of digital PCR analysis. As the relationship 

5 between the value of mr and the total number of wells being positive for the reference allele 

can be governed by a distribution ( e.g. the Poisson distribution), mr can be calculated from 

the number of wells being positive for the reference allele using this formula: 

mr = - ln (1 -proportion of wells being positive for the reference allele) 

Note that ln is the natural logarithm, i.e., loge. This approach provides a direct and precise 

0 estimation ofmr in the DNA sample used for the digital PCR experiment. 

[0127] This method may be used to achieve a desired concentration. For example, the 

extracted nucleic acids of a sample may be diluted to a specific concentration, such as one 

template molecule per reaction well, as done in step 240 of method 200. In an embodiment 

using the Poisson distribution, the expected proportion of wells with no template may be 

5 calculated as e-m, where m, is the average concentration of template molecules per well. For 

example, at an average concentration of one template molecule per well, the expected 

proportion of wells with no template molecule is given by e-i, i.e., 0.37 (37%). The 

remaining 63% of wells will contain one or more template molecules. Typically, the number 

of positive and informative wells in a digital PCR run would then be counted. The definition 

m of informative wells and the manner by which the digital PCR data are interpreted depends 

on the application. 

l5 

[0128] In other embodiments, the average concentration per well, mr, is measured by 

another quantification method, for example, quantitative real-time PCR, semi-quantitative 

competitive PCR, real-competitive PCR using mass spectrometric methods, etc. 

B. Digital RCD 

[0129] Digital RCD using the average concentration may be performed in a similar manner 

to the digital SNP method described above. The numbers of wells positive for the reference 

chromosome (non-chromosome 21) marker, the chromosome 21 marker and both markers 

can be determined by digital PCR. The average concentration of the reference marker per 

30 well (mr) can be calculated from the total number of wells negative for the reference marker, 
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irrespective of the positivity of the chromosome 21 marker, according to the Poisson 

probability function as in the calculation of mr for the digital SNP analysis. 

[0130] SPRT analysis may then be used for classifying a plasma sample as being obtained 

from a pregnant woman carrying a euploid or a trisomy 21 fetus. The null hypothesis would 

5 be accepted when the fetus was euploid. In this scenario, the expected ratio for the wells 

positive for the reference marker and chromosome 21 marker would be 1:1 and, thus, the 

expected proportion of informative wells with positive signal for chromosome 21 marker 

would be 0.5. The alternative hypothesis would be accepted when the fetus was trisomic for 

chromosome 21. In this scenario, if the sample DNA was solely derived from the fetus, the 

0 average concentration of the chromosome 21 marker in each well would be 3/2 times the 

average concentration of the reference marker (mr). 

[0131] While digital RCD may be used to determine chromosome dosage through the 

detection of fetal-specific markers, e.g. epigenetic signatures of the placenta (Chim, SSC. et 

al. 2005 Proc Natl Acad Sci USA 102, 14753-14758), an embodiment of the digital RCD 

5 analysis uses non-fetal-specific markers. Thus, an additional step of measuring the percentage 

of fetal material would occur when non-fetal specific markers are used. Therefore, the 

average concentration of the chromosome 21 marker per well would be dependent on the 

proportion of the fetal DNA in the sample and can be calculated using: mr [(200% + fetal 

DNA percentage)/200%]. 

!O [0132] Again using a specific example for illustration, the average concentration of the 

reference template, chromosome 1, per well (mr) is assumed to be 0.5 and 50% of the DNA is 

assumed to be derived from the fetus and 50% of the DNA in the sample is derived from the 

mother. 

[0133] Accordingly, using the Poisson distribution, the probability of any well not 

.).5 containing any molecule of the chromosome 1 locus when its average concentration is 0.5 per 

well would be: 

0.5° e-0.5 
P(0) = e-°5 = 0.6065 

0! 

[0134] Hence, the probability of any well containing at least one molecule of the 

30 chromosome 1 locus would be: 1 — 0.6065 = 0.3935. Therefore, —39% of the wells would be 

expected to contain at least one molecule of the locus. 
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irrespective of the positivity of the chromosome 21 marker, according to the Poisson 

probability function as in the calculation of mr for the digital SNP analysis. 
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from a pregnant woman carrying a euploid or a trisomy 21 fetus. The null hypothesis would 

5 be accepted when the fetus was euploid. In this scenario, the expected ratio for the wells 

positive for the reference marker and chromosome 21 marker would be 1: 1 and, thus, the 

expected proportion of informative wells with positive signal for chromosome 21 marker 

would be 0.5. The alternative hypothesis would be accepted when the fetus was trisomic for 

chromosome 21. In this scenario, if the sample DNA was solely derived from the fetus, the 

0 average concentration of the chromosome 21 marker in each well would be 3/2 times the 

average concentration of the reference marker (mr)-

[0131] While digital RCD may be used to determine chromosome dosage through the 

detection of fetal-specific markers, e.g. epigenetic signatures of the placenta (Chim, SSC. et 

al. 2005 Proc Natl Acad Sci US A 102, 14753-14758), an embodiment of the digital RCD 

5 analysis uses non-fetal-specific markers. Thus, an additional step of measuring the percentage 

of fetal material would occur when non-fetal specific markers are used. Therefore, the 

average concentration of the chromosome 21 marker per well would be dependent on the 

proportion of the fetal DNA in the sample and can be calculated using: mr [(200% + fetal 

DNA percentage )/200%]. 

'.0 [01321 Again using a specific example for illustration, the average concentration of the 

reference template, chromosome 1, per well (mr) is assumed to be 0.5 and 50% of the DNA is 

assumed to be derived from the fetus and 50% of the DNA in the sample is derived from the 

mother. 

[0133] Accordingly, using the Poisson distribution, the probability of any well not 

25 containing any molecule of the chromosome 1 locus when its average concentration is 0.5 per 

well would be: 

0 50 -05 

P(O) = • e • = e-o.s = 0.6065 
O! 

[0134] Hence, the probability of any well containing at least one molecule of the 

30 chromosome 1 locus would be: 1- 0.6065 = 0.3935. Therefore, ~39% of the wells would be 

expected to contain at least one molecule of the locus. 
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[0135] For each cell of this trisomy 21 fetus, the genomic ratio of chromosome 21 to 

chromosome 1 would be 3:2. The ratio between chromosome 21 and chromosome 1 in the 

DNA sample would be dependent on the fractional fetal DNA concentration (fetal DNA %) 

and would be: 3 x fetal DNA % + 2 (1 — fetal DNA %) : 2 x fetal DNA % + 2 x (1 — fetal 

5 DNA %). Thus, in this case when the fractional fetal DNA concentration is 50%, the ratio 

would be: (3 x 50% + 2 x 50%) / (2 x 50% + 2 x 50%) = 1.25. If the digital SNP method did 

not use fetal specific markers, such a calculation could also be used to calculate the average 

concentration of the non-reference sequence. 

[0136] Hence, when the average concentration of the chromosome 1 locus per well is 0.5, 

D the average concentration of the chromosome 21 locus per well is: 1.25 x 0.5 = 0.625. 

Accordingly, the probability of any well not containing any molecule of the chromosome 21 

locus when its average concentration is 0.625 per well would be: 

0.625°C°.625 

P(0)   
— 

e -.0.625 = 0.5353
0! 

5 [0137] Hence, the probability of any well containing at least one molecule of the 

chromosome 21 locus would be: 1 — 0.5353 = 0.4647. Therefore, —46% of the wells would 

be expected to contain at least one molecule of the locus. Assuming that the filling of the 

wells with either loci are independent, the probability of a well containing both loci would be 

0.3935 x 0.4647 = 0.1829. Therefore, —18% of the wells would be expected to contain both 

;0 loci. 

[0138] The proportion of wells expected to contain the chromosome 1 locus but not the 

chromosome 21 locus would be the number of wells containing at least one chromosome 1 

locus deducted by the number of wells containing both loci: 0.3935 — 0.1829 = 0.2106. 

Similarly, the proportion of wells expected to contain the chromosome 21 locus but not both 

?.5 loci would be: 0.4647 — 0.1829 = 0.2818. An informative well is defined as a well positive 

for either the chromosome 1 locus or the chromosome 21 locus but not both. 

[0139] Hence, the expected chromosome 21 to chromosome 1 ratio in digital RCD analysis 

is 0.2818/0.2106 = 1.34. In other words, the proportion of wells positive only for the 

chromosome 21 locus is 1.34 times that of wells positive only for the chromosome 1 locus. 

30 This is in contrast to the ratio of 1.25 in the DNA sample. 
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for either the chromosome 1 locus or the chromosome 21 locus but not both. 

[0139] Hence, the expected chromosome 21 to chromosome 1 ratio in digital RCD analysis 

is 0.2818/0.2106 = 1.34. In other words, the proportion of wells positive only for the 

chromosome 21 locus is 1.34 times that of wells positive only for the chromosome 1 locus. 

30 This is in contrast to the ratio of 1.25 in the DNA sample. 
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[0140] For SPRT analysis, the proportion of the informative wells positive for the 

chromosome 21 locus (Pr) would need to be calculated and interpreted using SPRT curves. In 

the current example, the proportion of informative wells would be: 0.2106 + 0.2818 = 0.4924. 

Hence, the expected Pr of a trisomy 21 case with 50% fetal DNA at mr 0.5 is: 0.2818/0.4924 

5 = 0.57. 

[0141] As the average template concentration (m) is a key parameter in the Poisson 

equation, the P, would vary with in. FIG. 7 shows a table 700 that tabulates the expected Pr 

for the fractional fetal DNA concentrations of 10%, 25%, 50% and 100% in trisomy 21 

samples at a range of template concentrations expressed as the average reference template 

l0 concentration per well (m1) according to an embodiment of the present invention. The 

calculations for the expected Pr of trisomy 21 cases for digital RCD analyses are detailed in 

table 700. Hence, 01 for digital RCD analysis of samples with varying fetal DNA fractional 

concentrations can be obtained from the columns showing the corresponding expected P,-

values in table 700. 

15 C. Results 

1. Comparison of different m, 

[0142] The basis for the difference between the theoretical (as in the fetal genome) and 

experimentally-expected degree of allelic or chromosomal imbalance and the calculations to 

determine the latter for a range of mr values are shown in tables 600 and 700. In digital 

20 RNA-SNP analysis of a trisomy 21 sample, when m„=0.5, wells containing just the 

overrepresented allele with respect to wells containing just the reference allele, namely the 

digital RNA-SNP ratio, is 2.65 (table 600). In digital RCD analysis of a specimen composed 

of 100% fetal DNA, when m1=0.5, wells positive solely for the chromosome 21 locus with 

respect to those positive solely for the chromosome 1 locus, namely the digital RCD ratio, is 

25 1.7 (table 700) (Pr = 0.63, thus the digital RCD ratio is 0.63/(1-0.63) = 1.7). As the fractional 

fetal DNA concentration decreases, the digital RCD ratio decreases for the same m, (table 

700). 

[0143] As shown in tables 600 and 700, the extent of allelic or chromosomal 

overrepresentation increases with mr. However, the percentage of informative wells 

30 approaches its maximum around mr=0.5 and decreases gradually with further increase in mr. 

In practice, the decline in the proportion of informative wells could be compensated by 

increasing the total number of wells analyzed if the amount of template molecule for the 
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specimen is not limiting, but additional wells would require an increase in reagent costs. 

Hence, optimal digital PCR performance is a trade-off between the template concentration 

and total number of wells tested per sample. 

2. Example using SPRT curves 

5 [0144] As discussed above, the expected degree of allelic or chromosomal imbalance for a 

digital PCR experiment is dependent on the actual template concentration per reaction 

mixture (e.g. a well). We describe the template concentration based on the reference allele, 

i.e. the average reference template concentration per well (mr). As shown in the above 

equation, the expected Pr can be used to determine the plotting of the upper and the lower 

0 SPRT curves. Since the expected Pr is in turn dependent on the value of m„ the plotting of 

the SPRT curves would essentially be dependent on the value of mr. Thus, in practice, a set 

of SPRT curves relevant for the actual mr of a digital PCR dataset would need to be used for 

the interpretation of the Pr from that particular run. 

[0145] FIG. 8 shows a plot 800 illustrating the degree of differences in the SPRT curves for 

5 m, values of 0.1, 0.5 and 1.0 for digital RNA-SNP analysis according to an embodiment of 

the present invention. Each set of digital PCR data should be interpreted with the specific 

curves relevant to the exact m, value of that particular run. Note that since the expected 

degree of allelic or chromosomal imbalance for the digital RNA-SNP and RCD approaches 

are different (2:1 for the former and 3:2 for the latter), different sets of SPRT curves are 

10 needed for the two digital PCR systems. The experimentally derived Pr is interpreted with 

the relevant SPRT curves selected by the corresponding mr of the digital PCR run. This is in 

contrast to the previous reported use of SPRT for molecular detection of LOH by digital PCR 

where a fixed set of curves had been used. 

[0146] The practical manner for interpreting the digital PCR data using SPRT is illustrated 

5 below using a hypothetical digital RNA-SNP run. After digital RNA-SNP analysis of each 

case, the number of wells positive for the A allele only, the G allele only or both alleles are 

counted. The reference allele is defined as the allele with the smaller number of positive 

wells. The value of mr is calculated using the total number of wells negative for the reference 

allele, irrespective of whether the other allele is positive, according to the Poisson probability 

30 density function. The data of our hypothetical example are as follows: 
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[0147] In a 96-well reaction, 20 wells are positive for the A allele only, 24 wells are 

positive for the G allele only, and 33 wells are positive for both alleles. The A allele is 

regarded as the reference allele because there are less A-positive than G-positive wells. The 

number of wells negative for the reference allele is 96 — 20 — 33 = 43. Therefore, mr can be 

5 calculated using the Poisson equation: —1n(43/96) = 0.80. The experimentally determined Pr

of this case is: 24 / (20 + 24) = 0.55. 

[0148] According to table 600, the expected Pr of a trisomy 21 sample at in, = 0.8 is 0.76. 

Thus, 01 is 0.76 for this case. The SPRT curves based on 01 = 0.76 would be used to interpret 

the experimentally derived Pr of this case which is 0.55. When Pr=0.55 is fitted onto the 

0 relevant SPRT curves, the data point falls under the lower curve. Hence, the case is classified 

as euploid, see FIG. 3. 

3. Comparison to old method 

[0149] FIG. 9A shows a table 900 of a comparison of the effectiveness of the new and old 

SPRT algorithms for classifying euploid and trisomy 21 cases in 96-well digital RNA-SNP 

5 analyses. FIG. 9B shows a table 950 of a comparison of the effectiveness of the new and old 

SPRT algorithms for classifying euploid and trisomy 21 cases in 384-well digital RNA-SNP 

analyses. The new algorithm refers to the selection of SPRT curves specific for the mr

derived from the digital PCR data. The old algorithm refers to the use of a fixed set of SPRT 

curves for all digital PCR runs. The effect of incorrect calculation of the cutoff values on the 

?.0 accuracy of classification is revealed by the simulation analysis shown in table 900. 

[0150] Compared with the use of a fixed set of SPRT curves in previous studies, the 

proportion of unclassifiable data is much lower with our approach, as shown in tables 900 

and 950. For example, using our approach, at mr=0.5, 14% and 0% of trisomy 21 samples 

would be unclassifiable for 96-well and 384-well digital RNA-SNP analyses, respectively, 

25 but 62% and 10%, respectively, with the use of fixed curves (Table 900). Hence, our 

approach allows disease classification with lesser number of informative wells. 

[0151 ] As shown in table 900, the new algorithm is more accurate in classifying the 

samples as having or not having allelic ratio skewing for all values of mr from 0.1 to 2.0. For 

example, when mr equals 1.0 and a 96—well digital RNA-SNP run is performed, the new 

30 algorithm correctly classifies 88% and 92% of samples with and without allelic ratio 
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skewing, respectively, whereas the percentage of correct classification of samples with and 

without allelic ratio skewing using the old algorithm is only 19% and 36%, respectively. 

[0152] Using the new algorithm, the separation of samples with and without allelic ratio 

skewing would increase with mr. As a result, the classification accuracies would increase 

with mr. The effect of increase in separation of the two groups of samples on the 

classification accuracy would diminish when mr increases to beyond 2.0 because of the 

reduction in the percentage of informative wells. In contrast, using the old algorithm, the 

classification accuracies significantly reduce when mr increases because of the increased 

deviation of expected P value from its true value. 

[0153] Our experimental and simulation data show that digital RNA-SNP is an effective 

and accurate method for trisomy 21 detection. As PLAC4 mRNA in maternal plasma is 

derived purely from the fetus, for 12 of the 13 maternal plasma samples tested, only one 

384-well digital PCR experiment was required for correct classification (Table 1350 of FIG. 

13B). This homogenous, real-time digital PCR-based approach thus offers an alternative to 

5 the mass spectrometry-based approach for RNA-SNP analysis (Lo, YMD, et al. 2007 Nat 

Med, supra). Apart from placental-specific mRNA transcripts, we also envision that other 

types of fetal-specific nucleic acid species in maternal plasma could be used for digital PCR-

based detection of fetal chromosomal aneuploidies. One example is fetal epigenetic markers 

(Chim, SSC et al. (2005) Proc NatlAcad Sci USA 102, 14753-14758; Chan, KCA et al. 

;0 (2006) Clin Chem 52, 2211-2218), which have recently been used for the noninvasive 

prenatal detection of trisomy 18 using the epigenetic allelic ratio (EAR) approach (Tong, YK 

et al. (2006) Clin Chem 52, 2194-2202). Thus, we predict that digital EAR would be a 

possible analytical technique. 

V. INCREASING %, MULTIPLE MARKERS, AND PCR ALTERNATIVES 

as [0154] As described above, the application of embodiments of the present invention to 

DNA extracted from maternal plasma can be complicated when the fetal DNA only 

constitutes a minor fraction of maternal plasma DNA, with a mean fractional concentration of 

some 3% between weeks 11 and 17 of gestation. Nevertheless, as shown herein, digital RCD 

allows aneuploidy detection even when the aneuploid DNA is present as a minor population. 

30 With a decreasing fractional concentration of fetal DNA, such as may be present during early 

gestation, a larger number of informative counts is needed for digital RCD. A significance of 

the present work, as summarized in table 1200 of FIG. 12, is that we have provided a set of 
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benchmark parameters, e.g. fractional fetal DNA and total template molecules required, 

which diagnostic assays can be built upon. In our opinion, 7680 total number of reactions for 

a fractional fetal DNA concentration of 25% is a particularly attractive set of benchmark 

parameters. These parameters should allow euploid and trisomy 21 samples to be classifiable 

5 correctly 97% of the time, as shown in table 1200. 

[0155] The number of plasma DNA molecules that are present per unit volume of maternal 

plasma is limited (Lo, YMD. et al. 1998 Am JHum Genet 62, 768-7758). For example, in 

early pregnancy, the median maternal plasma concentration of an autosomal locus, the 

fl-globin gene, has been shown to be 986 copies/mL, with contributions from both the fetus 

0 and mother (Lo, YMD. et al. 1998 Am JHum Genet 62, 768-7758). To capture 7,680 

molecules, DNA extracted from some 8 mL of maternal plasma would be needed. This 

volume of plasma, obtainable from —15 mL of maternal blood, is at the limit of routine 

practice. However, we envision that multiple sets of chr21 and reference chromosome targets 

can be combined for digital RCD analysis. For 5 pairs of chr21 and reference chromosome 

5 targets, just 1.6 mL of maternal plasma would be needed to provide the number of template 

molecules needed for analysis. Multiplex single molecule PCR could be performed. The 

robustness of such multiplex single molecule analysis has been demonstrated previously for 

single molecule haplotyping (Ding, C. and Cantor, CR. 2003 Proc Nati Acad Sci USA 100, 

7449-7453). 

!0 [0156] Alternatively, to achieve a fractional fetal DNA concentration of 25%, methods may 

allow the selective enrichment of fetal DNA (Li, Y. et al. 2004 Clin Chein 50, 1002-1011) or 

the suppression of the maternal DNA background (Dhallan, R et al. 2004 JAMA 291, 1114-

1119) or both, in maternal plasma. Apart from such physical methods for fetal DNA 

enrichment and maternal DNA suppression, it would also be possible to use a molecular 

Z5 enrichment strategy, such as by targeting fetal DNA molecules which exhibit a particular 

DNA methylation pattern (Chim, SSC et al, 2005 Proc NatlAcad Sci USA 102,14753-14758, 

Chan, KCA et al. 2006 Clin Chem 52, 2211-2218; Chiu, RWK et al. 2007 Am JPathol 170, 

941-950.) 

[0157] Additionally, there are now a number of alternative approaches to the manual set up 

30 of digital real-time PCR analyses as used in the current study for conducting digital PCR. 

These alternative approaches include microfluidics digital PCR chips (Warren, L et al. 2006 

Proc NatlAcad Sci USA 103, 17807-17812; Ottesen, EA et al. 2006 Science 314, 1464-
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1467), emulsion PCR (Dressman, D et al. 2003 Proc Natl Acad Sci USA 100, 8817-8822), 

and massively parallel genomic sequencing (Margulies, M. et al. 2005 Nature 437, 376-380) 

using for example the Roche 454 platform, the Illumina Solexa platform, and the SOLiDTM

system of Applied Biosystems, etc. With regard to the latter, our method is also applicable to 

5 massively parallel sequencing methods on single DNA molecules, which do not require an 

amplification step, such as the Helicos True Single Molecule DNA sequencing technology 

(Harris TD et al. 2008 Science, 320, 106-109), the single molecule, real-time (SMRTTM) 

technology of Pacific Biosciences, and nanopore sequencing (Soni GV and Meller A. 2007 

Clin Chem 53, 1996-2001). With the use of these methods, digital RNA-SNP and digital 

0 RCD could be performed rapidly on a large number of samples, thus enhancing the clinical 

feasibility of the methods proposed here for noninvasive prenatal diagnosis. 

EXAMPLES 

The following examples are offered to illustrate, but not to limit the claimed 

invention. 

5 I. COMPUTER SIMULATIONS 

[0158] Computer simulation was performed to estimate the accuracy of diagnosing trisomy 

21 using the SPRT approach. The computer simulation was performed with the Microsoft 

Excel 2003 software (Microsoft Corp., USA) and SAS 9.1 for Windows software (SAS 

Institute Inc., NC, USA). The performance of digital PCR is an interplay between the 

!0 reference template concentration (mr), number of informative counts and projected degree of 

allelic or chromosomal imbalance (Pr). Separate simulations were performed for a range of 

each of these variables. Since the decision boundaries of the SPRT curves for digital 

RNA-SNP and digital RCD were different, the simulation analyses for the two systems were 

performed separately. 

25 [0159] For each digital PCR condition simulated (i.e. m„ fetal DNA fractional 

concentration, total well number), two rounds of simulation were performed. The first round 

simulated the scenario that the tested samples were obtained from pregnant women carrying 

euploid fetuses. The second round simulated the scenario when the tested samples were 

obtained from pregnant women carrying trisomy 21 fetuses. For each round, testing of 5000 

30 fetuses was simulated. 
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[0160] For digital RNA-SNP, simulations of a 384-well experiment with me= 0.1 to m,=2.0 

were performed. At each mr value, we simulated the scenario whereby 5000 euploid and 

5000 trisomy 21 fetuses were tested. The SPRT curves appropriate for the given mr were 

5 used to classify the 10,000 fetuses. FIG. 10 is a table 1000 showing the percentages of 

fetuses correctly and incorrectly classified as euploid or aneuploid and those not classifiable 

for the given informative counts according to an embodiment of the present invention. The 

accuracies for diagnosing euploid and aneuploid cases are both 100%, for mr between 0.5 and 

2.0. When mr=0.1, only 57% and 88% of euploid and trisomy 21 fetuses could be accurately 

0 classified after the analysis of 384 wells. 

[0161] The simulation data were generated as described in the following steps: 

[0162] In step 1, for each well, two random numbers were generated using the 

Random(Poisson) function of the SAS program 

(wwvv.sas.comitechnologies/analytics/statistics/index.html) to represent the A and the G 

5 alleles, respectively. The Random(Poisson) function would generate positive integers 

starting from 0 (i.e. 0, 1, 2, 3,....) and the probability of each integer being generated was 

dependent on the probability of this number according to the Poisson probability density 

function for a given mean value which represented the average concentration of the alleles 

per well. A well was regarded as positive for the A allele if the random number representing 

a0 the A allele was larger than zero, i.e. contained 1 or more molecules of the A allele. 

Similarly, the well was regarded as positive for the G allele if the random number 

representing the G allele was larger than zero. 

[0163] To simulate the scenario of a pregnant woman carrying a euploid fetus, the same 

mean value was used for generating the random numbers for the A allele and the G allele. For 

25 example, in the analysis simulating digital RNA-SNP analyses at mr = 0.5, the mean value for 

either the A allele of the G allele was set identically to 0.5 which meant an average 

concentration for either allele of 0.5 molecule per well. Using the Poisson equation, at a 

mean concentration of 0.5, the proportion of wells being positive for the A or the G alleles 

would be the same and was 0.3935, see table 600. 

30 [0164] When simulating the digital RNA-SNP analysis of a pregnant woman with a 

trisomy 21 fetus at m1= 0.5, the average concentration of the overrepresented allele per well 
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would be expected to be 2 times of that of the reference allele, i.e. 1. In this situation, the 

probability of a well being positive for the overrepresented allele was 0.6321, see table 600. 

[0165] After generating a random number for a digital PCR well, the well could be 

classified as one of the following statuses: 

a. negative for both the A and the G alleles 
b. positive for both the A and the G alleles 
c. positive for the A allele but negative for the G allele 
d. positive for the G allele but negative for the A allele 

) [0166] In step 2, step 1 was repeated until the desired number of wells, 384 wells for the 

current simulation, had been generated. The numbers of wells positive for the A allele only 

and the G allele only were counted. The allele with less positive wells was regarded as the 

reference allele and the allele with more positive wells was regarded as the potentially 

overrepresented allele. The number of the informative wells was the total number of wells 

5 positive for either allele but not both. The proportion of informative wells containing the 

potentially overrepresented allele (Pr) was then calculated. The upper and lower boundaries 

for the relevant SPRT curves to accept the null or alternative hypothesis were calculated 

according to an embodiment of the present invention. 

[0167] In step 3, 5000 simulations were performed for each of the two scenarios of the 

0 pregnant woman carrying a euploid or a trisomy 21 fetus. Each simulation could be regarded 

as an independent biological sample obtained from pregnant women. In Table 1000, the 

correct classification of euploid cases refers to those euploid cases in which the null 

hypothesis was accepted and the incorrect classification of euploid cases refers to those 

euploid cases in which the alternative hypothesis was accepted. Similarly, those trisomy 21 

5 cases in which the alternative hypothesis was accepted were regarded as correctly classified 

and those trisomy 21 cases in which the null hypothesis was accepted were regarded as 

incorrectly classified. For both groups, those cases in which neither the null or alternative 

hypothesis was accepted after the pre-specified total number of wells had been simulated 

were regarded as unclassified. 

,0 [0168] In step 4, steps 1 to 3 were performed for in, ranging from 0.1 to 2.0 at increments 

of 0.1. 
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B. RCD 

[0169] FIG. 11 is a table 1100 showing computer simulations for digital RCD analysis for a 

pure (100%) fetal DNA sample for mr ranging from 0.1 to 2.0 according to an embodiment of 

the present invention. As the fractional fetal DNA concentration becomes lower, the degree 

5 of chromosome 21 overrepresentation diminishes and thus a larger number of informative 

wells for accurate disease classification is required. Hence, simulations were further 

performed for fetal DNA concentrations of 50%, 25% and 10% for a total well number 

ranging from 384 to 7680 wells at mr=0.5. 

[0170] FIG. 12 is a table 1200 showing results of computer simulation of accuracies of 

0 digital RCD analysis at mr=0.5 for the classification of samples from euploid or trisomy 21 

fetuses with different fractional concentrations of fetal DNA according to an embodiment of 

the present invention. The performance of digital RCD is better for cases with a higher fetal 

DNA fractional concentration. At 25% fetal DNA concentration and a total number of 7680 

PCR analyses, 97% of both euploid and aneuploid cases would be classifiable with no 

5 incorrect classification. The remaining 3% of cases require further analyses until 

classification can be achieved. 

[0171] The procedures for simulating digital RCD analyses were similar to those described 

for digital RNA-SNP analysis. The steps for the simulations are described below: 

[0172] In step 1, two random numbers under the Poisson probability density function were 

),0 generated to represent the reference locus, chromosome 1, and the chromosome 21 locus. 

For subjects carrying euploid fetuses, the average concentrations of both the chromosome 1 

and chromosome 21 loci were the same. In this simulation analysis, an average template 

concentration of 0.5 for each locus per well was used. For subjects carrying trisomy 21 

fetuses, the mr in this simulation was 0.5 but the average concentration of the chromosome 21 

25 locus per well would depend on the fractional fetal DNA concentration in the tested sample, 

as shown in Table 700. The distribution of the reference and/or the chromosome 21 loci to a 

well was determined by the random numbers representing the respective locus which were 

generated according to the Poisson probability density function with the appropriate average 

concentration of the locus per well. 

30 [0173] In step 2, step 1 was repeated until the desired number of wells had been generated, 

e.g. 384 wells for a 384-well plate experiment. The numbers of wells positive for 

chromosome 1 only and chromosome 21 only were counted. The number of the informative 
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wells was the total number of wells positive for either one of the chromosomes but not both. 

The proportion of informative wells positive for chromosome 21 (Pr) was then calculated. 

The upper and lower boundaries of the relevant SPRT curves to accept the null or alternative 

hypothesis were calculated as described in the earlier section on SPRT analysis. 

5 [0174] In step 3, 5000 simulations were performed for each of the two scenarios of the 

pregnant woman carrying a euploid or a trisomy 21 fetus. Each simulation could be regarded 

as an independent biological sample obtained from pregnant women. In Table 1100, the 

correct classification of euploid cases refers to those euploid cases in which the null 

hypothesis was accepted and the incorrect classification of euploid cases refers to those 

10 euploid cases in which the alternative hypothesis was accepted. Similarly, those trisomy 21 

cases in which the alternative hypothesis was accepted were regarded as correctly classified 

and those trisomy 21 cases in which the null hypothesis was accepted were regarded as 

incorrectly classified. For both groups, those cases in which neither the null or alternative 

hypothesis was accepted after the pre-specified total number of wells had been simulated 

15 were regarded as unclassified. 

[0175] In step 4, steps 1 to 3 were repeated for samples with 10% 25%, 50% and 100% 

fetal DNA at total well numbers ranging from 384 to 7680. 

II. VALIDATION OF TRISOMY 21 DETECTION 

A. RNA-SNP for PLAC4 

20 [0176] The practical feasibility of digital RNA-SNP was demonstrated using the rs8 130833 

SNP on the PLAC4 gene on chromosome 21 (Lo, YMD et al. 2007 Nat Med 13, 218-223). 

Placental DNA and RNA samples from two euploid and two trisomy 21 heterozygous 

placentas were analyzed. The placental DNA samples were analyzed with the digital RNA-

SNP protocol but with the omission of the reverse transcription step, thus essentially 

25 converting the procedure to digital DNA-SNP analysis. To strike a balance between the 

chance of correct case classification and the proportion of informative wells, we diluted the 

samples aiming for one allele of any type per well and confirmed by a 96-well digital PCR 

analysis. This was followed by a 384-well digital RNA-SNP experiment. Pr and mr were 

calculated and the SPRT curve for this mr value was used for data interpretation. 

30 [0177] FIG. 13A shows a table 1300 of digital RNA-SNP analysis in placental tissues of 

euploid and trisomy 21 pregnancies according to an embodiment of the present invention. 
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Genotypes were determined by mass spectrometric assay. "Euploid" was assigned when the 

experimentally obtained Pr was below the unclassifiable region; "T21", representing trisomy 

21, was assigned when the experimentally obtained Pr was above the unclassifiable region. 

T21, trisomy 21. Each of these cases was correctly classified, using both the DNA and RNA 

5 samples, with one 384-well experiment. 

[0178] We further tested plasma RNA samples from nine women carrying euploid fetuses 

and four women carrying trisomy 21 fetuses. FIG. 13B shows a table 1350 of digital RNA-

SNP analysis of maternal plasma from euploid and trisomy 21 pregnancies according to an 

embodiment of the present invention. All of the cases were correctly classified. Initial 

0 results for one trisomy 21 case (M2272P) fell within the unclassifiable region between the 

SPRT curves after one 384-well experiment. Thus, an additional 384-well run was 

performed. New mr and Pr values were calculated from the aggregated data from the total of 

768 wells and the classification was performed using a new set of SPRT curves selected 

based on this mr value. The case was then scored correctly as aneuploid. 

15 [0179] Our experimental and simulation data show that digital RNA-SNP is an effective 

and accurate method for trisomy 21 detection. As PLAC4 mRNA in maternal plasma is 

derived purely from the fetus, for 12 of the 13 maternal plasma samples tested, only one 384-

well digital PCR experiment was required for correct classification. This homogenous, real-

time digital PCR-based approach thus offers an alternative to the mass spectrometry-based 

20 approach for RNA-SNP analysis. Apart from placental-specific mRNA transcripts, we also 

envision that other types of fetal-specific nucleic acid species in maternal plasma could be 

used for digital PCR-based detection of fetal chromosomal aneuploidies. One example is 

fetal epigenetic markers which have recently been used for the noninvasive prenatal detection 

of trisomy 18 using the epigenetic allelic ratio (EAR) approach (Tong YK et al. 2006 Clin 

25 Chem, 52, 2194-2202). Thus, we predict that digital EAR would be a possible analytical 

technique. 

B. RCD 

[0180] The practical feasibility of digital RCD for trisomy 21 detection was also 

investigated using a PCR assay targeting paralogous sequences on chromosome 21 and 1. 

30 Paralogous loci were used here by way of examples. Non-paralogous sequences on 

chromosome 21 and any other reference chromosome can also be used for RCD. Placental 

DNA samples from two euploid and two trisomy 21 placentas were diluted to approximately 
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one target template from either chromosome per well and confirmed by a 96-well digital PCR 

analysis. Each confirmed sample was analyzed by a 384-well digital RCD experiment and 

the values of Pr and mr were calculated. For digital RCD, the chromosome 1 paralog was the 

reference template. This mr value was used to select a corresponding set of SPRT curves for 

5 data interpretation. All of the placental samples were correctly classified as shown in FIG. 

14A. 

[0181] To demonstrate that the digital RCD approach can be used to detect trisomy 21 

DNA which is mixed with an excess of euploid DNA, such as the scenario of fetal DNA in 

maternal plasma, mixtures containing 50% and 25% of trisomy 21 placental DNA in a 

10 background of euploid maternal blood cell DNA were analyzed. Placental DNA from 10 

trisomy 21 and 10 euploid cases was each mixed with an equal amount of euploid maternal 

blood cell DNA, thus producing twenty 50% DNA mixtures. FIG. 14B shows a plot 1440 

illustrating the SPRT interpretation for RCD analysis of the 50% fetal DNA mixtures 

according to an embodiment of the present invention. Similarly, placental DNA from 5 

15 trisomy 21 and 5 euploid cases was each mixed with 3 times excess of euploid maternal 

blood cell DNA, thus producing ten 25% DNA mixtures. FIG. 14C shows a plot 1470 

illustrating the SPRT interpretation for RCD analysis of the 25% fetal DNA mixtures. All the 

euploid and aneuploid DNA mixtures were correctly classified, as shown in FIGS. 14B and 

14C. 

20 [0182] Each sample reached the point of being classifiable after a number of 384-well 

digital PCR analyses as marked on FIGS. 14B and 14C. For the 50% DNA mixtures, the 

number of 384-well plates required ranged from one to five. For the 25% DNA mixtures, the 

number of 384-well plates required ranged form one to seven. The cumulative proportion of 

cases being correctly classified with the addition of every 384 digital PCR analyses were as 

25 predicted by the computer simulation presented in Table 1200. 

III. METHOD WITH DIGITAL PCR 

A. Digital RNA-SNP 

[0183] All RNA samples were first reverse transcribed with a gene-specific reverse 

transcription primer using the ThermoScript reverse transcriptase (Invitrogen). Sequence of 

30 the reverse transcription primer was 5'-AGTATATAGAACCATGTTTAGGCCAGA-3' 

(Integrated DNA Technologies, Coralville, IA). The subsequent treatment of the reverse 

transcribed RNA (i.e. the cDNA) samples for digital RNA-SNP, and DNA samples (e.g. 
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placental DNA) was essentially the same. Prior to digital PCR analysis, DNA and the cDNA 

samples were first quantified using a real-time PCR assay towards PLAC4, consisting of 

primers 5'-CCGCTAGGGTGTCTTTTAAGC-3', 5'-

GTGTTGCAATACAAAATGAGTTTCT-3', and the fluorescent probe 5'-

5 (FAM)ATTGGAGCAAATTC(MGBNFQ)-3' (Applied Biosystems, Foster City, CA), where 

FAM is 6-carboxyfluorescein and MGBNFQ is a minor groove binding non-fluorescent 

quencher. 

[0184] A calibration curve was prepared by serial dilutions of HPLC-purified single-

stranded synthetic DNA oligonucleotides (Proligo, Singapore) specifying the amplicon. The 

[0 sequence was 5'-

CGCCGCTAGGGTGTCTTTTAAGCTATTGGAGCAAATTCAAATTTGGCTTAAAGAA 

AAAGAAACTCATTTTGTATTGCAACACCAGGAGTATCCCAAGGGACTCG-3'. The 

reaction was set up using 2X TaqMan Universal PCR Master Mix (Applied Biosystems) in a 

reaction volume of 25 µL. 400 nM of each primer and 80 nM of the probe were used in each 

5 reaction. The reaction was initiated at 50°C for 2 min, followed by 95°C for 10 min and 45 

cycles of 95°C for 15s and 60°C for 1 min in an ABI PRISM 7900HT Sequence Detection 

System (Applied Biosystems). Serial dilutions of the DNA or cDNA samples were then 

undertaken such that the subsequent digital PCR amplification could be performed at 

approximately one template molecule per well. At such a concentration, it was expected that 

?.0 approximately 37% of the reaction wells would show negative amplification and was first 

confirmed by conducting a 96-well digital real-time PCR analysis. This was followed by 

digital RNA-SNP analysis conducted in 384-well plates using a set of non-intron spanning 

primers: the forward primer 5'-TTTGTATTGCAACACCATTTGG-3' and the gene-specific 

reverse transcription primer described above. 

?.5 [0185] Two allele-specific TaqMan probes targeting each of the two alleles of the 

rs8130833 SNP on the PLAC4 sequence were designed. Their sequences were 5'-

(FAM)TCGTCGTCTAACTTG(MGBNFQ)-3' and 5'-

(VIC)ATTCGTCATCTAACTTG(MGBNFQ) for the G and A alleles, respectively. The 

reaction was set up using 2X TaqMan Universal PCR Master Mix in a reaction volume of 5 

30 µL. Each reaction contains 1X TaqMan Universal PCR Master Mix, 572 nM of each primer, 

107 nM of the allele-G-specific probe and 357 nM of the allele-A-specific probe. The 

reaction was carried out in the ABI PRISM 7900HT Sequence Detection System. The 

reaction was initiated at 50°C for 2 min, followed by 95°C for 10 min and 45 cycles of 95°C 
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placental DNA) was essentially the same. Prior to digital PCR analysis, DNA and the cDNA 

samples were first quantified using a real-time PCR assay towards PLAC4, consisting of 

primers 5'-CCGCTAGGGTGTCTTTTAAGC-3', 5'­

GTGTTGCAATACAAAATGAGTTTCT-3', and the fluorescent probe 5'-

5 (FAM)ATTGGAGCAAATTC(MGBNFQ)-3' (Applied Biosystems, Foster City, CA), where 

FAM is 6-carboxyfluorescein and MGBNFQ is a minor groove binding non-fluorescent 

quencher. 

[01841 A calibration curve was prepared by serial dilutions ofHPLC-purified single­

stranded synthetic DNA oligonucleotides (Proligo, Singapore) specifying the amplicon. The 

l 0 sequence was 5 ' -

CGCCGCTAGGGTGTCTTTTAAGCTATTGGAGCAAATTCAAATTTGGCTTAAAGAA 

AAAGAAACTCATTTTGT ATTGCAACACCAGGAGTATCCCAAGGGACTCG-3 '. The 

reaction was set up using 2X TaqMan Universal PCR Master Mix (Applied Biosystems) in a 

reaction volume of 25 µL. 400 nM of each primer and 80 nM of the probe were used in each 

l 5 reaction. The reaction was initiated at 50°C for 2 min, followed by 95°C for 10 min and 45 

cycles of 95°C for 15s and 60°C for 1 min in an ABI PRISM 7900HT Sequence Detection 

System (Applied Biosystems). Serial dilutions of the DNA or cDNA samples were then 

undertaken such that the subsequent digital PCR amplification could be performed at 

approximately one template molecule per well. At such a concentration, it was expected that 

W approximately 3 7% of the reaction wells would show negative amplification and was first 

confirmed by conducting a 96-well digital real-time PCR analysis. This was followed by 

digital RNA-SNP analysis conducted in 384-well plates using a set of non-intron spanning 

primers: the forward primer 5'-TTTGTATTGCAACACCATTTGG-3' and the gene-specific 

reverse transcription primer described above. 

!5 [0185] Two allele-specific TaqMan probes targeting each of the two alleles of the 

rs8130833 SNP on the PLAC4 sequence were designed. Their sequences were 5'­

(FAM)TCGTCGTCTAACTTG(MGBNFQ)-3' and 51
-

(VIC)ATTCGTCATCTAACTTG(MGBNFQ) for the G and A alleles, respectively. The 

reaction was set up using 2X TaqMan Universal PCR Master Mix in a reaction volume of 5 

30 µL. Each reaction contains lX TaqMan Universal PCR Master Mix, 572 nM of each primer, 

107 nM of the allele-G-specific probe and 357 nM of the allele-A-specific probe. The 

reaction was carried out in the ABI PRISM 7900HT Sequence Detection System. The 

reaction was initiated at 50°C for 2 min, followed by 95°C for 1 0 min and 45 cycles of 95°C 
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for 15s and 57°C for 1 min. During the reaction, the fluorescence data were collected by the 

"Absolute Quantification" application of the SDS 2.2.2 software (Applied Biosystems). The 

software automatically calculated the baselines and the threshold values. The number of 

wells which were positive for either the A or the G alleles was recorded and subjected to 

5 SPRT analysis. 

B. Digital RCD analysis 

[0186] All placental and maternal buffy coat DNA samples used in this study were first 

quantified by the NanoDrop spectrophotometer (NanoDrop Technology, Wilmington, DE). 

The DNA concentration is converted to copies/µL using a conversion of 6.6 pg/cell. The 

0 amount of DNA corresponding to approximately one template per well was determined by 

serially diluting the DNA samples and confirmed with the real-time PCR assay in a 96-well 

format where we expect approximately 37% of the wells to show negative amplification. The 

PCR setup for the confirmatory plate was the same as described below except that only the 

probe for the reference chromosome was added. In the digital RCD analysis, the paralogous 

15 loci on chromosome 21 and 1 (Deutsch, S. et al. 2004 JMed Genet 41, 908-915) were first 

co-amplified by forward primer 5'-GTTGTTCTGCAAAAAACCTTCGA-3' and reverse 

primer 5'-CTTGGCCAGAAATACTTCATTACCATAT-3'. Two chromosome-specific 

TaqMan probes were designed to target the chromosome 21 and 1 paralogs, and their 

sequences were 5'-(FAM)TACCTCCAT AATGAGTAAA(MGBNFQ)-3' and 5'-

20 (VIC)CGTACCTCTGTAATGTGTAA(MGBNFQ)-3', respectively. Each reaction contained 

TaqMan Universal PCR Master Mix (Applied Biosystems), 450 nM of each primer, and 

125 nM of each probe. The total reaction volume was 5µL/well. The reaction was initiated at 

50°C for 2 min, followed by 95°C for 10 min and 50 cycles of 95°C for 15s and 60°C for 1 

min. All real-time PCR experiments were carried out on an ABI PRISM 7900HT Sequence 

25 Detection System (Applied Biosystems), and the fluorescence data were collected by the 

"Absolute Quantification" application of the SDS 2.2.2 software (Applied Biosystems). The 

default baselines and manual threshold values were used. The number of wells which were 

positive for either chromosome 21 or chromosome 1 was recorded and subjected to SPRT 

analysis. One or more 384-well plates would be analyzed until disease classification was 

30 possible by SPRT. 
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co-amplified by forward prim.er 5'-GTTGTTCTGCAAAAAACCTTCGA-3' and reverse 

prim.er 5'-CTTGGCCAGAAATACTTCATTACCATAT-3 '. Two chromosome-specific 

TaqMan probes were designed to target the chromosome 21 and 1 paralogs, and their 

sequences were 5'-(FAM)TACCTCCAT AATGAGTAAA(MGBNFQ)-3' and 5'-

20 (VIC)CGTACCTCTGTAATGTGTAA(MGBNFQ)-3', respectively. Each reaction contained 

lX TaqMan Universal PCR Master Mix (Applied Biosystems), 450 nM of each primer, and 

125 nM of each probe. The total reaction volume was 5µL/well. The reaction was initiated at 

50°C for 2 min, followed by 95°C for 10 min and 50 cycles of 95°C for 15s and 60°C for 1 

min. All real-time PCR experiments were carried out on an ABI PRISM 7900HT Sequence 

25 Detection System (Applied Biosystems), and the fluorescence data were collected by the 

"Absolute Quantification" application of the SDS 2.2.2 software (Applied Biosystems). The 

default baselines and manual threshold values were used. The number of wells which were 

positive for either chromosome 21 or chromosome 1 was recorded and subjected to SPRT 

analysis. One or more 384-well plates would be analyzed until disease classification was 

30 possible by SPRT. 
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IV. USING MICROFLUIDICS-BASED DIGITAL PCR 

A. Digital RNA-SNP 

[0187] This example demonstrates the performance of digital PCR analysis using 

microfluidics-based digital PCR. A variant of this approach is illustrated here, by way of 

5 example but not by way of limitation to, using a Fluidigm BioMarkTM System. This system 

can perform over 9000 digital PCRs per run. 

[0188] Placental tissues and maternal peripheral blood samples were obtained from 

pregnant women carrying euploid or trisomy 21 fetuses. Genotyping of the rs8130833 SNP 

on the PLAC4 gene was carried out in placental DNA samples by primer extension followed 

10 by mass spectrometry. RNA was extracted from the placental and maternal plasma samples. 

[0189] All RNA samples were reverse transcribed with a gene-specific reverse 

transcription primer (5'-AGTATATAGAACCATGTTTAGGCCAGA-3') using the 

ThermoScript reverse transcriptase (Invitrogen). For the placental cDNA samples, serial 

dilutions were performed such that the subsequent digital PCR amplification could be 

15 performed at approximately one template molecule per well. 

[0190] Digital PCR was conducted on the BioMark SystemTM (Fluidigm) with a 12.765 

Digital Array (Fluidigm). Each Digital Array consists of 12 panels for accommodating 12 

sample-assay mixtures. Each panel is further partitioned into 765 wells for carrying out a 7-

nL reaction/well. The rs8130833 SNP region on the PLAC4 gene was amplified by the 

20 forward primer (5'-TTTGTATTGCAACACCATTTGG-3') and the gene-specific reverse 

transcription primer described above. Two allele-specific TaqMan probes targeting each of 

the two alleles of the rs8130833 SNP were designed. Their sequences were 5'-

(FAM)TCGTCGTCTAACTTG(MGBNFQ)-3' and 5'-

(VIC)ATTCGTCATCTAACTTG(MGBNFQ) for the G and A alleles, respectively. The 

25 reaction for one array panel was set up using 2X TaqMan Universal PCR Master Mix in a 

reaction volume of 10 µL. Each reaction contains 1X TaqMan Universal PCR Master Mix, 

572 nM of each primer, 53.5 nM of the allele-G-specific probe, 178.5 nM of the allele-A-

specific probe and 3.5 µL of the cDNA sample. One reaction panel was used for each 

placental cDNA sample while 12 panels were used for each maternal plasma sample. The 

30 sample-assay mixtures were loaded into the Digital Array by a NanoFlexTM IFC controller 

(Fluidigm). The reaction was carried out in the BioMarkTM System. The reaction was 
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transcription primer (5'-AGTATATAGAACCATGTTTAGGCCAGA-3') using the 

ThermoScript reverse transcriptase (Invitrogen). For the placental cDNA samples, serial 

dilutions were performed such that the subsequent digital PCR amplification could be 

15 performed at approximately one template molecule per well. 

(0190] Digital PCR was conducted on the BioMark System™ (Fluidigm) with a 12.765 

Digital Array (Fluidigm). Each Digital Array consists of 12 panels for accommodating 12 

sample-assay mixtures. Each panel is further partitioned into 765 wells for carrying out a 7-

nL reaction/well. The rs8130833 SNP region on the PLAC4 gene was amplified by the 

20 forward primer (5'-TTTGTATTGCAACACCATTTGG-3') and the gene-specific reverse 

transcription primer described above. Two allele-specific TaqMan probes targeting each of 

the two alleles of the rs8130833 SNP were designed. Their sequences were 5'­

(FAM)TCGTCGTCTAACTTG(MGBNFQ)-3' and 5'­

(VIC)ATTCGTCATCTAACTTG(MGBNFQ) for the G and A alleles, respectively. The 

25 reaction for one array panel was set up using 2X TaqMan Universal PCR Master Mix in a 

reaction volume of 10 µL. Each reaction contains IX TaqMan Universal PCR Master Mix, 

572 nM of each primer, 53.5 nM of the allele-G-specific probe, 178.5 nM of the allele-A­

specific probe and 3.5 µL of the cDNA sample. One reaction panel was used for each 

placental cDNA sample while 12 panels were used for each maternal plasma sample. The 

30 sample-assay mixtures were loaded into the Digital Array by a Nano Flex™ IFC controller 

(Fluidigm). The reaction was carried out in the BioMark™ System. The reaction was 

44 

Pg. 1190



WO 2009/013492 PCT/GB2008/002524 

initiated at 50 C for 2 min, followed by 95*C for 10 min and 40 cycles of 95 C for 15s and 

57 C for 1 min. 

[0191] Placental RNA samples from one euploid and two T21 heterozygous placentas were 

analyzed in a 765-well reaction panel. For each sample, the number of informative wells, 

5 comprising the ones positive for either the A or the G allele (but not both), was counted. The 

proportion of the overrepresented allele among all the informative wells (Pr) was determined. 

SPRT curves appropriate for the exact average reference template concentration per well (mi.) 

of these runs were applied to determine if the experimentally-obtained Pr indicated a euploid 

or T21 sample. As shown in FIG. 15A, all RNA samples were correctly classified using this 

10 approach. 

[0192] We further tested the plasma RNA samples from four women carrying euploid 

fetuses and one woman carrying a trisomy 21 fetus. Each sample was analyzed in twelve 765-

well reaction panels, i.e. 9180 reactions per plasma RNA sample. FIG. 15B shows the 

number of informative wells for each of the 12 panels for this plasma RNA sample. As 

15 shown in the table, the template concentration in the plasma sample was so diluted that the 

number of informative wells in any one reaction panel was not sufficient for the SPRT 

classification. The informative wells from three reaction panels had to be combined before 

this sample was classified as a euploid sample (FIG. 15C). FIG. 15C shows that using the 

aggregated data from two to twelve panels, all of the plasma cases could be correctly 

20 classified. 

[0193] Compared with the manual method for performing digital PCR, this microfluidics-

based method is much more rapid and less labor-intensive. The whole process could be 

completed in two and a half hours. 

B. Digital RNA-SNP analysis for the prenatal detection of trisomy 18 

25 [0194] In this example, we used a digital PCR-based allelic discrimination assay on serpin 

peptidase inhibitor Glade B (ovalbuinin) member 2 (SERPINB2) mRNA, a placenta-expressed 

transcript on chromosome 18, to detect an imbalance in the ratio of polymorphic alleles for 

trisomy 18 fetuses. Extraction of DNA and RNA from placental tissue samples was 

performed using the QlAamp DNA Mini Kit (Qiagen, Hilden, Germany) and the TRIzol 

30 reagent (Invitrogen, Carlsbad, CA), respectively, as described in the manufacturers' 

protocols. The extracted placental RNA samples were subjected to DNase I treatment 

(Invitrogen) for removal of contaminating genomic DNA. Genotyping of the rs6098 SNP on 
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initiated at 5o·c for 2 min, followed by 95·c for 10 min and 40 cycles of 95·c for 15s and 

sic for 1 min. 

[0191] Placental RNA samples from one euploid ru;id two T21 heterozygous placentas were 

analyzed in a 765-well reaction panel. For each sample, the number of informative wells, 

5 comprising the ones positive for either the A or the G allele (but not both), was counted. The 

proportion of the overrepresented allele among all the informative wells (Pr) was determined. 

SPRT curves appropriate for the exact average reference template concentration per well (mr) 

of these runs were applied to determine if the experimentally-obtained Pr indicated a euploid 

or T21 sample. As shown in FIG. ISA, all RNA samples were correctly classified using this 

10 approach. 

[0192] We further tested the plasma RNA samples from four women carrying euploid 

fetuses and one woman carrying a trisomy 21 fetus. Each sample was analyzed in twelve 765-

well reaction panels, i.e. 9180 reactions per plasma RNA sample. FIG. 15B shows the 

number of informative wells for each of the 12 panels for this plasma RNA sample. As 

15 shown in the table, the template concentration in the plasma sample was so diluted that the 

number of informative wells in any one reaction panel was not sufficient for the SPR T 

classification. The informative wells from three reaction panels had to be combined before 

this sample was classified as a euploid sample (FIG. 15C). FIG. 15C shows that using the 

aggregated data from two to twelve panels, all of the plasma cases could be correctly 

20 classified. 

[0193] Compared with the manual method for performing digital PCR, this microfluidics­

based method is much more rapid and less labor-intensive. The whole process could be 

completed in two and a half hours. 

B. Digital RNA-SNP analysis for the prenatal detection of trisomy 18 

25 [0194] In this example, we used a digital PCR-based allelic discrimination assay on se1pin 

peptidase inhibitor clade B (ovalbumin) member 2 (SERPINB2) mRNA, a placenta-expressed 

transcript on chromosome 18, to detect an imbalance in the ratio of polymorphic alleles for 

trisomy 18 fetuses. Extraction of DNA and RNA from placental tissue samples was 

performed using the QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) and the TRizol 

30 reagent (Invitrogen, Carlsbad, CA), respectively, as described in the manufacturers' 

protocols. The extracted placental RNA samples were subjected to DNase I treatment 

(Invitrogen) for removal of contaminating genomic DNA. Genotyping of the rs6098 SNP on 
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the SERPINB2 gene was carried out in placental tissue DNA samples with a Homogenous 

MassEXTEND (hME) assay using the MassARRAY Compact (Sequenom, San Diego) as 

previously described. 

[0195] Reverse transcription for the SERPINB2 transcript was performed on the placental 

5 tissue RNA samples with a gene-specific primer 5'-CGCAGACTTCTCACCAAACA-3' 

(Integrated DNA Technologies, Coralville, IA) using the ThermoScript reverse transcriptase 

(Invitrogen). All cDNA samples were diluted to a concentration such that the subsequent 

digital PCR amplification could be performed at an average concentration of one template 

molecule per reaction well. Digital PCR was set up using the TaqMan Universal PCR Master 

10 Mix (Applied Biosystems, Foster City, CA) and the BiomarkTM PCR Reagents (Fluidigm, 

San Francisco). The forward primer 5'- CTCAGCTCTGCAATCAATGC-3' (Integrated DNA 

Technologies) and the reverse primer (identical to the gene-specific primer used for reverse 

transcription) were used at a concentration of 600 nM. The two TaqMan probes targeting the 

A or G allele of the rs6098 SNP on the SERPINB2 sequence were 5'-

15 (FAM)CCACAGGGAATTATTT (MGBNFQ)-3' and 5'-

(FAM)CCACAGGGGATTATTT(MGBNFQ)-3' (Applied Biosystems). FAM is 6-

carboxyfluorescein and MGBNFQ is a minor groove-binding nonfluorescent quencher, and 

were used at concentrations of 300 nM and 500 nM, respectively. Each sample-reagent mix 

was partitioned into 765 reaction wells on a BiomarkTM 12.765 Digital Array using the 

20 NanoflexTM IFC Controller (Fluidigm). After partitioning, the array was placed in the 

BiomarkTM Real-time PCR System (Fluidigm) for thermal amplification and fluorescence 

detection. The reaction was initiated at 50oC for 2 min and continued at 95oC for 5 min 

followed by 45 cycles of 95oC for 15 sec and 59 oC for 1 min. After amplification, the 

number of informative wells (one that was positive for either the A or G allele only) and the 

25 number of wells positive for both alleles were counted and subjected to sequential probability 

ratio test (SPRT) analysis. 

[0196] For a heterozygous euploid fetus, the A and G alleles should be equally represented 

(1:1) in the fetal genome, whereas for trisomy 18, there would be an additional copy of one 

allele thus giving a ratio of 2:1 in the fetal genome. A series of SPRT curves were generated 

30 for interpretation of different samples. These curves illustrate the expected proportion of 

informative wells positive for the overrepresented allele Pr (y-axis) for a given total number 

of informative wells (x-axis) needed for classification. For each sample, the experimentally 

derived Pr was compared with the expected Pr value. Samples above the upper curve were 
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5 tissue RNA samples with a gene-specific primer 5'-CGCAGACTTCTCACCAAACA-3' 

(Integrated DNA Technologies, Coralville, IA) using the ThermoScript reverse transcriptase 

(Invitrogen). All cDNA samples were diluted to a concentration such that the subsequent 

digital PCR amplification could be performed at an average concentration of one template 

molecule per reaction well. Digital PCR was set up using the TaqMan Universal PCR Master 

10 Mix (Applied Biosystems, Foster City, CA) and the BiomarkTM PCR Reagents (Fluidigm, 

San Francisco). The forward primer 5'- CTCAGCTCTGCAATCAATGC-3' (Integrated DNA 

Technologies) and the reverse primer (identical to the gene-specific primer used for reverse 

transcription) were used at a concentration of 600 nM. The two TaqMan probes targeting the 

A or G allele of the rs6098 SNP on the SERPINB2 sequence were 5'-

15 (FAM)CCACAGGGAATTATTT (MGBNFQ)-3' and 5'-

(F AM)CCACAGGGGATTATTT(MGBNFQ)-3' (Applied Biosystems). FAM is 6-

carboxyfluorescein and MGBNFQ is a minor groove-binding nonfluorescent quencher, and 

were used at concentrations of300 nM and 500 nM, respectively. Each sample-reagent mix 

was partitioned into 765 reaction wells on a BiomarkTM 12.765 Digital Array using the 

20 NanoflexTM IFC Controller (Fluidigm). After partitioning, the array was placed in the 

BiomarkTM Real-time PCR System (Fluidigm) for thermal amplification and fluorescence 

detection. The reaction was initiated at 50oC for 2 min and continued at 95oC for 5 min 

followed by 45 cycles of 95oC for 15 sec and 59 oC for 1 min. After amplification, the 

number of informative wells (one that was positive for either the A or G allele only) and the 

25 number of wells positive for both alleles were counted and subjected to sequential probability 

ratio test (SPRT) analysis. 

[0196] For a heterozygous euploid fetus, the A and G alleles should be equally represented 

(1: 1) in the fetal genome, whereas for trisomy 18, there would be an additional copy of one 

allele thus giving a ratio of2:1 in the fetal genome. A series ofSPRT curves were generated 

30 for interpretation of different samples. These curves illustrate the expected proportion of 

informative wells positive for the overrepresented allele Pr (y-axis) for a given total number 

of informative wells (x-axis) needed for classification. For each sample, the experimentally 

derived Pr was compared with the expected Pr value. Samples above the upper curve were 
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classified as trisomy 18, whereas those below the bottom curve were classified as euploid. 

The area between the two curves is the unclassifiable region. 

[0197] The feasibility of digital RNA-SNP analysis for the detection of fetal trisomy 18 

was demonstrated by using the rs6098 SNP on the SERPINB2 gene. Placental tissue DNA 

5 samples from subjects with euploid and trisomy 18 fetuses were first genotyped by mass 

spectrometry for identifying heterozygous cases. Nine euploid and three trisomy 18 

heterozygous placentas were found and subjected to digital RNA-SNP analysis. For each 

sample, Pr and mr were calculated, and the SPRT curve for this mr value was used for disease 

classification. As shown in FIG. 16A, all samples were correctly classified. The Pr values for 

10 trisomy 18 placentas were above the unclassifiable region, whereas those for euploid 

placentas fell below this region. 

[0198] Samples with SPRT curves based on mr = 0.1, 0.2, and 0.3 are illustrated in FIG. 

16B. These data suggest that the digital RNA-SNP method is a valuable diagnostic tool for 

trisomy 18 pregnancies. The two curves represent the boundaries for the unclassifiable 

15 region. Samples with data points above the upper curve were classified as aneuploid, whereas 

those with data points below the bottom curve were classified as euploid. 

C. Digital RCD analysis 

[0199] This example demonstrates the performance of digital RCD analysis using 

microfluidics-based digital PCR. A variant of this approach is illustrated here, by way of 

?0 example but not by way of limitation to, using a Fluidigm BioMarkTM System. This system 

can perform over 9000 digital PCRs per run. 

[0200] Placental tissues, maternal blood cell and amniotic fluid samples were obtained 

from pregnant women carrying euploid or trisomy 21 (T21) fetuses. Placental DNA from 10 

T21 and 10 euploid cases was each mixed with an equal amount of euploid maternal blood 

cell DNA, thus producing twenty 50% DNA mixtures. To ensure accurate fetal proportion in 

the mixture samples, the extracted DNA was first quantified by optical density (OD) 

measurement at 260 nm. They were then digitally quantified by the BioMarkTM System 

(Fluidigm) using the 12.765 Digital Arrays (Fluidigm). The assay for quantifying the samples 

was the same as described below except that only the probe for the reference chromosome 

was used. 
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[0199] This example demonstrates the performance of digital RCD analysis using 

microfluidics-based digital PCR. A variant of this approach is illustrated here, by way of 

W example but not by way of limitation to, using a Fluidigm BioMark™ System. This system 

can perform over 9000 digital PCRs per run. 

[0200] Placental tissues, maternal blood cell and amniotic fluid samples were obtained 

from pregnant women carrying euploid or trisomy 21 (T21) fetuses. Placental DNA from 10 

T2 l and 10 euploid cases was each mixed with an equal amount of euploid maternal blood 

is cell DNA, thus producing twenty 50% DNA mixtures. To ensure accurate fetal proportion in 

the mixture samples, the extracted DNA was first quantified by optical density (OD) 

measurement at 260 nm. They were then digitally quantified by the BioMark™ System 

(Fluidigm) using the 12.765 Digital Arrays (Fluidigm). The assay for quantifying the samples 

was the same as described below except that only the probe for the reference chromosome 

10 was used. 
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[0201] The chromosome dosage in the 50% DNA mixtures and amniotic fluid samples was 

determined by digital PCR analysis of a nonpolymorphic chromosome 21 locus relative to 

one located on chromosome 1. A 101-bp amplicon of a pair of paralogous loci on 

chromosome 21 and 1 was first co-amplified by forward primer 5'-

5 GTTGTTCTGCAAAAAACCTTCGA-3' and reverse primer 5'-

CTTGGCCAGAAATACTTCATTACCATAT-3'. Two chromosome-specific TaqMan probes 

were designed to distinguish between the chromosome 21 and 1 paralogs, and their sequences 

were 5'-(FAM)TACCTCCATAATGAGTAAA(MGBNFQ)-3' and 5'-

(VIC)CGTACCTCTGTAATGTGTAA(MGBNFQ)-3`, respectively. The use of paralogous 

10 loci was used here by way of example only. In other words, non-paralogous loci could also be 

used for such analysis. 

[0202] In order to demonstrate the use of the digital RCD approach to detect trisomy 18 

(T18), another assay targeting paralogous sequences on chromosome 21 and 18 was 

designed. A 128-bp amplicon of the paralogous loci on chromosome 21 and 18 was first co-

15 amplified by forward primer 5'-GTACAGAAACCACAAACTGATCGG-3' and reverse 

primer 5'-GTCCAGGCTGTGGGCCT-3'. Two chromosome-specific TaqMan probes were 

designed to distinguish between the chromosome 21 and 18 paralogs, and their sequences 

were 5'-(FAM)AAGAGGCGAGGCAA(MGBNFQ)-3' and 5'-

(VIC)AAGAGGACAGGCAAC(MGBNFQ)-3', respectively. The use of paralogous loci was 

20 used here by way of example only. In other words, non-paralogous loci could also be used for 

such analysis. 

[0203] All experiments were carried out on the BioMarkTM System (Fluidigm) using the 

12.765 Digital Arrays (Fluidigm). The reaction for one panel was set up using 2X TaqMan 

Universal PCR Master Mix (Applied Biosystems) in a reaction volume of 10 µL. Each 

25 reaction contained 1X TaqMan Universal PCR Master Mix, 900 nM of each primer, 125 nM 

of each probe and 3.5 µL of a 50% placental/maternal blood cell DNA sample. The 

sample/assay mixture was loaded into the Digital Array by the NanoFlexTM IFC controller 

(Fluidigm). The reaction was carried out on the BioMarkTM System for detection. The 

reaction was initiated at 50°C for 2 min, followed by 95°C for 10 min and 40 cycles of 95°C 

30 for 15s and 57°C for 1 min. 

[0204] The euploid and T21 50% placental/maternal blood cell DNA samples were 

analyzed on the digital arrays with the chr21/chr 1 assay. For each sample, the number of 
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(0201] The chromosome dosage in the 50% DNA mixtures and amniotic fluid samples was 

determined by digital PCR analysis of a nonpolymorphic chromosome 21 locus relative to 

one located on chromosome 1. A 101-bp amplicon of a pair of paralogous loci on 

chromosome 21 and 1 was first co-amplified by forward primer 5'-

5 GTTGTTCTGCAAAAAACCTTCGA-3' and reverse primer 5'-

CTTGGCCAGAAA TACTTCA TT ACCATAT-3 '. Two chromosome-specific TaqMan probes 

were designed to distinguish between the chromosome 21 and 1 paralogs, and their sequences 

were 5'-(FAM)TACCTCCATAATGAGTAAA(MGBNFQ)-3' and 5'­

(VIC)CGTACCTCTGTAATGTGTAA(MGBNFQ)-3', respectively. The use ofparalogous 

10 loci was used here by way of example only. In other words, non-paralogous loci could also be 

used for such analysis. 

[0202] In order to demonstrate the use of the digital RCD approach to detect trisomy 18 

(Tl 8), another assay targeting paralogous sequences on chromosome 21 and 18 was 

designed. A 128-bp amplicon of the paralogous loci on chromosome 21 and 18 was first co-

15 amplified by forward primer 5'-GTACAGAAACCACAAACTGATCGG-3' and reverse 

primer 5'-GTCCAGGCTGTGGGCCT-3'. Two chromosome-specific TaqMan probes were 

designed to distinguish between the chromosome 21 and 18 paralogs, and their sequences 

were 5'-(FAM)AAGAGGCGAGGCAA(MGBNFQ)-3' and 5'­

(VIC)AAGAGGACAGGCAAC(MGBNFQ)-3', respectively. The use of paralogous loci was 

20 used here by way of example only. In other words, non-paralogous loci could also be used for 

such analysis. 

[0203] All experiments were carried out on the BioMark™ System (Fluidigm) using the 

12.765 Digital Arrays (Fluidigm). The reaction for one panel was set up using 2X TaqMan 

Universal PCR Master Mix (Applied Biosystems) in a reaction volume of 10 µL. Each 

25 reaction contained lX TaqMan Universal PCR Master Mix, 900 nM of each primer, 125 nM 

of each probe and 3.5 µL of a 50% placental/maternal blood cell DNA sample. The 

sample/assay mixture was loaded into the Digital Array by the NanoFlex™ IFC controller 

(Fluidigm). The reaction was carried out on the BioMark™ System for detection. The 

reaction was initiated at 50°C for 2 min, followed by 95°C for 10 min and 40 cycles of 95°C 

30 for 15s and 57°C for 1 min. 

[0204] The euploid and T2 l 50% placental/maternal blood cell DNA samples were 

analyzed on the digital arrays with the chr21/chrl assay. For each sample, the number of 
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informative wells, comprising the ones positive for only chr21 or chr 1 markers (but not both), 

was counted. The proportion of the overrepresented marker among all the informative wells 

(Pr) was determined. SPRT curves appropriate for the exact average reference template 

concentration per well (m-) for any one of the digital PCR panels were applied to determine if 

5 the experimentally-obtained Pr indicated a euploid or T21 sample. Data were aggregated from 

extra panels for samples which remained unclassified until a decision could be made. As 

shown in FIG. 17, all 50% placental/maternal blood cell DNA samples were correctly 

classified using this approach with data ranging from one to four panels needed. A SPRT 

curve was also plotted to show the decision boundaries for correct classification, as shown in 

10 FIG. 18. 

[0205] We further applied the RCD analysis on amniotic fluid samples obtained from 23 

women carrying euploid fetuses and 6 women carrying T21 fetuses. Each sample was 

analyzed in a single 765-well reaction panel with the chr21/chr 1 assay. FIG. 19 shows the 

SPRT classification summary. As shown in FIG. 19, all the 29 samples were classified 

15 correctly. The digital RCD method is thus an alternative approach for the detection of 

trisomies using microsatellite (Levett LT, et al. A large-scale evaluation of arrmio-PCR for the 

rapid prenatal diagnosis of fetal trisomy. Ultrasound Obstet Gynecol 2001; 17: 115-8) or 

single nucleotide polymorphism (SNP) (Tsui NB, et al. Detection of trisomy 21 by 

quantitative mass spectrometric analysis of single-nucleotide polymorphisms. Clin Chem 

20 2005; 51: 2358-62) markers or real-time non-digital PCR (Zimmermann B, et al. Novel real-

time quantitative PCR test for trisomy 21. Clin Chem 2002; 48: 362-3) in miscellaneous 

sample types used for prenatal diagnosis, such as amniotic fluid and chorionic villus biopsies. 

[0206] In an attempt to detect T18 cases, we applied the chr21/chr18 assay on 3 euploid 

and 5 T18 placental DNA samples. The proportion of the overrepresented marker among all 

25 the informative wells (Pr) was calculated. All of them were classified correctly except one 

T18 case was misclassified as euploid. The results were summarized in FIG. 20. 

V. USING MULTIPLEX DIGITAL RCD ASSAYS ON MASS-SPECTROMETRIC 
PLATFORM 

[0207] The number of plasma DNA molecules that are present per unit volume of maternal 

30 plasma is limited (Lo YMD. et al. 1998 Am J Hum Genet 62, 768-7758). For example, in 

early pregnancy, the median maternal plasma concentration of an autosomal locus, the 

p-globin gene, has been shown to be 986 copies/mL, with contributions from both the fetus 
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informative wells, comprising the ones positive for only chr21 or chr 1 markers (but not both), 

was counted. The proportion of the overrepresented marker among all the informative wells 

(Pr) was determined. SPRT curves appropriate for the exact average reference template 

concentration per well (rnr) for any one of the digital PCR panels were applied to determine if 

5 the experimentally-obtained Pr indicated a euploid or T21 sample. Data were aggregated from 

extra panels for samples which remained unclassified until a decision could be made. As 

shown in FIG. 17, all 50% placental/maternal blood cell DNA samples were correctly 

classified using this approach with data ranging from one to four panels needed. A SPRT 

curve was also plotted to show the decision boundaries for correct classification, as shown in 

10 FIG. 18. 

[0205] We further applied the RCD analysis on amniotic fluid samples obtained from 23 

women carrying euploid fetuses and 6 women carrying T21 fetuses. Each sample was 

analyzed in a single 765-well reaction panel with the chr21/chrl assay. FIG. 19 shows the 

SPRT classification summary. As shown in FIG. 19, all the 29 samples were classified 

15 correctly. The digital RCD method is thus an alternative approach for the detection of 

trisomies using microsatellite (Levett LJ, et al. A large-scale evaluation of amnio-PCR for the 

rapid prenatal diagnosis of fetal trisomy. Ultrasound Obstet Gynecol 2001; 17: 115-8) or 

single nucleotide polymorphism (SNP) (Tsui NB, et al. Detection oftrisomy 21 by 

quantitative mass spectrometric analysis of single-nucleotide polymorphisms. Clin Chem 

20 2005; 51: 2358-62) markers or real-time non-digital PCR (Zimmermann B, et al. Novel real­

time quantitative PCR test for trisomy 21. Clin Chem 2002; 48: 362-3) in miscellaneous 

sample types used for prenatal diagnosis, such as amniotic fluid and chorionic villus biopsies. 

[0206] In an attempt to detect Tl8 cases, we applied the chr21/chrl8 assay on 3 euploid 

and 5 Tl 8 placental DNA samples. The proportion of the overrepresented marker among all 

25 the informative wells (Pr) was calculated. All of them were classified correctly except one 

T18 case was misclassified as euploid. The results were summarized in FIG. 20. 

V. USING MULTIPLEX DIGITAL RCD ASSAYS ON MASS-SPECTROMETRIC 
PLATFORM 

[0207] The number of plasma DNA molecules that are present per unit volume of maternal 

30 plasma is limited (Lo YMD. et al. 1998 Am J Hum Genet 62, 768-7758). For example, in 

early pregnancy, the median maternal plasma concentration of an autosomal locus, the 

fJ-globin gene, has been shown to be 986 copies/mL, with contributions from both the fetus 
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and mother (Lo YMD. et al. 1998 Am J Hum Genet 62, 768-7758). To capture 7,680 

molecules, DNA extracted from some 8 mL of maternal plasma would be needed. This 

volume of plasma, obtainable from —15 mL of maternal blood, is at the limit of routine 

practice. However, we envision that multiple sets of chr21 and reference chromosome targets 

5 can be combined for digital RCD analysis. For 5 pairs of chr21 and reference chromosome 

targets, just 1.6 mL of maternal plasma would be needed to provide the number of template 

molecules needed for analysis. Multiplex single molecule PCR could be performed. The 

robustness of such multiplex single molecule analysis has been demonstrated previously for 

single molecule haplotyping (Ding, C. and Cantor, CR. 2003 Pr•oc Nati Acad Sci USA 100, 

10 7449-7453). 

[0208] In one example, placental tissues and maternal blood cell samples were obtained 

from pregnant women carrying euploid or trisomy 21 (T21) fetuses. 5 euploid and 5 T21 

placental DNA samples were each mixed with equal proportions of maternal blood cell DNA 

to produce 10 DNA mixtures mimicking plasma samples with 50% fetal DNA. To ensure 

15 accurate fetal proportion in the mixture samples, the extracted DNA was first quantified by 

optical density (OD) measurement at 260 nm. They were then digitally quantified by real-

time PCR in 384-well format. The assay for quantifying the samples was the same as 

described in the previous example of digital RCD analysis. 

[0209] The chromosome dosage in the 50% mix was determined by digital PCR analysis of 

20 a nonpolymorphic chromosome 21 locus relative to one located on chromosome 1. The 

method is called Digital Relative Chromosome Dosage (RCD) analysis. A 121-bp amplicon 

(inclusive of a 10-mer on each primer) of a pair of paralogous loci on chromosome 21 and 1 

was co-amplified by forward primer 5'-

ACGTTGGATGGTTGTTCTGCAAAAAACCTTCGA-3' and reverse primer 5'-

25 ACGTTGGATGCTTGGCCAGAAATACTTCATTACCATAT-3'. An extension primer 

which targets the base differences between chromosome 21 and chromosome 1 was designed, 

and its sequence is 5'-CTCATCCTCACTTCGTACCTC-3'. 

[0210] In order to demonstrate the utility of multiplexing digital PCR assays to detect T21 

cases, another digital RCD assay targeting paralogous sequences on chromosome 21 and 18 

30 was designed. A 148-bp amplicon (inclusive of a 10-mer on each primer) of the paralogous 

loci on chromosome 21 and 18 was co-amplified by forward primer 5'-

ACGTTGGATGGTACAGAAACCACAAACTGATCGG-3' and reverse primer 5'-
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andmother(Lo YMD. eta!. 1998AmJHum Genet 62, 768-7758). To capture7,680 

molecules, DNA extracted from some 8 mL of maternal plasma would be needed. This 

volume of plasma, obtainable from ~ 15 mL of maternal blood, is at the limit of routine 

practice. However, we envision that multiple sets of chr21 and reference chromosome targets 

5 can be combined for digital RCD analysis. For 5 pairs of chr21 and reference chromosome 

targets, just 1.6 mL of maternal plasma would be needed to provide the number of template 

molecules needed for analysis. Multiplex single molecule PCR could be performed. The 

robustness of such multiplex single molecule analysis has been demonstrated previously for 

single molecule haplotyping (Ding, C. and Cantor, CR. 2003 Proc Natl Acad Sci US A 100, 

10 7449-7453). 

[0208] In one example, placental tissues and maternal blood cell samples were obtained 

from pregnant women carrying euploid or trisomy 21 (T21) fetuses. 5 euploid and 5 T21 

placental DNA samples were each mixed with equal proportions of maternal blood cell DNA 

to produce 10 DNA mixtures mimicking plasma samples with 50% fetal DNA. To ensure 

15 accurate fetal proportion in the mixture samples, the extracted DNA was first quantified by 

optical density (OD) measurement at 260 nm. They were then digitally quantified by real­

time PCR in 384-well format. The assay for quantifying the samples was the same as 

described in the previous example of digital RCD analysis. 

[0209] The chromosome dosage in the 50% mix was determined by digital PCR analysis of 

20 a nonpolymorphic chromosome 21 locus relative to one located on chromosome 1. The 

method is called Digital Relative Chromosome Dosage (RCD) analysis. A 121-bp amplicon 

(inclusive of a 10-mer on each primer) of a pair of paralogous loci on chromosome 21 and 1 

was co-amplified by forward primer 5'­

ACGTTGGATGGTTGTTCTGCAAAAAACCTTCGA-3' and reverse primer 5'-

25 ACGTTGGATGCTTGGCCAGAAATACTTCATTACCATAT-3'. An extension primer 

which targets the base differences between chromosome 21 and chromosome 1 was designed, 

and its sequence is 5'-CTCATCCTCACTTCGTACCTC-3'. 

[0210] In order to demonstrate the utility of multiplexing digital PCR assays to detect T21 

cases, another digital RCD assay targeting paralogous sequences on chromosome 21 and 18 

3 0 was designed. A 148-bp amplicon (inclusive of a 10-mer on each primer) of the paralogous 

loci on chromosome 21 and 18 was co-amplified by forward primer 5'­

ACGTTGGATGGTACAGAAACCACAAACTGATCGG-3' and reverse primer 5'-
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ACGTTGGATGGTCCAGGCTGTGGGCCT-3'. An extension primer which targets the base 

differences between chromosome 21 and chromosome 18 was designed, and its sequence is 

5' -ACAAAAGGGGGAAGAGG-3 ' . 

[0211] Multiplex digital RCD analysis was performed using primer extension protocol. 

5 PCR reaction was set up using GeneAmp PCR Core Reagent Kit (Applied Biosystems) in a 

reaction volume of 5µL. Each reaction contained 1X Buffer II, 2 mM MgC12, 200 µM dNTP 

mix, 0.2 U AmpliTaq Gold, 200 nM of each of the 4 primers and the 50% DNA mix. The 

assay/sample mixture was dispensed into 384-well PCR plate and the reaction was initiated at 

50°C for 2 mM, followed by 95°C for 10 min and 40 cycles of 95°C for 15s and 57°C for 1 

10 mM. 

[0212] PCR products were subjected to shrimp alkaline phosphatase (SAP) treatment to 

remove unincorporated dNTPs. The mixture was incubated at 37°C for 40 min followed by 

85°C for 5 min. Primer extension reaction was then carried out. In brief, 771 nM of extension 

primer from chr21/chrl assay, 1.54 µM of extension primer from chr21/chr18 assay, 0.67 U 

15 Thermosequenase (Sequenom), and 64 µM each of ddCTP, ddGTP, dATP and dTTP in an 

extension cocktail were added to the SAP-treated PCR products. The reaction conditions 

were 94°C for 2 mM, followed by 94°C for 5 s, 50°C for 5 s, and 72°C for 5 s for 80 cycles. 

16 µL of water and 3 mg of the Clean Resin (Sequenom) were added to the extension 

products for a final clean up. The mixtures were mixed in a rotator for 20 to 30 min, followed 

20 by a centrifugation step at 361 g for 5 mM. Fifteen to 25 nL of the final products were 

dispensed onto a SpectroCHIP (Sequenom) by a MassARRAY Nanodispenser S (Sequenom). 

Data acquisition from the SpectroCHIP was done in the MassARRAY Analyzer Compact 

Mass Spectrometer (Sequenom). Mass data were imported into the MassARRAY Typer 

(Sequenom) software for analysis. 

25 [0213] The five euploid and five T21 50% placental/maternal DNA samples were analyzed 

with the duplex RCD assay. For each sample, the number of informative wells from 

individual assay, comprising the ones positive for only chr21 or chrl or chr18 markers, was 

counted. The proportion of the chr21 marker among all the informative wells (Pr) was 

calculated separately for each RCD assay. Sequential probability ratio test (SPRT) was then 

30 applied to determine if the Pr indicated a euploid or T21 sample. By doing so, the number of 

wells required was reduced as each plate was counted twice. 
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ACGTTGGATGGTCCAGGCTGTGGGCCT-3'. An extension primer which targets the base 

differences between chromosome 21 and chromosome 18 was designed, and its sequence is 

5'-ACAAAAGGGGGAAGAGG-3 '. 

[0211] Multiplex digital RCD analysis was performed using primer extension protocol. 

5 PCR reaction was set up using GeneAmp PCR Core Reagent Kit (Applied Biosystems) in a 

reaction volume of 5 µL. Each reaction contained lX Buffer II, 2 mM MgCb, 200 µM dNTP 

mix, 0.2 U AmpliTaq Gold, 200 nM of each of the 4 primers and the 50% DNA mix. The 

assay/sample mixture was dispensed into 384-well PCR plate and the reaction was initiated at 

50°C for 2 min, followed by 95°C for 10 min and 40 cycles of 95°C for 15s and 57°C for 1 

10 mm. 

[0212] PCR products were subjected to shrimp alkaline phosphatase (SAP) treatment to 

remove unincorporated dNTPs. The mixture was incubated at 3 7°C for 40 min followed by 

85°C for 5 min. Primer extension reaction was then carried out. In brief, 771 nM of extension 

primer from chr21/chrl assay, 1.54 µM of extension primer from chr21/chr18 assay, 0.67 U 

15 Thermosequenase (Sequenom), and 64 µMeach of ddCTP, ddGTP, dATP and dTTP in an 

extension cocktail were added to the SAP-treated PCR products. The reaction conditions 

were 94°C for 2 min, followed by 94°C for 5 s, 50°C for 5 s, and 72°C for 5 s for 80 cycles. 

16 µL of water and 3 mg of the Clean Resin (Sequenom) were added to the extension 

products for a final clean up. The mixtures were mixed in a rotator for 20 to 30 min, followed 

20 by a centrifugation step at 361 g for 5 min. Fifteen to 25 nL of the final products were 

dispensed onto a SpectroCHIP (Sequenom) by a MassARRA Y Nanodispenser S (Sequenom). 

Data acquisition from the SpectroCHIP was done in the MassARRA Y Analyzer Compact 

Mass Spectrometer (Sequenom). Mass data were imported into the MassARRA Y Typer 

(Sequenom) software for analysis. 

25 [0213] The five euploid and five T21 50% placental/maternal DNA samples were analyzed 

with the duplex RCD assay. For each sample, the number of informative wells from 

individual assay, comprising the ones positive for only chr21 or chrl or chr18 markers, was 

counted. The proportion of the chr21 marker among all the informative wells (Pr) was 

calculated separately for each RCD assay. Sequential probability ratio test (SPRT) was then 

30 applied to determine if the Pr indicated a euploid or T21 sample. By doing so, the number of 

wells required was reduced as each plate was counted twice. 
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[0214] The chr21/chrl assay was usually applied first. If the sample remained unclassified, 

then the values from the chr21/chrl8 assay would be added for further calculations. Extra 

plates were used for samples which remained unclassified until a decision could be made. As 

shown in FIG. 21, all euploid 50% mix samples were correctly classified using a single 384-

5 well plate. Several T21 cases required 2 or more plates for correct classification. If only one 

assay was used, a greater number of plates would be needed to attain the number of 

informative wells required when classification was achieved. For example, data for case 

N0230 was unclassifiable when either of the RCD assays was used alone. However, correct 

classification was achieved when data from the two assays were combined. If the duplex 

10 RCD assays were not used, additional plates of analyses would be needed. We would expect 

a further reduction of well number with a higher level of multiplexing of assays. 

[0215] In another example, we developed a 4-plex assay targeting 4 different amplicons on 

chromosome 21 and their corresponding paralogous partners located on other non-

chromosome-21 autosomes. This 4-plex assay was used in digital RCD analysis followed by 

15 SPRT classification of samples from euploid and trisomy 21 pregnancies. DNA extractions 

from placental samples were performed using the QlAamp tissue kit (Qiagen, Hilden, 

Germany). 

[0216] All placental and maternal buffy coat DNA samples used in this study were first 

quantified by the NanoDrop spectrophotometer (NanoDrop Technology, Wilmington, DE). 

20 The DNA concentration was converted to genome equivalent (GE)/µ.1_, using a conversion of 

6.6 pg/cell. The amount of DNA corresponding to approximately one template per well was 

determined by serially diluting the DNA samples. Under such a condition, we would expect 

approximately 37% of the wells to show negative amplification. In multiplex digital RCD 

analysis, 4 sets of paralogous sequence targets were selected: the paralogous loci on 

25 chromosome 21 and 1 were co-amplified by the forward primer 5'-

ACGTTGGATGTTGATGAAGTCTCATCTCTACTTCG -3' and the reverse primer 5'-

ACGTTGGATGCAATAAGCTTGGCCAGAAATACT -3', resulting in an amplicon of 81 

bp. The paralogous loci on chromosome 21 and 7 were co-amplified by the forward primer 

5'- ACGTTGGATGGAATTTAAGCTAAATCAGCCTGAACTG-3' and the reverse primer 

30 5'- ACGTTGGATGGTTTCTCATAGTTCATCGTAGGCTTAT -3', resulting in an amplicon 

of 82 bp. The paralogous loci on chromosome 21 and 2 were co-amplified by the forward 

primer 5'- ACGTTGGATGTCAGGCAGGGTTCTATGCAG -3' and the reverse primer 5'-

ACGTTGGATGAGGCGGCTTCCTGGCTCTTG -3', resulting in an amplicon of 101 bp. 
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[0214] The chr21/chrl assay was usually applied first. If the sample remained unclassified, 

then the values from the chr21/chrl 8 assay would be added for further calculations. Extra 

plates were used for samples which remained unclassified until a decision could be made. As 

shown in FIG. 21, all euploid 50% mix samples were correctly classified using a single 384-

5 well plate. Several T2 l cases required 2 or more plates for correct classification. If only one 

assay was used, a greater number of plates would be needed to attain the number of 

informative wells required when classification was achieved. For example, data for case 

N0230 was unclassifiable when either of the RCD assays was used alone. However, correct 

classification was achieved when data from the two assays were combined. If the duplex 

10 RCD assays were not used, additional plates of analyses would be needed. We would expect 

a further reduction of well number with a higher level of multiplexing of assays. 

[0215] In another example, we developed a 4-plex assay targeting 4 different amplicons on 

chromosome 21 and their corresponding paralogous partners located on other non­

chromosome-21 autosomes. This 4-plex assay was used in digital RCD analysis followed by 

15 SPRT classification of samples from euploid and trisomy 21 pregnancies. DNA extractions 

from placental samples were performed using the QIAamp tissue kit (Qiagen, Hilden, 

Germany). 

[0216] All placental and maternal buffy coat DNA samples used in this study were first 

quantified by the NanoDrop spectrophotometer (NanoDrop Technology, Wilmington, DE). 

20 The DNA concentration was converted to genome equivalent (GE)/µL using a conversion of 

6.6 pg/cell. The amount of DNA corresponding to approximately one template per well was 

determined by serially diluting the DNA samples. Under such a condition, we would expect 

approximately 3 7% of the wells to show negative amplification. In multiplex digital RCD 

analysis, 4 sets of paralogous sequence targets were selected: the paralogous loci on 

25 chromosome 21 and 1 were co-amplified by the forward primer 5'­

ACGTTGGATGTTGATGAAGTCTCATCTCTACTTCG-3' and the reverse primer 5'­

ACGTTGGATGCAATAAGCTTGGCCAGAAATACT-3', resulting in an amplicon of 81 

bp. The paralogous loci on chromosome 21 and 7 were co-amplified by the forward primer 

5'- ACGTTGGATGGAATTTAAGCTAAATCAGCCTGAACTG-3' and the reverse primer 

30 5'- ACGTTGGATGGTTTCTCATAGTTCATCGTAGGCTTAT -3', resulting in an amplicon 

of 82 bp. The paralogous loci on chromosome 21 and 2 were co-amplified by the forward 

primer 5'- ACGTTGGATGTCAGGCAGGGTTCTATGCAG-3' and the reverse primer 5'­

ACGTTGGATGAGGCGGCTTCCTGGCTCTTG -3', resulting in an amplicon of 101 bp. 
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The paralogous loci on chromosome 21 and 6 were co-amplified by the forward primer 5'-

ACGTTGGATGGCTCGTCTCAGGCTCGTAGTT -3' and the reverse primer 5'-

ACGTTGGATGTTTCTTCGAGCCCTTCTTGG -3', resulting in an amplicon of 102 bp. 

Each reaction contained 10X buffer II (Applied Biosystems), MgC12 and 100 nM of each 

5 primer. The total reaction volume was 5 µL/well. The reaction was initiated at 95°C for 5 

min, followed by 45 cycles of 95°C for 30 sec, 62 °C for 30 sec and 72°C for 30 sec, and a 

final extension at 72 °C for 7 min. All conventional PCR amplifications were carried out on a 

GeneAmp PCR System 9700 (Applied Biosystems). The unincorporated nucleotides were 

deactivated by shrimp alkaline phosphatase (SAP) treatment. Each reaction contained 10X 

L0 SAP buffer (Sequenom) and SAP enzyme (Sequenom). 2 µL of SAP mix was added to each 

PCR. The SAP reaction was incubated at 37 °C for 40 min and 85 °C for 5 min. After the SAP 

treatment, primer extension reaction was carried out on the PCR products using the iPLEX 

Gold kit (Sequenom). . The paralogous sequence mismatches (PSMs) on the paralogous loci 

on chromosomes 21 and 1 were interrogated by the extension primer 5'-

[5 GTCTCATCTCTACTTCGTACCTC -3'. The PSMs on the paralogous loci on chromosomes 

21 and 7 were interrogated by the extension primer 5'-TTTTACGCTGTCCCCATTT-3'. The 

PSMs on the paralogous loci on chromosomes 21 and 2 were interrogated by the extension 

primer 5'-GGTCTATGCAGGAGCCGAC-3'. The PSMs on the paralogous loci on 

chromosomes 21 and 6 were interrogated by the extension primer 5'-

!O TGGGCGCGGGAGCGGACTTCGCTGG-3'. Each reaction contained 10X iPLEX buffer 

(Sequenom), iPLEX termination mix (Sequenom), iPLEX enzyme (Sequenom) and 343 nM 

of each extension primer, except for the extension primer for PSMs on chromosomes 21 and 

6 which was used at 1.03 µM. 2µL of iPLEX mix was added to 5µL of PCR product. The 

iPLEX reaction was cycled according to a 200-short-cycle program. Briefly, the samples 

15 were first denatured at 94 °C for 35 sec, followed by annealing at 52° C for 5 sec and 

extension at 80°C for 5 sec. The annealing and extension cycle was repeated four more times 

for a total of five cycles and then looped back to a 94° C denaturing step for 5 sec, after which 

was the 5-cycle annealing and extension loop again. The five annealing and extension cycles 

with the single denaturing step were repeated 39 times for a total of 40. A final extension at 

72° C for 3 min was performed. The iPLEX reaction products were diluted with 16 µI, water 

and desalted by 6 mg resin for each PCR. The 384-well plate was centrifuged at 1600 g for 3 

min before dispensing onto the SpectroCHIP (Sequenom) and the matrix-assisted laser 
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The paralogous loci on chromosome 21 and 6 were co-amplified by the forward primer 5'­

ACGTTGGATGGCTCGTCTCAGGCTCGTAGTT -3' and the reverse primer 5'­

ACGTTGGATGTTTCTTCGAGCCCTTCTTGG -3', resulting in an amplicon of 102 bp. 

Each reaction contained lOX buffer II (Applied Biosystems), MgCh and 100 nM of each 

5 primer. The total reaction volume was 5 µL/well. The reaction was initiated at 95°C for 5 

min, followed by 45 cycles of95°C for 30 sec, 62 °C for 30 sec and 72°C for 30 sec, and a 

final extension at 72 °C for 7 min. All conventional PCR amplifications were carried out on a 

GeneAmp PCR System 9700 (Applied Biosystems). The unincorporated nucleotides were 

deactivated by shrimp alkaline phosphatase (SAP) treatment. Each reaction contained 1 OX 

LO SAP buffer (Sequenom) and SAP enzyme (Sequenom). 2 µL of SAP mix was added to each 

PCR. The SAP reaction was incubated at 3 7 °C for 40 min and 85 °C for 5 min. After the SAP 

treatment, primer extension reaction was carried out on the PCR products using the iPLEX 

Gold kit (Sequenom) .. The paralogous sequence mismatches (PSMs) on the paralogous loci 

on chromosomes 21 and 1 were interrogated by the extension primer 5'-

l5 GTCTCATCTCTACTTCGTACCTC -3'. The PSMs on the paralogous loci on chromosomes 

21 and 7 were interrogated by the extension primer 5'-TTTTACGCTGTCCCCATTT-3'. The 

PSMs on the paralogous loci on chromosomes 21 and 2 were interrogated by the extension 

primer 5'-GGTCTATGCAGGAGCCGAC-3'. The PSMs on the paralogous loci on 

chromosomes 21 and 6 were interrogated by the extension primer 5'-

W TGGGCGCGGGAGCGGACTTCGCTGG-3 '. Each reaction contained 1 OX iPLEX buffer 

(Sequenom), iPLEX termination mix (Sequenom), iPLEX enzyme (Sequenorn) and 343 nM 

of each extension primer, except for the extension primer for PSMs on chromosomes 21 and 

6 which was used at 1.03 µM. 2 µL of iPLEX mix was added to 5 µL of PCR product. The 

iPLEX reaction was cycled according to a 200-short-cycle program. Briefly, the samples 

~5 were first denatured at 94 °C for 35 sec, followed by annealing at 52° C for 5 sec and 

extension at 80°C for 5 sec. The annealing and extension cycle was repeated four more times 

for a total of five cycles and then looped back to a 94° C denaturing step for 5 sec, after which 

was the 5-cycle annealing and extension loop again. The five annealing and extension cycles 

with the single denaturing step were repeated 39 times for a total of 40. A final extension at 

10 72° C for 3 min was performed. The iPLEX reaction products were diluted with 16 µL water 

and desalted by 6 mg resin for each PCR. The 384-well plate was centrifuged at 1600 g for 3 

min before dispensing onto the SpectroCHIP (Sequenom) and the matrix-assisted laser 
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desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry MS Analysis 

(Sequenom). 

[0217] The number of wells which were positive for only chromosome 21 or only the 

reference chromosome for each of the four assays was independently recorded. For each 

5 assay, the Poisson corrected numbers of molecules for chromosome 21 and the reference 

chromosome were calculated. The sum of the Poisson corrected number of molecules for 

chromosome 21 as well as the sum of the Poisson corrected number of reference 

chromosomes from all four assays were calculated and deemed as the informative counts for 

the 4-plex assay. The P, value was the chromosome 21 count for the 4-plex assay divided by 

10 the sum of the chromosome 21 and reference chromosome counts for the 4-plex assay. The 

experimentally derived P, values were subjected to SPRT analysis. One or more 384-well 

plates would be analyzed until disease classification was possible by SPRT. A total of two 

50% euploid placental genomic DNA/50% maternal buffy coat DNA mix and two 50% 

trisomy 21 placental genomic DNA/50% maternal huffy coat DNA mix were analyzed. 

15 [0218] The experimentally derived P, value would be compared with the expected value of 

P, to test the null or alternative hypotheses. Alternatively, neither the null or alternative 

hypothesis could be accepted if the P, for the given number of informative counts has not yet 

reached the required level of statistical confidence for disease classification. These cases 

were deemed unclassifiable until more data were available. 

20 [0219] The results and the SPRT classification of each sample are tabulated in FIGS. 22A 

and 22B. The two euploid samples required 2 and 5 384-well multiplex digital RCD analyses 

before SPRT classification could be reached. Data from none of the individual member of the 

4-plex assay allowed disease classificaiton by SPRT. Both trisomy 21 samples were each 

correctly classified with just one 384-well multiplex digital RCD analysis. Similarly, data 

25 from none of the individual member of the 4-plex assay allowed disease classificaiton by 

SPRT. However, the composite counts from the 4-plex assay allowed correct SPRT 

classification. These data illustrated that by using multiplex digital RCD, the effective 

number of informative counts were substantially increased for a given number of digital PCR 

analyses performed as compared to the use of a single-plex digital RCD assay. 
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desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry MS Analysis 

(Sequenom). 

[0217} The number of wells which were positive for only chromosome 21 or only the 

reference chromosome for each of the four assays was independently recorded. For each 

5 assay, the Poisson corrected numbers of molecules for chromosome 21 and the reference 

chromosome were calculated. The sum of the Poisson corrected number of molecules for 

chromosome 21 as well as the sum of the Poisson corrected number of reference 

chromosomes from all four assays were calculated and deemed as the informative counts for 

the 4-plex assay. The Pr value was the chromosome 21 count for the 4-plex assay divided by 

10 the sum of the chromosome 21 and reference chromosome counts for the 4-plex assay. The 

experimentally derived Pr values were subjected to SPRT analysis. One or more 384-well 

plates would be analyzed until disease classification was possible by SPRT. A total of two 

50% euploid placental genomic DNA/50% maternal huffy coat DNA mix and two 50% 

trisomy 21 placental genomic DNA/50% maternal huffy coat DNA mix were analyzed. 

15 [0218] The experimentally derived Pr value would be compared with the expected value of 

Pr to test the null or alternative hypotheses. Alternatively, neither the null or alternative 

hypothesis could be accepted if the Pr for the given number of informative counts has not yet 

reached the required level of statistical confidence for disease classification. These cases 

were deemed unclassifiable until more data were available. 

20 [0219] The results and the SPRT classification of each sample are tabulated in FIGS. 22A 

and 22B. The two euploid samples required 2 and 5 384-well multiplex digital RCD analyses 

before SPR T classification could be reached. Data from none of the individual member of the 

4-plex assay allowed disease classificaiton by SPRT. Both trisomy 21 samples were each 

correctly classified with just one 384-well multiplex digital RCD analysis. Similarly, data 

25 from none of the individual member of the 4-plex assay allowed disease classificaiton by 

SPRT. However, the composite counts from the 4-plex assay allowed correct SPRT 

classification. These data illustrated that by using multiplex digital RCD, the effective 

number of informative counts were substantially increased for a given number of digital PCR 

analyses performed as compared to the use of a single-plex digital RCD assay. 
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VI. USING DIGITAL EPIGENETIC RELATIVE CHROMOSOME DOSAGE 

[0220] Here we outline an approach called digital epigenetic relative chromosome dosage 

(digital ERCD) in which epigenetic markers exhibiting a fetal-specific DNA methylation 

pattern, or other epigenetic changes, on a chromosome involved in a chromosomal 

5 aneuploidy (e.g. chromosome 21 in trisomy 21) and on a reference chromosome, are 

subjected to digital PCR analysis. The ratio of the number of wells positive for the 

chromosome 21 epigenetic marker to that positive for the reference chromosome epigenetic 

marker in plasma DNA extracted from pregnant women bearing normal fetuses will give us 

the reference range. The ratio will be expected to be increased if the fetus has trisomy 21. It is 

10 obvious to those of skill in the art that more than one chromosome 21 markers and more than 

one reference chromosome markers could be used in this analysis. 

[0221] One example of a gene on chromosome 21 which exhibits a fetus (placenta)-specific 

methylation pattern is the Holocarboxylase synthetase (HLCS) gene. HLCS is 

hypermethylated in the placenta, but hypomethylated in maternal blood cells; and is covered 

15 in U.S. patent application 11/784499, which is incorporated herein by reference. One 

example of a gene on a reference chromosome which exhibits a fetus (placenta)-specific 

methylation pattern is the RASSF1A gene on chromosome 3 [10]. RASSF1A is 

hypermethylated in the placenta but is hypomethylated in maternal blood cells, see U.S. 

patent application 11/784501, which is incorporated herein by reference. 

20 [0222] In the application of hypermethylated HLCS and hypermethylated RASSF1A to 

digital PCR detection of trisomy 21 in a fetus using maternal plasma, maternal peripheral 

blood is first collected. Then the blood is subjected to centrifugation and the plasma is 

harvested. DNA from the plasma is then extracted using techniques well-known to those of 

skill in the art, such as using a QlAamp Blood kit (Qiagen). The plasma DNA is then 

25 subjected to digestion using one or more methylation-sensitive restriction enzymes, such as 

HpaII and BstUI. These methylation-sensitive restriction enzyme(s) will cut the maternal, 

nonmethylated versions of these genes, while leaving the fetal hypermethylated sequences 

intact. The digested plasma DNA sample is then diluted to an extent that on average 

approximately 0.2 to 1 molecule of either the restriction enzyme treated but intact HLCS or 

30 RASSF1A sequences will be detected per reaction well. Two real-time PCR systems will be 

used to amplify the diluted DNA, one with two primers and one TaqMan probe specific to the 

HLCS gene, encompassing the region that will be cut by the restriction enzyme(s) if the 
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VI. USING DIGITAL EPIGENETIC RELATIVE CHROMOSOME DOSAGE 

[0220] Here we outline an approach called digital epigenetic relative chromosome dosage 

(digital ERCD) in which epigenetic markers exhibiting a fetal-specific DNA methylation 

pattern, or other epigenetic changes, on a chromosome involved in a chromosomal 

5 aneuploidy ( e.g. chromosome 21 in trisomy 21) and on a reference chromosome, are 

subjected to digital PCR analysis. The ratio of the number of wells positive for the 

chromosome 21 epigenetic marker to that positive for the reference chromosome epigenetic 

marker in plasma DNA extracted from pregnant women bearing normal fetuses will give us 

the reference range. The ratio will be expected to be increased if the fetus has trisomy 21. It is 

10 obvious to those of skill in the art that more than one chromosome 21 markers and more than 

one reference chromosome markers could be used in this analysis. 

[0221] One example of a gene on chromosome 21 which exhibits a fetus (placenta)-specific 

methylation pattern is the Holocarboxylase synthetase (HLCS) gene. HLCS is 

hypermethylated in the placenta, but hypomethylated in maternal blood cells; and is covered 

15 in U.S. patent application 11/784499, which is incorporated herein by reference. One 

example of a gene on a reference chromosome which exhibits a fetus (placenta)-specific 

methylation pattern is the RASSFJA gene on chromosome 3 [10]. RASSFJA is 

hyperrnethylated in the placenta but is hypomethylated in maternal blood cells, see U.S. 

patent application, 11/784501, which is incorporated herein by reference. 

20 [0222] In the application ofhypermethylated HLCS and hypermethylated RASSFJA to 

digital PCR detection of trisomy 21 in a fetus using maternal plasma, maternal peripheral 

blood is first collected. Then the blood is subjected to centrifugation and the plasma is 

harvested. DNA from the plasma is then extracted using techniques well-known to those of 

skill in the art, such as using a QIAamp Blood kit (Qiagen). The plasma DNA is then 

25 subjected to digestion using one or more methylation-sensitive restriction enzymes, such as 

HpaII and BstUI. These methylation-sensitive restriction enzyme(s) will cut the maternal, 

nonmethylated versions of these genes, while leaving the fetal hypermethylated sequences 

intact. The digested plasma DNA sample is then diluted to an extent that on average 

approximately 0.2 to 1 molecule of either the restriction enzyme treated but intact HLCS or 

30 RASSFJA sequences will be detected per reaction well. Two real-time PCR systems will be 

used to amplify the diluted DNA, one with two primers and one TaqMan probe specific to the 

HLCS gene, encompassing the region that will be cut by the restriction enzyme( s) if the 
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sequence in unmethylated; and the other one towards the RASSFIA gene, similarly with two 

primers and one TaqMan probe. With regard to the latter RASSFIA primer/probe set, one 

example has been described by Chan et al 2006, Clin Chem 52, 2211-2218. The TaqMan 

probes towards the HLCS and RASSFIA targets will have different fluorescent reporters, such 

5 as FAM and VIC, respectively. A 384-well plate is then used to perform the digital PCR 

experiment. The number of wells scored positive for just HLCS and those scored positive for 

just RASSFIA will be counted, and a ratio of these counts will be taken. The HLCS:RASSF1A 

ratio will be expected to be higher for maternal plasma taken from a pregnant woman 

carrying a trisomy 21 fetus, when compared with one carrying a normal euploid fetus. The 

10 degree of overrepresentation will be dependent on the average reference template 

concentration per well in the digital PCR run. 

[0223] Other methods for scoring these results will be possible, for the example the 

counting of the number of wells positive for HLCS, irrespective of the concurrent positivity 

for RASSFIA; and vice versa for RASSFIA, irrespective of the concurrent positivity for 

15 HLCS. Furthermore, in replacement of calculating the ratio, either the total number, or the 

difference in the HLCS and RASSFIA counts could be used to indicate the trisomy 21 status 

of a fetus. 

[0224] Apart from doing the digital PCR in plates, it will also be obvious to those of skill in 

the art that other variants of digital PCR can be used, e.g. microfluidics chips, nanoliter PCR 

20 microplate systems, emulsion PCR, polony PCR and rolling-circle amplification, primer 

extension and mass spectrometry, etc. These variants of digital PCR are named by way of 

examples, and not as limitations. 

[0225] Apart from real-time PCR, it will also be obvious to those of skill in the art that 

methods such as mass spectrometry can be used to score the digital PCR results. 

25 [0226] Apart from using methylation-sensitive restriction enzymes to differentiate the fetal 

and maternal versions of HLCS and RASSFIA, it will be obvious to those of skill in the art 

that other methods for ascertaining the methylation status would also be applicable, e.g. 

bisulfite modification, methylation-specific PCR, immunoprecipitation using antibody to 

methylated cytosine, mass spectrometry, etc. 

30 [0227] It will also be obvious to those of skill in the art that the approach illustrated in this 

example and other examples in this patent application can be used in the other bodily fluids in 
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sequence in unmethylated; and the other one towards the RASSFIA gene, similarly with two 

primers and one TaqMan probe. With regard to the latter RASSFJA primer/probe set, one 

example has been described by Chan et al 2006, Clin Chem 52, 2211-2218. The TaqMan 

probes towards the HLCS and RASSFJA targets will have different fluorescent reporters, such 

5 as FAM and VIC, respectively. A 384-well plate is then used to perform the digital PCR 

experiment. The number of wells scored positive for just HLCS and those scored positive for 

just RASSFJA will be counted, and a ratio of these counts will be taken. The HLCS:RASSFJA 

ratio will be expected to be higher for maternal plasma taken from a pregnant woman 

carrying a trisomy 21 fetus, when compared with one carrying a normal euploid fetus. The 

10 degree of overrepresentation will be dependent on the average reference template 

concentration per well in the digital PCR run. 

[0223] Other methods for scoring these results will be possible, for the example the 

counting of the number of wells positive for HLCS, irrespective of the concurrent positivity 

for RASSFJA; and vice versa for RASSFJA, irrespective of the concurrent positivity for 

15 HLCS. Furthermore, in replacement of calculating the ratio, either the total number, or the 

difference in the HLCS and RASSFJA counts could be used to indicate the trisomy 21 status 

of a fetus. 

[0224] Apart from doing the digital PCR in plates, it will also be obvious to those of skill in 

the art that other variants of digital PCR can be used, e.g. microfluidics chips, nanoliter PCR 

20 microplate systems, emulsion PCR, polony PCR and rolling-circle amplification, primer 

extension and mass spectrometry, etc. These variants of digital PCR are named by way of 

examples, and not as limitations. 

[0225] Apart from real-time PCR, it will also be obvious to those of skill in the art that 

methods such as mass spectrometry can be used to score the digital PCR results. 

25 [0226] Apart from using methylation-sensitive restriction enzymes to differentiate the fetal 

and maternal versions of HLCS and RASSFJA, it will be obvious to those of skill in the art 

that other methods for ascertaining the methylation status would also be applicable, e.g. 

bisulfite modification, methylation-specific PCR, immunoprecipitation using antibody to 

methylated cytosine, mass spectrometry, etc. 

30 [0227] It will also be obvious to those of skill in the art that the approach illustrated in this 

example and other examples in this patent application can be used in the other bodily fluids in 
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which fetal DNA may be found, including maternal urine, amniotic fluid, transcervical 

washings, chorionic villus, maternal saliva, etc. 

VII. MASSIVELY PARALLEL GENOMIC SEQUENCING USING EMULSION PCR 

AND OTHER STRATEGIES 

5 [0228] Here we shall describe another example whereby a digital readout of nucleic acid 

molecules can be used for the detection of fetal chromosomal aneuploidies, e.g. trisomy 21, 

in maternal plasma. Fetal chromosomal aneuploidy results from abnormal dose(s) of a 

chromosome or chromosomal region. It is desirable that noninvasive tests have high 

sensitivity and specificity to minimize false diagnoses. However, fetal DNA is present in low 

10 absolute concentration and represent a minor portion of all DNA sequences in maternal 

plasma and serum. Hence, the number of digital PCR sampling targeting specific gene loci 

cannot be increased infinitely within the same biological specimen. Hence, the analysis of 

multiple sets of specific target loci may be used to increase the amount of data that could be 

obtained from a specimen without increasing the number of digital PCR sampling performed. 

15 [0229] Accordingly, embodiments allow the noninvasive detection of fetal chromosomal 

aneuploidy by maximizing the amount of genetic information that could be inferred from the 

limited amount of fetal nucleic acids which exist as a minor population in a biological sample 

containing maternal background nucleic acids. In one aspect, the amount of genetic 

information obtained is sufficient for accurate diagnosis yet not overly excessive so as to 

20 contain costs and the amount of input biological sample required. 

[0230] Massively parallel sequencing, such as that achievable on the 454 platform (Roche) 

(Margulies, M. et al. 2005 Nature 437, 376-380), Illumina Genome Analyzer (or Solexa 

platform) or SOLiD System (Applied Biosystems) or the Helicos True Single Molecule DNA 

sequencing technology (Harris TD et al. 2008 Science, 320, 106-109), the single molecule, 

25 real-time (SMRTTM) technology of Pacific Biosciences, and nanopore sequencing (Soni GV 

and Meller A. 2007 Clin Chem 53: 1996-2001), allow the sequencing of many nucleic acid 

molecules isolated from a specimen at high orders of multiplexing in a parallel fashion (Dear 

Brief Funct Genomic Proteomic 2003; 1: 397-416). Each of these platforms sequences 

clonally expanded or even non-amplified single molecules of nucleic acid fragments. 

30 [0231] As a high number of sequencing reads, in the order of hundred thousands to millions 

or even possibly hundreds of millions or billions, are generated from each sample in each run, 
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which fetal DNA may be found, including maternal urine, amniotic fluid, transcervical 

washings, chorionic villus, maternal saliva, etc. 

VIL MASSIVELY PARALLEL GENOMIC SEQUENCING USING EMULSION PCR 

AND OTHER STRATEGIES 

5 [0228] Here we shall describe another example whereby a digital readout of nucleic acid 

molecules can be used for the detection of fetal chromosomal aneuploidies, e.g. trisomy 21, 

in maternal plasma. Fetal chromosomal aneuploidy results from abnormal dose(s) of a 

chromosome or chromosomal region. It is desirable that noninvasive tests have high 

sensitivity and specificity to minimize false diagnoses. However, fetal DNA is present in low 

IO absolute concentration and represent a minor portion of all DNA sequences in maternal 

plasma and serum. Hence, the number of digital PCR sampling targeting specific gene loci 

cannot be increased infinitely within the same biological specimen. Hence, the analysis of 

multiple sets of specific target loci may be used to increase the amount of data that could be 

obtained from a specimen without increasing the number of digital PCR sampling performed. 

15 [0229] Accordingly, embodiments allow the noninvasive detection of fetal chromosomal 

aneuploidy by maximizing the amount of genetic information that could be inferred from the 

limited amount of fetal nucleic acids which exist as a minor population in a biological sample 

containing maternal background nucleic acids. In one aspect, the amount of genetic 

information obtained is sufficient for accurate diagnosis yet not overly excessive so as to 

20 contain costs and the amount of input biological sample required. 

[0230] Massively parallel sequencing, such as that achievable on the 454 platform (Roche) 

(Margulies, M. et al. 2005 Nature 437, 376-380), Illumina Genome Analyzer (or Solexa 

platform) or SOLiD System (Applied Biosystems) or the Helicos True Single Molecule DNA 

sequencing technology (Harris TD et al. 2008 Science, 320, 106-109), the single molecule, 

25 real-time (SMRT™) technology of Pacific Biosciences, and nanopore sequencing (Soni GV 

and Meller A. 2007 Clin Chem 53: 1996-2001), allow the sequencing of many nucleic acid 

molecules isolated from a specimen at high orders of multiplexing in a parallel fashion (Dear 

BriefFunct Genomic Proteomic 2003; 1: 397-416). Each of these platforms sequences 

clonally expanded or even non-amplified single molecules of nucleic acid fragments. 

30 (0231] As a high number of sequencing reads, in the order of hundred thousands to millions 

or even possibly hundreds of millions or billions, are generated from each sample in each run, 
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the resultant sequenced reads form a representative profile of the mix of nucleic acid species 

in the original specimen. For example, the haplotype, trascriptome and methylation profiles 

of the sequenced reads resemble those of the original specimen (Brenner et al Nat Biotech 

2000; 18: 630-634; Taylor et al Cancer Res 2007; 67: 8511-8518). Due to the large sampling 

5 of sequences from each specimen, the number of identical sequences, such as that generated 

from the sequencing of a nucleic acid pool at several folds of coverage or high redundancy, is 

also a good quantitative representation of the count of a particular nucleic acid species or 

locus in the original sample. 

[0232] In one embodiment, random sequencing is performed on DNA fragments that are 

10 present in the plasma of a pregnant woman, and one obtains genomic sequences which would 

originally have come from either the fetus or the mother. Random sequencing involves 

sampling (sequencing) a random portion of the nucleic acid molecules present in the 

biological sample. As the sequencing is random, a different subset (fraction) of the nucleic 

acid molecules (and thus the genome) may be sequenced in each analysis. Embodiments will 

15 work even when this subset varies from sample to sample and from analysis to analysis, 

which may occur even using the same sample. Examples of the fraction are about 0.1%, 

0.5%, or 1% of the genome. In other embodiments, the fraction is at least any one of these 

values. 

[0233] A bioinformatics procedure may then be used to locate each of these DNA 

20 sequences to the human genome. It is possible that a proportion of such sequences will be 

discarded from subsequent analysis because they are present in the repeat regions of the 

human genome, or in regions subjected to inter-individual variations, e.g. copy number 

variations. An amount of the chromosome of interest and of one or more other chromosomes 

may thus be determined. 

25 [0234] In one embodiment, a parameter (e.g. a fractional representation) of a chromosome 

potentially involved in a chromosomal aneuploidy, e.g. chromosome 21 or chromosome 18 or 

chromosome 13, may then be calculated from the results of the bioinformatics procedure. 

The fractional representation may be obtained based on an amount of all of the sequences 

(e.g. some measure of all of the chromosomes) or a particular subset of chromosomes (e.g. 

30 just one other chromosome than the one being tested.) 

[0235] This fractional representation is then compared to a reference range established in 

pregnancies involving normal (i.e. euploid) fetuses. It is possible that in some variants of the 
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the resultant sequenced reads form a representative profile of the mix of nucleic acid species 

in the original specimen. For example, the haplotype, trascriptome and methylation profiles 

of the sequenced reads resemble those of the original specimen (Brenner et al Nat Biotech 

2000; 18: 630-634; Taylor et al Cancer Res 2007; 67: 8511-8518). Due to the large sampling 

5 of sequences from each specimen, the number of identical sequences, such as that generated 

from the sequencing of a nucleic acid pool at several folds of coverage or high redundancy, is 

also a good quantitative representation of the count of a particular nucleic acid species or 

locus in the original sample. 

[0232] In one embodiment, random sequencing is performed on DNA fragments that are 

l 0 present in the plasma of a pregnant woman, and one obtains genomic sequences which would 

originally have come from either the fetus or the mother. Random sequencing involves 

san1pling (sequencing) a random portion of the nucleic acid molecules present in the 

biological sample. As the sequencing is random, a different subset (fraction) of the nucleic 

acid molecules (and thus the genome) may be sequenced in each analysis. Embodiments will 

15 work even when this subset varies from sample to sample and from analysis to analysis, 

which may occur even using the same sample. Examples of the fraction are about 0.1 %, 

0.5%, or 1 % of the genome. In other embodiments, the fraction is at least any one of these 

values. 

[0233] A bioinformatics procedure may then be used to locate each of these DNA 

20 sequences to the human genome. It is possible that a proportion of such sequences will be 

discarded from subsequent analysis because they are present in the repeat regions of the 

human genome, or in regions subjected to inter-individual variations, e.g. copy number 

variations. An amow1t of the chromosome of interest and of one or more other chromosomes 

may thus be determined. 

25 [0234] In one embodiment, a parameter ( e.g. a fractional representation) of a chromosome 

potentially involved in a chromosomal aneuploidy, e.g. chromosome 21 or chromosome 18 or 

chromosome 13, may then be calculated from the results of the bioinformatics procedure. 

The fractional representation may be obtained based on an amount of all of the sequences 

( e.g. some measure of all of the chromosomes) or a particular subset of chromosomes ( e.g. 

30 just one other chromosome than the one being tested.) 

[0235] This fractional representation is then compared to a reference range established in 

pregnancies involving normal (i.e. euploid) fetuses. It is possible that in some variants of the 
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procedure, the reference range would be adjusted in accordance with the fractional 

concentration of fetal DNA (f) in a particular maternal plasma sample. The value off can be 

determined from the sequencing dataset, e.g. using sequences mappable to the Y 

chromosome if the fetus is male. The value off may also be determined in a separate 

5 analysis, e.g. using fetal epigenetic markers (Chan KCA et al 2006 Clin Chem 52, 2211-8) or 

from the analysis of single nucleotide polymorphisms. 

[0236] In one aspect, even when a pool of nucleic acids in a specimen is sequenced at 

<100% genomic coverage, and among the proportion of captured nucleic acid molecules, 

most of each nucleic acid species is only sequenced once, dosage imbalance of a particular 

10 gene locus or chromosome can also be quantitatively determined. In other words, the dosage 

imbalance of the gene locus or chromosome is inferred from the percentage representation of 

the said locus among all mappable sequenced tags of the specimen. 

[0237] In one aspect for the massively parallel genomic sequencing approach, 

representative data from all of the chromosomes may be generated at the same time. The 

15 origin of a particular fragment is not selected ahead of time. The sequencing is done at 

random and then a database search may be performed to see where a particular fragment is 

coming from. This is contrasted from situations when a specific fragment from chromosome 

21 and another one from chromosome 1 are amplified. 

[0238] In one example, a proportion of such sequences would be from the chromosome 

20 involved in an aneuploidy such as chromosome 21 in this illustrative example. Yet other 

sequences from such a sequencing exercise would be derived from the other chromosomes. 

By taking into account of the relative size of chromosome 21 compared with the other 

chromosomes, one could obtain a normalized frequency, within a reference range, of 

chromosome 21-specific sequences from such a sequencing exercise. If the fetus has trisomy 

25 21, then the normalized frequency of chromosome 21-derived sequences from such a 

sequencing exercise will increase, thus allowing the detection of trisomy 21. The degree of 

change in the normalized frequency will be dependent on the fractional concentration of fetal 

nucleic acids in the analyzed sample. 

[0239] In one embodiment, we used the Illumina Genome Analyzer for single-end 

30 sequencing of human genomic DNA and human plasma DNA samples. The Illumina 

Genome Analyzer sequences clonally-expanded single DNA molecules captured on a solid 

surface termed a flow cell. Each flow cell has 8 lanes for the sequencing of 8 individual 
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procedure, the reference range would be adjusted in accordance with the fractional 

concentration of fetal DNA (f) in a particular maternal plasma sample. The value off can be 

determined from the sequencing dataset, e.g. using sequences mappable to the Y 

chromosome if the fetus is male. The value off may also be determined in a separate 

5 analysis, e.g. using fetal epigenetic markers (Chan KCA et al 2006 Clin Chem 52, 2211-8) or 

from the analysis of single nucleotide polymorphisms. 

[0236] In one aspect, even when a pool of nucleic acids in a specimen is sequenced at 

<l 00% genomic coverage, and among the proportion of captured nucleic acid molecules, 

most of each nucleic acid species is only sequenced once, dosage imbalance of a particular 

l 0 gene locus or chromosome can also be quantitatively determined. In other words, the dosage 

imbalance of the gene locus or chromosome is inferred from the percentage representation of 

the said locus among all mappable sequenced tags of the specimen. 

[0237] In one aspect for the massively parallel genomic sequencing approach, 

representative data from all of the chromosomes may be generated at the same time. The 

15 origin of a particular fragment is not selected ahead of time. The sequencing is done at 

random and then a database search may be performed to see where a particular fragment is 

coming from. This is contrasted from situations when a specific fragment from chromosome 

21 and another one from chromosome 1 are amplified. 

[0238] In one example, a proportion of such sequences would be from the chromosome 

20 involved in an aneuploidy such as chromosome 21 in this illustrative example. Yet other 

sequences from such a sequencing exercise would be derived from the other chromosomes. 

By taking into account of the relative size of chromosome 21 compared with the other 

chromosomes, one could obtain a normalized frequency, within a reference range, of 

chromosome 21-specific sequences from such a sequencing exercise. If the fetus has trisomy 

25 21, then the normalized frequency of chromosome 21-derived sequences from such a 

sequencing exercise will increase, thus allowing the detection of trisomy 21. The degree of 

change in the normalized frequency will be dependent on the fractional concentration of fetal 

nucleic acids in the analyzed sample. 

[0239] In one embodiment, we used the Illumina Genome Analyzer for single-end 

30 sequencing of human genomic DNA and human plasma DNA samples. The Illumina 

Genome Analyzer sequences clonally-expanded single DNA molecules captured on a solid 

surface termed a flow cell. Each flow cell has 8 lanes for the sequencing of 8 individual 

59 
Pg. 1205



WO 2009/013492 PCT/GB2008/002524 

specimens or pools of specimens. Each lane is capable of generating — 200Mb of sequence 

which is only a fraction of the 3 billion basepairs of sequences in the human genome. Each 

genomic DNA or plasma DNA sample was sequenced using one lane of a flow cell. The 

short sequence tags generated were aligned to the human reference genome and the 

5 chromosomal origin was noted. The total number of individual sequenced tags aligned to 

each chromosome were tabulated and compared with the relative size of each chromosome as 

expected from the reference human genome or non-disease representative specimens. 

Chromosome gains or losses were then identified. 

[0240] The described approach is only one exemplification of the presently described 

10 gene/chromosome dosage strategy. Alternatively, paired end sequencing could be performed. 

Instead of comparing the length of the sequenced fragments from that expected in the 

reference genome as described by Campbell et al (Nat Genet 2008; 40: 722-729), the number 

of aligned sequenced tags were counted and sorted according to chromosomal location. Gains 

or losses of chromosomal regions or whole chromosomes were determined by comparing the 

15 tag counts with the expected chromosome size in the reference genome or that of a non-

disease representative specimen 

[0241] In another embodiment, the fraction of the nucleic acid pool that is sequenced in a 

run is further sub-selected prior to sequencing. For example, hybridization based techniques 

such as oligonucleotide array could be used to first sub-select for nucleic acid sequences from 

20 certain chromosomes, e.g. a potentially aneuploid chromosome and other chromosome(s) not 

involved in the aneuploidy tested. Another example is that a certain sub-population of nucleic 

acid sequences from the sample pool is sub-selected or enriched prior to sequencing. For 

example, it has been reported that fetal DNA molecules in maternal plasma are comprised of 

shorter fragments than the maternal background DNA molecules (Chan et al Clin Chem 

25 2004; 50: 88-92). Thus, one may use one or more methods known to those of skill in the art 

to fractionate the nucleic acid sequences in the sample according to molecule size, e.g. by gel 

electrophoresis or size exclusion columns or by microfluidics-based approach. Yet, 

alternatively, in the example of analyzing cell-free fetal DNA in maternal plasma, the fetal 

nucleic acid portion could be enriched by a method that suppresses the maternal background, 

30 such as by the addition of formaldehyde (Dhallan et al JAMA 2004; 291: 1114-9). 

[0242] Other single molecule sequencing strategies such as that by the Roche 454 platform, 

the Applied Biosystems SOLiD platform, the the Helicos True Single Molecule DNA 
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sequencing technology, the single molecule, real-time (SMRTTM) technology of Pacific 

Biosciences, and nanopore sequencing could similarly be used in this application. 

[0243] Examples of results and a further discussion (e.g. for sequencing and calculating 

parameters) may be found in concurrently filed application "DIAGNOSING FETAL 

5 CHROMOSOMAL ANEUPLOIDY USING GENOMIC SEQUENCING," (Attorney Docket 

No. 016285-005220US), which is incorporated by reference. Note that methods described 

herein for determining a cutoff value may be implemented when the reaction is sequencing, 

e.g. as described in this section. 

[0244] The determination of the fractional concentration of fetal DNA in maternal plasma 

10 can also be done separate to the sequencing run. For example, the Y chromosome DNA 

concentration could be pre-determined using real-time PCR, microfluidics PCR or mass 

spectrometry. In fact, fetal DNA concentration could be determined using loci other than the 

Y chromosome and applicable to female fetuses. For example, Chan et al showed that fetal-

derived methylated RASSF1A sequences would be detected in the plasma of pregnant women 

15 in the background of maternally derived unmethylated RASSF1A sequences (Chan et al, Clin 

Chem 2006;52:2211-8). The fractional fetal DNA concentration can thus be determined by 

dividing the amount of methylated RASSF1A sequences by the amount of total RASSF1A 

(methylated and unmethylated) sequences. 

[0245] It is expected that maternal plasma would be preferred over maternal serum for 

20 practicing our invention because DNA is released from the maternal blood cells during blood 

clotting. Thus, if serum is used, it is expected that the fractional concentration of fetal DNA 

will be lower in maternal plasma than maternal serum. In other words, if maternal serum is 

used, it is expected that more sequences would need to be generated for fetal chromosomal 

aneuploidy to be diagnosed, when compared with a plasma sample obtained from the same 

25 pregnant woman at the same time. 

[0246] Yet another alternative way of determining the fractional concentration of fetal 

DNA would be through the quantification of polymorphic differences between the pregnant 

women and the fetus (Dhallan R, et al. 2007 Lancet, 369, 474-481). An example of this 

method would be to target polymorphic sites at which the pregnant woman is homozygous 

30 and the fetus is heterozygous. The amount of fetal-specific allele can be compared with the 

amount of the common allele to determine the fractional concentration of fetal DNA. 
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[0247] In contrast to the existing techniques for detecting chromosomal aberrations, 

including comparative genomic hybridization, microarray comparative genomic 

hybridization, quantitative real-time polymerase chain reaction, which detect and quantify 

one or more specific sequence(s), massively parallel sequencing is not dependent on the 

5 detection or analysis of predetermined or a predefined set of DNA sequences. A random 

representative fraction of DNA molecules from the specimen pool is sequenced. The number 

of different sequence tags aligned to various chromosomal regions is compared between 

specimens containing or not containing tumoral DNA. Chromosomal aberrations would be 

revealed by differences in the number (or percentage) of sequences aligned to any given 

0 chromosomal region in the specimens. 

[0248] In another example the sequencing technique on plasma cell-free DNA may be used 

to detect the chromosomal aberrations in the plasma DNA for the detection of a specific 

cancer. Different cancers have a set of typical chromosomal aberrations. Changes 

(amplifications and deletions) in multiple chromosomal regions may be used. Thus, there 

[5 would be an increased proportion of sequences aligned to the amplified regions and a 

decreased proportion of sequences aligned to decreased regions. The percentage 

representation per chromosome could be compared with the size for each corresponding 

chromosome in a reference genome expressed as percentage of genomic representation of any 

given chromosome in relation to the whole genome. Direct comparisons or comparisons to a 

20 reference chromosome may also be used. 

VIII. MUTATION DETECTION 

[0249] Fetal DNA in maternal plasma exists as a minor population, with an average of 3% 

to 6% of maternal plasma DNA being contributed by the fetus. Because of this reason, most 

of the previous work in the field has focused on the detection of DNA targets which the fetus 

25 has inherited from the father, and which are distinguishable from the majority maternal DNA 

background in maternal plasma. Examples of such previously detected targets include the 

SR Y gene on the Y chromosome (Lo YMD et al. 1998 Am J Hum Genet, 62, 768-775) and the 

RHD gene when the mother is RhD-negative (Lo YMD et al. 1998 N Engl J Med, 339, 1734-

1738. 

30 [0250] For fetal mutation detection, previous strategies using maternal plasma are limited 

to autosomal dominant conditions in which the father is a carrier, the exclusion of autosomal 

recessive diseases by direct mutation detection when the father and mother carries different 
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mutations, or by linkage analysis (Ding C. et al 2004 Proc Natl Acad Sci U S A 101, 10762-

10767). These previous strategies have significant limitations. For example, for a couple 

where both the male and female partners carry the same mutation, then it would be 

impossible to carry out meaningful prenatal diagnosis by direct mutation detection in 

5 maternal plasma. 

[0251] Such a scenario is illustrated in FIG. 23. In this scenario, there will be three possible 

fetal genotypes, NN, NM and MM, where N represents the normal allele and M represents 

the mutant allele. Examples of mutant alleles include those causing cystic fibrosis, beta-

thalassemia, alpha-thalassemia, sickle cell anemia, spinal muscular atrophy, congenital 

10 adrenal hyperplasia, etc. Other examples of such disorders can be found in the Online 

Mendelian Inheritance in Man (OMIM) 

www.ncbi.nlm.nih.govisites/entrez?db=OMIM&itool=toolbar. In maternal plasma, most of 

the DNA will be coming from the mother and would be NM. For any of the three fetal 

genotypes, there will not be any unique fetal allele which would allow its unique detection in 

15 maternal plasma. Thus, the conventional strategy cannot be applied here. 

[0252] Embodiments described herein allow handing such scenarios. In the scenario where 

the mother and fetus are both NM, then the N allele and M allele will be in allelic balance. 

However, if the mother is NM and the fetus is NN, then there will be allelic imbalance in 

maternal plasma, with the N allele being overrepresented. On the other hand, if the mother is 

20 NM and the fetus is MM, then there will be allelic imbalance in maternal plasma, with the M 

allele being overrepresented. Thus, for fetal mutation detection, the null hypothesis refers to 

the absence of allelic imbalance when the fetus is of the NM genotype. The alternative 

hypothesis refers to the presence of allelic imbalance and the fetal genotype could be NN or 

MM depending on whether the N or M allele is overrepresented. 

25 [0253] The presence or absence of allelic imbalance can be determined by digital PCR 

using embodiments described herein. In a first scenario, a particular volume of maternal 

plasma contains the DNA released from 100 cells, in which 50 are from the mother and 50 

are from the fetus. Thus, the fractional concentration of fetal DNA in this volume of plasma 

is 50%. When the mother is of the genotype NM, then there will be 50 N alleles and 50 M 

30 alleles contributed by the mother. If the fetus is of the genotype NM, then there will be 50 N 

alleles and 50 M alleles contributed by the fetus. Therefore, there will be no allelic imbalance 

between the N allele and the M allele, a total of 100 copies each. On the other hand, if the 
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between the N allele and the M allele, a total of 100 copies each. On the other hand, if the 
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fetus is of the NN genotype, then there will be 100 fetal-derived N alleles in this volume of 

plasma. Thus, there will be a total of 150 N alleles to 50 M alleles. In other words, there will 

be allelic imbalance between N and M, with N being overrepresented at a ratio of 3:1 in 

relation to M. 

5 [0254] In the converse situation, if the fetus is of the MM genotype, then there will be 100 

fetal-derived M alleles in this volume of plasma. Thus, there will be 150 M alleles to 50 N 

alleles. In other words, there will be allelic imbalance between N and M, with M being 

overrepresented at a ratio of 3:1 in relation to N. Such allelic imbalance can be measured by 

digital PCR. The allele with the smaller number of positive wells is considered as the 

10 reference template. Similar to digital RNA-SNP and digital RCD analyses, the actual 

distribution of the alleles in the digital PCR experiment would be governed by the Poisson 

probability density function. Therefore, while the theoretical degree of allelic imbalance in 

the present scenario is 3:1, the expected degree of allelic imbalance would be dependent on 

the average template concentration per well during the digital PCR analysis. Thus 

15 interpretation cutoffs, such as for SPRT analysis, appropriate for the average reference 

template concentration per well (mr) would need to be used for case classification. 

[0255] Furthermore, the degree of allelic imbalance that needs to be measured is dependent 

on the fractional fetal DNA concentration. In contrast to the above example, let's consider a 

particular volume of maternal plasma contains the DNA released from 100 cells, in which 90 

20 are from the mother and 10 are from the fetus. Thus, the fractional concentration of fetal 

DNA in this volume of plasma is 10%. When the mother is of the genotype NM, then there 

will be 90 N alleles and 90 M alleles contributed by the mother. If the fetus is of the genotype 

NM, then there will be 10 N alleles and 10 M alleles contributed by the fetus. Therefore, 

there will be no allelic imbalance between the N allele and the M allele, a total of 100 copies 

25 each. On the other hand, if the fetus is of the NN genotype, then there will be 20 fetal-derived 

N alleles in this volume of plasma. Thus, there will be a total of 110 N alleles to 90 M alleles. 

[0256] In other words, there will be allelic imbalance between N and M, with N being 

overrepresented. In the converse situation, if the fetus is of the MM genotype, then there will 

be 20 fetal-derived M alleles in this volume of plasma. Thus, there will be 110 M alleles to 90 

30 N alleles. In other words, there will be allelic imbalance between N and M, with M being 

overrepresented. The theoretical degree of allelic imbalance when the fetal DNA fractional 

concentration is 10% would be 110:90, which is different to the 3:1 ratio when there is 50% 
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fetal DNA as shown in the above example. Thus interpretation cutoffs, such as for SPRT 

analysis, appropriate for the fetal DNA fractional concentration would need to be used for 

case classification. 

[0257] Thus, plasma DNA will be extracted. The amount of maternal and fetal DNA in the 

5 plasma sample will be quantified, for example by the real-time PCR assays previously 

established (Lo, et al. 1998 Am J Hum Genet 62, 768-775) or other types of quantifier well-

known to those of skill in the art, e.g. SNP markers (Dhallan R et al. 2007 Lancet, 369, 474-

481) and fetal epigenetic markers (Chan KCA et al. 2006 Clin Chem, 52, 2211-2218). The 

fetal DNA percentage will be calculated. Then the quantified plasma DNA sample is 

10 prepared (e.g. diluted or concentrated) such that during digital PCR analysis, each reaction 

well will contain an average of one template molecule (can be either the N or M allele). The 

digital PCR analysis will be carried out using a pair of primers, plus two TaqMan probes, one 

specific to the N allele, while the other one specific to the M allele. The number of wells 

which are positive only for M and the number of wells which are positive only for N will be 

15 counted. The ratio of these wells will be used to determine if there is evidence of allelic 

imbalance. Statistical evidence of allelic imbalance can be sought by methods well-known to 

those of skill in the art, such as using SPRT. In one variant of this analysis, it is also possible 

to count the number of wells which are positive either for M only or for M and N; as well as 

to count the number of wells which are positive either for N only or for M and N; and to 

20 derive a ratio of these counts. Once again, statistical evidence of allelic imbalance can be 

sought by methods well-known to those of skill in the art, such as using SPRT. 

[0258] The dosage determination of fetal gene mutation, called digital relative mutant 

dosage (RMD), was validated using female/male (XX/XY) DNA mixtures. Blood cell DNA 

from a male and a female was each mixed with male DNA, producing samples with XX or 

25 XY genotypes in a background of XY at fractional concentrations of 25% and 50%, 

respectively, as shown in FIG. 24A. 

[0259] In addition, blood cell samples were also obtained from 12 male and 12 female 

subjects. The female blood cell DNA (genotype XX) was each mixed with a 3-fold excess of 

male blood cell DNA (genotype XY), thus producing 12 DNA mixtures with 25% of DNA 

30 with XX genotype in a background of 75% DNA with XY genotype, with results shown in 

FIG. 24B. 
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male blood cell DNA (genotype XY), thus producing 12 DNA mixtures with 25% of DNA 

30 with XX genotype in a background of 75% DNA with XY genotype, with results shown in 

FIG. 24B. 
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[0260] An aim of the SPRT analysis was to determine the minor genotype present in the 

background DNA. In DNA mixtures with 25% of XX DNA in a background of 75% XY 

DNA, the minor allele would be the Y derived from the 75% of DNA. Since 25% of the DNA 

in the sample was of XX genotype, if there were a total of 200 molecules of DNA in the 

5 sample, then 150 molecules would have originated from the XY individual. Hence, the 

number of Y alleles would be expected to be 75. The number of X alleles contributed by the 

male proportion of DNA (genotype XY) is also 75. The number of X alleles contributed by 

the female (genotype XX) is 50 (2 times 25). Therefore, X to Y ratio is 125/75 = (1 +25%) / 

(1 — 25%) = 5/3. 

10 [0261] For the second part of this study, blood cell samples were obtained from male and 

female subjects carrying HbE (G -› A) and CD41/42 (CTTT/-) mutations on the beta-globin 

gene, i.e., the hemoglobin, beta (HBB) gene. To mimic maternal plasma samples obtained 

from heterozygous mothers (MN, where M= mutant and N= wildtype) bearing male fetuses 

with all possible genotypes (MM, MN or NN), blood cell DNA from males who were either 

15 homozygous for the wildtype alleles (NN) or heterozygous (MN) for one of the two 

mutations was each mixed with a blood cell DNA sample collected from females 

heterozygous for the same mutation (MN). DNA mixtures at various fractional male/mutant 

DNA concentrations were thus produced. Blood cell DNA sample from a female 

homozygous for the CD41/42 deletion (MM) was also used for preparing the DNA mixtures. 

20 To ensure an accurate male proportion for the SPRT classification, the fractional male DNA 

concentration of each DNA mixture was determined using the ZFY/X assay. 

[0262] The digital ZFY/X assay was used for validating the SPRT as well as determining 

the fractional male DNA concentration in the DNA mixtures. The dosage of Zinc Finger 

protein sequences on chromosome X (ZFX) and Y (ZFY) was determined by digital PCR 

25 analysis. An 87-bp amplicon of the ZFX and ZFY loci was first co-amplified by the forward 

primer 5'-CAAGTGCTGGACTCAGATGTAACTG-3' and the reverse primer 5'-

TGAAGTAATGTCAGAAGCTAAAACATCA-3'. Two chromosome-specific TaqMan 

probes were designed to distinguish between the chromosome X and Y paralogs, and their 

sequences were 5'-(VIC)TCTTTAGCACATTGCA(MGBNFQ)-3' and 5'-

30 (FAM)TCTTTACCACACTGCAC(MGBNFQ)-3', respectively. 

[0263] The mutant dosage in the DNA mixtures was determined by digital PCR analysis of 

the normal allele relative to the mutant allele. For the HbE mutation, an 87-bp amplicon of 
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the normal and mutant alleles was first co-amplified by the forward primer 5'-

GGGCAAGGTGAACGTGGAT -3' and the reverse primer 5'-

CTATTGGTCTCCTTAAACCTGTCTTGTAA -3'. Two allele-specific TaqMan probes were 

designed to distinguish between the normal (G) and mutant (A) alleles, and their sequences 

5 were 5'-(VIC) TTGGTGGTGAGGCC (MGBNFQ)-3' and 5'-(FAM) TTGGTGGTAAGGCC 

(MGBNFQ)-3', respectively. Results for the HbE mutation are shown in FIG. 25. 

[0264] For the CD41/42 deletion mutation, an 87- and 83-bp amplicon of the normal and 

mutant alleles was first co-amplified by the forward primer 5'-

TTTTCCCACCCTTAGGCTGC -3' and the reverse primer 5'-

10 ACAGCATCAGGAGTGGACAGATC -3', respectively. Two allele-specific TaqMan probes 

were designed to distinguish between the normal (without deletion) and mutant (with 

deletion) alleles, and their sequences were 5'-(VIC) CAGAGGTTCTTTGAGTCCT 

(MGBNFQ)-3' and 5'-(FAM) AGAGGTTGAGTCCTT (MGBNFQ)-3', respectively. Results 

for the HbE mutation are shown in FIGS. 26A and 26B. 

15 [0265] These experiments were carried out on the BioMarkTM System (Fluidigm) using the 

12.765 Digital Arrays (Fluidigm). The reaction for one panel was set up using 2X TaqMan 

Universal PCR Master Mix (Applied Biosystems) in a reaction volume of 10 µL. For the 

CD41/42 and ZFY/X assays, each reaction contained 1X TaqMan Universal PCR Master Mix, 

900 nM of each primer, 125 nM of each probe and 3.5 µL of DNA mixture at 1 ng/µL. For 

20 the HbE assay, 250 nM and 125 nM of probes targeting the normal (G) and mutant (A) alleles 

were added, respectively. The sample/ assay mixture was loaded into the Digital Array by the 

NanoFlexTM IFC controller (Fluidigm). The reaction was carried out on the BioMarkTM

System for signal detection. The reaction was initiated at 50°C for 2 min, followed by 95°C 

for 10 min and 50 cycles of 95°C for 15s and 57°C (for ZFY/X and CD41/42) or 56°C (for 

25 HbE) for 1 min. At least one reaction panel was used for each case, and data were aggregated 

from extra panels for samples which remained unclassified until a decision could be made. 

[0266] It will also be obvious to those of skill in the art that the digital PCR can be 

performed using methods well-known to those of skill in the art, e.g. microfluidics chips, 

nanoliter PCR microplate systems, emulsion PCR, polony PCR, rolling-circle amplification, 

30 primer extension and mass spectrometry. 
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IX. EXAMPLE WITH CANCER 

[0267] In one embodiment, the present invention may be performed to classify a sample as 

having allelic ratio skewing or not, as may occur in a cancerous tumor. In one aspect, for 

each case, the number of wells with positive signal for the A allele only, the G allele only, 

5 and both alleles were determined by digital PCR. The reference allele was defined as the 

allele with the smaller number of positive wells. (In the unlikely scenario that both alleles 

have the same number of positive wells, then either can be used as the reference allele.) The 

inferred average concentration of the reference allele per well (mr) was calculated using the 

total number of wells negative for the reference allele, irrespective whether the other allele 

10 was positive, according to the Poisson probability density function. We use a hypothetical 

example to illustrate the calculation. 

[0268] In a 96-well reaction, 20 wells are positive for the A allele, 24 wells are positive for 

the G allele, and 28 wells are positive for both alleles. The A allele would be regarded as the 

reference allele because less wells are positive for this allele. The number of wells negative 

15 for the reference allele would be 96 - 20 - 28 = 48. Therefore, mr can be calculated using the 

Poisson distribution and would be -1n(48/96) = 0.693. 

[0269] In the context of LOH detection, the null hypothesis refers to a sample that is 

assumed to lack allelic ratio skewing caused by the presence of a deletion of one allele. 

Under this assumption, the expected ratio of the number of positive wells for the two alleles 

20 would be 1:1 and, thus, the expected proportion of informative wells (wells positive for only 

one allele) containing the potentially overrepresented allele would be 0.5. 

[0270] In the context of LOH detection, the alternative hypothesis refers to a sample that is 

assumed to have allelic ratio skewing caused by the presence of a deletion of one allele in 

50% of the cells of the sample. As the allelic ratio between the overrepresented allele and the 

25 reference allele is 2:1, the average concentration of the overrepresented allele per well would 

be doubled that of the reference allele. However, the number of wells positive for the 

overrepresented allele would not be simply two times that for the reference allele but would 

follow the Poisson distribution. 

[0271] An informative well is defined as a well positive for either the A or the G allele but 

30 not for both alleles. The calculation of the expected proportion of the number of wells 

containing the overrepresented alleles for samples with allelic ratio skewing is the same as is 

shown in Table 600. In the above example, if LOH is present in 50% of tumor cells, the 
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average concentration of the G allele per well would be 2 times 0.693 = 1.386. If LOH is 

present in more than 50% of the tumor cells, then the average concentration of the G allele 

per well would be according to the formula: 1/[1-(proportion with LOH)] x mr. 

[0272] The expected proportion of wells positive for the G allele would be 1 - e-1-386-= 0.75 

5 (i.e., 75% or 72 wells). Assuming that the positivity of a well for the A or G allele is 

independent, 0.5 x 0.75 = 0.375 of the wells would be positive for both the A and G alleles. 

Hence, 0.5 - 0.375 = 0.125 of the wells would be positive for the A allele only and 0.75 -

0.375 = 0.375 of the wells would be positive for the G allele only. Therefore, the proportion 

of informative wells would be 0.125 + 0.375 = 0.5. The expected proportion of informative 

10 wells carrying the G allele would be 0.375/0.5 = 0.75. This expected value for Pr can then be 

used for the construction of appropriate SPRT curves for determining whether allelic ratio 

skewing (i.e. LOH in this context) is present in the sample. 

[0273] The actual proportion of informative wells carrying the non-reference allele 

experimentallly determined by the digital PCR analysis (Pr) was then used to determine 

15 whether the null or alternative hypothesis would be accepted, or whether further analysis with 

more wells would be necessary. The decision boundaries for Pr to accept the null or 

alternative hypothesis was calculated based on a threshold likelihood ratio of 8 as this value 

had been shown to provide satisfactory performance to discriminate samples with and 

without allelic imbalance in the context of cancer detection (Zhou, W, et al. (2001) Nat 

20 Biotechnol 19, 78-81; Zhou et al 2002, supra). In the above example, the number of 

informative wells would be 20 +24 = 44 and the experimentally obtained Pr would be 24/44 = 

0.5455. The decision boundaries would be _≤ 0.5879 to accept the null hypothesis and 

≥ 0.6739 to accept the alternative hypothesis. Therefore, the sample in this example would 

be classified as NOT having allelic ratio skewing. 

25 [0274] In conclusion, we outlined an approach to detect sequence imbalance in a sample. In 

one embodiment, this invention can be used for the noninvasive detection of fetal 

chromosomal aneuploidy, such as trisomy 21 by analysis of fetal nucleic acids in maternal 

plasma. This approach can also be applied to other biological materials containing fetal 

nucleic acids, including amniotic fluid, chorionic villus samples, maternal urine, endocervical 

30 samples, maternal saliva, etc. First, we demonstrated the use of this invention for 

determining allelic imbalance of a SNP on PLAC4 mRNA, a placenta-expressed transcript on 

chromosome 21, in maternal plasma of women bearing trisomy 21 fetuses. Second, we 
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demonstrated that our invention can be used as a non-polymorphism based method, through 

relative chromosome dosage (RCD) analysis, for the noninvasive prenatal detection of 

trisomy 21. Such a digital RCD-based approach involves the direct assessment of whether 

the total copy number of chromosome 21 in a sample containing fetal DNA is 

5 overrepresented with respect to a reference chromosome. Even without elaborate 

instrumentation, digital RCD allows the detection of trisomy 21 in samples containing 25% 

fetal DNA. We applied the sequential probability ratio test (SPRT) to interpret the digital 

PCR data. Computer simulation analyses confirmed the high accuracy of the disease 

classification algorithm. 

10 [0275] We further outlined that the approach can be applied to the determination of other 

forms of nucleic acid sequence imbalances other than chromosomal aneuploidy, such as that 

for the detection of fetal mutation or polymorphism detection in maternal plasma and 

regional gains and losses in the genomes of malignant cells through the analysis of tumor-

derived nucleic acids in plasma. 

15 [0276] Any of the software components or functions described in this application, may be 

implemented as software code to be executed by a processor using any suitable computer 

language such as, for example, Java, C++ or Perl using, for example, conventional or object-

oriented techniques. The software code may be stored as a series of instructions, or 

commands on a computer readable medium for storage and/or transmission, suitable media 

20 include random access memory (RAM), a read only memory (ROM), a magnetic medium 

such as a hard-drive or a floppy disk, or an optical medium such as a compact disk (CD) or 

DVD (digital versatile disk), flash memory, and the like. The computer readable medium 

may be any combination of such storage or transmission devices. 

[0277] Such programs may also be encoded and transmitted using carrier signals adapted 

25 for transmission via wired, optical, and/or wireless networks conforming to a variety of 

protocols, including the Internet. As such, a computer readable medium according to an 

embodiment of the present invention may be created using a data signal encoded with such 

programs. Computer readable media encoded with the program code may be packaged with 

a compatible device or provided separately from other devices (e.g., via Internet download). 

30 Any such computer readable medium may reside on or within a single computer program 

product (e.g. a hard drive or an entire computer system), and may be present on or within 

different computer program products within a system or network. A computer system may 

70 

WO 2009/013492 PCT/GB2008/002524 

demonstrated that our invention can be used as a non-polymorphism based method, through 

relative chromosome dosage (RCD) analysis, for the noninvasive prenatal detection of 

trisomy 21. Such a digital RCD-based approach involves the direct assessment of whether 

the total copy number of chromosome 21 in a sample containing fetal DNA is 

5 overrepresented with respect to a reference chromosome. Even without elaborate 

instrumentation, digital RCD allows the detection of trisomy 21 in samples containing 25% 

fetal DNA. We applied the sequential probability ratio test (SPRT) to interpret the digital 

PCR data. Computer simulation analyses confirmed the high accuracy of the disease 

classification algorithm. 

10 (0275] We further outlined that the approach can be applied to the determination of other 

forms of nucleic acid sequence imbalances other than chromosomal aneuploidy, such as that 

for the detection of fetal mutation or polymorphism detection in maternal plasma and 

regional gains and losses in the genomes of malignant cells through the analysis of tumor­

derived nucleic acids in plasma. 

15 [0276] Any of the software components or functions described in this application, may be 

implemented as software code to be executed by a processor using any suitable computer 

language such as, for example, Java, C++ or Perl using, for example, conventional or object­

oriented techniques. The software code may be stored as a series of instructions, or 

commands on a computer readable medium for storage and/or transmission, suitable media 

20 include random access memory (RAM), a read only memory (ROM), a magnetic medium 

such as a hard-drive or a floppy disk, or an optical medium such as a compact disk (CD) or 

DVD (digital versatile disk), flash memory, and the like. The computer readable medium 

may be any combination of such storage or transmission devices. 

[0277] Such programs may also be encoded and transmitted using carrier signals adapted 

25 for transmission via wired, optical, and/or wireless networks conforming to a variety of 

protocols, including the Internet. As such, a computer readable medium according to an 

embodiment of the present invention may be created using a data signal encoded with such 

programs. Computer readable media encoded with the program code may be packaged with 

a compatible device or provided separately from other devices (e.g., via Internet download). 

30 Any such computer readable medium may reside on or within a single computer program 

product ( e.g. a hard drive or an entire computer system), and may be present on or within 

different computer program products within a system or network. A computer system may 

70 

Pg. 1216



WO 2009/013492 PCT/GB2008/002524 

include a monitor, printer, or other suitable display for providing any of the results mentioned 

herein to a user. 

[0278] An example of a computer system is shown in FIG. 27. The subsystems shown in 

FIG. 27 are interconnected via a system bus 2775. Additional subsystems such as a printer 

5 2774, keyboard 2778, fixed disk 2779, monitor 2776, which is coupled to display adapter 

2782, and others are shown. Peripherals and input/output (I/O) devices, which couple to I/O 

controller 2771, can be connected to the computer system by any number of means known in 

the art, such as serial port 2777. For example, serial port 2777 or external interface 2781 can 

be used to connect the computer apparatus to a wide area network such as the Internet, a 

10 mouse input device, or a scanner. The interconnection via system bus allows the central 

processor 2773 to communicate with each subsystem and to control the execution of 

instructions from system memory 2772 or the fixed disk 2779, as well as the exchange of 

information between subsystems. The system memory 2772 and/or the fixed disk 2779 may 

embody a computer readable medium. 

15 [0279] The above description of exemplary embodiments of the invention has been 

presented for the purposes of illustration and description. It is not intended to be exhaustive 

or to limit the invention to the precise form described, and many modifications and variations 

are possible in light of the teaching above. The embodiments were chosen and described in 

order to best explain the principles of the invention and its practical applications to thereby 

20 enable others skilled in the art to best utilize the invention in various embodiments and with 

various modifications as are suited to the particular use contemplated. 

[0280] All publications, patents, and patent applications cited herein are hereby 

incorporated by reference in their entirety for all purposes. 
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1 1. A method for determining whether a nucleic acid sequence imbalance 

2 exists within a biological sample, the method comprising: 

3 receiving data from a plurality of reactions, wherein the data includes: 

4 (1) a first set of quantitative data indicating a first amount of a 

5 clinically relevant nucleic acid sequence; and 

6 (2) a second set of quantitative data indicating a second amount of a 

7 background nucleic acid sequence different from the clinically relevant nucleic acid 

8 sequence; 

9 determining a parameter from the two data sets; 

10 deriving a first cutoff value from an average concentration of a reference 

11 nucleic acid sequence in each of the plurality of reactions, wherein the reference nucleic acid 

12 sequence is either the clinically relevant nucleic acid sequence or the background nucleic acid 

13 sequence; 

14 comparing the parameter to the first cutoff value; and 

15 based on the comparison, determining a classification of whether a nucleic 

16 acid sequence imbalance exists. 

1 2. The method of claim 1 wherein the first set of data are obtained from 

2 one or more first markers that each detect a presence of a part of the clinically relevant 

3 nucleic acid sequence in a reaction, and wherein the second set of data are obtained from one 

4 or more second markers that each detect a presence of a part of the background nucleic acid 

5 sequence in a reaction. 

1 3. The method of claim 1, further comprising: 

2 determining the average concentration of the reference nucleic acid sequence 

3 in each of the plurality of reaction using an inverse of a probability distribution having an 

4 input of a value derived from the data for the reference nucleic acid sequence. 

1 4. The method of claim 1 wherein the clinically relevant nucleic acid 

2 sequence is from chromosome 21 and the background nucleic acid sequence is from a 

3 chromosome other than chromosome 21. 
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1 5. The method of claim 1 wherein the clinically relevant nucleic acid 

2 sequence is from chromosome 18 or 13 and the background nucleic acid sequence is from a 

3 chromosome other than chromosome 18 or 13 respectively. 

1 6. The method of claim 1 wherein the clinically relevant nucleic acid 

2 sequence is an allele of a genetic polymorphism, and the background nucleic acid sequence is 

3 another allele of the genetic polymorphism. 

1 7. The method of claim 1 wherein the clinically relevant nucleic acid 

2 sequence is a mutated copy of the cystic fibrosis transmembrane conductance regulator 

3 (CFTR) gene, the beta-globin gene or the alpha-globin gene, and the background nucleic acid 

4 sequence is from the wildtype copy of the corresponding gene. 

1 8. The method of claim 1 wherein the biological sample is plasma or 

2 serum from a pregnant woman. 

1 9. The method of claim 1 wherein a reaction is an amplification reaction. 

1 

2 process. 

1 

10. The method of claim 9 wherein a reaction is a part of a digital PCR 

11. The method of claim 1 wherein a reaction is a sequencing reaction. 

1 12. The method of claim 1 wherein first portions of the clinically relevant 

2 nucleic acid sequence and the background nucleic acid sequence are from a first individual 

3 and second portions of the clinically relevant nucleic acid sequence and the background 

4 nucleic acid sequence are from a second individual. 

1 13. The method of claim 12 wherein the cutoff value is based on a 

2 measurement of one of the first portions or a measurement of one of the second portions. 

1 14. The method of claim 1, further comprising comparing the parameter to 

2 a second cutoff value. 

1 15. The method of claim 14 wherein the classifications include disease 

2 state, non-disease state, and non-classifiable. 
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1 16. The method of claim 14 wherein the classifications include 

2 homozygous, heterozygous, and non-classifiable. 

1 17. The method of claim 14 wherein the second cutoff value is based on a 

2 ratio of the first amount of the clinically relevant nucleic acid sequence relative to the second 

3 amount of the background nucleic acid sequence in a non-diseased state. 

1 18. The method of claim 1 wherein the parameter is a ratio of the first 

2 amount of the clinically relevant nucleic acid sequence relative to the second amount of the 

3 background nucleic acid sequence. 

1 19. The method of claim 1 wherein calculating the first cutoff value 

2 includes using at least one of: sequential probability ratio testing, false discovery rates, 

3 confidence intervals, and receiver operating characteristic curves. 

1 20. The method of claim 1 wherein deriving the first cutoff value includes: 

2 determining a proportion P1 of informative reactions containing an 

3 overrepresented nucleic acid sequence, which is either the reference or non-reference nucleic 

4 acid sequence; and 

5 calculating the first cutoff value from the first proportion P1. 

1 21. The method of claim 20 wherein determining the proportion P1 

2 comprises: 

3 determining a first probability of a reaction containing at least one of the 

4 overrepresented nucleic acid sequence; 

5 calculating a second probability that a reaction is informative; and 

6 calculating the proportion P1 using the first probability and the second 

7 probability. 

1 22. The method of claim 21 wherein the first probability is determined by 

2 multiplying the average concentration of the reference nucleic acid sequence by an expected 

3 ratio relative to the non-reference nucleic acid sequence. 

1 23. The method of claim 21 wherein the first probability is determined 

2 using the Poisson distribution having the average concentration of the overrepresented 

3 nucleic acid sequence in each of the plurality of reactions as an input. 
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1 24. The method of claim 21, further comprising: 

2 determining a third probability of a reaction containing at least one of the 

3 underrepresented nucleic acid sequence, wherein calculating the second probability that the 

4 reaction is informative includes assuming that first probability and the second probability are 

5 independent. 

1 25. A method for determining whether a nucleic acid sequence imbalance 

2 exists within a biological sample, the method comprising: 

3 receiving data from a plurality of reactions, wherein the data includes: 

4 (1) a first set of quantitative data indicating a first amount of a 

5 clinically relevant nucleic acid sequence; and 

6 (2) a second set of quantitative data indicating a second amount of a 

7 background nucleic acid sequence different from the clinically relevant nucleic acid 

8 sequence, wherein the clinically relevant nucleic acid sequence and the background nucleic 

9 acid sequence come from a first type of cells and from one or more second types of cells; 

10 determining a parameter from the two data sets; 

11 deriving a first cutoff value from a first percentage resulting from a 

12 measurement of an amount of a nucleic acid sequence from the first type of cells in the 

13 biological sample; 

14 comparing the parameter to the first cutoff value; and 

15 based on the comparison, determining a classification of whether a nucleic 

16 acid sequence imbalance exists. 

1 26. The method of claim 25 wherein the first type of cells is from a first 

2 organism and the second types of cells are from a second organism. 

1 27. The method of claim 25 wherein deriving the first cutoff value 

2 includes: 

3 determining a first average concentration of a reference nucleic acid sequence 

4 per reaction, wherein the reference nucleic acid sequence is the clinically relevant nucleic 

5 acid sequence or the background nucleic acid sequence that is underrepresented; and 

6 multiplying the first average concentration by a factor derived from the first 

7 percentage to obtain a second average concentration of the nucleic acid sequence that is not 

8 the reference nucleic acid sequence. 

75 

WO 2009/013492 PCT/GB2008/002524 

1 24. The method of claim 21, further comprising: 

2 determining a third probability of a reaction containing at least one of the 

3 underrepresented nucleic acid sequence, wherein calculating the second probability that the 

4 reaction is informative includes assuming that first probability and the second probability are 

5 independent. 

1 25. A method for determining whether a nucleic acid sequence imbalance 

2 exists within a biological sample, the method comprising: 

3 receiving data from a plurality of reactions, wherein the data includes: 

4 (1) a first set of quantitative data indicating a first amount of a 

5 clinically relevant nucleic acid sequence; and 

6 (2) a second set of quantitative data indicating a second amount of a 

7 background nucleic acid sequence different from the clinically relevant nucleic acid 

8 sequence, wherein the clinically relevant nucleic acid sequence and the background nucleic 

9 acid sequence come from a first type of cells and from one or more second types of cells; 

10 determining a parameter from the two data sets; 

11 deriving a first cutoff value from a first percentage resulting from a 

12 measurement of an amount of a nucleic acid sequence from the first type of cells in the 

13 biological sample; 

14 comparing the parameter to the first cutoff value; and 

15 based on the comparison, determining a classification of whether a nucleic 

16 acid sequence imbalance exists. 

1 26. The method of claim 25 wherein the first type of cells is from a :first 

2 organism and the second types of cells are from a second organism. 

1 27. The method of claim 25 wherein deriving the first cutoff value 

2 includes: 

3 determining a first average concentration of a reference nucleic acid sequence 

4 per reaction, wherein the reference nucleic acid sequence is the clinically relevant nucleic 

5 acid sequence or the background nucleic acid sequence that is underrepresented; and 

6 multiplying the first average concentration by a factor derived from the first 

7 percentage to obtain a second average concentration of the nucleic acid sequence that is not 

8 the reference nucleic acid sequence. 

75 

Pg. 1221



WO 2009/013492 PCT/GB2008/002524 

28. The method of claim 27, further comprising: 

determining the average concentration of the reference nucleic acid sequence 

in each of the plurality of reactions using an inverse of a probability distribution having an 

input of a value derived from the data for the reference nucleic acid sequence. 

29. The method of claim 28 wherein the probability distribution is the 

Poisson distribution. 

30. The method of claim 25 wherein the percentage is measured by 

determining an amount of a fetal-specific marker using quantitative real-time PCR, digital 

PCR, semiquantitative competitive PCR, real-competitive PCR, or mass spectrometry. 

31. A computer program product comprising a computer readable medium 

encoded with a plurality of instructions for controlling a computing system to perform an 

operation for determining whether a nucleic acid sequence imbalance exists within a 

biological sample, the operation comprising the steps of: 

receiving data from a plurality of reactions, wherein the data includes: 

(1) a first set of quantitative data indicating a first amount of a 

clinically relevant nucleic acid sequence; and 

(2) a second set of quantitative data indicating a second amount of a 

background nucleic acid sequence different from the clinically relevant nucleic acid 

sequence; 

determining a parameter from the two data sets; 

deriving a first cutoff value from an average concentration of a reference 

nucleic acid sequence in each of the plurality of reactions, wherein the reference nucleic acid 

sequence is either the clinically relevant nucleic acid sequence or the background nucleic acid 

> sequence; 

comparing the parameter to the first cutoff value; and 

7 based on the comparison, determining a classification of whether a nucleic 

acid sequence imbalance exists. 
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wells 
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AG 

AG 

AG 

AAG 
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3 

3 

12 

2 
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2295 
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9180 

1530 

17/30 

no. 
sample genotype of 

wells 

V943 

N435 

121-5 

AG 

AGG 

AAG 

765 

765 

765 

only only 
168 

92 
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209 

281 

126 

no. of wells positive for 
individual alleles 

A G all GA mranegative 
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141 
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0.30 
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SPRT result 

P b
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region

0.609- 0.621 

0.597- 0.610 

0.607- 0.618 

classificatioh 

euploid 

T21 

T21 
a no. of reference molecules per well 

b Pr values were calculated by the equation: 

no. of wells positive for the overrepresented allele 

no. of wells positive for A only + no of wells positive for G only 
"Euploid" was assigned when the Pr was below the unclassifiable region; "T21" was assigned when the 

Pr was abov e the unclassifiable region. T21, trisomy 21 

FIG. 15A 
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0.531- 0.640 T21 
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17/30 

no. 
no. of wells positive for 

SPRTresult individual alleles 
sample genotype of A G all unclassifiable wells 

only only 
GA 

negative m/ Prb 
region 

classificatiofi 

V943 AG 765 168 209 117 271 0.47 0.554 0.609- 0.621 euploid 

N435 AGG 765 92 281 105 287 0.30 0.753 0.597- 0.610 T21 

T21-5 AAG 765 267 126 141 231 0.43 0.679 0.607- 0.618 T21 
a no. of reference molecules per well 

b Pr values were calculated by the equation: 

no. of wells positive for the overrepresented allele 

no. of wells positive for A only + no of wells positive for G only 
c "Euploid" was assigned when the Pr was below the unclassifiable region; "T21" was assigned when the 
Pr was above the unclassifiable region. T21, trisomy 21 

FIG. 15A 

panel# no. of wells 
no. wells ~ositive for individual alleles 

A only G only GA all negative 
S1 765 14 15 0 736 
S2 765 7 10 0 748 
S3 765 13 9 1 744 
S4 765 7 8 0 750 
S5 765 12 8 0 745 
S6 765 8 14 0 743 
S7 765 13 9 0 743 
S8 765 9 8 0 748 
S9 765 14 15 0 736 
S10 765 9 12 0 744 
S11 765 8 17 0 740 
S12 765 11 9 0 745 

FIG. 158 

no. of wells positive for individual 
SPRT result 

sample geno- panels alleles 
type a 

no of A all unclassifiable 
wells only Gonly GA negative Pr region classification 

M2879P AG 5 3825 82 103 5 3635 0.557 0.570- 0.602 Euploid 

M2875P AG 3 2295 35 40 0 2220 0.533 0.546- 0.625 Euploid 

M3078P AG 3 2295 33 33 1 2228 0.500 0.541- 0.631 Euploid 

M2976P AG 12 9180 56 46 0 9078 0.549 0.556- 0.615 Euploid 

M2831P MG 2 1530 42 13 0 1475 0.764 0.531- 0.640 T21 
a no. of panels needed for 
classification 

FIG. 15C 
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Sample Genotype 

No. of wells positive for 
A or G allele 

SPAT analysis 

A only G only Both Pr°
Unclassifiable 

region 
Classificatiorl 

N3505 AG 157 131 48 0.27 0.545 0.59- 0.61 Euploid 
N3530 AG 174 132 52 0.28 0.569 0.59-0.61 Euploid 
N3531 AG 146 129 28 0.23 0.531 0.58- 0.60 Euploid 
N3533 AG 149 135 46 0.27 0.525 0.59-0.61 Euploid 
N2772 AG 159 149 79 0.35 0.516 0.60- 0.61 Euploid 
N3506 AG 154 145 66 0.32 0.515 0.60-0.61 Euploid 
N3555 AG 94 73 7 0.11 0.563 0.58-0.61 Euploid 
N3560 AG 101 109 28 0.18 0.519 0.58-0.61 Euploid 
N3561 AG 91 70 17 0.12 0.565 0.58-0.61 Euploid 
N828 AAG 153 89 22 0.16 0.632 0.58-0.60 T18 
CA2 AGG 12 28 0 0.016 0.700 0.51-0.66 T18 
CA7 AGG 97 171 56 0.22 0.638 0.59-0.61 T18 

a Genotypes were determined by mass spectrometry. 
b Them,. value indicates the average number of reference template molecules per well. 

ThePr value indicates the proportion of informative wells positive for the overrepresented allele. 

The unclassifiable region varies with the rnr value. 

"Euploid" was assigned when P, was below the unclassifiable region; "T18" was assigned when 

unclassifiable region. 
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N3530 AG 174 132 52 0.28 0.569 0.59-0.61 Euploid 
N3531 AG 146 129 28 0.23 0.531 0.58-0.60 Euploid 
N3533 AG 149 135 46 0.27 0.525 0.59-0.61 Euploid 
N2772 AG 159 149 79 0.35 0.516 0.60-0.61 Euploid 
N3506 AG 154 145 66 0.32 0.515 0.60-0.61 Euploid 
N3555 AG 94 73 7 0.11 0.563 0.58-0.61 Euploid 
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a Genotypes were determined by mass spectrometry. 

b Themr value indicates the average number of reference template molecules per well. 

c ThePr value indicates the proportion of informative wells positive for the overrepresented allele. 

d The unclassifiable region varies with the mr value. 

e "Euploid" was assigned when J/ was below the unclassifiable region; "T18" was assigned when Pr was above the 

unclassifiable region. 
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WO 2009/013492 PCT/GB2008/002524 

23/30 

Typo Cases Plate No. Assay 

No. of well count 

mr°

SPRT analysis 

Total No. of 
Informative wells 

Both 
positive 

Chr 21 
only 

Ref only p 5
Unclassifiable 

region Classiticatiorf 

Normal N0196 1 chr21/chr1 148 78 71 77 0.52 0.480 0.489-0.584 
chr21/chr18 152 63 79 73 0.44 0.520 0.487-0.584 

SUM 300 141 150 150 0.48 0.500 0.512 - 0.560 

N0198 1 chr21/chr1 162 73 70 92 0.56 0.432 0.490 - 0.581 E 
1 chr21/chr18 183 68 93 90 0.53 0.508 0.498 - 0.575 U 

SUM 345 141 163 182 0.55 0.472 0.517-0.557 E 

N0230 1 chr21/chr1 162 58 81 81 0.45 0.500 0.490 - 0.581 U 
1 chr21/chr18 165 45 81 84 0.41 0.491 0.489 - 0.580 U 

SUM 327 103 162 165 0.43 0.495 0.512 - 0.558 E 

N0231 1 chr21/chrl 173 53 81 92 0.47 0.468 0.494 - 0.578 E 
1 chr21/chr18 166 51 85 81 0.42 0.512 0.490 - 0.580 U 

SUM 339 104 166 173 0.45 0.490 0.514 - 0.557 E 

N0262 1 thr21/chr1 186 97 101 85 0.64 0.543 0.503-0.575 U 
1 chr21/chr18 176 111 91 85 0.71 0.517 0.504 - 0.557 U 

SUM 362 208 192 170 0.68 0.530 0.522 - 0.557 U 
2 chr21/chr1 174 103 85 89 0.69 0.489 0.503 - 0.577 E 

SUM 536 311 277 259 0.68 0.517 0 .523 - 0.552 E 

T21 N0234 1 chr21/chr1 193 68 108 85 0.51 0.560 0.500 - 0,573 U 
1 chr21/chr18 178 65 92 86 0.50 0.517 0.496 - 0.576 U 

SUM 371 133 200 171 0.50 0.539 0.517-0.556 U 
2 chr21/chrl 178 73 92 86 0.53 0.517 0.498 - 0.576 U 

SUM 549 206 292 257 0.51 0.532 0 .524 - 0.549 U 
2 chr21/chr18 178 62 95 83 0.47 0.534 0.495-0.576 U 

SUM 727 268 387 340 0.50 0.532 0 .527 - 0.546 U 
3 chr21/chr1 184 108 103 81 0.68 0.560 0.504 - 0.575 U 

SUM 911 376 490 421 0.54 0.538 0.529-0.545 U 
3 chr21/chr18 198 102 120 78 0.63 0.606 0.505-0.572 T21 

SUM 1109 478 610 499 0.55 0.550 0.531 - 0.544 T21 

N0332 1 chr21/chr1 173 109 103 70 0.63 0.595 0.500-0.577 721 
1 chr21/chr18 191 82 110 81 0.55 0.576 0.501 - 0.574 721 

SUM 364 191 213 151 0.59 0.585 0.519 - 0.557 T21 

N0349 1 chr21/chr1 158 62 83 75 0.44 0.525 0.489 - 0.582 U 
1 chr21/chr18 166 46 87 79 0.39 0.524 0.489-0.580 U 

SUM 324 108 170 154 0.42 0.525 0.512 - 0.558 U 
2 chr21/chr1 149 66 86 63 0.41 0.577 0.485-0.585 U 

SUM 473 174 256 217 0.41 0.541 0.519-0.551 U 
2 chr21/chr18 168 43 100 68 0.34 0.595 0.487 - 0.580 T21 

SUM 641 217 356 285 0.40 0.555 0.523 - 0.546 T21 

N0764 1 chr21/chr1 182 82 106 76 0.53 0.582 0.498-0.575 T21 
1 chr21/chr18 178 83 97 81 0.56 0.545 0.498-0.576 U 

SUM 360 165 203 157 0.54 0.564 0.518 - 0.556 T21 

N0890 1 chr21/chr1 180 103 108 72 0.61 0.600 0.501 - 0.576 T21 
1 chr21/chr18 188 68 104 84 0.50 0.553 0.499-0.574 U 

SUM 368 171 212 156 0.55 0.576 0.518-0.556 T21 

° no. of reference molecules per well 
Pr values were calcualated by the equation: 

no of wellspositive for the overrepresented allele (chr21) 
no. of wells positive for chr21 only + no of wells positive for Ref only 

"Euploid" was assigned when the Pr was below the unclassifiable region; "T21" was assigned when the Pr was above the unclassifiable region. 
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No. ofweU count SPRT anali,:sls 

Typo Cases Plate No. Assay 
Total No. of Both Chr21 

Rof only p," Unclassifiable 
Classification' Informative wells positive only m, 

region 

Normal N0196 chr21/chr1 148 78 71 77 0.52 0.480 0.489 - 0.584 E 
chr21/chr18 152 63 79 73 0.44 0.520 0.487 - 0.584 u 

SUM 300 141 150 150 0.48 0.500 0.512 - 0.560 E 

N0198 chr21/chr1 162 73 70 92 0.56 0.432 0.490 - 0.581 E 
chr21/chr18 183 68 93 90 0.53 0.508 0.498 - 0.575 u 

SUM 345 141 163 182 0.55 0.472 0.517 - 0.557 E 

N0230 chr21/chr1 162 58 81 81 0.45 0.500 0.490 - 0.581 u 
chr21/chr18 165 45 81 84 0.41 0.491 0.489 - 0.580 u 

SUM 327 103 162 165 0.43 0.495 0.512 - 0.558 E 

N0231 chr21/chr1 173 53 81 92 0.47 0.468 0.494 - 0.578 E 
chr21/chr18 166 51 85 81 0.42 0.512 0.490 - 0.580 u 

SUM 339 104 166 173 0.45 0.490 0.514 - 0.557 E 

N0262 chr21/chr1 186 97 101 85 0.64 0.543 0.503 - 0.575 u 
chr21/chr18 176 111 91 85 0.71 0.517 D.504 - 0.557 u 

SUM 362 208 192 170 0.68 0.530 0.522 - 0.557 u 
2 chr21/chr1 174 103 85 89 0.69 0.489 0.503 - 0.577 E 

SUM 536 311 277 259 0.68 0.517 0 .523 - 0 .552 E 

T21 N0234 chr21/chr1 193 68 108 85 0.51 0.560 0.500 - 0.573 u 
chr21/chr18 178 65 92 86 0.50 0.517 0.496 - 0.576 u 

SUM 371 133 200 171 0.50 0.539 0.517 - 0.556 u 
2 chr21/chr1 178 73 92 86 0.53 0.517 0.498 - 0.576 u 

SUM 549 206 292 257 0.51 0.532 0 .524 - 0 .549 u 
2 chr21/chr18 178 62 95 83 0.47 0.534 0.495-0.576 u 

SUM 727 268 387 340 0.50 0.532 0 .527 - 0.546 u 
3 chr21/chr1 184 108 103 81 0.68 0.560 0.504 - 0.575 u 

SUM 911 376 490 421 0.54 0.538 0.529 - 0.545 u 
3 chr21/chr18 198 102 120 78 0.63 0.606 0.505 - 0.572 T21 

SUM 1109 478 610 499 0.55 0.550 0.531 - 0.544 T21 

N0332 chr21/chr1 173 109 103 70 0.63 0.595 0.500 - 0.577 T21 
chr21lchr18 191 82 110 81 0.55 0.576 0.501 - 0.574 T21 

SUM 364 191 213 151 0.59 0.585 0.519 - 0.557 T21 

N0349 chr21/chr1 158 62 83 75 0.44 0.525 0.489 -0.582 u 
chr21/chr18 166 46 87 79 0.39 0.524 0.489 - 0.580 u 

SUM 324 108 170 154 0.42 0.525 0.512-0.558 u 
2 chr21/chr1 149 66 86 63 0.41 0.577 0.485 - 0.585 u 

SUM 473 174 256 217 0.41 0.541 0.519- 0.551 u 
2 chr21/chr18 168 43 100 68 0.34 0.595 0.487 - 0.580 T21 

SUM 641 217 356 285 D.40 0.555 0.523 - 0.546 T21 

N0764 chr21/chr1 182 82 106 76 0.53 0.582 0.498 - 0.575 T21 
chr21/chr18 178 83 97 81 0.56 0.545 0.498 - 0.576 u 

SUM 360 165 203 157 0.54 0.564 0.518 - 0.556 T21 

N0890 chr21/chr1 180 103 108 72 0.61 0.600 0.501 - 0.576 T21 
chr21/chr18 188 68 104 84 0.50 0.553 0.499 - 0.574 u 

SUM 368 171 212 156 0.55 0.576 0.518 - 0.556 T21 

. no. of reference m olecu1es per well 
b P, values were calcualated by the equation: 

oa of wens p;asitht.e for: lbe a~r:represeotad aflela (cbi:21) 
no. of wells positive for chr21 only+ no of wells positive for Ref only 

"Euploid" was assigned when the Pr was below the unclassifiable region; "T21" was assigned when the Pr was above the unclassifiable region. 
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Poisson corrected total no. 

Chromosome 21 Reference chr 
Pr Classification 

Euploid Case 1 Assay 1 37 33 0.52345751 Unclass 

Assay 2 31 42 0.42506276 Unclass 

Assay 3 29 37 0.44198785 Unclass 

Assay 4 39 26 0.6008691 Unclass 

Plate 1 subtotal 136 138 0.495821 Unclass 

Assay 1 32 25 0.56605316 Unclass 

Assay 2 27 24 0.53165424 Unclass 

Assay 3 10 17 0.3681535 Unclass 

Assay 4 24 18 0.5626764 Unclass 

Plate 2 subtotal 93 84 0.52474 Unclass 

Total 229 223 0.507182 Euploid 

Case 2 Assay 1 45 35 0.56321585 Unclass 

Assay 2 31 45 0.41245525 Unclass 

Assay 3 32 22 0.59954763 Unclass 

Assay 4 38 35 0.5228175 Unclass 

Plate 1 subtotal 146 135 0.519153 Unclass 

Assay 1 28 23 0.55272135 Unclass 

Assay 2 23 22 0.51196923 Unclass 

Assay 3 23 15 0.59688187 Unclass 

Assay 4 29 26 0.5293349 Unclass 

Plate 2 subtotal 102 85 0.545204 Unclass 

Plate 1+2 subtotal 248 221 0.529583 Unclass 

Assay 1 17 25 0.4122149 Unclass 

Assay 2 25 16 0.6027299 Unclass 

Assay 3 13 26 0.3382802 Unclass 

Assay 4 27 24 0.5316872 Unclass 

Plate 3 subtotal 82 91 0.475775 Unclass 

Plate 1- 3 subtotal 331 311 0.515069 Unclass 

Assay 1 15 9 0.6269193 Unclass 

Assay 2 14 15 0.4824155 Unclass 

Assay 3 18 17 0.5146313 Unclass 

Assay 4 21 18 0.5270080 Unclass 

Plate 4 subtotal 69 60 0.532264 Unclass 

Plate 1- 4 subtotal 399 372 0.517942 Unclass 

FIG. 22A 

WO 2009/013492 PCT/GB2008/002524 

24/ 
Poisson corrected total no. 

Pr Classification 
Chromosome 21 Reference chr 

Euploid Case 1 Assay 1 37 33 0.52345751 Unclass 

Assay 2 31 42 0.42506276 Unclass 

Assay 3 29 37 0.44198785 Unclass 

Assay 4 39 26 0.6008691 Unclass 

Plate 1 subtotal 136 138 0.495821 Unclass 

Assay 1 32 25 0.56605316 Unclass 

Assay 2 27 24 0.53165424 Unclass 

Assay 3 10 17 0.3681535 Unclass 

Assay 4 24 18 0.5626764 Unclass 

Plate 2 subtotal 93 84 0.52474 Unclass 

Total 229 223 0.507182 Euploid 

Case2 Assay 1 45 35 0.56321585 Unclass 

Assay 2 31 45 0.41245525 Unclass 

Assay 3 32 22 0.59954763 Unclass 

Assay 4 38 35 0.5228175 Unclass 

Plate 1 subtotal 146 135 0.519153 Unclass 

Assay 1 28 23 0.55272135 Unclass 

Assay2 23 22 0.51196923 Unclass 

Assay 3 23 15 0.59688187 Unclass 

Assay 4 29 26 0.5293349 Unclass 

Plate 2 subtotal 102 85 0.545204 Unclass 

Plate 1+2 subtotal 248 221 0.529583 Unclass 

Assay 1 17 25 0.4122149 Unclass 

Assay 2 25 16 0.6027299 Unclass 

Assay 3 13 26 0.3382802 Unclass 

Assay 4 27 24 0.5316872 Unclass 

Plate 3 subtotal 82 91 0.475775 Unclass 

Plate 1- 3 subtotal 331 311 0.515069 Unclass 

Assay 1 15 9 0.6269193 Unclass 

Assay 2 14 15 0.4824155 Unclass 

Assay 3 18 17 0.5146313 Unclass 

Assay4 21 18 0.5270080 Unclass 

Plate 4 subtotal 69 60 0.532264 Unclass 

Plate 1- 4 subtotal 399 372 0.517942 Unclass 

FIG. 22A 

Pg. 1246



WO 2009/013492 PCT/GB2008/002524 

25/30 

Assay 1 10 13 0.4337957 Unclass 

Assay 2 11 14 0.4390082 Unclass 

Assay 3 7 16 0.3018022 Unclass 

Assay 4 19 10 0.6579085 Unclass 

Plate 5 subtotal 48 54 0.469951 Unclass 

Total 447 426 0.5123444 Euploid 

T21 

Case 3 Assay 1 50 33 0.60012253 Unclass

Assay 2 56 47 0.54458055 Unclass 

Assay 3 46 28 0.6196626 Unclass 

Assay 4 56 36 0.6108731 Unclass 

Total 208 144 0.59079 T21 

Case 4 Assay 1 56 36 0.61085513 Unclass 

Assay 2 38 32 0.53906912 Unclass 

Assay 3 40 24 0.62788068 Unclass 

Assay 4 47 27 0.634511 Unclass 

Total 180 119 0.603476 T21 
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Assay 1 10 13 0.4337957 Unclass 

Assay 2 11 14 0.4390082 Unclass 

Assay 3 7 16 0.3018022 Unclass 

Assay 4 19 10 0.6579085 Unclass 

Plate 5 subtotal 48 54 0.469951 Unclass 

Total 447 426 0.5123444 Euploid 

T21 

Case 3 Assay 1 50 33 0.60012253 Unclass 

Assay 2 56 47 0.54458055 Unclass 

Assay 3 46 28 0.6196626 Unclass 

Assay 4 56 36 0.6108731 Unclass 

Total 208 144 0.59079 T21 

Case4 Assay 1 56 36 0.61085513 Unclass 

Assay 2 38 32 0.53906912 Unclass 

Assay 3 40 24 0.62788068 Unclas; 

Assay4 47 27 0.634511 Unclass 

Total 180 119 0.603476 T21 

FIG. 22B 

Pg. 1247



WO 2009/013492 PCT/GB2008/002524 

26/30 

N N 

N 

Father 

M N 

Mother 

Possible Fetal Genotypes 

N 

FIG. 23 

M 

M M 

N = normal allele 

M = mutant allele 

WO 2009/013492 

26/30 

Mother 

Possible Fetal Genotypes 

FIG. 23 

PCT/GB2008/002524 

= 

[
F
w
 

| 

<4
 

N = normal! allele 

M = mutant allele

WO 2009/013492 

26/30 

Father Mother 

Possible Fetal Genotypes 

FIG. 23 

PCT/GB2008/002524 

N = normal allele 

M = mutant allele 

Pg. 1248



WO 2009/013492 PCT/GB2008/002524 

27/30 

Cases Samples 
Expected No of 

panels 
ZFY ZFX 

ALL 
POS 

NET 
ZFY 

NET 
ZFX 

1 XY + XX 50% 1 239 465 155 84 310 
(XX %) 25% 1 328 447 205 123 242 

2 XVI + XY2 50% 1 414 405 220 194 185 

(XY2 %) 25% 1 432 426 245 187 181 

FIG. 24A 

Ref 
allele mr SPRTa

Y 0.37 XX 
Y 0.56 XX 

X 0.85 XY 

X 0.81 XY 

Cases 
No of 
panels 

ZFY ZFX 
ALL 
POS 

NET 
ZFY 

NET 
ZFX 

Ref 
allele mr 

1 1 81 171 18 63 153 Y 0.11 
2 1 103 175 23 80 152 Y 0.14 
3 1 110 175 28 82 147 Y 0A6 
4 1 111 156 24 87 132 Y 0.16 
5 2 236 322 50 186 272 Y 0.17 
6 1 116 184 29 87 155 Y 0.16 
7 1 94 169 19 75 150 Y 0.13 
8 1 91 155 24 67 131 Y 0.13 
9 3 333 447 74 259 373 Y 0.16 
10 1 110 154 24 86 130 Y 0.16 
11 1 83 170 26 57 144 Y 0.11 
12 1 85 159 16 69 143 Y 0.12 

FIG. 24B 
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Cases Samples 
Expected No of ZFY ZFX 

ALL NET NET Ref 
SPRr 

% panels POS ZFY ZFX allele 
mr 

XY+XX 50% 239 465 155 84 310 y 0.37 xx 
(XX%) 25% 328 447 205 123 242 y 0.56 xx 

2 XY1 +XY2 50% 414 405 220 194 185 X 0.85 XY 

(XY2 %) 25% 432 426 245 187 181 X 0.81 XY 

FIG. 24A 

Cases 
No of ZFY ZFX ALL NET NET Ref 

SPRT 
panels POS ZFY ZFX allele 

m,. 

1 1 81 171 18 63 153 y 0.11 xx 
2 1 103 175 23 80 152 y 0.14 xx 
3 1 110 175 28 82 147 y 0.16 xx 
4 1 111 156 24 87 132 y 0.16 xx 
5 2 236 322 50 186 272 y 0.17 xx 
6 1 116 184 29 87 155 y 0.16 xx 
7 1 94 169 19 75 150 y 0.13 xx 
8 1 91 155 24 67 131 y 0.13 xx 
9 3 333 447 74 259 373 y 0.16 xx 
10 1 110 154 24 86 130 y 0.16 xx 
11 1 83 170 26 57 144 y 0.11 xx 
12 1 85 159 16 69 143 y 0.12 xx 
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Cases 
No of 
panels 

Maternal 

genotype 
Fetal 

genotypd 
Expected 
fetal % 

A G 
ALL 
POS 

NET A NET G 
Actual 
fetal °A' 

1 1 AG GG 15% 264 318 116 148 202 9.6 
2 1 AG GG 15% 208 276 81 127 195 14.3 
3 1 AG AG 15% 248 251 87 161 164 15.4 
4 1 AG GG 15% 158 240 51 107 189 13.7 
5 1 AG AG 15% 226 245 70 156 175 16.8 
6 1 AG AG 15% 319 319 130 189 189 18.1 
7 1 AG AG 15% 254 279 94 160 185 19.8 
8 1 AG GG 15% 296 363 144 152 219 15.7 
9 1 AG AG 15% 279 285 100 179 185 13.0 
10 1 AG AA 15% 337 278 120 217 158 Ng 

1 1 AG GG 20% 248 295 96 152 199 13.0 
2 1 AG GG 20% 191 289 79 112 210 19.5 
3 1 AG AG 20% 248 218 75 173 143 18.2 
4 1 AG GG 20% 158 257 59 99 198 25.9 
5 1 AG AG 20% 231 215 71 160 144 20.3 
6 1 AG AG 20% 281 283 98 183 185 26.3 
7 1 AG AG 20% 256 231 88 168 143 22.7 
8 1 AG GG 20% 246 311 104 142 207 23.0 
9 1 AG AG 20% 267 249 83 184 166 21.9 

10 1 AG AA 20% 303 203 77 226 126 Ng 

1 1 AG GG 25% 244 304 99 145 205 15.7 
2 1 AG GG 25% 209 314 88 121 226 24.9 
3 1 AG AG 25% 204 212 55 149 157 28.0 
4 1 AG GG 25% 185 290 76 109 214 25.9 
5 1 AG AG 25% 233 243 77 156 166 24.5 
6 1 AG AG 25% 292 305 110 182 195 27.3 
7 1 AG AG 25% 261 275 95 166 180 22.5 
8 1 AG GG 25% 236 327 96 140 231 26.7 
9 1 AG AG 25% 271 280 104 167 176 25.2 
10 1 AG AA 25% 243 154 46 197 108 NA 

1 1 AG GG 50% 136 293 57 79 236 33.6 
2 1 AG GG 50% 163 358 78 85 280 45.8 
3 1 AG AG 50% 200 208 53 147 155 55.7 
4 1 AG GG 50% 137 356 66 71 290 53.0 
5 1 AG AG 50% 247 246 91 156 155 57.7 
6 1 AG AG 50% 218 245 68 150 177 53.8 
7 1 AG AG 50% 255 282 103 152 179 51.3 
8 1 AG GG 50% 158 398 83 75 315 57.6 
9 1 AG AG 50% 235 225 74 161 151 55.7 

10 1 AG AA 50% 317 106 35 282 71 Ng 

• A = Mutated allele, G = Wildtype allele. 
• The actual fetal DNA % is determined by the digital ZFY/X assay. 
• The fetus is female and digital ZFY/X assay cannot be applied. 
d SPRT was done with the fetal % determined by the digital ZFY/X assay except case 10; U, unclassified. 

FIG. 25 

Ref 
allele rr SPR1d

0 
>

 >
 2

. 
1>

 S
. 

2.
 >

 >
 S

. 

0.42 GG 
0.32 GG 
0.39 AG 
0.23 GG 
0.35 AG 
0.54 AG 
0.40 AG 
0.49 GG 
0.45 AG 
0.45 AA 

A 0.39 GG 
A 0.29 GG 
G 0.34 U 
A 0.23 GG 
G 0.33 AG 
A 0.46 AG 
G 0.36 AG 
A 0.39 GG 
G 0.39 AG 
G 0.31 AA 

A 0.38 GG 
A 0.32 GG 
A 0.31 AG 
A 0.28 GG 
A 0.36 AG 
A 0.48 AG 
A 0.42 AG 
A 0.37 GG 
A 0.44 AG 
G 0.22 AA 

A 0.20 GG 
A 0.24 GG 
A 0.30 AG 
A 0.18 GG 
G 0.39 AG 
A 0.34 AG 
A 0.41 AG 
A 0.23 GG 
G 0.35 AG 
G 0.15 AA 
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Cases 
Noof Maternal Fetal Expected A G 

ALL 
NETG 

Actual Ref 
SPR'f 

eanels geno~e~ geno~e~ fetal% POS 
NETA 

fetal 0/.' allele IT\-

1 1 AG GG 15% 264 318 116 148 202 9.6 A 0.42 GG 
2 1 AG GG 15% 206 276 61 127 195 14.3 A 0.32 GG 
3 1 AG AG 15% 246 251 67 161 164 15.4 A 0.39 AG 
4 1 AG GG 15% 158 240 51 107 189 13.7 A 0.23 GG 
5 1 AG AG 15% 226 245 70 156 175 16.8 A 0.35 AG 
6 1 AG AG 15% 319 319 130 189 189 18.1 A 0.54 AG 
7 1 AG AG 15% 254 279 94 160 185 19.6 A 0.40 AG 
8 1 AG GG 15% 296 363 144 152 219 15.7 A 0.49 GG 
9 1 AG AG 15% 279 285 100 179 185 13.0 A 0.45 AG 
10 AG AA 15% 337 276 120 217 158 NK G 0.45 AA 

1 AG GG 20% 248 295 96 152 199 13.0 A 0.39 GG 
2 AG GG 20% 191 289 79 112 210 19.5 A 0.29 GG 
3 AG AG 20% 248 218 75 173 143 18.2 G 0.34 u 
4 AG GG 20% 158 257 59 99 196 25.9 A 0.23 GG 
5 AG AG 20% 231 215 71 160 144 20.3 G 0.33 AG 
6 AG AG 20% 281 283 98 183 185 26.3 A 0.46 AG 
7 AG AG 20% 256 231 88 168 143 22.7 G 0.36 AG 
8 AG GG 20% 246 311 104 142 207 23.0 A 0.39 GG 
9 AG AG 20% 267 249 83 164 166 21.9 G 0.39 AG 

10 AG AA 20% 303 203 77 226 126 NA" G 0.31 AA 

1 AG GG 25% 244 304 99 145 205 15.7 A 0.36 GG 
2 1 AG GG 25% 209 314 86 121 226 24.9 A 0.32 GG 
3 1 AG AG 25% 204 212 55 149 157 28.0 A 0.31 AG 
4 1 AG GG 25% 185 290 76 109 214 25.9 A 0.28 GG 
5 1 AG AG 25% 233 243 77 156 166 24.5 A 0.36 AG 
6 1 AG AG 25% 292 305 110 182 195 27.3 A 0.48 AG 
7 1 AG AG 25¾ 261 275 95 166 180 22.5 A 0.42 AG 
8 1 AG GG 25% 236 327 96 140 231 26.7 A 0.37 GG 
9 1 AG AG 25% 271 280 104 167 176 25.2 A 0.44 AG 

10 1 AG AA 25% 243 154 46 197 108 NK G 0.22 AA 

1 1 AG GG 50% 136 293 57 79 236 33.6 A 0.20 GG 
2 1 AG GG 50% 163 358 78 85 280 45.8 A 0.24 GG 
3 1 AG AG 50% 200 208 53 147 155 55.7 A 0.30 AG 
4 1 AG GG 50% 137 356 66 71 290 53.0 A 0.18 GG 
5 1 AG AG 50% 247 246 91 156 155 57.7 G 0.39 AG 
6 1 AG AG 50% 216 245 66 150 177 53.8 A 0.34 AG 
7 1 AG AG 50% 255 282 103 152 179 51.3 A 0.41 AG 
8 1 AG GG 50% 156 396 83 75 315 57.6 A 0.23 GG 
9 1 AG AG 50% 235 225 74 161 151 55.7 G 0.35 AG 

10 AG AA 50% 317 106 35 282 71 NA" G 0.15 AA 

• A = Mutated allele, G = Wildtype allele. 
b The actual fetal DNA % is determined by !he digital ZFYIX assay. 
0 The fetus is female and digital ZFYIX assay cannot be applied. 
d SPRT was done with the fetal % determined by the digital ZFY/X assay except case 1 o; U, unclassified. 
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additional fees. 

As only some of the required additional search fees were timely paid by the applicant, this international search reportcovers 
only those claims for which fees were paid, specifically claims Nos.: 

No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the 
payment of a protest fee. 

The additional search fees were accompanied by the applicant's protest but the applicable protest 
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No protest accompanied the payment of additional search fees. 
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International IcMion No. PCT/GB2008 /002524 

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 

Continuation of Box 11.2 

Claims Nos.: 13,19-24,27-29 

No opinion is given for claims 13, 19 to 24 and 27 to 29 because the 
subject-matter of said claims is not clearly defined contrary to the 
requirements of Article 6 PCT. The reasons are as follows: 

According to claim 13 "the cutoff value is based on a measurement of one 
of the first portions or a measurement of one of the second portions". 
This vague expression does not enable the skilled reader to determine 
how the cutoff value is calculated nor which quantities are used in the 
calculation of said cutoff value. The subject—matter of claim 13 is 
unclear to such an extent that no meaningful search could be carried 
out. 

According to claim 19, the "calculating of the first cutoff value 
includes at least one of: sequential probability ratio testing, false 
discovery rates, confidence intervals, and receiver operating 
characteristic curves." These listed methods allow for hypothesis 
testing (i.e. sequence imbalance vs sequence balance) based on given 
cutoff values. It is unclear how these methods are used for calculating 
the cutoff value itself. 

Claims 20 to 24 define a proportion P1 and a set of probability values 
and state that the method includes "calculating the first cutoff value 
from the first proportion P1" (claim 20). This information, however, is 
insufficient to define said cutoff value. Moreover, the calculation of 
P1 itself is unclear: according to claim 21, P1 is calculated "using the 
first probability and the second probability". It is unclear. how exactly 
these probabilities are used in the calculation of P1. 

In claim 22, it is unclear what is being addressed by "an expected ratio 
relative to the non-reference nucleic acid sequence". Consequently, the 
calculation of the "first probability" remains unclear as well. 

Claim 24 defines yet another probability, "third probability" but does 
not specify the purpose of this probability. It is unclear why this 
probability is defined and how it is used in the determination of the 
cutoff value. Also, according to claim 24 "calculating the second 
probability ... includes assuming that first probability and second 
probability are independent". It is unclear how the independence of the 
first and the second probabilities is incorporated in the calculation of 
the second probability. 

The wording of claims 19 to 24 does not enable the skilled person to 
determine how the cutoff value is calculated. Consequently, no search 
regarding the definition of the cutoff value could be carried out. 
Although the description is more specific regarding the calculation of 
the cutoff values, the relevant passages are spread across pages 22 to 
26 and could not be interpreted unambiguously. 

Claim 27 also attempts to define the first cutoff value by "determining 
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FURTHER INFORMATION CONTINUED FROM PCIASAd 210 

a first average concentration ...; and multiplying the first average 
concentration by a factor derived from the first percentage to obtain a 
second average concentration ...". The claim only specifies that the 
factor is derived from the first percentage, but does not specify how 
exactly said factor is calculated. Furthermore, the result of the claim 
is a second average concentration. The claim does not specify how this 
second average concentration is used in the calculation of the cutoff 
value. 

Claims 28 and 29 further specify the average concentration but do not 
enlighten the procedure of calculating the cutoff value. 

Consequently, the method of calculating said cutoff value is unclear to 
such an extent that could not be meaningfully searched. 

The applicant's attention is drawn to the fact that claims relating to 
inventions in respect of which no international search report has been 
established need not be the subject of an international preliminary 
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO 
policy when acting as an International Preliminary Examining Authority is 
normally not to carry out a preliminary examination on matter which has 
not been searched. This is the case irrespective of whether or not the 
claims are amended following receipt of the search report or during any 
Chapter II procedure. If the application proceeds into the regional phase 
before the EPO, the applicant is reminded that a search may be carried 
out during examination before the EPO (see EPO Guideline C—VI, 8.2), 
should the problems which led to the Article 17(2)PCT declaration be 
overcome. 
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 

This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. claims: 1-12,14-18,31 

A method for determining whether a nucleic acid sequence 
imbalance in a sample exists whereby the average 
concentration of a reference nucleic acid in a reaction is 
taken into account. 

2. claims: 25-26,30 

A method for determining whether a nucleic acid sequence 
imbalance in a sample exists whereby the sample consists of 
two or more types of cells and the percentage of the nucleic 
acid sequence from the first type of cells is taken into 
account. 
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34. .11.001 44'4 4t *If- *Alio} 444 V9111'-4. s4131.4Til. 44+-1 
"V -V- !?.1 4',1 *l1- O1 -4' t 44'.4 4-4 ni 41-4.41 q171-ti'l 
M 21 t Iffgl VIII H."I 61 44 5  111141 21 .;4•74 ii, i1

si T111 st• E.* ;21 -A A ti 14-91 .1 -4 ql• 414' V 71 
tt !MM. .44 .Y1 t. 7,4 , ;.i:F•$03  ,9-3;?: 

102d1.1 VS1 41A, Kt 1 1 41x1 3*. .;1341 t< xl 7011 TALI ID% 25T. al% 1.011% "(l-
b 14.1 414 V.14**V 4-

[02131 €1, r111 AA  21 ₹ *A 

[0214f e4. PLACO1 r11  WA-SW 

102 1.31 ‘9, •.1i111 21 WI MAU 4)-11:41 010; r 23130= A1-:54-4I Olaf 0A-5:NM Q.1 1.41 ;IV 11 
1114 If rm 0.1: 20157 A.?4, 13. 218-2231), .2.1: e00 '4 2:'  'Willi 21 *111V Tr 

'Pl}" DNA RM 14*-a- vl *Pa RNA-4W EMU** qttlA1. q** 
P-'1. VI/MP- . .114* !TA* INA-13NP •WN!?-gf- , DNA. Ni .q v+ 74*V: 

v:41p4 1.1ii..4a- itit 4i4, tr-14t-a V ,tA1 
...... n ML-2- 171}.- KR ti!..11 4-914%.334. a:M-1 

M -SNP III tV.?:14. m: =a• 1414:a, .1-71 FC Vi sula il.'04 4147 sn.61.1 

102161 1.3a.t -5?! 44:-.5. eikAl 1.*11 lOis1 F• t`.} rIA1* *A-SNP V.-14.91 
1300* -1-14!:0.1*. ii!:-V+ :,011 -§1-41-tga• 41.W.444. V.44--14-7Pg-q1-

V4 61-211 914.1"Ivig- -:'Cl <4411.9;.M. c1 41;8 PA -14.41.471t-tA (11, !`)1 9,1-1:7: 4: 

4 24* 41014.1: 'r.21' Ailsf-Vvf. T21, 411-44 Al 3M-I 4! P.. MA RNA 
Al-**1-A 4:4A 471 ilk$1•Al V.4.1-61344. 

M217) 11 144=-4 44R-. :z)Z-kt•.- 21 *1* .91: O1 *IA 
RNA Almtftc+. .13bt. %IA cM'il 4E- 1144A V.. 1-411 21 cAhl  ° 

*tiM RNA-SNP it 13504 •ti-4 Si 4. :i1V- -Kt Ivr4,4 -M-4+4!"41O- ifq.1 
'914 21 q• 042272P 14 '41 fa 1 38,1- .1.*0 get f)) t  TI-V" 7i  '3".e vgi• 4160 
Vvt- !rd k}'1 , 2.84-11 4=14%4 . 71181 V1.514111 $1 -3- Ilk1 4 •:3114.v: -Wit et, 

, *71 -k116.3141 <4ii• -AMA !On' 4'1-41 Al-S*A *T hl 
7,4 -?-41 41i1-41 4444) A.aof gyzi. 

102181 141:491 RNA-SNP71- >iiSM ,11.4.K1e-0.1 Vvilt 
qv+, 's AR VI- MAN 401., -0 EVA 71 4E' s Ai 4€ 131 s!.. 4 %V'1. 

4 1.21<1 A 3S.4- Ill% V-M-* 6i1 4v1-, 
V,KW RNA-SNP *Mil- AV: 10 *-14•11-71',11- VI ,u1..t 5:4E- In -& .4-g 

04- ROA •?.1-4 3,44t- g;:c4 14.311Ai.91 i?rviN Eigq-A,01 
**1 44 II .11 *11'4 A 3:217N: PCR-71 :t1.-tti tri4 Ai-g-V szt:11::- -7- .1-4. ,ZE . 

1.%-1 '4 V -Pr Di (EAR) Ilia- +g-t1.0.1 I11.41 3A9.1 111 4.14?- 11 't 31-al 44.11 - 1 P.P$1 1 
1:31 0248. [Tong YK el a . 2006 CI in Chem, 52, 21.04-2202] '441 t"- t 744.4.- 1:11 EAR01 ',7; 

25 --

[02fl1}! 

102l 4 l 

1n21.5J 

\} :.1~ :}·~•~1 .. •q , :11 ·:::n :t ii; H~ \=_: t]·<?~ -s~1 ~;;11 f 1 rR <t-r ·:~tt_: 
·}~ -t~ ~/- :,W·&t'.11 ~~} .. :.:f ·z} ~~J .>,.:! 7~ftfj l'>.! ·11 ?.· '?} -;J •:_-:l )({ ,(:; f:\_)( E'.] 
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Pg. 1289



10-189067 

1,1 7) II 01=3-1-;i1 *0KI-. 

102201 B. RCD 

10221.1 g-.1k, ill Al 21 11 Al-P1 atFil.--1 AN:14 .R..11V14.5c PC1.1. *N 'a- .14401 ;II 21 44-1 1ft ETA* 
K.Dsq 1:4 :A ,tia2Y7P8-..V 4 444 .1411 O11.P. ,q Al-g4tt1T-1- .4 21 ':1:1 

.1)%k 10-141 k11- 47-1N-a Alt. ff.; c'.1 KM 1441 44141 ..-"?.• 914, 2.711 4)1`44 V 21 .1*V 
.14 21 411-.2....AN-Ei Eitt DNA Cifr i t i 1,4)All titi-mN-Ei LIM 11 

ri PcR 5,1 ail -v:1.1.1 I-4 914 nztl *id t -g7 RU} -tpii m WV?. 
PI, Pr fElf 04- :1-•aaMtl.. 1171 RG€F<?€ 4404. ;VI 4 1 ziE1.11%,'Tl. 171 IA, i1h-1 

1 ,04, 434* qie 1-4}414:!: AinP1 stv -;44.1.* 1.I 01.61-%El. vW. 1M* .S iitetM 1-1-491 )51 
Vol tIM 

.12221 NA 114'114 11*1- i APoi2.14- L:11 t1• t Y-1.1 4 44401- 344M lc41-1:4 1>`A4 
21 MO* .11 * •It 4' 91b 7,10 11.1O4.1 V& 14141'..4 I'M 4x: DNAM 50% 25%1 Q-

V qi 21 4 k.1: DNA* 'aft rf. 4:141 1:11 34 4 21 ID -4 gi 4,:i4 

4* DNA :44 11141'?Ai £1 Mks* °11 01-1. 2trigi 50% DNA 
-i4bt •elP1 so% tAt *N..1 rat, spRT 

kst -*/- 440) 4444. *AIM-4lb If1.141.4 2. 5.11-74 Ai‘-'01 -rit•m:.,t.T.1 416 DNA:g 
44 3141 4.F f01 1 -01414 .5L1 giAt. 011 O-4 1.01§1 25% DNA .Y•  :1.4 std. 
• 1463:-.: 21S% 44 DNA 4!• RC!) rill SPRI 4E* t iro* 4O44. 
=A! itiA1 444 14 DSA 1*21-1: 0!•41-81-14. 

02231 4D V 14(1 .1[AM 4 4°1 ''-'1=7-4 384- ftl? t1.4t cl• 
914, 50% DNA 384.- 01.n 5:4:4 IV .71- 414. 25 fk 4:11% 

cfigH• 384-S * 11 6[3)1M 1711 WA! 7115Y-1 ..11M 71' ..a.:rzki.q. 3841.As1 CIA* MR it4.-API +71-4 
c3,1 41A-04 1 -?-31 ti3' 1•. i 120004: 414 A1-11-61.01:41 144 4•NI 
VII: El% 

102251 11i, O x1V- €' :€'=i':1- O1 -R-41 

10226] A. 1.1.2) 

102271 RNA re.A 2:: 3. ipt) ( tr,i yg Ai-g•-sfol 
qv; g4 VA} qol ??.) :14 rXt 4AFAI atf 

 11114 A17. 4 olqs?) 
$'...AOTATATACIAACCATOTZTMXICCAtIA,3' *1..4 14.T. az k,9 co oil •1 

x.Calg- t ,.gr a t DNA Tettnolog es) )11 . Rtii1.-5111.1 M '?-1 A RNA((4 d)NA ) Ye 
11 IAA 14- (Ali Ell VI! M. A11?) A' '4 .V3181I1 0, tit .KR V4 *lot 11'tiA. 

OM frf; 5',-CCOCTAGOOTOICITTMAGIC-3' (AV 2). 
OTOTTOCAATACAA.A.ATCAOTTIVT' (Al% 3) 
(FA.M)ATMOAKICA,AATTO(Melar.004' (Al V 4.) 01 -3i' IN-Kt-114 ;!‘: :AN oi 1 Z4,

fl 5- 01.*19.. al.a ;1 7! . Kil€4. 8-141-4 A1 *I-2. 4111 1O1-11,-, mrea701-..!: 111. i. 

1.1) 3ii. *e}1' RIAU 4. Am €•iK.l:. I -a- At***.z1 , 

02.28) 71-14 111 DNA 4211 1-V M.YA. M Proiigo ) 
V 444%14 . 

.5,...comocTiwoorGTatTrrAAcicrATToommAAAreA,AATrroocriAAmmA. 
AAAGAAACIX:ATTIIOTATTOCAACACCAO0AOTATCCCAMXIGACTC0-3' 

Fov.4. 
-VA 25 .1) I.. Si:- 2X 4 a V 411 01 (,} ,,,,,, . v.) .*-1tataan thi.vet -Nil I KR [433 er *1* ei-.1.,a1, tie)! 

2. .Al 2.117.$)* .4-01141 411tIttv-1.. -445t1 7-se1.61v1 400 AM `4 AN:A 80 0-4.- A).-§-tf 
9114 . MI &kJ 7900iff Al V * Ai ea g '  131'°1 ±' , ;501:: (I 41 2.1?? 21-&I 
▪ *lojm 95t1,9 1.0* %,z1- 4qttal. 95togAi Q {50r1 A1 7491 4.544.21* +VA-114. gfr, 

• toTi 1.71P1 * 1-I1 NI? ?ri g'e• -1.4z4 DNA .?3E.'e.-

102211 

f0:?.22.l ~~~--~~~1 -~~ ·:~lql -~,i ~?.l rH<11· ;;:~:.\,~-~ } .. j t}~/!S~,.:>.J- r:·1-·7 p-~t [-~CD iiY~{l },}~g--~lf~! ~~1 ~~1}-·=f>i:}1 DNA~1 -.~:~~-~i-?fl --'{<~; 

-~J! ;~~l 2 J. })\:\ {f {} .~:: ~t{ ·t· ,:;:_j {;} zii -=J ttl :/ 1 jN -~$}} . :-ll Hi!-·=[:. ·=~1l _r;:~ -*1l \{ ::f:~ ?t~~~~ iJN.:\ :::~i ·:i,]i ·.:~-~ -··".;}-- $0 'l: ~~~ _:~~~~ q:. ~:~·; {i 

·:g~,jA! 2! ,/!>{!· l):'i,\ff \iHl·8J~, .. -:S-·tj·fr-K -;::--·,j;:;j-7.!r:j, J(};·'l!YI ;::'J:-.f;,l! 21 'l} l{,i'tf!;c,J \l:1ll iH·';:_\'·E·k! 
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fs-44 10-189$167 

102291 

f: X1914• ifiq Ai zv , tt&e, I 91 IT* 37%,1- -a7 44% *it 

ta. AIM :1i- KR *Mil- 14-'dzi17114. 6.1 , kiVAA ill14spfmnitig ) ct 

t, ettJTATICOCA.ACACCATITIO0-3. ( k..4 444 :4„ ..4

4 01'1* 4-441-oi *4 *I mrsg, ee V4 

KAN. Ail A ngq30;i33 SgP-9I 2494 11 'V * 7A, 44 4 27M 4 40 4HiA1- 4ell 04 a 7.1-
.h$ 11 4 T. ti• 9,1 tz3 A 01144144 04°4 44 

(FAM)MYretirCrAlkerrO(MOStilvg)-3' , , . . 
t A il 7)- (.(iTCATCTAMMOGIINFQ)-- 

(Mit -0%4. Ci• -VA Lg. 2.X 4.E1,4 * 11 Cy₹ VW* li.V*W1-, 
$31 xiAt?): 31-1-041 13P.,•Eff 4 .z:4-•91 :F-Ii!l'<01. 572 ng, II 4-1:1 :7}-4..1-41: *1  10.7 tt.4 

1Z 411.* t xt -A- 4.s, AS!.:1!. 357 raig-7 t .4)-61-1 AIM .MISai MOlit Ail Wit AP..A1M la tat 
914.. v1:1-a- E:otovi AIM t11 0.1)1 95t 1 )4 *9!-.. -W111 '..it ;1:> i+ t 
11.1: ,i,a3 914. '&11. 2.2.2 si! gt ( * .z1-7,1 s. 0} x1-2.1 " 111 Ar 

s.q 11 4. 11 010* 1' V 4%14. 1' 71 Tx 9i 46.1t 6.1 t 71 11:4* Al' 

.":1.4?14 'E t  G '11114.1- *14 414 Wed 441- :F1'4401 SWF .61-(11: API 4111 . 

f0231.1 r47.1 RCO f•<4 

02321 'ZI*71 "44:51 g c- s2} *4- tZ1 ......... *• 14-.;:M1 01-14. timqou'Is vtgo. 
Lts- •.:L to9 Y1f imiDrQ.g, Tecilnol (11v) )04 1 :Itarotif,14. &0 pely.s1 4-g-tfoi DNA 

1.-S1 tg Pir N 14-g- 4 t 0•NA91 944, DNA II*4- ed 

96-4 .V.,14141 :1 h:: .PCR •.3,414 .94 AI •41"e, 91, sg ritiV **a - 1-1.14 k411 

31..t 401.Kel PCR tZt Al q ft * 7't API 4514:1-

'0J M 41 :?)134 *V 4704. t1 RI) . 21 "::-11-1 q,fif. *;14.4 (E-ti 

I Geld seh S. et al. 2004 Med Gew 41, 90D- .1:51)(- nal 

5cOTTGTMTGCAAAAAACCTVCGA-3s 
(Ai 4 

V-CTTGC,ICCAGA,AATACITCATTACCATAT4*  lom \ x (zi „54:40

:4 t!l'ii,L:1-* IMAM: .1*!E$'1! 4gl E11.alq aifr 91 14 

5'-(PAM)TACCrrCCAT AATOAGTAAAgyMBNFQ)-3' 
:Arai 11) 

(VIC)CGTACCDCTOTAATGTOT.A.A(MfaBWQ)-3' . 
(Ail 12 ) %. 4• 4:11-M 4A-1 

PCR (.01*l?1•01.11'. tt)-*-1.2.242.';:tr.n.) .M.40071 450 ) 'r4 :44  i*$ 0 125 

41A V-:.4t 5 it *104 5n-ilki 2* *IV Y1111* -11, *1o)11- 95t1.1 10 V.- 4491 %IA 

t'.?! gat. lLt 4112'9 V. i.".1nAM 50 4'71 49,14, A1:41 'V ttli"..±. ADI PRISM 7900D'1' 
-II* (0.14.4cip:a SDS 2,2.2  ti  4 *1 4(1 9. Al 

) *I 4 V VA ? VI 314 V. 4 01 41 4' II 4% 71:-* ),1 Tif'114 4 * 

444914 1.4.4 21 *1 11 r4i $11 ci) 9.1 4: :144- (A1 MT 41 4 4 • %WI =A 

1* IsM1•71.. 71-V•41:1 BA>71-1 01.24.1 -384-1 lit-A*1311 4'.a5),1 ?A 614. 

0.234) 1- Tit I ;1.4 KR AI* 

102”1 A. RNA —SIN? 

02361 4 -1.4 AI "r1 PCR-3- 41-** N lis: 41,91 '8'* 01-611.?.. 

(Pita dip Bid:ark ".1.41-4t: ..;1A101 V:31 ?4-t . 41-141 Alq 

V'''. Al  -;`,- ts1 %VOA xi PCR* 

10237) 21 04* 44 IN At A F.V-ul 131-a• 4#101c+. 
es,1 :(4 4i1;,n 314 uliv.1. A,!*.11,k1 PLAC4 ra8130R13 SiPN 'M x141 

it- q 451,4 M. 4 114 

fOltki RNA Atg #4' ezt (rd .EJA.N.41 * 41:0.4 g tl 

AoTATATAGAAcCATarrrAeoCCAOA-'r . . 
( AI% 13) ) 64 1?•1 Cli:T). XI 31 1.1 VI :DNA 

[n237J 

'H ::~~ \~ ·1} ';j_ ~~l---A~ ,ff::, f ··q :?-~ ft}~. ;J6·? r.)f f~ 1f ~i, t::f 'j r+. ~~}{~- -?, AB] Pl~] S8i '?~}GOHT . .r..~ 1}l ?} -=./ .A}:~.:. \~l •:•1} .Ai ;~~~ ;:~, ·&j· 

:rt~·t. \}l{f-~} srrtnfj.J,·j :~~{{ ~r---\~ /}l .{.r1-j.~_ l:rJ•.:-1,,,1.~: 9~~\T>·1l -~--=i 10·{( -t---=-t~· .:gt~}in~~-~- ·:/3'C•:":-!J.-i..~1 JS"}:: :~n 5-7\~_>:-:-lJ.-i..~1 

qj, 

\L ,·,J] 

... 2? ... 
Pg. 1291



10-189067 

1:11 :1-41A1 tlxl* PCR 44°1 4A1 API q * *11 

102341 

102401 

102411 

11. FOS :;(1T-1 01 4°1 -( ***I )4 91 1$14'4 ,!;14 . Ak114 MR* 
K.1.• 4431 vi 'er °I t 12111 4E-11 F f.- eit**71 121N 4 )1,kol 

4A it 7 ni. -145(i 471 -VC- 7651 * .a. 4'4 11AC4 4:i r s81.30833 
.5,-TrroTATTocAAcAccArri-Go-r SNP :41;"vg• al. oi $.1 ; NI 14)) 

sl#;x1.   rq • 41 4-4)4 rs.81.M1133 SNIIN 21 (4 Ii141-141-744 4z1- ji:4 ?:1 

olaid m.antsi, AM .& 11 A WI] 4441 4 t1 01 44 
5t-CFAMYTCCTCOTCTAACII0(MODNIKD-3` . 

OM 15) '.1iZ 5 • --(V IC afTCGRAKTAACTMOIGENFQ 
C,tt C 16)114. is' 4 10 1S. 2X a 71. 41-111.114 Pa1 si°4 PIN *I 4 01 210.41 

4ZI. 4°44, 44.54 I,114-er Pa "IA zN 40iti ;IL 1111 
+1-zi 4-G-4011 m 53,-5 a t1I 30-4-.;14--A--4-*17.44 It KM. 17$ 5 41 cDNA lig 3 .5 111..iI ,}4S*1-1 
rr 41:4 4 VI dINA ??.:•.-1 X114)1 t .4 V: "1 4* ki 114=4 , 4 741 2.4 gill 4 AI t 1.2 
4 Wo1 .1-41-4',Z1 V-& 01 al (Nara ex YIN IFC 461:1 (-PitetscN)P4 el 4 
Plt Y•1t-}9114. ti161.9.34:alv Al A <41A1 4'44'0 tt. '4144: t AI 2* Y4.41.6-fa, t1 F1 

t :104v- 11I-81,51. *11 :;f. t 0f1A1 4C4-1 1-VA-%1 

14A 1113 4- AO V 2.4P1 r2.1 N It 4 4 ................ VI RNA 'iii..  765-1 4914, 
4491 11. 4 . A G 3:111d' 't1.4 44'!: 4'3O4 441 <IMed l m ii.s4 14 4 

111 AI* -t --44Ritlii 4 V*1491 It1* (Pd* ttli± 1 414 
1g -C.f. -v•sa irk )4 .1 r* 0 si14 -74- M ns P: 14 4, -Artf t. T21 

if77:?:"%i All -tA t i7 114%4. 5: 44 0 ° 1 
 "r.231 SL A1-14°I RNA 44 

:11.-4:91:ZIK•st. 

ICA 4 014 41 91 °IV V Nil Al MI 21. 4014 71-;!. 11 91 ,+Aki 4410 01- RNA 1.1*.a. 
71-N. 41" aM1-• 4,?1,1 CI 12191 765-i11 QI-g• 49. 4: 1I• RNA 114 ce. 91S031111 fa: 

q. I.5ht 121 441 tm lel 4444. Rog qq,,1 .14.2
V'''1, VI -T11 't t  <1.P1$1 110 ‹Il• 4 V.'. *91 1 e91 sIgt *.V.4}1 

4.11,14. I:1 4E*Y 4+1 -11 EN. 31'71 :•!1.1. 31 $.1 -grity,"-Espi 
(. 11'. SC) • 1.5e .t 2 1-111 t(z1 :z.: 1.0 rloitltf 44.4al 1414 44:4 IA-44 

102431 I.17A1V: PC,R4 ert Ittl.71 41* 4111.% vs •'''•a tqamam. i4-71 411-40 0,4-14,z,- 3R ai 11 40,a V 

(0244) Ali 18.91 'SA V  4** 41* 

pu4:31 43: §11 44 18 fP}01 erl'j 41-11-1141 1-471 41 63, 71 I 18 AN 
14-91(e! Q4421 2 mktIm2) THFRA1 t11 wite 

143.1. 1 *i 4 "4 •ti I141- Q [Amp rgiA lm (411 711 91 :410140i awn) ) 
TR1zoi x1'4 01 VIA:0 +7- :gaols M191 CPI fPg,-1) 1.1'd 4:4 21APil 44 4°1 44 

4N1- IA II* VVE.01 ta! RNA **-11- I:44%4. -140 tZ1 RNA f Ant! € ( 
k'ilv 4* cm* 44414. 31,4'i Aiti 101. P,11.14,(Imassaitsty ctimpact) 

ni ilitlotal 4 91 Al -A =64, somenoin) ).fk Al•*51-qj Asf, o e.• oforingenons &la ssErnm (1.0,40 

7,1V4 -44 &.1 D.NA V14:011-Al 4H1A1.- rs601h3 sNwel 41-V4V 

102441 . 4-W404 • ,:+tax{•- 4cj al 
.1CCOCAOACTTereACC.AAACA-3' . 

'%1 17) ( at% Eq ma El 
atg.- :4%4 H...1 RNA V* Al SERPI:81;2 :g A I.:k1 lit 5'1 -1,m 

,g-e-"I re Pm 4.4; vixpg IV 1. ,4t• qt. 101 

4%4, 11ia 4-1011 ra 
Paz Alq:r f: 1,14 • ri,1* PcM 

f024l] 

[0245j 

;? 11 ;~:;}·:.:; :~+. ·tt.:::lf~l £:.] :.:-.:f ~J c•] ~l1 <:! t~~ 12:.:H :/1 ,..tltf~.:;J •-j t:-t}{ff{- t¥~{~-·~::1<:•·; ·-~~~ \~ i2?t~ )'.~l -i~ \} !t -:.iJ :y.:::.~ >~l ~?} c}. 

~~~-.:~l:;·i~ )::-fJ \-J {} ·7 nL ·:tl-~f--~f / t~.1} .:~:: 1\i '8}-:xf ?i 11· 7G5?ft ·~1 :fL zf~?} f{·t(8lJfi:?•. P'l.-AC,t .g.. }:1_ :.;:.} <~} ~::.J :~;Hl~iOftti 

··- 28 .. 
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. St- CPCAOCTCTOCAATCAATOC4" . 
St:11-4?414-. mefolvf { 1 8) 014:14 0.1 ti 

;461P:1 CI AHH1 n 4 41 N 4 .-V 31.r4.• 600 

a•A3 L' SERPINL12 rst.i00 SNPN A .T.t• 6 414.14-t ZAN v-
5'.(rAKICCACAOCKIAATATrr (1k4CAINFQ)-3' ,o 9) ,4! .5,-

(m)cocmitzsArarampARD---3, 20) (61E4,,1.1'.1 .) FAM41- ?ii f.) ) .11.9.. 
,-41 mow:It I.:1-044 Tif, 9) .V1°1114. 44 300 thq 50f.) *ILA 

xI qt. • t: 11". ill ,  gar's.* qt:Y m Al.r1 (414-01 41,1 )ff 44 4 04 ?I} ts€ .2- a IV 12.7ffi WI% 
765.111 s,y 41-4 ;, is;GI  E. ;14 101 .9— ri...-31•N .111.Z)* KR 

1,4-I•0  411)4 4 50c- '.., Al 2* 1.41•4.11, ;}Still =ke'): 44* 96-C1A1 
59C1-41 VTi-g--:71-* l'it}9 .111-, ti (A G .21.4'41 0)4 %.-'0"-;) 

+ 9. IVA 4114 'if 44 441 r, API ig.9-1 +if 4+404x v 41-41131 •Ki MT) ts':-

(0247] (11.11V E.461-q 0)4. G 4161 AI-W1A1 tft kS•Iti (1:1), 
144 DA i4 4114 N +.7). '0471 t 4 Vi-s,?.Ja.4 4 *1 1.4 2:1 el 11.01 .Ixot'S 
3.101 4. **I% -E N trs-s.101 WM- ;if I* Ai s,t1rff. 61* qt04).-. 12-41'e 

eit kg-13-1140i *9`,.!! Aa V. 4 IN 1* El* PP eA'hti: 
x}•491 -  I c 114, .-t-1 slk4 ?,,t* m)Iii4sttg. V.V. 44-2 •viwAl 

11-11 185f. 31, *ti rate II'? 4 .i'Ff V 1**1 * CI** 

qt. sti 

1024g] 44 -14 16P1 2,11.* MO -44 RNA-SNP *7.'.1 19.110f*Ai.fr SFINSR? *114 V rsDODS 41.-a-
t}31. le 71 *1 V 44* MI1 mttsq. * .#1,H1 S1:21 . till i t 4 V VII 44 16 61-

*trf- tri EPA- DNA VI :EN 4144V :VA 014, 9.4-s4 4 -144 V 34 94 :4) 1.8 
(11 IN 4 VI* P;141 ci VI RNA -SNP Y...11 *1--e4V 4 4 N $x, t rilt1 Pe- tee& :Cd* et , 

ntiAl S%'1i'€' Ie. V-414 16al *IA 91-4 7rot. 12.4F: VI *1 

**217„1 4 16 tiq 0- *YIN C4 41'0, 11-IM 4 V1:4 t DAA-8-

V71 11N 01414I tilt 4. 

10249] 0.1, 0.2 0.3-a 7f*.9.-N1 SPRT ?kb Alta, itbq 41:114I,411-. 01* Dvow vim it 
RNA-SNP le V1("1 AR 11,0.1 IM *** .AIA}V:vi 2•44 .-4-.M& *4147).-Vil 

VIVO 44‘114. 4i- 4141 AN 4 AV* 38.1- *-11-51s1+ 4 .4t 
014 t• "f•S• :1144'4n ":41..9) 914. 

(0251] C. IAM.RCI) 

(0252) u14}44--71#1- tlx1V >4% ReD N 2** 1"-g-114 • 4* es ) t11.4
N V.14. is}"Wf4l. °I l'ENIM : 24 41314 1K-4-1 V.41011 (91451Vvi-. 11.7) -kie`--.111-e; 11V 

e* :)000 PC1i4.• '4'• 'as* 

102..53) -VI mt .1 ,4 21 -(T21) elloM 71-"d 11<4. fl•VA-SLV-E1 4C- ALNY, V: 644? 
cd 4. 101 m -r2,1 ta, DNA* -w7;z4:91 vo}1 4:4 v..:4 11 Aim DNA,

20:1 309"e RNA IA** :4 gi t Aft- N*4 ti.- 1 $14 . 
(A VII 260 nellAi (01)) 4.) .04-M-% -a 12.7EZ tH1 esiiI*1 t. 

q.61r--11 Ye- t1).*1.2.1,:a.'m A) 411 )1 21 4 01** xix,t '044%4 . "#4 

41 4* v- vd• oitil 71 1.1•I 

102N 50% DNA 411 %ik. 9414 1 ill 4.)::kit' **1:4463 IPtt ' 31- 41V VIgi 21 

4:4N1. VM :4 ti 1M V- C 4i Ai 2-1 111- 4R1.4i6A1 1.0.1-bp 

Y-OTTOTTCTOCAAAAAACCTTCOA-3` fa. z4V40 F.141 (Alt 21) °411.* At 4°1 T3I 

5'••• CTTOOCCAGAAATACTTCATTACCATAT-3' (AI% 2, )04 1.1 Ai 1. 4. VI 4 21 1 
31-4R!..72- 6}I1=.4 2 4,s1 4 -4-0) al 4 al.:-.mjiL,* Aftf 

ma TRAD AT 

 
     

党 at 

Che 
oo 

二 
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le-189067 

51-(FAM)TA.CCTCCATAAIXMOTAAANGSNPQ)-.3" 23) 
$1.-(VIC)CarA.CeTCTOTA.ATGTOTAA(Mit3BNPQ).•31

("if V 24)V. 34 • 4: Ai gi  
Af-R--q 918. VIAZIslsZi.„ 01NO .v.41 Otif i4 -8-v 4: 9N, 

[02-551 .1;11.14 18 018)* -V*tiA .4111 tlx1V..- V1t7171 #14, 1444 21 -•=.%1.4 
, , 317441- 144V4. 7114 I.': I1-9.1 4-03?..71 41-11x1-11M 128-bp 

-,$'43TACAG.AAlaCCACAAACTGATC00-3' 
11,';:{(a?.';.{'1'01 Se.).*10) (AV 25) qiitlk A.21-01P1 

51-CiTCCAOOCTOTOGOCCT4' 
eskt*.31 2k1) ,1.4 904 *XI •.'"Misi 4. %IA 21 T.. M 407N-:::1, 

2-41M " *.1 

51-41`z.AM)AAGAtltICGAGOCAMMOBNPQ).-3' 
27) 

V-.011C,AACWKiA.CAO0C.A.ACMOBNVQ)-3! . 
• • t 2.e..)15. 4. .V.41.4t 441-3. x 

.NI: A} A14-51%4.- 4-k1-8M ti.40)Y.. ei§1: 414 i $1 A-1441 

pa.561 WM>: 12. 765 tf' of 4°1 04*.0144?:))* Ai-i144 4i7 2,4 41.m Ai (44 ci ti.';11) a:-)11Ai 4: 

9:14. 11!:* * 11 In it Llit '2X illat 1 KR PIA fi} f 01* 4 ol • tflo12 A.)-44,4o1 1711 

1:11C- 1) . 44A lax E. x,3.1. .I.5.40101 
z.r4M 125 114 C41, 50% 3.5 p ,,;,11IeF 

1.1.!z-k1A!...-;mi 1K. 40171 44- 01 41-.1 Al 914 ti NV: 01 g rg x2, fPit11 01-01.9.4aN 
)4-im Vt81"..1t1. 50tc,11At 21- 'Ks 4 (>101.44 95t011.ki 10P-- *ta- 9•51:!01 

15.E ):11 67 14?-f1 40T-71 -Tr-

102571 I -- T21 5i)(.:4:' 1M. MA. *i151*1 ehr2ifehr 3114 M4 *44V. 
4.. 4.491 it* 4 04, dry; c.hrl vH (R- If 01,-g 

.4=.*. i'zzlIZ a'..* if- :1441f.t..11 (Pr)* T.1171-1-%4. K.17.1V.4' Pat. qe"14•

8)-400 141! I It V 41-ik s.{ *.5:1 (mdl ..&1 ma 41- V.11 19s, p, 
•*) ?VIVA -4C1- 1-41-4b A1 121 -11141.4 -1A1.61- * VIA-31.11 , 41'•° 1-V. 4:1474, *IT 

5-• 4-f, SI. tia-oMt- if.-4 4A KA:tti r31404 1704 1-tchil 1$1-M *oh 1'11. 
.'30% AIM DNA 4g:01 1.1EV44 §V4.1.1 1.41A 44 .114IM 10141 M 

l4t1-4 3a 184 t.1-41 1314 V01. *0 - V:41.11- 4R 1I- 4.,:<.1 il.q.411 sivT 

1025 gi 461.11 7R 1 z3V -1 121 4°1-N- >.: t) <421- .thLol M'ff- RCD 
:4"zi-s1 144 766-4 v: •-g• 211V1A-1 chrnicho. .-11*..1(1 M4 MAS'.:14. 

SWE' *-* 4A,* 44'414- lt)°I ti-Eh! tiP). 4°1, 294 V4-44 :1.5 .04. tt01-kl. 
• RC.D *1 -*NH .41.-§- 51tt 411:. 011T1311 4.711A-1 • 

sNif1.4 (-VA [Level t et al. A large-stale evainat ion of atanlo-KR (or the rapi£1. prenatal 
£€.iagnosis of fetBi i sow. fit tr asounti (?bst et Gynecol .3C3ti.€; 17: 115-8) ) 3lat 4r y f- OE. 1411,1 

SiT) [Tsui B. et al . Detect ion of tr Isola>. 21 by (pant i *Ass spec:roe:let ric analys is of 
ng le-ran:tea i polyttorph stas . CI in Choi: 20(g-i.: 5 t 2355-62) ) EfVf.'.' Ai .-n• PC?t z'41 

[7.intnorillatin , et al . -Novel rea -t want i at i ye PO t est for r sow 21 . CI in Chas 2002z 445: 362-

2.1 A1-4•4±- qt . "e.11 sb1 te11,14, 

44* 4 . 4};,1 ql* Asm, 3.4M M4+-4 118 EIJI!' DNA • chr 21 /chi! 1z? '0.1* 'M.* 
14%4. MU- 41.1L4-i t• TOLsi (Pdil T18 .41 ••• 

"KAM I* V141 )514. 4 014:at  VI•s1-4 vn.qvg. 2001 11(4-8,5,1 

f026.11 V. ,rsiV ti4•41. '41 f4,41 'AV ot.R-

f02621 -;3-01 DNA 41(1'4 [Ix tiff). el I.) • 1 i:) . :rg Thom 
Genet. Q. 768-4758) <A I , <4. if 4.4 -**?.:14-14. 44114M a f t a.A4 

l o r1 Si'..7-41 X1,)1 .°1 9861 AA ;k1 {larl 1Lo YRfh et al. 1998 AB) .1.

pas91 

--- 30 

[0262] 

5'-GTCCAGGCTOTGGGCcr:...J' 
( "'· ! ?l 26) •0·ll ,d ~i \· X/ 

-·? iU;J-s,:,i~} ? 11Vl 'j '}! .'+· \·•" 1 ·-,,j ,:/1 .':J. 'il ~-" ,;! "' 

:tt ·ct ~ll~I 
,:·\ ;;~ >.;-') n{j r'i) f· 

SP[{t' {fYf- /P:Jt{f t}tq-~~Hc+ . . S~. t}~j t}rr\"11 ~lf~~~- {}<)L .s:·.r .. 29)~ irl{f<)l ··t1:i;l--.~t . .:-:11 -~frrsi~~i\~}. fff,i?l•}.:}. ·L:j 

Xj\J tCD }n \~~-t- ·}l"-~1] ·=t~ -~l cit••":•:} -1~}-~~::j,t~- s:-1- 1)=11- ~t:~r;~-:;~·i ·W~~ +~-·-t-L {)n~:~lr~ <j:s:t ~;~} .g-~i::~t~J -~}.:t: <:~:?}nff.J.:j J~ 
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.g.444.8) 10-18961V 

10201 

€hral Genet 82. 763-77581). 1.1'3"11 -4 !) 4 71 tf 8 itiAl 9=.1 V.9-RV-51 44. :61 

;'..,!*1 SI-A4 1O1.9S4A .=?-.Vi, K0.1.- .T.1 'FAN 1:11'€'.- -*11.1). ION 4-14*14. 
k 7.1-*C.- thr21 CIS *1 AI .101N 4..P ,yet  N Rep it .?1 41 44 11 kZ b.. 

44%4. 51-A chr21 %.9i1 .RA611 011. *C.:FA 1.0 al CPI VA,1 4LIIKer ,Ms.i *4A 
ViAtt aa1K+. '41.445:431,t, 41g 1t 9Z qi11 

5. * -q ?I.:I:At- 9.-tV till 411 4r41 rIlzi 'Zvi- (..Z4!,- 1 Wing. c. and Canti'ir , CR: 
.2003 Proc. Nat 1 Acad Sci S A 100, 7441 -741Mj). 

0201 i31 atA '4 01 -144-& 4 2e- }Et' -.11 .21 C121.) 
VI Alt V+, 51 PI Ill eZ=4. 6414i r21 Ilk$.1. 1)NA zi-zt 131* .91 VII ilt3.4 -Mt 

Sol SO% si0*.1 in* a t. VI rt"0: 10 I ,̀-'1 DNA M1*-87 46.11*: 14* 6
*)*4't et -g}1 Mtll. UNA* 17.174 2& meg A01 «)D) .11 

'*)* 384-e Y. VIVI ?1 €'\•3\A 1:1-1 g l'Ov1.09P4. Mit* 0 , 1/41 41% VW: 
r-1 zl Ta RCD 1 71 1:4 V. kli•si 

02641 50% 4 11 All (Z1--& 'till 1 qi fr .11-4 4°4 lilt al-  4 1'V el 21 +1-);:t434-91 clx) €•4:R 

.* 71 111.f' IV - VA 51 q.)-- (Ka) 4.714. VIAil .21 c2F •W&I 

% Ag-M 4.41431-si )21--bp (47O1 a:=31.*1 1.f).-tvr kg.4 - 
ACIrTKAGAIGGItarelkit:MAAAACCITCGA-ZiP (A1'4 29) -

AC MIGGAIGCTTGGCCAGAMTACITCATTAMATAT-3' ( 30)* 144.4a1. g'4"9 0.4. 'Will 21 41 
4.21Sti 401* 1.1 04 ay..i?fetzi* t1:4'11.10. • asti 714!. 5 -CTCATCCItACTICGIACCIC-3' ( PC9 
31)014. 

VA 4411 it TO-VA r171 PCR *Ala - iii;>1.71 It  A . A.:4 21 74 18 Ilq?.) 

T a-.1-1•E- 3;171 12C.€) :1) 9,.,3 ft] .4:4 21 .;-4 g4,74,m a ;A:41-3=1 n) 148-bp 

iS 3301.3 ctmP1 V-41 10-iner ;MI.)0 11%1' i141 11 5 ' ACUTIGGATOGTACAGMALI3KAAACIRVIT:(ii.;-3' 
<Ztt 32) V cs1 silf>1111 Avic.MGMCCT-3' ( V 33) E. A1-4,41.04 -WA) 4- Al ?It+. 

IAA) 21 V V: 41 Al 18 Al-oN *1* Rai  *  q1.1- M401 El .% I14,1'91. - 
ACMAAC6CIMAAGAGG-3 i ii S 3.1)*) 

1'o2661 Ittl-4-b. -LIAM- in Ai1.+01T3i ..sms:44t, 0141-404 $P1s121.4. II.7 .(0tineAmP) 
PCR .51Sii 41'4' *i (1E. 1141 kA ez ii a14% 4 -***4 *•g- *A 5 01,N, 41 .7.O111ti. 42.IN i g 

Wg":1 11, 2 di Mei::: 200 (NW  0.2 11 it  ...I Tag GA 0, 44 200 Al 4,e- 1 

at 4°1 *f 1!1 50% DNA s!). ...* .;4.71 C.** 384-kt PCR * 61*1 MA if: till4 50t 
A 2% *II Ilk** YIN% . 93 VI Ai IC* *q Ai -11, 05T:1 41 '?"); 57 01 A 1*A 401 'PI* 
• g 

102671 KR 1 .1 ill . g VII "141 (SAP) A A 14 .̀ A :NMI al 4 * -Pc 37 
r A 4D? - * .q, oN 85 rti-m, 016141< mf1.101 
-41V-M Igt11-1 4 4 V,. * chr21/tht 1 4i:11.9-VPI 771 MI$1 A.401 /owl 3,112.14.V-Ei 

.54 la MN eel Di. 0.67 91 Al% LI 4 CPav rsooseimetta ( VI W1. x>fl 44 64 g PI &ICU .,. 
dAir dTrP* SAP-Ai'?' PCR (1*-1 7M1 2:?"14!• !Mt ciAl 2 yal.M 94 t! 

50t1A1 51 1g is \.^'h 80A '•;"Mt 4. 16 1r €.:t1 P1Z 3 mei .VV 431a:tem Resin) (A)-11 

).-2- Mt A 'el ( I ean HO*. 'T;:.  714(4.q, :J% 71  A 20 41 30* 43-•I't 
•if• 38.1 g61-ki *i!.. A.I.K+. 15 4 71 25 v 11•1).4.. ki 

V.."j771 (. Isz.) • . 41tSpect t ( *4149,14. qt•M 9-114"q ')114 
• ntes.0i4 01 .t!-- ,171 ▪ n V.0 -M-4 71 OR`?)*Pi I:4 4 . • *I* ;AA vge:.0:16101 

'461A €Ma SS.i€3'RAY Typer) (Ai 4I1-10 

102681 51 91 5:1A T21 50% IMIK DNA ik '3Pts`• RCD . 9.. a *• 1 ti•TZ 4 4*1 . 
:61 chr21 ,Et• chr 1 EE : E:€;18 14341 T.:1- ea- miatiol 4:4.94   SfAt ') 441 V' 
t1110, ...t.11 V MAI* g chr21 r•}ci€,31 (PO* 44A.1 RCD {•1 4+t 111 °  'ARIA 914. ° I 

.4.111 SPRT HI- €.',°1 1 411 1** *44 t ^il az c.. 721 1*.* 4 11-4 N 

31 --

102641 

<•]{± ~:is.:1_..,~H ~~l:.~9!~:{!fi ··t:[ -,1.-.n PCRc~J :;:;:c::}l {::1 ·:~itt .:g-.:~}s:.?t .:-~~il~'}if~.~~z{~}. iti·{{~} :t 2;}§f·.B}·/; -.~!ltl· ·,n.:-,t;-f: ?;,?~ 

r:1 :.:.-.; ~J RCV ·}t -:~·! :~T :)H (·ll : ... l ;qi:-~:~ t1l· ~;l s5.:. :}l f:V:cl c}. 

... :31 .. 
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10--1M167 

l'itt 61 4.0i 4z.1..9.! §'et 24 44;*...1134 Vitti la] 1419.4-A14v+. 

102691 dir21 /dui III* * --1 xi M*4%. • I M.** VAN. thr2liclin1S 
1 44°1 *14. al* -•P1101n-S. VVol ,31-*01.1 1.14- v1441- *OW. 9.1t- .if*01 

gYj . 2104 44g. A-9+ *HA 50% Atli 384,-11 41°1 Yfi 4441-q cf

gi-t1 *4144 'A 4 P.-I T21 At isti -11:1C- *41 2.4 °I *1 VAR, 441 
pp 4{4-11. >g IN Ilk)* 130..xlig• er 6.0 s?)4.1 er ea.v. 
1-*%,>1.. in .0 6)-4-Z *II I4-1--044.7.7 AI-4 NO2301 40144 •V41-.11. 
ei 4.. 240 '11 Vitri ti 4°14-E 74 M 41-* oFt 1f1 0R-til 

4.7491 ',AM 741W- V•11. VA **a 4.149-A -I' 
7f f- "Pt1 °let. 

t7: Mt 041 , 0. .1-41 21, '1&! *kil-21 .I140k4 fl 31 as'.1 
11 Y. Li .4 4 V. 4*30 4- ;' ,.41 4-4 .01 RE. Ig17-49).. . 4:4 b. :4 

IA V V11-4 -21 '0 °i V.P..lif,41EN 41* Ro 016P-1 &VT V.-.4-64 VI 
:08i1 °II 145.1.1 &AIM 410)-CE- Al-ft• 4:1W 

1'02711 )491 Al-a-g Elit 93.q tztxj : feDo., 

4 0 14 a*. 7Vi***Ctill. WA St..'.* 6.6 Pg/1-K 0 A ail- el -a-01 446- (WV ti 
#.4131 4 ' 11 -T-11 DNA 91 44 MIA .V14:4 411 444 Z.Vtl oviq 

1..3141 . 4iker. 4 37% 91 Vol 4-0 4.4* 1.-1-41. ° ":,f4 .1) vi e!.: O. Ml)
L  4 Ai 1 AM tlx.114: '014 21 ':11 .0-0 ,,,,,,, - 1.411-* 1' 4 

102701 

I.1.1 5' -AaiTTGGaGTIGNTGAAGICTCATCTC.TACTICS-3 t.kltfl 35) ',11 ,.grip A VI-011-1i - 
AWITX3A11;414,ATAAGITCGGCCACiMATACI -3' IA 36) 2 AI* All 81 bp91 

Al 21 9',;! 7 .A1.91 1141-8.?,:a .-1111" 5' --Kal.GGATGGIAITIMGCTAAATCAGCCIMACTG-3 (Al 
3?) V IV: 01 6 -AarninigniaCAMT.cATCGT.A66CTIAT-3 ' 7.1 38)4i 44 -ti-(1 t''A- Ai 
82 bp$1 ciPkvitl-4k ''01-4 21 V 2 14191 1-4 V.:-1 43141. 'g ArAitll 

AarrITIGATGICAOXAMTICIATMAG-3 39) el ....ft114011-1 5.-AwnximmacGarcotigitric,-5 
40)* 31: •'4 tl-?44. VI 4 21 V- 6 1g-A 40.V.2-1. tt:4;ier.* 

4°111 5' -Aa;r11%AlliGen(MICAUCTCCITAGTI--3 ' 41) ',1:1 °I 5' - 
ACGTIGGAT0ITICITCGASOCCITC1M-3' ( 42)* Ai 4.4"4 1.(y2 bps Ail.11)-V, 

I0 0.-VM ( 614.e.)-01n !:71 zi-er .€00 all 11,4. 

!I •g- .-$Itgit: 5 p i)5t611 51t -WV: *44 414*. 95 t 44A.I 62t41 ;>,ok N.4 t 
00.,4 ‘.* 4.5S1 i1k•71* 72t 4M nt- At +tge1914-. 

PCR 4,1To 41(K) oi.Eirt-,31- 4°12, :t31q '611 6111?.V.-A.:-.% 41 
a1 xj , e-54-144 (MN Iflit11411.1.4. SAP 0.1.4 (1 Mt') "1 SAP (1.1 

W.)* .1.1-44l 4 2 PIA &A1' Alk 4:41 Pal .14 71-4V 4 SAP 1114 371>AM 40* -tt. 85 
<'11Ji 5* *"':.!* 4:141.140! SW i RI : :, *,ra (WA) ',11E ( A1 qi ) 4401-oi PCR is ct 

Yd.' O€ ld-g4 4,4414. k4.4.4 21 V 1 '.4-91 414Y,1411 e't )1`4* 
(+101 5' -GIVICATC'itTACIMIACCID-3 ' (.41 -a:1 .91 4 4 21. v,&! 7 

:,1-4N  -1:14,44s1-1 111V: P.S.4fe: .'..Szici101 5' --TITINICIGTCCCCATIT-3' (..4.11 41 )1 914 AIK:1 r-} 
IA 21 W: 2 - .1.P1 .40:it..n. 434 .:41-1H1 Aviklixsi 5' -4,;(31VTATGCAGGIGCCGAC-3' 45)1 
to 44 u151.114, 1144 •21 6 ..14-q 40•Sf.n. 41-44*1 A'A-113A 

T666C6C66CkA6C66ACTTaiCT66.-5' ( 463'4 4 v4.91s1, or. .4 ≥i lox i!lux qt." ci m:o.) 
111-EX '112-1 01T4-t-) , UNIX. 41* ) , 1.03 IOC's!. A1-441 VIA 21. 71 PI lasm* 117=)-
Hari'; LL3 lserst:att- 71-21- 3•43 riMS11 (e11* 114.81-,14. 2 0.2) I PLEX r1.1 e.t-ifi 5 1)1,11 KR. INA 
k. 71-41v1.. 200- A.M.-1-141 S3'sk ::?•'111 tr'l PLEX *4 :ZIA1t1 '111 ft* Tal 34t 
Al 351 k9.14A1A.1 52 '(.1 -cial VW.. 801>1.),1 qitt cd7J11-%11-. ohitg 
71* 4- 15AN 4.71 li•tt. 411 011} v1.44.42 *NM Kt. 511 lo .m taly. 5:61 

opav .ep,14%.4. Lgs v1.1 'al 9,1. el 540 °hi 39 AI 1,31A-4(.1 
4 .100 'I 01NS 't1-'',1A nrgil A* 4,14‹.,131-. aux •114 IS g•St. 
A 4 4.54 pcfml £4 6 isg=4 *It •kl . 384-4 gq111',1m* 1500 g1.M 1)AI:A 

32. 
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gt"4,%- .8i 10-1896167 

. ( .A1q1-1c-<') M,3".: 4°1 NALDFTOn *411 -}?:-M 
( 114 it .) I .t1 04 r-}.. 

102721 t4 5311 214 340,01,1' !Et 410 41 441 V- it, V '419.1 VA 4;;;Pki:M . . 7i4 
r9,t4. 44A :111A4 IA) 21 4-14 34'3(144 V.- 4 4t-g- )0,k 411).4 1i 1 

21'41 1410 4=s4 In.l• 01414 1.s$ 44 01 3.1 ANAtfl 1*:`4 

=.1?1 'a 74 4-4 xie.: .T:1.'4 t Yr.? K %, 4. 4k-& 44 oi) r€

* <V 0, 'I 2.1 4--# 1.1 111 tilt, V11 21 f ra, .44 %AA co..,1,1 

P, SP{ .Z?:&itli 4 .41.°M. SP€a'T 4741 1...1 a94- -311-

4 01 5.1;17 "'A 01 El-. 't 94 50* .1) 43-9 OKI D,M50% 2z. 4 ,,,13# 0. 270N 60% 0C1 
4314 21 EVel APP DNA/50% fri rk`Plf VIA- T. . 

102731 II *IZ Pf •-,A*71.id 341 V 11 Alt 941 VA- 01 az 3-! • 01 O. 4E 4;-.411 

$1! lmxii*. -14:1 rt* P:,°1 14- 4141 VA*. * 4 =43-Z1 .sittIM kt• 41. V.71.41.  

711 43. V '31 * 4- 1134'; 4 010 41-71Al 4 Ti 33174.1 -*43:!--1 -3'PrZI 

102741 4 I1• t 3::$1 &la Y. : ?< tai2.2b1 Eii, 1114%4. 2:1[94 ,.)3 44:4 11-ge, gin• V..*41 
lie. 911 2:' -.41q ra 014v: O X1 En v31% VAN, 4.41:,!, 

P• .sfAktiiM ;Piot edv: .14 -II. 71- -7POIA 3.1114, 411.14 21 ig*.es: "ci.,31 

4 5'1 384- 1 VE:1* '41 > RC1) V.-MP-AL 48 4-1 V.-41-30234-. 4 1'E 4—* V10 1 31 -.-71 
. vit . °Pfl. SPRT I si;- 'i"4"9.stxl.. •.r.).?i13-1-. g-iv..; :,pg A ............... Al 

tf:.1. -1 M-0 SPRT tr!:41 49).34 . f.S* at-.; 11:4) RON 01 04 .s1-01 

31P)- 4430 ,Pi': -137). ez. K-1711.1 RC0 V1:4 fal 444 Malt 4 31 41°1 V it -1V.I PC1t 'V.: *41 
4101 i'-7141-t .fr1- ik-49,< 4. 

102761 11 4 2.11114.14 thP1 

102771 °4 71 Al T' 31 2` 41 4cl* -1t- 111-4 .111:1 11 21'1 21) '4 '4 -14 

• olost—m-O1v! DNA 11 al. 3;W:- 4- ki 4-.11 vl * t.iAl VI Pa .4 
41 41* 441 '(') 0 11* ?NM Cl: itelt- ?•tra,q11-. 4-14 4,4 
s?..ct*Esi 11. DNA x:o 436.: 41/2 ! t€ rN. cxT x3:E) 21 ;-14 31-A 34 44 

.43-=4 0 ilk .11-a. '60E- -4 *it ."1e)i 4471 14111 Al 21-a- .519. 
et. 8144 14.94 21 WI '11 0 11- .-5.1 0-31-Ei VII 1411- -136' 9). 

  310E 317111 V 10 3*. 

4'4 ( 4-3A )--41...°) 0 334VA 4.0* 40-4 t• V -44 21 1M 43"}-1:141 V. 4 tf.al11& 

010 warboxY1 :3,.vothet nue lUS) -W.4;401 111.C.St.- 4 31.,, ,3; :331--331 1-.1:01-51.1t• f4 1X911 
* -4‘4.Al- 34 31 41AI 31 if *kti *4 111 /w: 33`5'4 .1E3A-0.4. ( )--

Tao 4-e* -.41E1.1:01t- vt4 ..tvl .&}v1 czlisgz;:t 4“'.4 3 L101 -IN VONA: 41- t 14 12ASSPIAt 
KINN 4 -1i1.44x1,71. 14A/it 4414 T1-3,' '11=4 
.11/7i-3451).1 qv} 

102791 V3s *I* L-1161- 'I 111 MAI 21=1 r-1 PCR 4*-3.1 0--31V4-ki 111:03 34-911M31-49.: tiASSFIA 

.q 41111 < "fs.; ca2it- 1O11-1 ?j, k1 °I*11 , "A-71 CI* 49M6A- 4 .2, 1 41'''& : '1,1 * 34 

01 cal . MA% V1711,1 .17. 03100 ) yL (..ie1614)% • 

• 01 441414 :1(1 DNA* 411:11-A-4"-A Alta 11.-±, M 4 Him 1 1-1 1'4 t 1!1* 441-
"4 4111! . <31*. '63.414---V---i3.-V 40: 4 call A1721- .1? --t711- 11. 4.1r,  'f-t 38-3A, *12!,..i.
4-11:4-01 01-1114 lk 0101 IR3i 414E ... -11-& .s1 i 1 * 

Ii1D3 Mt- IUSSF.1,4, s.Z.1 -1t.:41-71- M 44 0.2 471 4k-V MI:AL *4 21 
PeR MI* **All 710 Ti t' €,CS V-1-41 

M 11sil EK.V. (Al 9.1 61 0- 4 V Ill kl 11. 4 V.- )'1 {i,sf:£. 314 A1-0-81-at ; 
RASSEM -11- -13x11 VOA *A41-4 7ilvi 14A 4 a 
RAssFlA olj,Sgt.lt A-4 ii '4i, la -4 -4 [chats et a} 2006, Ciin Chem 52, 2311-2...11 
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: ta**Zi tr 1;F; ( *oo )* kilt; ie: ti? 04.1 '&14 
ityg 1:nuel pi 1:',) ;tog tr..*3s) 

talk 1tqz-tz 
leg 1-11 aotawsvd is."1:01)

( 1 CR-1 Ss8 

1'4 7:: kti".1-73r t2 iN.:Zi•Ir- sis ' +2-M lig It, ty • ts.3: *40 3. t Pe AP: 
as R:4 N. 14 t,zi*4: It 1.4,h =1'? it. If 1k kit r2t, 141!i-?, &. 1-is•12.4z 

• :it 4.g tr: • b. -Wig. ';4- i=c4.  .q.41 .114 4' Hi') -a. R-4- ki.)4'4114 

'1Asik.1;61.1Z4 WO -141* ht 
[F,t-tz•tz. ' :1 CUR. ..›! 111-43: •>10301149 11%'k€ 1 Rk-a) 

12.'41 1:a11(6:-6.W.-1I 76.4.1,111 
C.)fe ([ 1.0M-4036 :C5; Li! Likt: 'V •1 i Pue !uoS I ) tiqa, 41e:7.c-h. •X • tu..LIM) 

be R., • -1Y vi 1.6 v.': 1Y R>10-tyz' be. '( 3() O1 'sx;;K”:;S Ri)3Z ' le 1;4 
  ViE taro ;115 M i  zi 4,:3? y tp,1 7::*-1 ;;k 3i 

;'1.A) 14;i4 1-•14 .- 4:3 in-A-1% "(1.09C-N,C 'La eN 900g • 11-1 1,4 lq 'sk4111k11,i111A1 ":it ut,lt 

R4A-10: W'S e: .14-1;i7E -13441 it  ft,* ta 
kilt Vs' 11.:- 1x* Lk, t 1-61.E..4.. ' • 00.-

14 <> ti 12.44-10 14-'1710 R, 1014 Itt7r$4,14.111# I**•.'t 1% .1*114 
IA** ;11-111:6, 164;‘,:v t€4..5, *Ve .tee tai Itgw omy 

1:3 + i ty-14-a t5-ta 
[3 it:* iti."6 1Y1;i3 -111, &V Hz.* *+ 6 + -.. H•11 a ix 13 W21"6 ige ix; it If 

144 W;;-; 10,;?-tti 1k44-21F iv  At* 1'4411 1.5.4"11.1z -so' 1.614:13) 
xt 1191)11v-IF Fait a 411s4t3 lyial.31 "„1:6-6-it-i!c 16:tiff Itql..1 110:My YW •;IT mzi 
it 1'P:A io r -(4.21-vi, •Tkii•-;5‘ ik• to ix: 

13) Ut bl P.' le: 14) OA- )0* kg. i 6 1S kki. .-; ,s• 
15, 1Z, 4,43. to r I* ik tali 1;Y k 118iino + 118 iz:itta12. "-.€.Z 

wog tept:1 1;41 &. 13-A 1€w..yi. ILt17.0.1 

WOE ki,ki K 411:(  ..,§210 t'zit 'IA i:ez tINI Mk.> • 11,1 1497.)ii 

*-14 
4441 ai 40-ix 11,41-} i -R4 kilo 6 h ::,.v MZ'A VM iHils -14-* 1g,ta 

7i 1Y., IC.* 16 Wilk' '44Z) "A' k[" 15   11gt ti114. 10 t6v.§4, razo) 

' tato K. Ra Dt>te- '&1'6 '54- A.* $,%; ' fMk 
44:10 Di, Fe IN t.t. 14= itt 104:1-40: RA AV .* ik14. RA a i ti 4 t 4 & t G 4.A 

of€i q't4'tt?' 44* pe4,4k-iviAan wit vtqti.N.. R.10 iteN -toga temisisy3 S3111 

4:4 kit ea 11,es lk) 
4S.Morri -Nita 01 P-• *14-14 t.T 111.04 0 aok Ey tzgol 

't..1413 
'ira5tettk- tifi1t V.:ni lator;i- -1410.43. toN ;4+3% .4,

1t 41: P.. Pt*,isj! kw** .w.ki wals v• z F nd 
t414/14 too .:1•440.3. land .isAiy-t3. ;1_atitl VAT ayt:3. tszol 

oft 16-toD ioigfHo 
;14; -4, • :k.:3i-116 YitiSSn S:Y ;11.-Mlit. *4 ir4 1:4 !Pr.:: 8riZ. IQ Lf., 9t12 40,4* * 

4' kit' €`u ev graA loY1ZESTN IV* hot,  1 Pe fo kt 1Y* ts14 >Sn1: TE14.17t 
Its j1.1 04+4 Itzl3 1,..V.144SSV21 13)§} -1:0; 14-11t ;4 It 0 ipz: le) tanol 

mizis ;i501 &ile 744 4.'16, s 'a. Iv* 
4: ?At 4m.c:11 -fkAii> *is ' •(*; ' 4* Ow ticl% A is' 1:110.1 -R.11› 
6.?4.e.. IC* IF. f4.14?-a tit SI. f?y IxAn Px. *11- la VI ASSvn ; 12:-,

'Mu trt .rii 1:4,4,11i *4, k ilgi.07a,-;" 4.Zi IA* Olt ktNI:15s5Vii ti.4( WiE 
15 f1.4%. -1:::*4124 * 13,=, DJ 4.1,z kb to-wa-ty t1.4. K... D... 

't£ iaaa uzi DR.D3) tawfa 4.1(.4 ibitqt :Ritz tti :i« i€ Zs STIR Ian; 1.,.45. 

Imo) 

j,:]1 z~t ::t .. ~:] •f~-<t~ ·~~] .:•:i1 ~:Et:: zu tfj!l >:) (~1 }:·} ~q :.N ·?{ ?•i {f ;1/(-{~) -~? .. 

·~={-t--j -~J --~} !i· :ll i.:::i-t: •)n _cj:_ -'.~! -~} J-1 ~{::3i·i>l-:l f '.':-n i~} ¾? -~~l <rr l-}-~ 
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g 44 1G-1M16.7 

zi Vi kst- 1 *110. 11 51 1414!:. '€ ti-11 41).,1 t.cil 4: 

O. 0 41.4 .41,4.614. 

102M Z. IPCNI111441 , A-M; 4M- 7F0 011W 1..3i C.N.A k1.04 114 4= 4:0:-a, 
a..4g-*10! 4-44 t. .k) clN1 AI *VI N• 1 VAL 1:1- >AV *V: 

(M .73. 1.-* N-1,1 01 g 44 01 4.°) :;1 114M 4:4 Exfi '44 /1 :1 

) * 01C- 4.94 zi-zt it.1 t. 91t+, Ai %Ill o e 0 -4 4k q71--

44 =4 *VI J 3E4. "1* WI 0.! jr-°R4 44- 4%0 i  4- et MY:: 4911 ."1=1 rt. z1 
  4fp(- gt: O. I% 0.5% M% 1 .f.•• ,'>*1 C.  4 E• .g Al V el 011 oisk amoiy: 1:1 f;) 

'  VH1-i (.11.g4cl ONA. :42:14 f>•! *el ‘it !I), :II SI 4 
"1 N.-. ohz!..01 1:?.1. 140 IF. Ai- 493 V!.*1, §*1 ;1.0 ( copy number var I at *OA al 

''1.41°{I i'EAPS}7I 44":1 V.-At  ..q3;34:1 '41 1.1. , e4 
4E- 4-4 3?-1 41•1- 114. 

O 11 WM111. 'Z1 4 cll. 21. mt. 11 14 18 .a_ is 1,3 131 'ffV1119.- Ax-
;I IN ri . t 1* 114-9 VZLKtlik-i X} 2) V4-s1:4qii 41,111

1.
s'14. 

Ai% ( esta 1g741 . II 144 -§:Vtki) lfz.b 41: 711 A-M.44mM V.MA1 *O1. .41 
Vet :314.17. ..f4 lig11)=4 •(a. re z'? 9,14, 

102M If.* N- (A' • ei"41) tti-t :!1 A• itt*4, 1F t 

41 ft.* If 1 - 4'4 DNA FAA 14 iy 0 713 4-
4 . *.er 4471 1141 ON il'sg-YPe* M7.14 01 .q 40141 "' 

[t)2921 

p)2931 

V. !Et .ti!. '411 Wif 0.1 4-1 f:1- 4 0.1 raw, KA et a 1 2000 
CI in Chem 52. :211 -0 ) la% 30-i:* 00. *'4 it 1 9...My-El .* V V. 4, . 

(02951 'ft  * 94 kttl: 414 100% :1411241M A113.47A4Y.. fix}. g..21-4 
r, fii . til ii'4.94 4 .4 ni * 1-1.14 t3I.t eill:44.54 44 ik it V 01 
'1 AS.L 'Iltt 4' 9,14. 0-A1 -+4 ,I41 4 11. 4,14 EVA MU '14.1•Vit 

'S ki Eta -8-T374 IN A* tbit N.* ti INCiAl. 

to2961 1'?!.? A111 .4,1 i:;21i 4 1 ti V: ta ., 4114 R*gri r4I 0! :14 -V kri 
V IA 3Z! 71 V' z'4 Vt41 0191 %I'!:11 ., qti-1 *I V-41  A;. >1 Ai 04 

! 4=1 4°1 '4.71 4i - 11.1°1 °ill:ft *el 4'r %It*. '4:'5,3 *I 2.1 y.E1 
.5 -V1 T311 tat *44 1 13

(02971 • 434 *WO MTN 4 Ai .9114 21.4 (1 4111 ,N€M-51t. ₹:₹ -RA 
V '44, ,'T:1 e; 4;E: Al 1 6i 1:1* ‘?4 41- No4. 4E- 2t• 111 
• 1 4 21.5q Will "3 -11ii alitC!?.-SLA *ff•-• btiM 1411 Al .171 v§.2. cl I 21-* 

A 11 .94 V ii-311. cc ..tom).. 4: 1144 ill a4 21-a- z5tt: V:I: ti 4 
'21---fr OM ff.* 31.. 4A1 11-%1 4 21*1 l'44 kill. V it* -Ca-1.-al VI Or S'it 

* ti 4e4 .m41 14:5:11 

[0298) 41A1% tfq Ilk MA V (-41 - V* am ';k t' ql-T.$.1V Alt* -14 .41 ts,44.14 

V:M 7)11 4'61°.-14 .4'4114 51.4 Ive. *1m At C1f.'j N 
1111 ghh..1 C:1"<'44 DNA A.* Ai T-1. • 4 7.1-1I 8114 9.F:t 4.5-!?1 Mt* -stg-. 2i
VII 4 N. 0114 zi•z01 W?). 'ZRI: ikiV-Asil 30M4M 11.1 *.m. zt4N1 aabal AiC • t,

V 4' 9.;', :et z1 91 1g DNA 11,E-87 4fts. it -d* 444 4 4, .1:14.14 
c), .A1 ts :III 41-3= 3,11,,v1 ti V V. la. VI :43 :7! 31-ik WI 21-21- 41 TO .4 V 1.4 
4.1 MO, ...... NY: 105' Bit ttif 1314 € 44 
141 ql4N to .EVI t3#:lif.1}Cxi 71-n3.4. ‘>i el•al 431 !Et 41'd q. 

102991 §1.1 7174M. %V VT:1 41 *V 'tizTA 4.4-s1 t ;14! *".1 4,, ---- f31, t of %NM 
SI.V.111- "PI* -4=- I.CRp3j?tt£:F1 £:t: al,. Nat lii'3}s:.₹. 204)8: 40; 7I2.--M1 114 V”.1 

t ...... Vittsi Ai It gi V*1 1!1Sztti•t- , qt:4 Z.-.1.144 41,0 i4-P: 
• g MAIti 144. -2-11-451.1.. 14 444 "SI RI:: 4 11 I 1 54 V: VVY- N-

35 

[O:Z92j 

lfl195j 

·?: <(\} :j i;j- ?!~ '-11 ~i:.r :•.ii -~1-1 .. /~ ' () 1 <r] .-~1 r~i 
/t~~:~-. <:}-}~•f::. \J -~:1 :~~l i1-~.-V•r:·! 

~~ 1 --~1:1- t~H tl --~1 \~! ~z\i ~1t "°rf ::>:} -·J-:;J ··n· ~~! :·_; l j:i_. i.1:}~?} --~-1 -·1J tf <:.tI =~:;] ~-: 1 '-11 -t1 -?· ~d ~-:1-. ~~ ,;-r :r::f} s::.-•:f: ~?.l ~~1 ~l ~~ s::.-~-: .. 
t{.,~-r~H -\~·if w, r:ij<:f" -.:n1-·J5:·i -tt·t; \~:)}! tr.l-~~l x+-~rl~: r+. 

--- as -- Pg. 1299



g -4-s48.1 10-1896167 

•W :t Ai 01 Mt 'e rA 11,.41.7A A-t#a. V'SN4 '11 

103001 9a1:14:3: IPA 6e 4 61,4 . AI Ai 11 * -14-4t * ,sti 4.,:itm 
01. -aul -skli-ge{iDEls M*14 'it •:e.,;:t.3•41:1 ats, 61-01-q1, 411 VA.q 

44'4 71 4 x l ,A1.11 41 614-Al .E la v1 Xi 1:4-,E: V 4 4 ( *),Q Vsq 4,.
514. El .64 it- 43.1 61•M q61 -.414?.14 c1.1161 

:N61171. 2.4 11' 4.4 INA t•:47i• 52-4 ktil INA ;IAA c} i-`11 
N10.1 9.1t • lif..x...Y.1:61 914 u?.-qi. owl (?t, al Clip. Chm 2004: 50: 88-92.1). i3.71611 
0* 41 %* *41 *;41 V'71)1-*614 4 <1 k:€ 611!4I 7;1111V' 
;') 11 :V cl thy.  - 71 ‘'.1. 11 :nil sit* 't-4i A !Z.It::4 ni Li• , 11P:fit 144 It 
.1r----ARL t07. MA *-tI • 61 A4 , 4 01- 41..1. .Y4 514 114 N fl-t ₹VI 11 01 6 igVA 

M 44.41-II 1. tts:f (*V. MIA tan Ni .s`≥)L 2W4; 291 1114-9D. 

03011 454 -*I *el-o1.5.a AvilM *On it I*, tdef.gb. 14* it eit !NA V.-1 
0.1.4 .i31.61V4-6171.1 as 511 ilia *A-, Zt (Si ) &-..71* ed -YA t4 44.1- 44? Iiied 

1q6! :*.V111 *xi- M- 4: 9)4. 

103021 .1114. "`sg (45:. i f, R-fn '41 :4iq4)4fl q ) 4A- -16:=4 zd "11*- 71*-t1 
14441 I'll °I- M 4 *II; :V kr 0:11:01 01624-005220US 64,4 Inn! !11a. 01.3141-
azA. Y.% • *11..44 40-.71 Si et :e.4161 714 61* **I V: Mill .7i AM. 111.4 * 63, V.ki-

L03031 Vg- -:•k 46} INAM *.K5:1 )11 !E V.. Al .*1 'AMR WA 4 it :R:61-
▪ 1NA •V-Iit AI R. 41* PCR *Jr:. VI *MA§ 4-§:461 41:11 4' !..d.c4-. 44 
€rN,A 04.V I 1144 'OM :A.:(174-4* kAtt f?>I 
*(C turn at an 61-44 e 6111*:§R -RA&SFIA .9%101 Y.:k1 4441$1 kASSFIA .41%a• Aps9.a:4. tleAl 

41..V ItalAr4 (1 . taian 0. al. CHU C€F'.aFs 2006;52;2211-R1). 140,11, 14 MA 
V.:41 4.1.I taSt.-3F lA Ai V si Ittz.isrzIA (131v4 RAsSFIA) Ai.ifts1 

.x.53 A 

111 Ailm.a•y•H -risA71, 11144-:s17I %VI-1VMM 4N;St 
vliv..* WPM '61A- Al, 11V 41* 14, 4 fif (MA- V.-44 *S1?4 114 
• 14 -V 41 3 44 '40 11-4.)4 'tot, RAi 
st-Yq ,z4clxil, itiata-g- .01.3-61.-Ii4 4 4- 1i-4 F 611A 4 481 11 ig4).-: 1%14 

"V ?A ° 

103051 tird- DWI WS1I. A-V4 71 Mgt Elick 'PO. 61 Ai 44 A1-61 1:11M 461sil 
-114gtil. Vat 7.4 (1 MA10. (FA f ar et M. 2007 Uncet :039, 47.4.--4a1j). 

61,71- 011 1:1 4V .1 *41 it t . 4*}-4-1-61.31 
9-1 **. I.141--..VPI Ca 44 4 4 PAA01 *I *MS- :1" 

103041 

10.3061 t:q.a :'it is 4 ..-a Sf-cl 4 61 SA 4* :TO :al V- 4 kg-a' ( *i191 .tt*1.1 
M'S(tUlk 41'41. :c̀  'K 714 i1 M 

-s-i7:V1 714 glt ":1'..1.?i4 4 M.11 DNA %91 
Yd y  !`.1k t Zi!:'64l (44 44 (i>  ?xt.b RA' 

SL Ei D M It•.:4M V. *.M t:1-4 7.1 4 $'31 1 41 V. I61 V Ai V. 4 
6; 44: IM-S- j.4 --: t. F qt-trA (4.er .V1- 011KI-

<1141 4 94'kil VV:i. Altai ?At (.%-t-16.140M LIA-1 

103071 *11, 11.1tk 71i4 4*-& 4•1-.81 
.44 tIla- 4 . *1 o 4 g, -13 .`tic)? .45tI za.t4, 114M 

. *40 14161 CM AMM 1114a°1 
14 t 01 11 1:4- <II14 A* 10.41").: ;e.. =314 1111-'4 AA 

AI qi 1 3f. I'M 41*.fr.n Ai i1414 *,1*, 7.11* .44 1 -g-V11-1f!: cc1  $464 1 21- ₹31 'T.-- VA: 
C.t'. 714 461 alt71- AF-g,.  el: 914, 
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gt"44-11.1.51 10-1896187 

103091 

€t1311#1 .5t iit "Z t'€ 141-M, ets.:V:..s4 q ,..2jg. 1.11, DNA 4: Ct 3% All 6%.1. 14.04.

4'411- 441.-k. ,1441. 11-441 cV1* LI* tit *0 1g :A al '14 VI 
.Y.4 •DNA 4111' -'71.1.qt .71.1% •

 M: 0171 4.1-41 Al .9.1 'It 
Y 11,91 'cat)' SPY 1.L6 RD et 31. 111913 Am .1 lIum Genet. 62, 71113- 7751 ':11 SA 71* R111)-(41s.:1 
END *VA I 1,o Dip et a I . 1.9118 N Enal .1 Mix; , 339, 1734-1738m. migt1-4. 

1,031 t 01 V .*-S: .91 12.:4 :+l-ey€ ht : *114 l< <mr r er) 19!II 4 4'44 
r11N. 41417T4 At'sil V.41* - V1.414 .... •1I. 3svzi t. .4v.oi: . 

11) tsi; C. et al 2€)4. 'Proc. Mat .1 Ai,3d "Se} UM 10762'-107117 -M- /1-814 1111,6, 

4.91iii:+. .411-;!:•• 4t-gi V: 14.-7117} 11%4. 4* .'v:Lt -1, 1/211 4n1-4.(4 M-11 44-5!.1,3-171- ,!.. 
9:1A tl-s! 11 Ai sAl I - AIM IP.1.01 4111..v: t 5.91.b 4141- T1 V.0 A) 

[03121 111 • 07 Si. 23°1 A111°1 910 71 Al 14a9-11.1t . 1.4 71-'g• 4 41.:;z1A1-t NN, .11 1.1M 

ol It1--t• -61 , :41 N4. I:Q*44* -4'1141.6  IV* t
V-14-1171-sti kiff O-x14.4\51V. 1V4- , Et , , 

V- 1.11-171,t .Y.V.Vr-f. I 41-4 M (On 4e. Mende) 'niter i t ance 
iYE Man) ViVW • ncbi nib . govit4 tesientr eflt11Y--.1• AMA i tool z=1:q01 bar 1 g. 4 V11.,  . 
111**A DNA .... . Nmt 41-7m 3*9) Ei1141: -11-V.:4 4.? °IL; 3`104Aist'. N..51 1:111-

-m1.41M -vi-gM -K1 *4 - 41 It- tl-tt :IA WV -P=A 4t 

N 

03131 * 214 V- Al 1.) ett V: .41O 4 .9.11 41q t . 4'. 911.. 447} ,1 1.1-0.9A-klt '11 

'AN- M 1411-4-R-1117f 11.7f 'RV* <V1-k:iz 21-4- r+. 1-1., -RAM N116 11e 401-A NNt0. 
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