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HiGreg,

Attached is the updated draft, which includes the new example below, and figures. Please notice claim 9,

which includes the mutation detection reaction we discussed.

Thanks
Dan

-----Original Message-----
From : Greg Porreca Imai lto : gporreca@gsgenetics.com]
Sent: Friday, May 15, 2009 2:55 PM

To: Young, Daniel W.
Subject: update with example

Dan-

Please add the following sentence after sentence 3 of paragraph 2 of the Summary:
Additionally, one technique might bias in favor of a locus, while another might bias

against a locus, thus altering the overall coverage of that locus.

Example I : Use of MIPs, hybridization, and mutation-detection MIPs to genotype a set

of 1000 targets which could possibly include any of 50 specific known point mutations
The first step is to perform separate MIP, hybridization, and mutation-detection MIP
reactions. Perform a MIP capture reaction essentially as described in Turner etal2009,
Nature methods 6:315-6; design a set of probes, where each probe flanks one of the
1000 targets. Separately, perform ahybridization enrichment reaction using the Agilent
Sureselect procedure. Prior to selection, the genomic DNA to be enriched should be

corrverted into a shotgun sequencing library using Illumina's'Fragment Library'kit and
protocols; use Agilent's web irrterface to design a set of probes which willhybridize to
the targets. Separately, design a set of probes which will form MIPs only if mutations
are present. Each probe will have its 3'-most base identity specific for a single known
mutation. Perform the MIP reaction with this set of probes to selectively detect the
presence of any mutant alleles.
Once all three reactions have been performed, the two MIP reactions are combined into
a single tube, and run as one sample on the next-generation DNA sequencing
instrument. The hybridization-enriched reaction is run as a separate sample on the next-
generation DNA sequencing instrument. Reads from each 'sample' are combined by a
software algorithm which forms a consensus diploid genotype at each position in the
target set by evaluating the total coverage at each position, the origin of each read in that
total coverage, the quality score ofeach individual read, and the presence (or absence)
of any reads derived from mutation-specific MIPs overlapping the region.

ML-lPR-000789

Petitioner Illumina, Inc., Ex. 1052, p. 1 
Illumina Inc. v. Molecular Loop Biosciences, Inc. 

IPR2024-01419



Cregory Porreca, Ph.D.
Director of Technology
Good Start Genetics

8 St Mary's Street, Suite 621
Boston, MA 02215
P:617-358-6004
F:617-358-5677

ML-tPR-000790

Petitioner Illumina, Inc., Ex. 1052, p. 2 
Illumina Inc. v. Molecular Loop Biosciences, Inc. 

IPR2024-01419



METHODS AND COMPOSITIONS FOR ENHANCING THE SENSITIVITY OF

NUCLEIC ACID ANALYSIS

Field of the Invention

The invention relates to methods for increasing the sensitivity of nucleic acid

detection assays.

Backsround of the lnvention

There are currently many genomic assays that utilize next-generation (polony-based)

sequencing to generate data, including genome resequencing, RNA-seq for gene expression,

bisulphite sequencing for rnethylation, and Immune-seq, among others. In order to make

quarrtitative measurements (including genotype calling), these methods utilize the counts of

sequencing reads of a given genomic locus as a proxy for the representation of that sequence

in the original sample of nucleic acids. The niajority of these techniques require a preparative

step to construct a high-complexity library of DNA molecules that is representative of a

sample of interest. Current assays use one of several alternative nucleic acid preparative

techniques (e.g., amplification, for example PCR-based amplifiation; sequence-specific

capture, for example, using immobilized capture probes; or target capture into a circularized

probe) followed by a sequence analysis step. In order to reduce errors associated with the

unpredictability (stochastic nature) ofnucleic acid capture and sequence analysis techniques,

current methods involve oversampling a target nucleic acid preparation in order to increase

the likelihood that all sequences that are present in the original nucleic acid sample will be

represented in the final sequence data. For example, dr.re to sampling variations (stochastic

variations) a genomic sequencing library may contain an over- or under-representation of

particular sequences from a source nucleic acid sample (e.g., genome preparation) as a result

ofstochastic variations in the library construction process. Such variations can be

particularly problematic when they result in target sequences from a genome being absent or

undetectable in a sequencing library. For example, an under-representation of particular

allelic sequences (e.g,, heterozygotic alleles) from a genome in a sequencing library can

result in an apparent homozygous representation in a sequencing library. As most

downstream sequencing library quantification techniques depend on stochastic counting

processes, these problems have typically been addressed by sampling enough (over-
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sampling) to obtain a minimum number of observations necessary to make statistically

significant decisions. However, the strategy of oversampling is generally lirnited to

elirnination of low-count Poisson noise, and the approach wastes resources and increases the

expense required to perform such experirnents. Moreover, oversampling can result in a

reduced statistical confidence in ceftain conclusions (e.g., diagnostic calls) based on the data.

Accordingly, new approaches are needed for overcorning variations in sequencing library

preparatory methods.

Brief Summary of the Invcntion

Aspects of the invention relate to basing a nucleic acid sequence analysis on results

from two or trtore different nucleic acid preparatory techniques that have different systematic

biases in the types of nucleic acids that they sanrple. According to the invention, different

techniques have different sequence biases that are systematic and not sirnply due to stochastic

effects during nucleic acid capture or amplification. Accordingly, the degree of oversampling

required to overcome variations in nucleic acid preparation needs to be sufficielt to

overcome the biases.

According to the invention, different techniques have different characteristic or

systematic biases. For example, one technique may bias a sample analysis towards one

particular allele at a genetic locus of interest, whereas a different technique would bias the

sarnple analysis towards a different allele at the same locus. Accordingly, the same sample

rnay be identified as being differentdepending on the type of technique that is used to prepare

nucleic acid for sequence analysis. This effectively represents a sensitivity issue, because

each technique has a different relative sensitivities for polyrnorphic sequences of interest.

According to aspects of the invention, the sensitivity of a nucleic acid analysis can be

increased by cornbining the sequences frorr different nucleic acid preparative steps and using

the combined sequence information for a diagnostic assay (e.g., for a making a call as to

whether a subject is homozygous or heterozygous at a genetic locus of interest).

In some embodiments, the invention provides a method of increasing the serrsitivity of
a nucleic acid detection assay by obtaining a first preparation of a target nucleic acid using a

first preparative method on a biological sarnple, obtaining a seconcl preparation of a target

nttcleic acid using a second preparative method on the biological sample, assaying the

seqtlellces obtained in both first and second nucleic acid preparations, and using the sequence

information from both first and second nucleic acid preparations to determine the genofype of
the target nucleic acid in the biological sample, wherein the first and second preparative
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methods have different systematic sequence biases. In some ernbodiments, the first and

second nucleic acid preparations are combined prior to perforrning a sequence assay. In

some embodiments, separate sequence assays are performed on the first and second nucleic

acid preparations and the sequence infonnation from both assays are combined to determine

the genotype of the target nucleic acid in the biologicalsample. In some embodirnents, the

first preparative method is a PCR-based, a hybridization-based, or a circular probe-based

preparative rnethod.

In PCR-based (also referred to herein as amplification-based) preparative methods,

genomic loci(target nucleic acids) are isolated directly by means of a polymerase chain

reaction that selectively arnplifies each locus using a pair of oligonucleotide primers. It is to

be understood that primers will be sufficiently complernentary to the target sequence to

hybridize with and prirne amplification of the target nucleic acid. Any one of a variety of art

known methods may be utilized for prirner design and synthesis. One or both of the primers

may be perfectly complementary to the target sequence. Degenerate primers may also be

used. Prirners may also include additional nucleic acids that are not complementary to target

sequences but that facilitate downstrearn applications, including for example restriction sites

and identifier sequences (e.g., source sequences). PCR based methods include arnplification

of a single target nucleic acid and multiplex amplification (arnplification of multiple target

nucleic acids in parallel).

Hybridization-based preparative methods involve selectively immobilizing target

nucleic acids for further manipulation. It is to be understood that one or more

oligonucleotides (irnmobilization oligonucleotides), which in some ernbodiments may be

frorn l5 to 170 nucleotides in length, are used which hybridize along the length of atarget

region of a genetic locus to immobilize it. ln some embodiments, immobilization

oligonucleotides are either imrnobilized before hybridization is performed (e.g.,

Roche/Nimblegen 'sequence capture'), or are prepared such that they include a moiety (e.g.

biotin) which can be used to selectively immobilize the target nucleic acid after hybridization

by binding to e.g., streptavidin-coated microbeads (e.g. Agilent 'SureSelect').

Circularization selection-based preparative methods selectively convert each region of

interest into a covalently-closed circular molecule which is then isolated by removal (usually

enzymatic, e.g. with exonuclease) of any non-circularized linear nucleic acid.

InOligonucleotide probes are designed which have ends that flank the region of interest. The

probes are allowed to hybridize to the genomic target, and enzymes are used to first

(optionally) fill in any gap between probe ends and second ligate the probe closed. Following
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circularization, alty remaining (non-target) linear nucleic acid is removed, resulting irr

isolation of target nucleic acid. Circularization selection-based preparative metlrods include

molecular inversion probe capture reactions. In some embodiments, molecular inversion

probe capture of atargetnucleic acid of the nucleic acid preparation is indicative of the

presence of a polymorphism in the target nucleic acid.

A variety of methods may be used to evaluate and conrpare bias profiles of eaclr

preparative technique. Next-generation sequencing rnay be used to quantitatively measure

the abundance of each isolated target nLrcleic acid obtained from a certain preparative

method. This abundance may be compared to a control abundance value (e.g., a knowrr

starting abundance of the target rrucleic acid) and/or with an abundance determined through

the use of an alternative preparative method. For example, a set of target nucleic acids rnay

be isolated by one or more of the three preparative methods;the target nucleic acid rnay be

observed x times using the arnplification technique, y tirnes using the hybridization

enrichment technique, and z tinres usirrg the circularization selection technique. A pairwise

correlation coefficient may be cotnputed between each abundance value (e.g. x and y, x and

z,andy andz) to assess bias in nucleic acid isolation between pairs of preparative rnethods.

Since the tnechanisms of isolation are different in each approach, the abundances will usually

be different arrd largely uncorrelated with each other.

In sonre ernbodiments, the second preparative rnethod is a pcR-based, a

hybridization-based, or a circular probe-based preparative method, provided that the second

rnethod is different from the first rrethod.

Itr some embodiments, the invention provides a method of obtaining a nucleic acid

preparation that is representative of a target nucleic acid in a biological sample by obtainilg a

first preparation of a target nucleic acid using a first preparative niethod on a biological

sample, obtaining a second preparation of a target nucleic acid using a second preparative

method on tlte biological sample, and combining the first and second nucleic acid

preparations to obtain a combined preparation that is representative of the target nucleic acid

in the biological sarnple.

In some ernbodiments of any of the methods described hereirr, athird preparation the

target nucleic acid is obtained using a third preparative method that is different frorn the first
and second preparative methods, wherein the first, secorrd, and third preparative rnethods all

have different systematic sequence biases. Irr some ernbodiments of any of the methods

described herein, the different preparative rnethods are usecl for a plLrrality of different loci i1
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the biological sample to increase the sensitivity of a multiplex nucleic acid analysis. In some

embodiments, the target nucleic acid has a sequence of a gene selected from Table I .

Aspects of the invention also provide compositions, kits, devices, and analytical

methods for increasingthe sensitivity of nLrcleic acid assays. Aspects of the invention are

particularly useful for increasing the confidence level of genotyping analyses. However,

aspects of the invention may be used in the context of any suitable nucleic acid analysis, for

example, but not limited to, a nucleic acid analysis that is designed to detennine whether

more than one sequence variant is present in a sarnple.

In some embodiments, a diagnosis, prognosis, or disease risk assessment is provided

to a subject based on a genotype determined for that subject at one or more genetic loci (e.g.,

based on the analysis of a biological sample obtained from that subject). In some

embodiments, an assessment is provided to a couple, based on their respective genotypes at

one or more genetic loci, of the risk of their having one or more children having a genotype

associated with a disease or condition (e.g., a hornozygotts or heterozygous genotype

associated with a disease or condition). In some embodiments, a subject or a couple may

seek genetic or reproductive counseling in connection with a genotype determined according

to embodiments of the invention. The methods disclosed herein are useful for any

application where sensitivity is important. For example, detection of cancer mutations in a

heterogenous tissue sample, detection of rnutations in rnaternally-circulating fetal DNA, and

detection of mutations in cells isolated dLrring a preimplantatiott genetic diagnostic procedure.

According to some aspects of the invention, methods of detecting a polymorphism in

a nucleic acid in a biological sample are provided. In some embodiments, the methods

comprise obtaining a nucleic acid preparation using a preparative method (e.g., any of the

preparative methods disclosed herein) on a biological sample, and performing a molecular

inversion probe capture reaction on the nucleic acid preparation, wherein a molecular

inversion probe capture (e.g., using a mutation-detection MIP) of a target nucleic acid of the

nucleic acid preparation is indicative of the presence of a mutation (polymorphism) in the

target nucleic acid, optionally wherein the polyrnorphism is selected from Table 2.

In some embodiments of the methods disclosed herein, the target nucleic acid has a

sequence ofa gene selected from Table l.

Brief Descrintion of the Drarvings
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Figure I is a schematic example of an ernbodirnent of the invention showing MIPs

plus hybridization enrichtnent, plus optionally extra MIPs targeted to specific known,

colnmon disease-associated loci, e,g., to detect the presence of a polyrnorphisrn in a target

nucleic acid.

Figure 2 is a graph of per-target abundance with MIP capture. In this graph, bias

largely drives the heterozygote error rate, since targets which are less abundant here are less

likely to be covered in sufficient depth during sequencing to adequately sample both alleles.

This is from Turner et al 2009, Nature methods 6:3 l5-6. Hybridization enrichment results in

a qualitatively sirnilar abundance distribution, but the abundance of a given target is likely

not correlated between the two methods.

Figure 3 is a graph of correlation between two MIP capture reactions fiorn Ballet al

2009, Nature biotechnology 27:361-8. Each point represents the target abundance in

replicate I and replicate 2. Pearson correlation r:0.956. This indicates that MIp capture

reproducibly biases targets to specific abundances. Hybridization enrichment is similarly

correlated from one capture to the next.

Detailed Descrirrtion of the Invention

Aspects of the irrvention relate to basing a nucleic acid sequence analysis on results

from two or Inore different nucleic acid preparatory techrriques that have different systernatic

biases in the types of nucleic acids that they sarnple. According to the invention, different

techniques have different sequence biases that are systematic and not sirnply due to stochastic

effects during nucleic acid capture or amplification. Accordingly, the degree of oversampling

required to overcome variations in nucleic acid preparation needs to be sufficient to

overconle the biases.

According to the invention, differertt techniques have different characteristic or

systematic biases. For example, one technique may bias a sarnple analysis towards ole
particular allele at a genetic locus of interest, whereas a diflferent techlique would bias the

sample analysis towards a different allele at the sarne locus. Accordingly, the same sample

rnay be identified as being different depending on the type of technique that is used to prepare

nucleic acid for sequence analysis. This effectively represents a sensitivity issue, because

each technique has a different relative sensitivities for polyrnorphic sequences of interest.
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According to aspects of the invention, the sensitivity of a nucleic acid analysis can be

increased by combining the sequences from different nucleic acid preparative steps and using

the combined sequence information for a diagnostic assay (e.g., for a making a call as to

whether a sub-iect is hotnozygous or heterozygous at a genetic locus of interest).

Currently, the ability of DNA sequencing to detect mutations is limited by the ability

of the upstream sample isolation (arnplification, enrichnrent, capture, etc) methods to reliably

isolate the locus of interest. If one wishes to make heterozygote basecalls for a diploid

genome (e.g. a human santple presented for molecular diagnostic sequencing), it is

imperative that the isolation lnethod produces near- or perfectly- uniform amounts of the two

alleles to be sequenced.

Sample preparative methods may fall into three classes: I ) single- or several- target

amplification (e.g. uniplex PCR, 'mLrltiplex' PCR), 2) multi-target hybridization enrichment

(e.g. Agilent SureSelect 'hybrid capture' fGnirke et a|2009, Nature methods 27:182'91,

RocheA.lirnblegen 'sequence capture' IHodges et a|2007, Nature genetics 39:1522-1], and 3)

multi-target circularization selection (e.g. molecular inversion probes or padlock probes,

[Porreca et a|2007 , Nature ruethods 4:931-6, Turner et al 2009, Nature ntethods 6:3 1 5-6],

'selectors' [Dahlet aI2005, Nucleic acids research33:e71]). Each of these methods can

result in a pool of isolated product that does not adequately represent the input abundance

distribution. For example, the two alleles at a heterozygous position can become skewed far

from their input 50:50 ratio to something that results in a missed basecall during downstream

sequencing. For example, if the ratio was skewed fror-n 50:50 to 10:90, and the sample was

sequenced to l0X average coverage, there is a high probability that one of the two alleles

would not be observed once in the ten sequencing reads. This would reduce the sensitivity of

the sequencing method by converting a heterozygous position to hornozygous (where

potentially the 'mutant' allele was the one not observed).

The methods disclosed herein are based, in part, on the discovery that certain classes

of isolation methods, suclr as those described above, result in different modes of bias in the

product. The disclosure provide methods for increasitrg the sensitivity of the downstream

sequencing by using a combination of multiple isolation metliods (one or more from at least

two of the classes above) for a sample. This is particularly important in molecular

diagnostics where high sensitivity is required to minimize the chances of 'missing' a disease-

associated mutation. For example, given a nominal false-negative error rate of 1xl0-3 for

sequencing following circularization selection, and a false-negative error rate of 1x10-3 for

sequencing following hybridization enrichment, one can achieve a final false-negative rate of

ML-rPR-000797

Petitioner Illumina, Inc., Ex. 1052, p. 9 
Illumina Inc. v. Molecular Loop Biosciences, Inc. 

IPR2024-01419



lx10-6 by perfonning both techniques on the sample (assurning failures in each method are

fully independent). For a recessive disease with carrier frequency of 0.1, caused by a single

fully-penetrant mutant allele, the number of missed carrier diagnoses would decrease from

1000 per rnillion patients tested to I per rnillion patients tested. Furthermore, if the testipg

was used in the context of prenatal carrier screening, the nurnber of affected children borl as

a result of missing the carrier call in one parent would decrease fronr 25 per million to 25 per

billion born.

Additionally, the disclosure provides cornbinations of preparative rnethods to

effectively increase sequerrcing coverage in regions containing disease-associated alleles.

Since heterozygote error rate is largely tied to both deviations frortr 50:50 allele

representation, and in the case of next-generation DNA sequencing deviations from average

abundance (such that less abundatrt isolated targets are more likely to be undersampled at one

or both alleles), selectively increasing coverage in these regions willalso selectively increase

sensitivity. Furthermore, MIPs that detect presence or absence of specific known disease-

associated rnutations can be used to increase serrsitivity selectively. These MIps would have

a targeting ann whose 3'-most region is complementary to the expected rnutation, and has a

fill-in length of 0 or more bp. TItus, the MIP willforrn only if the rnutation is present, and its

presence will be detected by sequerrcing.

Additionally, the algoritltms disclosed herein rnay be used to determine base identity

with varying levels of stringency depending on whether the given position has any known

disease-associated alleles. Stringency can be reduced in such positions by decreasing the

tninimum number of observed mutant reads necessary to rnake a consensus basecall. This

will effectively increase sensitivity for mutant allele detection at the cost of decreased

specificity.

In some aspects, the disclosure provides methods foranalyzing a plurality of target

sequences which are genetic loci or portions of genetic loci(e.g., a genetic locus of Table l).
The genetic loci rnay be analyzed by sequencing to obtain a genotype at ope or prore

polyrnorpliisms (e.g., SNPs). Exemplary polymorphisrns are disclosed in Table 2. The

skilled aftisan will appreciate that other polyrnorphisms are known in the art and may be

identified, for exarnple, by querying the Entrez Single Nucleotide Polyrnorphism database,

for example, by searching with a GenelD from Table l.

The rnutations Iisted in Table 2 are documented polyrnorphisms in several disease-

associated genes (CFTR is rnutated in cystic fibrosis, GBA is mutated in Gaucher disease,

ASPA is rnutated in Canavan disease, HEXA is rnutated in Tay Sachs disease). The
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polymorphisms are of several types: insertion/deletion polymorphisms which will cause

frarneshifts (and thus generally interrupt protein function) unless the insertion/deletion length

is a multiple of 3bp, and substitutions which can alterthe amino acid sequence of the protein

and in some cases cause complete inactivation by introduction of a stop codon.

The methods disclosed here are also useful for diagnosis of one or more heritable

disorders. In some embodiments, a heritable disorder that may be diagnosed with the

methods disclosed herein is a genetic disorder that is prevalent in the Ashkenazi Jewish

population. In some embodiments, the heritable disorders are selected from: 21-

Hydroxylase-Defiocient Congenital Adrenal Hyperplasia; ABCC8-Related Hyperinsulinisrn;

Alpha-Thalassemia, includes Constant Spring, & MR associated; Arylsulfatase A Deficiency-

Metyachromatic Leukodystrophy; Biotinidase Deficiency-Holocarboxylase Synthetase

Deficiency; Bloom's Syndrome; Canavan Disease; CFTR-Related Disorders-cystic fibrosis;

Citrullinemia Type I; Combined MMA & Homocystinuria-dblC; Dystrophinopathies (DMD

& BMD); Familial Dysautonomia; FanconiAnemia-FANCC; Galactosemia-Classical:

Galactokinase Defiency & Galactose Epimerase Deficiency; Gaucher Disease; GJB2-Related

DFNB I Nonsyndromic Hearing Loss and Deafness; Glutaric acidemia Type 1;

Hemoglobinopathies beta-chain disorders; Glycogen Storage Disease Type 1A; Maple Syrup

Urine Disease;Types 1A, 18,2, 3; Medium Chain Acyl-Coenzyme A; Dehydrogenase

Deficiency-MCADD; Methylmalonic Acidemia; Mucolipidosis IV;Nemaline Myopathy;

Nieman-Pick Type A-Acid Sphingomyelinase Deficiency; Non-Ketotic Hyperglycinemia-

Glycine Encephalopathy; Ornithine Transcarbamylase Deficiency; PKU Phenylalanine

Hydroxylase Deficiency; Propionic Acidemia; Short Chain Acyl-CoA Dehydrogenase

Deficiency-SCADD; Smith-Lemli-Opitz Syndrome; Spinal Muscular Atrophy (SMNI)-

SMA;Tay Sachs-HexA Deficiency;Usher Synbdrome-Type I (Type IB, Type IC, Type ID,

Type IF, Type IG) ;X-Linked Mental Retardation ARX-Related Disorders;X-Linked Mental

Retardation with Cerebellar Cypoplasia and sistinctive Facial Appearance; X-Linked Mental

Retardation; includes 9,27,30,46,58,63, 88, 89; X-linked mental retardation: FM1-Related

Disorders-FRXA, Fragile X MR;X-linked SMR: Renpenning Syndrome 7;Zellweger

Spectrum disorders - Peroxisomal Bifunctional Enzyme Deficiencies including Zellweger,

NALD, infantile Refsums.

Table 1: Tarqet Nucleic Acids
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Gene
name

Gene
ID Description Gene aliases OMI

M ReISeqGene
?'d

CYP2IA
2 1589

cytochrome P450,
family 21, subfhmily A,
polypeptide 2

CAH l; CPS I ; CA2 I H;
CYP2I; CYP2IB;
P450c2l B; MGC 150536;
MGCl50537;CYP21A2 2019 r 0 NC 008337.1 6p21.3

ABCCS 683 3

ATP-binding cassette,
sub-lamily C
(CFTR/MRP), member
8

HI; SUR; HHFI; MRP8;
PIIHI; SURI;ABC36;
HRINS; TNDM2; ABCC8 600509 NG 008867.1 I Ip l5.l

ATRX 546

alpha
thalassem ia,i mental
retardation syndrome
X-linked (RAD54
homolog, S. cerevisiae)

SHS;XIl2; XNP; ATR2;
SFMI; RAD54;
MRXIIFI;RAD54L;
ZNF-HX;MGC2094;
ATRX 300032 NC 008838.r

Xq l3.l -
q2l.l

ARSA 410 arylsulfatase A MLD; ARSA 607 57 4 NG 009260.1

22q13.31-
qter;
22q13.33

PSAP 5660 Prosaposin
GI-BA;SAPI;FLJ00245;
MGCll0993;PSAI, I 7680 I NG 008835.1

l0q2l-
q22

BTD 686 Biotinidase I]TD 6090 r 9 NG 0080r9.1 3p25

HLCS 3l4l

ho locarboxy I ase

synthetase (biotin-
(propriony l-Coenzyme
A-carboxylase (ATP-
hydrolysing)) ligase) HCS; HLCS 6090 I 8 NC 000021.7

2lq22.l;
21q22.13

BI,M 641
Bloom syndrome, RecQ
hel icase-like

BS; RECQ2; RECQL2;
RECQL3; MGC I26616;
MGCl3l6l8;
MGCl3l620; BLM 6046 I 0 NG 007272.r I 5q26. I

ASPA 443
aspartoacy I ase

(Canavan disease) ASP; ACY2; ASPA 608034 NG 008399.r
I Tpter-
pl3

CFTR I 080

cystic tiblosis
transmembrane
conductance regulator
(ATP-binding cassette
sub-t-amily C, member
7)

CF;MRP7;ABC35;
ABCCT;CFTR/MRP;
TNR-CFTR; dJ760C5.l;
CFTR 602421

NC 000007.r
2 7q31.2

ASSI 445
argin inosuccinate
synthetase I ASS; CTLN I ; ASS I 603470 NG_011542.t 9q34.1

MMAC
HC 25974

methylmalonic aciduria
(cobalamin deficiency)
cblC type, with
homocystinuria

cblC; FLJ2567l;
DKFZp564ll22; RPI l-
291L19.3; MMACHC 60983 I NC 000001.9 I p34. I
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Gene
name

Gene
ID

Description Gene aliases
OMI

M
RefSeqGene

9tr
o5
Za

OE

IKBKA
P 85t8

inhibitor of kappa light
polypeptide gene

enhancer in B-cells,
kinase complex-
associated protein

FD; DYS; ELPI; IKAP;
lKI3;TOTI;FLJ12497;
DKFZp78lHl425;
IKBKAP 603722 NG 008788.1 9q3 I

FANCC 2176

Fanconi anemia,
complementation group
C

FA3; FAC; FACC;
FLI14675; FANCC 227645 NG 0l1707.1 9q22.3

GALKI 2584 galactokinase I GKI;GALK;GALKI 6043 r 3 NG 008079.1 17q24

GALT 2s92
galactose- I -phosphate

uridy ly ltransferase GALT 606999
NC 000009.1
0 9pl3

GALE 2s82
UDP-galactose-4-
epimerase

SDRIEI; FLJ95174;
FLJ97302; GALE 606953 NG 007068.1 I p36-p35

GBA 2629

glucosidase, beta; acid
(includes
glucosylceramidase)

GCB; GBAI; CLUC;
CBA 606463 NG 009783.1 I q2l

GJB2 2706
gap junction protein,
beta2,26kDa

HID;KID; PPK; CX26;
DFNA3; DFNBI;NSRDI;
DFNA3A;DFNBIA;
GJB2 l2l0l I NC 008358.r

l3ql l-
cl2

GCDH 2639
glutaryl-Coenzyme A
dehydrogenase GCD; ACAD5; GCDH 608 80 I NG 009292.1 19p13.2

G6PC 2538
gl ucose-6-phosphatase,
catalytic subunit

G6PT; CSD I ; GSD la;
MGC I63350; G6PC 232200 NG 011808.1 l7q2l

HBB 3043 hemoglobin, beta
CD I I 3t-C; beta-globin;
HBB r41900 NG 000007.3 llpl5.5

BCKDH
A 593

branched chain keto
acid dehydrogenase El,
alpha polypeptide

MSU;MSUDI; OVDIA;
BCKDEIA; FLJ45695;
BCKDHA 608348 NC 000019.8

l9ql3.l-
q13.2

BCKDH
B 594

branched chain keto
acid dehydrogenase El,
beta polypeptide

EIB; FLJl7880;
dJ279Al8.l; BCKDHB 2486t I NG 009775.r 6ql3-ql5

DBT 1629

dihydrolipoam ide
branched chain
transacylase E2

E2;E2B; BCATE2;
MCC906l; DBT 248610 NG 011852.1 I p3l

DLD 1738
dihydrolipoam ide
dehydrogenase

E3; LAD; DLDH; CCSL;
PHE3; DLD 23833 I NG 008045.1 7q31-q32

ACAD
M 34

acyl-Coenzyme A
dehydrogenase, C-4 to
C-12 straight chain

MCAD; ACADI;
MCADH; FLl18227;
FLJ930l3r FLJ99884r

607008 NG 007045.1 I p3l

ML-tPR-000801
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rG

ACADM

MMAA
16678

5

methy lmalonic aciduria
(cobalamin deficiency)
cblA type

cblA;MGCl200l0;
MGCl200r r;
MGCl200l2;
MCCl200l3;MMAA 607481 NG 007536.t 4q31.22

MMAB
32662

5

methylmalonic aciduria
(cobalamin deficiency)
cblB type

ATR; cblB;MGC20496;
MMAB 60756ti NG 007096.1 12q24

MUl' 4594
methylmalonyl
Coenzyme A mutase MCM;MU,I. 60905 8 NG 007r00.r 6p12.3

MCOLN
I 57 t92 mucolipin I

ML4; MLIV; MSI'080;
TII.PMLI; MSTI,080;
'IRP-MLl;TI{PM-Ll;
MCOLNI 605248 NC 0000r9.8

l9pl3.3-
p13.2

ACTAI 58
actin. alpha l, skeletal
muscle

ACTA; ASMA; CFTD;
MPFD;NEMI;NEM2;
NEM3;CFTDI; CF'|DM;
AC'TAI 102610 NG 006672. r lq42.l3

TPM3 7 t70 tropomyosin 3

TM3; TRK;NEMI; TM-5;
TM30;TM30nm;
1'PMsk3; hscp30;
MGC326l; FLJ4I I l8;
MCCl4582; MCC72094:
OK/SW-c1.5; TPM3 19r030 NG 008621.1 lq2l.2

TNNTI 7138
troponin 1'type I
(skeletal, slow)

ANM; TNT;STNT.;
'|NTS;FLJ98l47;

MCCl0424l: TNNI'l l9 r04l NG 01 r829.1 I 9q 13.4

NEB 4703 nebulin

NEM2;NEBl77D;
IrLJI 1505; FLJ365]6;
IrLJ39568; FLJ39584;
I)KFZp686C 1456; NEB 161650 NG 009382.1 2q22

SMPDI 6609

sphingomyelin
phosphodiesterase l,
acid lysosomal ASM; NPD; SMPD I 607608 NG 0l r780.1

llpl5.4-
p l5.l

GLDC 2731
glycine dehydrogenase
(decarboxy lating)

GCE;NKll;CCSP;
HYGNI; MCCl38l98;
MCCl38200; Gl-DC 23 8300

NC 000009, I

0 9p22

GCSH 2653

glycine cleavage system
protein H (aminomerhyl
carri er) CCE;NKH;GCSI-I 23 833 0 NC 0000r6.8 t6q23.2

AMT 275 am inomethyltransferase GCE;NKH; GCS.I.;AMT 238310
NC 000003.r 3p21.2-

ML-rPR-000802
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EO
?'a

0 p2t.t

OTC s009
ornithine
carbamoyltransf'erase

OCTD; MGCl29967;
MGC 129968;
MGCl38856;OTC 30046 r NG 00847r.r Xp2l.l

PAH 5053
phenylalanine
hydroxylase PH;PKU; PKUI; PAH 612349 NC 008690.1

12q22-
q24.2

DHPR 5860

quinoid
dihydropteridine
reductase

DHPR; PKU2; SDR33Cl;
FLJ4239l;QDPR 612676 NG 008763.1 4p 15.31

PTS 5 805

6-
pyruvoy ltetrahydropteri
n svnthase PTPS; FLJ9708l; PTS 261640 NG 008743.1

llq22.3-
q23.3

PCCA s095

propionyl Coenzyme A
carboxylase, alpha
polypeptide PCCA 232000 NG 008768.r 13q32

PCCB 5096

propionyl Coenzyme A
carboxylase. beta
polypeptide DKFZp45lEl l3; PCCB 2320s0 NG 008939.1 3q21-q22

ACADS 35

acyl-Coenzyme A
dehydrogenase. C-2 to
C-3 short chain SCAD; ACAD3; ACADS 606885 NG 007991.r

12q22-
qter

DHCRT t7 17

7-dehydrocholesterol
reductase SLOS;DHCI{7 60285 8 NC 000011.8

I lql3.2-
q13.5

SMNI 6606
survival of motor
neuron l, telomeric

SMA;SMN;SMAI;
SMA2;SMA3;SMA4;
SMA@; SMNT; BCD541;
T-BCD54l; SMNI 600354 NG 008691.1 5ql3

HEXA 3073
hexosaminidase A
(alpha polypeptide) TSD; MGC99608;I-IEXA 606869 NG 009017.1

15q23-

c24

MYOTA 4647 myosin VIIA

DFN82; MYUTA;
NSRD2; USHIB;
DFNAII;MYOVIIA;
MYOTA 276903 NC 009086.1 I lql3.5

USHlC I 0083

Usher syndrome I C
(autosomal recessive,
severe)

PDZ13; AIE-75; DFNBI8;
PDZ-45; PDZ-73; NY-
CO-37;NY-CO-38;
ushlcpst; PDZ-73AIY-
CO-38;USHIC 605242 NC_00001 r.8

I lpl5.1-
pl4

CDH23 64072 cadherin-like 23

USHID; DFNBI2;
FLJ00233; FL136499;
KIAAl774; KIAAl8l2;
MGC 102761:

6055 I 6 NG 008835.t
10q21-

c22

ML-tPR-000803
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DKFZp434P2350; CDH23

PCDHI5 65217 protocadherin I 5

USHIF; DFNB23;
DKFZp667 AlT ll;
PCDHI5 6055 r 4 NG 009t9r.1 l0q2l.l

SANS
12459

0

Usher syndrome lG
(autosomal recessive)

SANS;ANKS4A;
FLJ33924;USIIIG 607696 NG 007882.I 17q25.t

ARX
I 7030

2

aristaless related
homeobox

ISSX; PRTS;MRX29;
MRX32; MRX33;
MRX36;MRX38;
MRX43;MIlX54;
MRX76;MRX87;
MRXSI; ARX 3003 82 NG 00828l.l Xp2l

OPHNI 4983 oligophrenin I OPN I ; MIIX60; OPHN I 300t27 NG 008960.1 Xq l2

JARIDI
C 8242

lysine (K)-specific
demethylase 5C

MRXJ; SMCX; MITXS.I;
XEl69; JARIDIC;
DXSl272E;KDM5C 314690 NG 00808s.r

Xpl1.22-
pll.2l

FTSJ I 24140 FtsJ homolog I (E. coli)

JM23; MRX9;SPBI;
TRMT; CDLIV; MRX44;
FTSJ I 300499 NG 008879.1 Xpl 1.23

SLC648 653 5

solute carrier f'amily 6
( neurotransm itter
transporter, creatine),
member 8

CR,I;CTI; CRTR;
MGC87396; SLC6A8 300036 NC 000023.9 Xq28

DLC3 174t
discs. largc homolog 3

(Drosophila)

MRX; MRX9O; NDDLG;
NE-Dlg; SAP 102; SAP-
102; KIAA 1232; DLG3 300 l 89 NC 000023.9 Xql 3. I

TM4SF2 '7102 tetraspanin 7

Al5;MXSI; CD23l;
MRX58;CCG-B7;
TM4SF2;TALLA-l;
TM4SF2b; DXSl692E;
TSPANT 300096 NG 009160.r Xpl 1.4

ZNF4I 7592 zinc linger protein 4l
MRX89;MGC894l;
ZNF4I 3 I 4995 NG 008238.1 Xpl 1.23

FACL4 2182

acyl-CoA synlhetasc
long-chain lamily
member 4

ACS4; FACI-4; LACS4;
MRX63; MRX68;ACSL4 300 I 57 NG 008053.1

Xq22.3-
q23

PQBPI I 0084
polyglutamine binding
protein I

SHS;MRX55; MRXS3;
MRXS8;NPW38;
RENSI;PQIIPl 300463 NC 000023.9 Xpl 1.23

ML-lPR-000804
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M
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EO
o52'A

PEXI 5189

peroxisomal biogenesis
lactor I ZWSI;PEXI 602136 NG 00834r.1 7q21.2

PXMP3 5 828

peroxisomal membrane
protein 3, 35kDa

PAFI; PEX2; PMP3;
l'AF-l; PMP35;RNF72;
PXMP3 t70993 NG 00837r.r 8q2 l. I

PEX6 5190
peroxisomal biogenesis
factor 6

PAF2; PAF-2; PXAAA l;
PEX6 60 r 498 NC 008370.r 6p21.1

PEXIO 5192
peroxisomal biogenesis
factor l0

NALD; RNF69;
MGCl998;PEX10 602859 NG 008342.1 1p36.32

PEXI2 5193

peroxisomal biogenesis
factor l2 PAF-3;PEXl2 60t758 NG 008447.1 17ql2

PEX5 5 830

perox isomal biogenesis
factor 5

PXRI;PTSIR; PTSI-BP;
FLJ50634; FLl5072t;
FL.l5l948;PEX5 600414 NG 008448.1 l2p 13.3 I

PEX26 55670
peroxisomal biogenesis
fhctor 26

FLJ20695; PEX26M1T;
Pex26pM1T; PEX26 608666 NG 008339.r 22q11.21

Table 2: Polymorphisms

Gene
name

Gene
ID SNP ID Mutation

CFTR I 080 rs6350066 I

TCACATCACCAAGTTAAAAAAAAAAA [A/G]GGGGCGGGGGGGCACAAT
GAAAA'I"T

CFTR r 080 rs63 I 07760
AAACAACGATCAATTAAGTTTTTTTT[-
/T] A AAAAAGAAACATTTGGTAAGGGGA

CFTR r 080 rs62469443
ATCACCAAGTTAAAAAAAAAAAAGCG[A/G]CGGGGGGGCAGAATGAAA
ATTGCAT

CFTR I 080 rs62469442
CTATTGAACCAGAA CCAAACAGGAAT[A/G] CCATAGCATTTTGTAAA CT
AAACTG

CFTR l 080 rs62469441
CACGAGTTCAAGACCAGCCTACTAAA [A/C]CACACACACACACACACAC
ACACAC

CFTR I 080 rs62469439
GATTAAATAATACTGTTTATGTACCC [C/C] GCTTATAGGAGAAGAGGGT
CTGTGT

CFTR r 080 rs62469438
ATTGTTATCTTTTCATATAAGGTAAC [A/T] GACGCCCAGA GAGATTAAAT
AACAT

CFTR r 080 rs62469437
TAATTTTAATTAA GTAAATTTAATTG [A/G] TAGATAAATAAGTA GATAAA
AAATA

ML-tPR-00080s
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CFTR r 080 rs62469436
GTATAAAAAAAAAAAAAAAAAAAGTT[A/T]GAATGTTTTCTTGCAT'f CA
GAGCC'T

CFTR r 080 rs62469435
ATA CTAAAAATTTAAAGTTCTCTTGC[A/GIATATATTTTCTTAA TATCTTA
CA'TC

CFTR I 080 rs62469434
I'GCTGGGATTACAGGCGTG AGCCACC [A/GI CGCCTGGCCTGATGGGACA
TATTTT

CFTR I 080 rs62469433
CTACAA
CTATTT

TATAAGTATAGTATTGCAAA [A/C] CCATCAGGAAGGCTGTTAA

CFTR I 080 rs61763210
GTTG'ICTCCA AACTTTTTTTCAGGTG [-
/ACAIAGCTGGCCAACCGAGCI'TCGGAAAG

CFTR r 080 rs6l 720488
TTT'ITTCA TAAAAGA TTATATAAAGG [A/C]TATTGCTTTTGAATCACAAA
CACTA

CFTR I 080 rs6l48l 156

A]'CTACTGAG CAGTCA CGAAA GAGAA [C/T] TTCCA GATCCTGGAAATCA
GCCTTA

CFTR I 080 rs6 I 443 875
TAGAGTATAAAAAAAAAAAAAAAAAA[-
/A] GTTTGAATGTTTTCTTGCATTCAGA

CFTR I 080 rs61312222
TGCAAATGCC AACTATCAAACATATT[C/G]GAGTATACTGTCAATAAACT
TCAT'A

CFTR I 080 rs6 | I 59372

.ICCTCAACACTTAGAAACAA
TATTTT[CiG]AGTGATTTCCCATGCCAACl',I'TACl'

CFTR I 080 rs61094145
T'fr"t1'GC TATTGTTG'fTAAATAAGTC[A/G]GAATTCAATACAGTATAATG
TC'fGT

CFTR I 080 rs6 I 086387

CTTGAAATCCCATATATATATATATA[-
/TGTA'fATATATATATATATATATATATATATACATATATA'f ATATA]GTA
TTATCCCTGTTTTCA CAGTTTT

CFTR I 080 rs609967 44
AGAGCCGCTCTGAAGCACA CCAAGGA[A/G]CAGACTAAGAGCCAGGAG
CGAAAAC

CFTR I 080 rs60960860
I'AGAG
AATA

TTTATTA GCTTTTACTACTCT[A/G] CTTAGTTACTTTCTCTTACAG

CFTR l 080 rs60923902
A CTACTGATGATGAGCTTCTTTTCAT[-
/AT] GTTTCTTGGCTCCATAAATGTCTTC

CF'IR I 080 rs609 I 2824
CCAGAGAAAAGAGGGGCTGTGAAGGA [C/G]ACCAAGGAGGAGACTAAG
AGCCAGG

CFTR r 080 rs60887846
1'1'CA cAGGTCI'ACCACTGGTGCATACIC/TICTAATCACAGl'CTCGAAAAT
1'1'TAC

CFTR r 080 rs60'793 17 4

AAGAAAG
AAACCA

ACCAAAAGAGGGCAAACTT[C/1']TCATACATTTTTGATGTCG

CFTR r 080 rs607885 75

CCTAAACTTTAAAAAGAAAAAAAAAA [-
/AIGCAAGAAGGAATTAAAAATCCAAAG

ML-rPR-000805
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CFTR r 080 rs60760741
GTGTGTGTCTGTATATATATATATAT[A/T] TATATATTTTTTTTTTCCTGA
GCCA

CFTR r 080 rs60456599
AAACTGTTGA TGTTTTCATTTATTTA [C/G]ATCATTGGAAAACTTTAGA TT
CTAG

CFTR I 080 rs60363249
TTTATCCATTCTTAACCAGAACAGAC [A/G] TTTTTTCAGAGCTGGTCCAG
GAAAA

CFTR I 080 rs60355 I I 5
TTGAAATCGGATATATATATATATAT[A/G]TATATATATATATATATATA
TATAT

CFTR I 080 rs60308689
TA GTTTTTTATTTCCTCA'IATTATTT[-
/T] CAGTGGCTTTTTCTTCCACATCTTT

CFTR r 080 rs6021 1242
ACATAGTTCTCA GTGGTACA ACTA CA [A/G] GTGATTTCTCTTTTCTTAl'TT
CTGG

CTTR l 080 rs60010318
AGAGCAATCGCATCCCTTGTCTTGTG[C/T]TATACAGCATGCAGCAATTT
ATAGG

CFTR I 080 rs5996 I 323
TTCTGTCTACATAAGATGTCATACTA IA/G] ATTATCTTTTCCAGCATGCAT
TCAG

CFTR r 080 rs59961270
CAGGGTGCCATGTTAGGCACTGCTTA [A/C]AATAAATGAGTTGGTTATA
CAAGTA

CFTR I 080 rs5983 7506
AGGACACACACACACACACACACACA[-
/CA]TGCACACACATTTAAATAGATGCAT

CFTR r 080 rs59572090
TAAAAAATTCCTATAATGAAATTGCA [C/T]TTGTAGTCTTTGGACATTTA
AATCC

CFTR I 080 rs59548252
TTTCAATACTTAAGACGTACGCAGAG [A/G]AAAGAGGGGCTGTGAAGGA
CACCAA

CFTR I 080 rs595 I 9859
CAGCAATGAATATTTTGA GGCTGAGG [C/T] GCTGAGCGGTAAAATTGCA
GCCTCG

CFTR l 080 rs5950983 7

TTATGGTTTATATTTTTGTCTCTTCT[.
/CTTT] AACACATCTTTTCTA GCAGAATTCA

CFTR r 080 rs594 I 7037
GTATTTTAGTTTTTTTTTTTTGTTTG[.
/T]TTTGTTTTGTTTTGTTTTGTTTTTC

CFTR l 080 rs59 I 59458
TCGGTGACTCCATTTTTACTTTTAGT[C/T] TGGTCTGTTGAGGCCTCGTGA
GAGA

CFTR I 080 rs59048 I I 9
TATTTTCATGTATTTTAGTTTTTTTT[.
/TTTT] GTTTCTTTTGTTTTGTTTTGTTTTG

CFTR I 080 rs5 8970500
GTGTGTGTGTATATATATATATATAT[A/T]TATATTTTTTTTTTCCTGAGC
CAAA

CFTR r 080 rs58942292
AACCTATTAGCATGTCTGGCAGAAAA [-
/A] TAGATACTTAATAAATTTCTTAAAT

CFTR l 080 rs5 89 I 7054
GAGGCTTAGACAGTTTAAGTAACTCA I'A/GIGCATGGTTACACAACTAGC

ML-tPR-000807
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TAGGGC

CFl'R r 080 rs5 8837484
G"tGTGAGTATl'ATGACACCA',TATGTT IA/G] GGAGAT'tTTA-TTTGGTAl'TG
ACGAT

CFTR I 080 rs5882949 I

GAAACCCCACCCCT'TCTATAC'tTTTCIC/TlCl't'TAATATTTACAATGGAAC
CATT

CFTIT I 080 rs58805 I 95
cATA'tATA TATA GTGTGTGTG'tGTGTIA/GI"tATATATATA'tA TATATATAl'.TTTT

GBA 2629 rs60866785
CGAGCGAGAGAGAGACAGAGAGAGAG [-
/AGIGAGCCGGCGCCAGAACTACGCATGC

GBA 2629 rs60239603
CGCAGGTAAl'ATC'IAGTACCTTACTTIA/T]TA'TTTCCTGAGCACATTCTAC
ATTT

GBA 2629 rs563 I 0840
GGCCAGGAA'tGCGAGTCCTI-AGCl'CCIA/GI GAGGTCGCACTCTTCCCGC
AGCTGC

GI}A 2629 rs41264927
TCAAAACTCCA'ICCCCTCAGGGTCAT[C/T]AGATGAAGAGAAGACCACA
GGGGTT

GBA 2629 rs41264925
TG'IAGGTAACGC 1'CACATGI'GCGAGA IC/G]GCAGCTGl'GGG'tAGGTCAG
CCC'ICT

GBA 2629 rs36024691
CCAAGAAGGCCCCATTACACTCCAGC[.
/CITGGGCCACAGCGCGAGACTCCCTCA

GBA 2629 rs36024092
TGCCACACCCA CCTAATTTG'IGTGTG [.
/Gl TATGTGTG'f G1'ATCTATCt'C]'GTCT

GBA 2629 rs35682967
GTTCCTCCAGT-A ATTTTTTl'1'T'n'TT [-
/TlGCTTTTGAGA CACAGTCTTGCCCTG

GBA 2629 rs3 503 3 592
A'IcATGCCCA CA TAATTTI"tTl'TTTT [-
iTl G'tATTTl'A G1'A G ACACAGGGT'TTCA

CBA 2629 rs34732744
cGAGCGAGAGAGAGAGACAGAGAGAG[-
/AGIGAGCCGGCGCGACAACTACGCATCC

CBA 2629 rs34620635
ccTcTGAGCCGCACATTCCTTACTAG[-
ic jTAAGGAGTTCGGCGTGTGAAGATCC

GBA 2629 rs34302637
ACACGCTACTGGCTGGCCCCACGCAA [-
/A] GCGGGCCTTCGCAGGAAAAGT'ICCT

GBA 2629 rs33949225
GCCAGAGACAGAGAGAGACAGAGAGG [.
/AG]AGCCGGCGCCAGAACTA CGCATGCG

GBA 2629 rs28678003
AAGAAGAAAAAI'AAAAAGAAACTGGG IC/T] CAGACCGACAGAACAGCA
ACCCTGA

CBA 2629 rs285 5973 7

AAGGACAAACCCAAAGAGACAAACGC[G/II CAACACTGGGCCTCCCCA
CAGACTG

GI}A 2629 rs28373017
TACCTAG TCACT'ICCTGCCTCCATGG IC/T]GCAAAAGCCGA'IGCCTG'IGC
CI'C1'T

ML-tPR-000808

Petitioner Illumina, Inc., Ex. 1052, p. 20 
Illumina Inc. v. Molecular Loop Biosciences, Inc. 

IPR2024-01419



Gene
name

Gene
ID SNP ID Mutation

GBA 2629 rsl2'l 52133
CTCTTCCCAGGTTCCACCCTGAACAC [C/T] TTCCTGCTCCCTCGTGGTGTA
GAGT

GBA 2629 rsl27 4781 I

TTCTGACTCGCAACCAGCCCCACTCT[C/T]TCGGAGCCCTCAGGAATGAA
CTTGC

GBA 2629 rsl2743554 gctcagcctcccaggctggagtgcagIA/T] ggcgcgatctcggctcaccgcaacc

CBA 2629 rs12041778
CATGAACCACATCAAATCAGATTTAGIC/T]CGCAGTCGCACACACAGTC
ATGACC

CBA 2629 rsl2034326
AAGCAGCCCTGCGGAGTCCCGGCGGG[A/G]CCTGGATTCGAAAAGAGA
CGGTCAC

GBA 2629 rsll558l84
CTCCAAGTTCTGGGAGCAGAGTGTGC [A/G]GCTAGGCTCCTGCGATCGA
GGGATG

GBA 2629 rsl 1430678 CTTCCTCCAGTAAttttft ttttttt[-/C/'t] gttttgagacagagtcttgccctgt

GBA 2629 rsl 1264345
CTAGTACCTTACTTCCCTCAAGTTCA [A/T]TCATCTCACAGATATTTCCTG
AGCA

GBA 2629 rs I 0908459 aattagccgtgcgtggtggcgggtgc IC/T] tgtaatcccacgtacttgggaggct

GBA 2629 rs I 0796940
CCATCGCCACCCGGGGAGGCGACGCG[A/C]ACACACAGACCCACACAG
AGACTCA

GBA 2629 rs I 0668496 agcgagagagag aga1agaga9agag[-/AG] gagCCGGCGCGAGAACTACGCATGC

GBA 2629 rs74 I 699 I

CGTAGCAGTTAGCAGATCATAGCCGG [C/G/T]CAAATCTTATTTCACAGG
GCATTAA

GBA 2629 rs4024049
CTGCCCCTCGTGACAGTCGCGCTGTGIC/T]GTCGGGCCAGAGCCTTCTCA
GAGGT

GBA 2629 rs4024048
CAGATACTGGCCCTGGTGACAGTGGG[A/G]CTCTGCGTGGGGCCAGAGC
CTTCTC

GBA 2629 rs4024047
GACAGATACTGGCCCTGGTGACAGTG[C/T]GGCTCTGCGTGGGGCCAGA
GCCTTC

GBA 2629 rs3 84 I 430 GGCTCctctctctctctctctctctc [-/TC] gctcgctctctcgctctctcgctct

GBA 2629 rs3754485
GTTTCAGACCAGCCTGGCCAACATAGIC/T]GAAACCCCATCTCTACTAAA
AATAA

GBA 2629 rs32056 I 9

ACTGGGCGATTGGATGGAGCTGAGTA [C/T]CGGGCCCATCCAGGCTAAT
CACACC

GBA 2629 rs2990227
CCCGGCTCCGTGAATGTTTCTCA CAT[C/G]TCTGAAGAACGTATGAATTA
CATAA

GBA 2629 rs2990226
GAATCCCAA CCCCGACGCTCGTCGCC [C/G] GGCTCCGTGAATGTTTGTCA
CATGT

GBA 2629 rs2990225
GCGAATCCCAACCCCGACGCTCGTCG [C/T] CGGGCTCCGTGAATGTTTGT
CACAT

ML-rPR-000809
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GBA 2629 rs2990224
TGGGCAGAAGTCAGCGTCC AAAGAAAIG/TI GGCAAAGAAAAGTGTcagtgg
ctca

ASPA 443 rs637 51297
TAAGAAACACCTTTTTCA TTT'|TT'I.C [A/G] CA C'ITCTCTGGCTCCA CTA CC
CTGC

ASPA 443 rs6207 I 30 I

CTGATTCCTGGCCAGGACCGC TGGCT[C/T]ACGCCTGTAATCCCAGCCCT
TTGGG

ASPA 443 rs6207 I 300

'TAAAAATGCl'CATTCCTG GCCAGGAG[C/T]GG]'GGCTCACCCCTGTAATC
CCAGC

ASPA 443 rs62071299
TTTAAAAATGCTGATTCCTCGCCAGG[A/C]GCGGTGGCTCACCCCTGTAA
TCCCA

ASPA 443 rs6207 1297
CAAGACCTGTCAAAGA TCTGAGAAAT[A/T]TTACCCGACTTACAAGCTA
ACCATT

ASPA 443 rs6 I 69703 3

ACTGTAATAA GTCC]'GTAAAA GAAAT[A/G] CACAAAATAATATAGCAGA
GGGTAT

ASPA 443 rs60743592
CTTGAGCTCAGGACTTC AAGACCACT[C/TITCGGCAACATCGGGAAAAC
CTTGTC

ASPA 443 rs60666840
AGGTTGCAGTGAGCCGAGATCATGCCI
ACAAAA

AiG]T]'GCACTCCAGCCGGGGCA

ASPA 443 rs60147514
ACAAGTCTCTTCAAATT A CTGTGAT[C/T]TGCTATAGAGCAATACTTTT
GTAAA

ASPA 443 rs5993 0743
GTGGGTATAl'GCACCTCTA TGCACTA [C/T]CTCCTCA-I-TTATTTGGTAAAT
CI'AA

ASPA 443 rs59690349

'IGTGTCTCT'GTGCGTGTGTG ]-GTC'.tG [-
/'f GTGTGTGIATCAl-AAGAGl'GGC'TGCAGCAAA C.f

ASPA 443 rs596763 60
AGTCTGCAGTGCAATGGTG CAATCTCIA/G]GCTCAC-IGCAGCCTCCACCT
CCGGG

ASPA 443 rs593 3 5404
CTCCTAATGGATATTTCCT
CC'I'GG

AAATl'T1'IG/Tl CTGAACAGAATTTAACTTGA

ASPA 443 rs58879097
ATTTAAAAA-t'GGATTTCTA CAAAAAC[A/GIATCACATACTTGAATATTTT
AGCAA

ASPA 443 rs5 8686774
CTATAAATCGC'IAGCATGAGG CATTC[A/G]ACGAGGTGGCTGAAAGAAG
CACGTA

ASPA 443 rs575l I 162
AAGAAACCAAGCATAGTAGACl'G 1'TA [A/G]AAAACCAAAGCAACTAAA
CAACTGT

ASPA 443 rs55 859596
CGCGGCTCAGAACTTGTAACACAAAA IA/T]TAAAATATACTCCACTCAA
CGGAAT

ASPA 443 rs557 42972
TA C'tA CACTTCA CGGATA CTC'r'A C1'T[-
/GTACTT] TTTl"I'CCAAATTGAA GG-f TTTTGGC

ASPA 443 rs55640436
TTGTTTTTG'I'ITTTGTTTTTGI"Il'1'1'
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ID SNP ID Mutation

/GTTTTTGT]'"rTrl TGAGATGCAGTC'TCGCTCTGTCGCC

ASPA 443 rs36225681
TTTGCCTTACTACACTTCACCGATAC[.
/TGTACT] TGTACTTTTTTTCCAAATTGAAGGT

ASPA 443 rs36051310
GAGGTGGCTGAAAGAAGCACGTATCC [-
/CITGATGGCATGGTTGCGGGTTATATC

ASPA 443 rs36034906
GAGAAAAGCAGTTCCTGGAACACCCC[.
/CIACCCCTTAACCCCTTATCTCTGCTT

ASPA 443 rs3603 3666

TTA CATATGTA TACATGTGCCAI'GTT[-
iT]GGTGTGCCGCACCCATTAACTCGTC

ASPA 443 rs35730 I 23

CTTTTTCCAGATTTTTTTTTTTTTTT[.
/T]GAGACAGAGTTTCACTCTTGTTGCC

ASPA 443 rs3 5629 I 00
TTTGGAAATCTTAAGCTTTTATTTCG [.
/G]TCTCACAGAGAAACAGGATCTGTAT

ASPA 443 rs356 I 463 I
TACT'ITAAGT'ITTAGGGTACATGTGC [-
/A] CCATGTGCAGCTTTGTTACATATGT

ASPA 443 rs35225782
ATTCATCACCAGCCACATAAATGCAC [.
/A] GTATTACTTCGCAAGCATGCCAATG

ASPA 443 rs3 5 I 78659
GTCCACTAGAATTAGCTAAAGTCGGC [-
/G]AAAAAAAGATGCATTTGATGCTCTA

ASPA 443 rs3 5095578
AACCTCCACCTCCCAGGTTCAAGAGA [.
/A] TTCTCCTGCCTCAGCCTC CCAA GTA

ASPA 443 rs350022 I 0

CCTCCCTGTGATCCGAAGTACCAGAC[A/G]TACTTAACTTCCATGGTGGA
TTGTT

ASPA 443 rs34744839
AAAACATTATTATATCTAGAAAAAAA [-
/A] TGTATCTTAACCATTGTGGGAAGTG

ASPA 443 rs34680506
TTGAAGGTAAAATCATAGGCACTTCG[-
/G]AGCTCTCCTCTTGCGCTGAATCAGT

ASPA 443 rs343 656 I 8

ACTTGTGGCCTTTTTGGAGAGGTTAG [-
/CA]ACTCTGAAAACTCTGTCCCTCCACC

ASPA 443 rs34275920
GAAGCAGAAAAAGAGAGGAAATAAGT[.
/T]AAAATAATAAACACAATTAATAAAG

ASPA 443 rs34109510
TGTATACATGTGCCATGTTGGTGTGC [C/T] GCACCCATTAACTCGTCATTT
AGCA

ASPA 443 rs34054576
TCACCTGTCA CCTCCTATAGAACTTT[-
/CICCCTGACCCTCCTCTATAGCATTAA

ASPA 443 rs34015272
ATAAATGATCATCATTCACAGTAGGG [.
/G]TTTTGTTTTGTTTTTTTTCTGGAAA

ASPA 443 rs3400209 I

ACAGACATA TCTACAAACACA CTTTT[-
/T] CACATATTTGTGTAAGTCATTTATG
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ASPA 443 rs2894057 4
AAAGACAACTAAACTAACGCTCAA-fG[A/C]AAAAAGTATTCGCTGCTGT
TTACAT

ASPA 443 rs28940279
TACCGTGTACCCCGTGTTTGTGAA'TG[A/C]CGCCGCATATTACGAAAAGA
AAGAA

ASPA 443 rs I 7850703
CAGGGCTCGACGTAAAACCATTTAT'T[A/G]CTAACCCCAGAGCAGTGAA
GAAGTG

ASPA 443 rs17222495
TTCTTCATTCCCTA TTGAAGAGA GA G [C/T] GGAATGCTTTGCTI'CCCAGA
TATGG

ASPA 443 rsl7 17 5228
CACAACA 1'CTCATTACTCAGGAGCTCIC/1'l CCAAGTGTCTAATCTACT'tA
GTTAA

ASPA 443 rs I 6953074
TTCTGTG TAACA'|]-TCATTTAAGCAA [A/G]GGATTCGGCAnATCAAAAAl'
TGTCA

ASPA 443 rs I 6953070
TAAAACGTAT GAACGTATTATTCAC IG/I']CTGTTGAAGCAAAGAGAAC
AAAACA

HEXA 3073 rs6202285 8

ATCTGCTCI"ICCAGTTG GATGACAAC IC/t] C't]'CCTGTCTAACACCTGCT
GCAGA

HEXA 3073 rs62022857
CCATTTTTTG 'f ]'GTATTTTTTTTI'TC I C/1']'TGAATACTTTTTATCGCA CTTG
GTT

T{EXA 3073 rs62017872
CCCTGTCTCTN AAACAAAAAAA AAAA [A/G]AAAAAAAAAACAAAACAA
AACCCAA

FIEXA 3073 rs620 I 787 I

ACTGGCTCCAAA AAGGTCATGGAACCIC/T]CI"|GAGGATGATGCAAATT
GACTCT

HEXA 3073 rs61662730
TAAAGTT ACTTT'ICTTTTATTGACTl'[C/T] CCCTTATTTTTTAA CCTTATGC
TTT

IIEXA 3073 rs61329913
CAGAGTTAAAAAAAAAAAAAAAAAAA [-
/A]GGAAGl'AGCAGCAACACCTTGGAAA

HEXA 3073 rs609207 I 3

GTTCCCCAGGG'ITGACTGCAGAGGCA lc/11ATCTTGGCTCACAGCAACC'r
CTGCC

HEXA 3073 rs607832 I 3

AA GGCl']'T]'T',r'T'r'f TTTTTTTTTTTT[_
/TTTT] GAGACA GA G'ICTTGCTGTGl'CACCC

HEXA 3073 rs60644867
CCCTACAT'|CT CCAAAGACGAGGCAA ICiGIATTCACAGCTCCATACTTG
AACCCT

HEXA 3073 rs60288568
CCAAAGGAGAATAGCTCTAGGGGA GGIC/G]AGGTGGATGAGTA'IGCATG
GGGGAG

I-IEXA 3073 rs59888548
GACTCCATCTCAAAAAAAAAAAAAAA [.
/AITGCAG'TCTAATCGCAGAATTAGACl'

HEXA 3073 rs59733 856
TTATTTATTTATTT A TTTATT'| TTGA [A/C]ACA GGGTCTCTGTTG,TCCACG
CTGG

HEXA 3073 rs59427837

CCTTTTGAGCCAGGGTCTCACTCTGTTG CCACGGTTGA
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ACATC

HEXA 3013 rs5917 1976
CGCCTTGCGAAGCCCCCACAGCTTGC[C/TITGTGACAAACGTTCATAGGC
AAATG

HEXA 3073 rs5 8706602
GGAGGTCTGTACAAACCACCACCTACIC/T]TCATGGGTCAGTTTCCACAG
CAGAA

HE,XA 3073 rs5 8696963
GAATCTTATAATTCACTGTGTA CCTC [.
/CCTCITGTTTCATATTTTCGCAATTGAACT

HEXA 3073 rs586 I 0850
AACATAGTATCTAATA'TAGCTTTACA [C/T]CCAAAGCCAAAATATGAATA
CACTG

HEXA 3073 rs580 I 6062
TTGTI'TTGTTTTGTTTGCGGGGCGGG [.
/C]TTGTTTTTCTGACACGGAGTCTTGC

HEXA 3073 rs57733 983

CATACCAAAGGGCAGCTGGAGGGATA IC/T]AGACGGAAGTCATGTGCAG
AGTGAA

HEXA 30'73 rs57476645
CAGGTGTGAGCCACCACGACCACCAA [A/T]TTAGCTCTTTTTACTCCTTC
CCTTC

HEXA 3073 rs56870003
ACTGGTAGCTGATTTTGCTTCTGGAT[A/C] CTTTGCCA CCTTCCCACTCTT
TAAT

HEXA 3073 rs56338339
AAAGACCTGTTTCTTAAAAAAAAAAA [.
/ACAAAAAAAAAAA] GAAAGAAAAGAAAACAAAAAAACAG

HEXA 3073 rs5 59953 52
TAAAAAATCTTTCAATCAGGAGATGT[C/T] CCCAGAGCAACACAGCTGT
AGGATG

HEXA 3073 rs55860138
AAAAGAAAAAAAAAAAAAAAAAAAAA [-
/AIGAAAACAAAACCCAAACCCATAAAG

HEXA 3073 rs55743646
CCTCTCTCTAAAA GAAAAAAAAAAAA [A/G]AAAAAAAAAGAAAACAAA
ACCCAAA

HEXA 3073 rs55665666
GTTATCATAGAAAAATA]'CACACTCT[.
/GT]CTGTATCCCCACTTCCAGAAACTG-T

HEXA 3073 rs36 I 06892
CACGAGCTCATACAATTACATACAAT[.
/C] TTTTTTTTTTTTT'TTTGAGACAGCG

HEXA 3073 rs3 609 I 525
TTGAGAATCTTATAATTCACTGTGTA [-
/CCTC] CCTCTGTTTCATATTTTCGCAATTG

HEXA 3073 rs35949555
CCACTACCACAGTGCCTAGAGAACAA [C/TJ ATGTGTTTAATAATATTTAA
ATAAT

HEXA 3073 rs35827424
CCCTGTCTCTAAAACAAAAAAAAAAA [.
/A]AAAAAAAAAAGAAAACAAAACCCAA

HEXA 3073 rs35729578
CCATTATATCATTCATTTCCCACTCA [.
/T]TTTCTTCATTCCAACCAAGATATAT

HEXA 3073 rs35649102
TCCGTCTCAAAAAAAAAAAAAAAAAG [.
/AI GAAAGGAATTATTCTCATGTATACA
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HEXA 3073 rs35l 18677
CTGGGCCAGTTAAAAACAAAAACAAA[.
/C]CCCTGGTCCCTCCCCTTGACGACAT

HEXA 3073 rs3 50053 52
CTCCACGG'TCCCATTCCAGCACCACA[.
/C]GCCTGCTACCTCTGCAGCTCACTCA

HEXA 3073 rs3473 6306
GCATTCACATATACCAGTTAGACGGA[-
/T] TTTTTT']'TTCCA TAAACCAGGCTCA

HEXA 3073 rs34607939
ACAA A1'AA TTA CTA CA'f A]'C1'A CAA C [A/C jTTCCAGATA CAGAAGAAA T
GGCCAA

HEXA 3073 rs344961 l7
TAAA CACACTTGAAACATCATATAAA [.
/ATG]ATATTACTACAAGACTTAACCCTAA

HEXA 3073 rs343000 I 7
A CACA GGTA ATCCATG'I"I'TATTATAG [.
/A]AAAATGCCA CA TTACTCTTTATTGA

HEXA 3073 rs34206496
AGTTATCATAGAAAAATATCACACTC[-
/TG]TCTGI-ATCCCCACTTCCAGAAACTG

HEXA 3073 rs34l 10830
AATGAACTTA CAGGAAGGl'AATATAT[.
/G] GGAAATA AACATC'f TATTGAA TTTA

HEXA 3073 rs3409343 8

GGACCCCTCAAAGGCACAAGACACCC[-
/T]TTCAGGTTCACACTTCCTGAAAGCT

HEXA 3073 rs34085965
CCACCAATCACCAG AGCCTTCTGCTC[A/C]GGGGTACCTGAGGGAAAAC
AAGCAA

HEXA 3073 rs34004907
AAAGACl'CAAAAAACAI'TCATAACTA[-
/TlTTTTC'n'CTTATCCTCGGAAATGTC

HEXA 3073 rs28942072
TATCTTCATCTTGGAGGA GATGACGTIC/TI GATTTCA CCTG CTGGAAGTC
CAACC

HEXA 3073 rs2894207 I

T'f GCCTA'IGAACGl'TTGTCA CA CTTC [C/T] G CTGTGAGTTC CTGAGGCGA
GGTGT

HEXA 3073 rs2894177 I

GCTTCCl'G'f'fcGA TACATCTCCCCAT[C/T]ACCTCCCACTCTCTACCATCC
TGGA

HEXA 3073 rs28941770
CCGGGGCTTGCTGTTCC A1'ACATCTC [G/TICCATTACCTGCCACTCTCTA
GCATC

Examples

Example l: MlP-capture reaction of a set of exon target nucleic acids

MIP probes are synthesized using standard column-based oligonucleotide sylthesis

by any number of vendors (e.g. IDT).
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Hybridize capture probes to human genomic sample

Assemble hybridization reaction:

. 1.0 ul capture probe mix (-2.5 pmol)

. 2.0 ul l0X Ampligase buffer (Epicentre)

. 6.0 ul 500 ng/ul human genomic DNA (-16.7 fmol)

. 1l ul dH2O

In a thermal cycler, heat reaction to 95C for 5 min to denature genomic DNA, then

coolto 60C. Allow to incubate at 60C for 40 hours.

Convert hybridized probes into covalently-closed circular products containing target nucleic
acids

Prepare fill-in / ligation reaction mixture:

. 0.25 ul 2 mM dNTP mix (Invitrogen)

. 2.5 ul lOX Ampligase buffer (Epicentre)

o 5.0 ul 5 U/ul Taq Stoffel fragment (Applied Biosystems)

. 12.5 ul 5 U/ulAmpligase (Epicentre)

. 4.75 ul dH2O

Add 1.0 ul of this mix to the hybridized probe reaction, and incubate at 60C for l0

hours

Purifu circularized probe/target nucleic acid products from un-reacted probes and genomic

DNA

Prepare exonuclease reaction mixture

. 21 ul fill-in / ligation reaction product

. 2.0 ul 10X exonuclease I buffer (New England Biolabs)

o 2.0 ul 20 U/ulexonuclease I (New England Biolabs)

. 2.0 ul 100 U/ul exonuclease III (New England Biolabs)

Incubate at37C for 60 min, then heat-inactivate by incubating at 80C for 15 min.

Immediately cool to 4C for storage.
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Amplify circular material by PCR using primers specific to the 'constant region' of the
probes

Prepare PCR mixture:

o 5.0 ul 10X Accuprime reaction buffer (lnvitrogen)

o 1.5 ul 10 uM CP-2-FA (5'-GCACGATCCGACGGTAGTGT-3,)

o 1.5 ul l0 uM CP-2-RA (5'-CCGTAATCGGGAACCTGAAG-3,)

o 0.4 ul 25 mM dNTp mix (lnvirrogen)

. 2.0 ul heat-inactivated exonuclease reaction mix

o 1.5 ul 10X SybrGreen (lnvitrogen)

o 0.4 ul 2.5 Ulul Accuprime Pfx polyrnerase (lnvitrogen)

. 31.7 ul dH2O

Therrnal cycle in real-time thermal cycler according to the following protocol, but

stop cycling before amplification yield plateaus (generally 8-12 cycles):

l. 95C for 5 min

2. 95C for 30 sec

3. 58C for 60 sec

4. 72C for 60 sec

5. goto 2, N more times

Prepare a shotgun next-generation sequencing libraryfor analysis

' Purify desired amplicon population from non-specific amplification products

by gel extraction.

o Concatemerize amplicons into high-molecular weight products suitable for

shearing

o Mechanically shear, using either a nebulizer, BioRuptor, Hydroshear, Covaris,

or similar instrument. DNA should be sheared into fragments several hundred

basepairs in length.

o Ligate adapters required for amplification by the sequencing platform used. If
necessary, purify ligated product from unligated product and adapters,

Perform sequencing of library according to manufacturer's rJirections (e.g. Illumina,ABt,

etc), readingthe target sequence to determine abundance of the tctrget nucleic acid..
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Examplc 2: Usc of MIPs, hybridization, and mutation-detection MIPs to

genotype a set of 1000 targets

MIPs, hybridization, and mutation-detection MIPs are used to genotype a set of 1000

targets. The protocol perrnits detection of any of 50 specific known point mutations

First, separate MIP, hybridization, and mutation-detection MIP reactions are

performed. A MIP capture reaction is perforrned essentially as described in Turner et al

2009, Nature methods 6:3 I 5-6. A set of MIPs is desigrred such that each probe in the set

flanks one of the 1000 targets. Separately, a hybridization enrichment reaction is performed

using the Agilent SureSelect procedure. Prior to selection, the genomic DNA to be enriched

is convefted into a shotgun sequencing library using Illurnina's 'Fragment Library' kit and

protocol. Agilent's web interface is used to design a set of probes which willhybridize to the

target nucleic acids. Separately, a set of probes are designed (mr:tation-detection MIPs)

which will forrn MIPs only if mutations (e.g., specific polymorphisms) are present. Each

mutation-detection MIP has a 3'-most base identity that is specific for a single known

mutation. A reaction with this set of rnutation-detection MIPs is perforrned to selectively

detect the presence of any mutant alleles.

Once allthree reactions have been performed, the two MIP reactions are combined

into a single tube, and run as one sample on the next-generation DNA sequencing instrument.

The hybridization-enriched reaction is run as a separate sample on the next-generation DNA

sequencing instrument. Reads from each 'sample' are combined by a software algorithm

which forms a consensus diploid genotype at each position in the target set by evaluating the

total coverage at each position, the origin ofeach read in that total coverage, the quality score

of each individualread, and the presence (or absence) of any reads derived from mutation-

specific MIPs overlapping the region.

It will be clear that the methods may be practiced other than as particularly described

in the foregoing description and examples. Numerous modifications and variations of the

present disclosure are possible in light of the above teachings and, therefore, are within the

scope ofthe claims. Preferred features ofeach aspect ofthe disclosure are as for each ofthe

other aspects mutatis mutandis. The documents including patents, patent applications,

journal articles, or other disclosures mentioned herein are hereby incorporated by reference in

their entirety. In the event of conflict, the disclosure of present application controls, other

than in the event ofclear error.

What is claimed is:
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Claims

I . A method of increasing the sensitivity of a nucleic acid detection assay, the

method comprising:

obtaining a first preparation of a target nucleic acid using a first preparative method

on a biological sample,

obtaining a second preparation ofa target nucleic acid using a second preparative

rnethod on the biological sample,

assaying the sequences obtained in both first and second nucleic acid preparations,

using the sequence information from both first and second nucleic acid preparations to

determine the genotype of the target nucleic acid in the biological sample, wherein the first
and second preparative methods have different systematic seqLlence biases.

2. The methodofclaim l,whereinthe firstand second nucleicacid preparations

are combined prior to performing a sequence assay.

3. The rnethod of clairn 1, wherein separate sequence assays are performed on

the first and second nucleic acid preparations and the sequence infonration from both assays

are combined to determine the genotype of the target nucleic acid in the biologicalsample.

4. The rnethod of claim 1, wherein the first preparative method is a PCR-based, a

hybridization-based, or a circular probe-based preparative rnethod.

5. The method of clairn 4, wherein the second preparative rnethod is a pCR-

based, a hybridization-based, or a circular probe-based preparative method, provided that the

second method is different from the first rnethod.

6. A method of obtaining a nucleic acid preparation that is representative of the

nucleic acid in a biological sarrple, the rnethod comprising

obtaining a first nucleic acid preparation using a first preparative method on a

biological sample,

obtaining a second nucleic acid preparation using a second preparative method on the

biological sample, and
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combining the first and second nucleic acid preparations to obtain a combined

preparation that is representative of nucleic acid in the biological sample.

7. The method of claim I or 6, further comprising performing a third nucleic acid

preparation using a third preparative method that is different from the first and second

preparative methods, wherein the first, second, and third preparative methods all have

different systematic sequence biases.

8. The method of claim any of the prior claims, wherein the different preparative

methods are used for a plurality of different loci in the biological sample to increase the

sensitivity of a multiplex nucleic acid analysis.

9. A method of detecting a polymorphism in a nucleic acid in a biological

sample, the method comprising

obtaining a nucleic acid preparation using a preparative method on a biological

sample,

and performing a molecular inversion probe capture reaction on the nucleic acid

preparation, wherein a molecular inversion probe capture of a target nucleic acid of the

nucleic acid preparation is indicative of the presence of a polymorphism in the target nucleic

acid, optionally wherein the polymorphism is selected from Table 2.

10. The method of any of the prior claims, wherein the target nucleic acid has a

sequence ofa gene selected from Table l.
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Abstract

The invention relates to methods and compositions for increasing the

representativeness and/or sensitivity of nucleic acid analyses by combining results from

preparative techniques that have different systematic biases. Aspects of the invention are

particularly useful for increasing the confidence of genotype determinations made in

multiplex analyses.

ML-rPR-000820

Petitioner Illumina, Inc., Ex. 1052, p. 32 
Illumina Inc. v. Molecular Loop Biosciences, Inc. 

IPR2024-01419



FIGURE 1

Genomic sample

MIP capture
All targets Mutant

Ioptional.l
MtP detection

Hybridi zation enrichrnent
,All targets

Sequence
Separately or combined

Combine data
Generate basecalls

r66636L.1

ML-rPR-000821

Petitioner Illumina, Inc., Ex. 1052, p. 33 
Illumina Inc. v. Molecular Loop Biosciences, Inc. 

IPR2024-01419



1S

1{P

10r

1tr1

I 0'a

a
jg
to
()
E
o
E

o-I
tco
f,

th
l!

FIGURE 2

-'{'.55,000'p1fi amsiticstion in ref. 1; 18or'o detedabte
",e Optlr*leed 55,000p1ex amp{ilicatsn; 91 9o dstqataHa
"** Ons ol the 16 x 13,000-plsx arnpllllcations;98V, detoctaile

10 20 90 40 s0 00
$5,000 or lqm0 MIPB ry rank-ordBrod per,centile (%)

0

1666361.1

ML-rPR-000822

Petitioner Illumina, Inc., Ex. 1052, p. 34 
Illumina Inc. v. Molecular Loop Biosciences, Inc. 

IPR2024-01419



rm

FIGURE 3

a

N

a

*nt
(u r{m

{.i
m()
=o.
EfF
g
tr
-lo
()rE

i
a

*'r ! r.
j>

t

t
ta t

t
a

tt
II
+it

I

t
I
I
t
t

t

'tl
: t.,
E r tti lltr I tt
1 a aar 0li

a

a.aral I

I
taulitt 1S16lttfit{rI

Sounh, roplicate 1

ML-lPR-000823

t66636L.1

Petitioner Illumina, Inc., Ex. 1052, p. 35 
Illumina Inc. v. Molecular Loop Biosciences, Inc. 

IPR2024-01419




