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[00217] The amplified cDNA was further quantified by analysis of various transcripts in the amplification
products using real time PCR. Aliquots of non-purified amplification products were diluted 1:80 in Tris-
EDTA and 2 ul of the diluted amplification products were added to PCR mixture with SYBR Green and
the specified PCR primers (sequence information given in Table 3). Relative quantification is given by Ct

values for the various measured transcripts (amplified cDNA) in Table 2.

Table 2: Real time PCR quantification of specific amplified cDNA products (non-purified)

Input PGK-1 {(Ct) GAPE 12 (Ct) CD44-1 (Ct) CD44-3 (Ct)

WT-Ovation |Selective WT-Ovation |Selective WT-Ovation |Selective WT-Owation |Selective

RNA DNA Pico amplification {Pico amplification |Pico amplification |Pico amplification
1ng No DNA 19.1 18.8 17.2 18.1 23.3 20.4 19.2 21.4
189 19.7 17.9 16.5 225 20.7 18.8 22.2
1ng 1ng 19.0 18.9 17.8 17.5 23.4 21.6 18.2 22.0
19.1 19.2 17.8 17.5 22.8 21.4 18.0 22.0
1ng 9ng 10.9 19.3 18.2 18.0 23.3 20.8 20.0 20.3
19.3 19.5 18.1 18.2 23.1 1.7 19.1 21.8
NoRNA| 9ng 33.3 None 29.2 34.3 None None 35.1 28.4
23.2 35.9 31.5 33.0 None None 33.2 34.7
No RNA | No DNA None None 395 None None None None None
None 38.5 35.6 36.4 None None None None

Table 3: PCR primer pairs used for quantification by real time PCR

Assay PCR Primer sequences Gene

glyceraldehyde-3-

GAPE-12 tecactggcegtcttcace phosphate dehydrogenase

' ggcagagatgatgaccctitt

CD44 antigen (homing
CD44-3 ttgttactttgactittcagagcac |function and Indian blood
group systemn)

gcaatatacatatdéigctttcctca

CD44 antigen (homing
CD44-1 gacaccatggacaagttttgg |function and Iindian blood

group system)
cggcaggttatattcaaatcg
PGK1 ctgtggctictggcatacct phosphoglycerate kinase 1
' cttgctgctt'tcégga‘cca -

Example 2: Whole transcriptome analysis of sequences from total RNA in the presence of DNA
using actinomycin to inhibit DNA-dependent DNA polymerase activity

[00218] A RNA target is amplified using a method involving a first primer, comprising composite
RNA/DNA portions, wherein the 3'-DNA end of the primers comprises either poly-dT sequence or a
random sequence. First strand cDINA synthesis is performed with this first primer in the presence of
Actinomycin D, an inhibitor of DNA-dependent DNA polymerase. Removal of Actinomycin D and RNA
target from the reaction mixture is performed by binding the nucleic acids to magnetic beads. Second
strand cDNA synthesis is then carried out and is followed by amplification, which is performed using a
composite amplification primer, DNA polymerase with strand displacement activity, and RNase H. The

global RNA amplification is carried out using the WT-Ovation Pico amplification system (NuGEN
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Technologies Inc. http://www.nugeninc.com/html/03_products5.html ) with additional reagents and
protocol modifications described below. The amplification products are then analyzed by sequencing with
a Genome Sequencer platform (454/Roche Lifesciences). As described herein, the results of the example

demonstrate selective amplification and analysis of RNA target from samples comprising mixtures of RNA
and DNA.

Materials

[00219] All reagents for the WT-Ovation Pico RNA Amplification System (NuGEN Technologies Inc.) are
used in this example. HeLa (S3) total RNA is purchased from Ambion. Human genomic DNA is
purchased from Clontech. Random hexamer (N6 DNA oligonucleotide) is purchased from Operon.

Actinomycin D is purchased from USB.

General comments

[00220] The WT-Ovation Pico amplification system is used to perform global RNA amplification. For
selective amplification of RNA targets from samples comprising genomic DNA, the procedure is modified
to include Actinomycin D in the step involving first strand cDNA synthesis. Additional clean up following
first strand cDNA synthesis is added to the manufacturer protocol, which results in the removal of
Actinomycin D prior to second strand cDNA synthesis. In addition, second strand cDNA synthesis is
carried out in the presence of random hexamers (DNA oligonucleotides). All other amplification steps are
the same as for the WT-Ovation Pico RNA Amplification System. The sequencing analysis is performed

according to the manufacturers instructions.

First strand ¢cDNA synthesis

[00221] First stand cDNA synthesis is initiated randomly across the length of RNA transcripts using
composite first primers containing a 3'-random sequence DNA portion (for example, a random hexamer
sequence) and a 5'-non-complementary and non-hybridizable RNA portion. In addition to the composite
first primer, another composite first primer, comprising a 3'-poly-DT sequence DNA portion and the same
5'-non-hybridizing RNA portion as the previous primer, is used. In both the WT-Ovation Pico RNA
amplification protocol and the modified procedure of the current invention, 1 to 2 pl of total RNA sample
comprising 0.5 to 50 ng total RNA purified from a sample to be analyzed, with or without DNA, are mixed
with 1 to 2 ul of a mixture containing the two first primers. The resulting mixture is transferred to a
heating block or a thermal cycler and incubated at 65°C for 2 minutes. The mixture is then removed from
the heating block or thermocycler and placed on ice.

[00222] A second mixture containing reverse transcriptase and a buffer is added to the first mixture above
to a total volume of 10 ul. In samples subjected to the selective RNA amplification, Actinomycin D is
added to the mixture to a final concentration of 50 ng/ul. The reactions are carried out by incubation at the
following temperatures and durations: 4°C for 1min, 25°C for 10 min, 42°C for 10 min, 70°C for 15 min.,

4°C and hold. The reaction mixture is then placed on ice.
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Removal of Actinomycin D

[00223] Prior to second strand cDNA synthesis, removal of the DNA-dependent DNA polymerase and
Actinomycin D is performed using magnetic beads under conditions that allow binding of the nucleic acids
in the mixture to the beads. This clean up step allows separation of the reaction medium containing
Actinomycin D from the nucleic acids and is conducted following the manufacturer instructions. To the
reaction mixture above, 16 pl of bead suspensions (RNAClean, Agencourt) are added and the mixture is
incubated at room temperature for 10 min. The beads are separated using a magnetic plate and the
supernatant is discarded. The beads with the bound nucleic acids from the above reaction mixture are
washed three times with 70% ethanol and air dried for 10 min at room temperature. This clean up step is
performed for samples subjected to the selective RNA amplification according to the method of the

invention and is a modified protocol of the WT-Ovation Pico RNA amplification.

Second strand ¢cDNA synthesis

[00224] A mixture of DNA polymerase and buffer is added to the first strand synthesis reaction mixture for
synthesis of the second strand cDNA. In the case of the modified protocol for selective RNA amplification
according the method of the current invention, the reaction mixture also contains random hexamers (N6
DNA oligonucleotides) at 100 ng/ul. Second strand cDNA synthesis is carried out in a total volume of
20ul. For selective RNA amplification according to the method of the current invention, the beads used
for the removal of Actinomycin D, as described above, are left in the second strand cDNA synthesis
reaction mixture. Second strand cDNA synthesis reactions are carried out by incubation at the following
temperatures for the following durations: 4°C for 1 min, 25°C for 10 min, 50°C for 30 min, 70°C for 5 min,
and cooled to 4°C.

Purification of the double stranded cDNA
[00225] To each second strand cDNA reaction mixture, 32 pl of bead suspension (RNAClean® Agencourt)
are added and the mixture is incubated for 10 min at room temperature. The beads are separated on a

magnetic plate and further processed as described herein.

Amplification

[00226] Amplification is carried out according to the manufacturer’s instruction with modification of the
total reaction volume from 160 pl to 80 pl (www.nugeninc.com).

[00227] Beads are suspended in the amplification mixture containing 20 ul of composite amplification
primer, 40 ul of reaction buffer, and 20 pl enzyme mixture. The amplification reactions are carried out at

following temperatures and durations: 40°C for 1 min., 47°C for 60 min., and 95°C for 5 min. The

reactions are cooled to 4°C.
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Analysis
The amplified polynucleotides are diluted 1,000-fold, immobilized onto beads, and compartmentalized in a
water-in-oil emulsion in the presence of PCR primers and reagents including buffer, enzyme and dNTP’s.
The immobilized polynucleotides are amplified by thermocycling in the water-in-oil emulsion for 20
cycles. When the emulsion is broken, amplified fragments remain bound to the beads. The beads are
enriched to select for optimally sized amplicons and loaded into wells of a fiber optic slide so that there is
approximately 1 bead in each well. Nucleotides are flowed across and into the wells in a fixed order in the
presence of polymerase, sulfhydrolase, and luciferase. Addition of nucleotides complementary to the
target strand results in a chemiluminescent signal that is recorded by a camera. The combination of signal
intensity and positional information generated across the plate allows software to determine the DNA
sequence.
Results
[00228] The selective amplification of RNA from samples comprising low levels of input total Hel.a RNA
with or without excess genomic human DNA, employs a modified protocol of the WT-Ovation Pico RNA
amplification system, which includes Actinomycin D in the first strand cDNA synthesis (to inhibit DNA-
dependent DNA polymerase) and removal of Actinomycin D prior to second strand ¢cDNA synthesis. The
resulting selectively amplified polynucleotide targets are then used to perform whole-transcriptome
analysis by massively parallel sequencing. The massively parallel sequencing identifies: ( i) transcript
abundance at both the exon and transcript level; ( ii) transcriptional start and stop sites; ( ii1) exon-exon
linkages in mature transcripts; ( iv) single-base changes corresponding to SNPs and mutations; and ( v)
novel exons belonging to already characterized genes. The massively parallel sequencing also provides
numerous examples of novel splicing events when the reads that could not be mapped directly to the
genome were searched against a database of all possible exon-exon junctions within and between genes. A
large number of reads appear to represent bona fide transcripts of novel expressed elements. The sequence
data also allows the identification of single-base variations corresponding to novel SNPs and mutations,
with many of these genes either cell cycle—or E2F transcription—related..
[00229] Although the foregoing invention has been described in some detail by way of illustration and
example for purposes of clarity of understanding, it will be apparent to those skilled in the art that certain
changes and modifications may be practiced. Therefore, the descriptions and examples should not be
construed as limiting the scope of the invention, which is delineated by the appended claims.
[00230] While preferred embodiments of the present invention have been shown and described herein, it
will be obvious to those skilled in the art that such embodiments are provided by way of example only.
Numerous variations, changes, and substitutions will be apparent to those skilled in the art without
departing from the invention. It should be understood that various alternatives to the embodiments of the
invention described herein may be employed in practicing the invention. It is intended that the following
claims define the scope of the invention and that methods and structures within the scope of these claims

and their equivalents be covered thereby.
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CLAIMS
WHAT IS CLAIMED IS:

1. A method of selectively generating multiple copies of a polynucleotide sequence of or
complementary to target RNA which is in a sample comprising DNA, said method comprising the steps of:

(a) hybridizing to the target RN A a first primer comprising a sequence (A) that is
not complementary to the target RNA, and a sequence (B) at the 3'-end which hybridizes to the target
RNA;

(b) extending the first primer with at least one enzyme comprising RNA-dependent
DNA polymerase activity in the presence of at least one compound comprising DNA-dependent DNA
polymerase inhibitor activity, whereby a complex comprising a primer extension product and the target
RNA is produced, whereby the first primer extension product comprises a sequence (Y) that is
complementary to the target RNA and comprises sequence (A);

{©) disabling or removing at least one compound comprising DNA-dependent
DNA polymerase inhibitor activity; and

(d) producing multiple copies of a polynucleotide sequence complementary to the

target RN A and/or complementary to sequence (Y) using sequence (A).

2. A method of selectively generating multiple copies of a polynucleotide sequence
complementary to a target RN A which is in a sample comprising DNA, said method comprising the steps
of:

(a) hybridizing to the target RNA a first primer comprising a sequence (A) that
does not hybridize to the target RNA, and a sequence (B) at the 3'-end, which hybridizes to the target
RNA;

(b) extending the first primer with at least one enzyme comprising RNA-dependent
DNA polymerase activity in the presence of at least one compound comprising DNA-dependent DNA
polymerase inhibitor activity, whereby a complex comprising a first primer extension product and the
target RNA is produced, whereby the first primer extension product comprises a sequence (Y) that is
complementary to the target RNA and comprises sequence (A);

© disabling or removing at least one compound comprising DNA-dependent
DNA polymerase inhibitor activity;

(d) cleaving the target RNA in the complex of step (b).

(e) extending a second primer along the first primer extension product with at least
one enzyme comprising DNA-dependent DNA polymerase activity, wherein the second primer
comprises sequence (C) that is complementary to a sequence (C') on the first primer extension product
to produce a complex comprising the first primer extension product and a second primer extension
product, whereby the second primer extension product comprises the sequence (C), a sequence (Y")

complementary to sequence (Y) and sequence (A") complementary to sequence (A).
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() producing multiple copies of a polynucleotide sequence complementary to the

target RNA using a primer with a sequence (A) and/or sequence (A").

3. The method of claims 1 or 2, wherein the first primer comprises a 5' sequence that is not
hybridizable to the target RNA.

4, The method of claims lor 2, wherein the method further comprises clonally producing
multiple copies of a polynucleotide sequence complementary to the target RNA using a primer with a

sequence (A) and/or sequence (A') on a solid substrate or in an emmlsion.

5. The method of claim 3, wherein the sequence (A’) is used as a priming site for
amplification.
0. The method of claim 3, wherein the producing of multiple copies in step (f) are produced

using amplification methods comprising polymerase chain reaction (PCR).

7. The method of claim 6, wherein a PCR primer comprises sequence {A) of the first primer.

8. The method of claim 7, wherein a PCR primer comprises sequence (C) of the second
primer.

9. The method of claim 7, wherein the producing of multiple copies in step (f) comprises

performing PCR with primer pairs wherein the first PCR primer is complementary to sequence (A") and the

second PCR primer is complementary to all or a portion of sequence (C') or all or a portion of sequence

(Y).

10. The method of claim 6 wherein the producing of multiple copies in step (f) comprises

performing single primer, linear PCR using a PCR primer complementary to sequence (A").

11. The method of claim 3 wherein the producing of multiple copies in step (f) comprises an
amplification method comprising the use of an RNA/DNA composite primer, RNase H, and a DNA
dependent DNA polymerase with strand displacement activity.

12. The method of claims 1or 2, wherein the first primer comprises an RNA and a DNA
sequence wherein a 5'-RNA sequence comprises sequence (A) and a 3'-DNA sequence comprises sequence
(B); whereby the complex formed in step (¢) comprises an RNA/DNA heteroduplex at one end; and
wherein the producing of multiple copies in step (f) comprises the steps of (i) cleaving the RNA from the
heteroduplex, (ii) hybridizing to sequence (A") an amplification primer comprising a 5' RNA sequence and
a 3' DNA sequence, (iii) extending the amplification primer with at least one enzyme comprising DNA
dependent DNA polymerase activity and comprising strand displacement activity, (iv) cleaving the RNA
from the extended amplification primer in the heteroduplex with at least one enzyme comprising a

specificity for cleaving RNA in a DNA-RNA heteroduplex; and (v) repeating steps (ii) through (iv) to
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produce multiple copies of amplification product comprising sequence (Y) that is complementary to a

portion of the RNA template.

13. The method of claims lor 2, wherein the producing of multiple copies in step (f)

comprises in-vitro-transcription (IVT).

14. The method of claim 13 wherein sequence (A) comprises a pro-promoter, whereby the
complex formed in step (e) comprises a double stranded promoter for a DNA dependent RNA polymerase
comprising sequences (A) and (A"), wherein (A) is a DNA sequence.

15. The method of claim 2, wherein the second primer comprises a fragment from the cleaved
RNA target.

16. The method of claims 1 or 2, wherein the DNA-dependent DNA polymerase inhibitor
activity is derived from a compound comprising at least one of the following: actinomycin, alpha-amanitin,
aphidicolin, BP5, novobiocin, rifampicin, rifamycin, sulfoquinovosylmonoacylglycerol,
sulfoquinovosyldiacylglycerol, ursane, oleanane triterpenoids, ursolic acid, oleanolic acid, mikanolide,
dihydromikanolide, dehydroaltenusin, catapol, taxinine, cephalomanninine, dipeptide alcohols, corylifolin;

bakuchiol; resveratrol; Neobavaisoflavone; daidzein; bakuchicin, levodopa, dopamine, anacardic acid and

oleic acid.

17. The method of claims 1 or 2, wherein the DNA-dependent DNA polymerase inhibitor

activity is derived from a compound comprising actinomycin.

18. The method of claims 1 or 2, wherein the sample comprises total nucleic acid in a

biological fluid.

19. The method of claim 18, wherein the biological fluid is selected from the group consisting

of: plasma, serum, urine, saliva.

20. The method of claims 1 or 2, wherein the sample comprises viral RNA.
21. The method of claims 1 or 2, wherein the sample comprises cell or tissue lysates.
22. The method of claims 1 or 2, wherein the second primer comprises a tailed primer with a

5'-sequence which does not hybridize to the first primer extension product and which comprises a
propromoter sequence such that RNA transcripts are produced comprising a sequence homologous to the

target RNA; whereby multiple copies of the homologous sequence of the RNA sequence of interest are

generated.
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23, The method of claims 1 or 2, wherein the producing of multiple copies in step (f)
comprises hybridizing a PTO, comprising a propromoter sequence and a 3'-hybridizing region, to the 3'-
end of a first primer extension product under conditions which allow transcription to occur by RNA
polymerase, such that RNA transcripts are produced comprising sequences homologous to the target RNA;

whereby multiple copies of the RNA sequence of interest are generated.

24. The method of claims 1 or 2, wherein the producing of multiple copies in step (f)
comprises hybridizing a PTO, comprising a propromoter sequence and a 3'-hybridizing region, to the 3'-
end of a second primer extension under conditions which allow transcription to occur by RNA polymerase,
such that RNA transcripts are produced comprising sequences complementary to the target RN A; whereby

multiple copies of the complementary sequence of the RNA sequence of interest are generated.
25. The method of claims 1 or 2, wherein the target RNA is mRNA.

26. The method of claims 1 or 2, wherein the first primer comprises a sequence

complementary to poly-A on RNA.

27. The method of claims 1 or 2, wherein the sequence (B) which hybridizes to the target

RNA comprises a random sequence.

28. The method of claims 1 or 2, wherein the first primer comprises a mixture of first primers
comprising a first primer comprising a sequence complementary to poly-A on RNA, and further

comprising a first primer comprising a sequence which hybridizes to the target RNA and comprises a

random sequence.

29. The method of claim 15, wherein said fragment generated by cleaving RNA in the
complex of step (b) with an enzyme that cleaves RNA from an RNA/DNA heteroduplex, by heat, or by

chemical means.

30. The method of claims 1 or 2, wherein said method comprises generating multiple copies of

two or more different sequences of interest.

31. The method of claim 30, wherein said method comprises at least two different first

primers.

32, The method of claim 2, wherein cleaving the RNA in a heteroduplex of the RNA target

and the first primer extension product is performed by RNase H.

33. A method of sequencing an RNA sequence of interest, said method comprising analyzing
amplification products to determine sequence, said amplification products produced by the method of any

of claims 1 or 2 in the presence of a mixture of NTPs and NTP analogs such that transcription is terminated

upon incorporation of an NTP analog
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34, The method of claim 33, wherein the target RNA is mRNA, a whole transcriptome or

substantial fraction thereof, or a set of whole transcriptomes or substantial fractions thereof.

35. A method of detecting a mutation in a target RN A, comprising analyzing sequences of
amplification products for the presence of a mutation as compared to a reference polynucleotide sequence,

said amplification products produced by the method of any of claims 1 or 2.
36. The method of claim 35, wherein the target RNA is mRNA.

37. A method of producing a nucleic acid immobilized to a substrate comprising immobilizing
amplification products on a substrate, said amplification products produced by the method of any of claims
1or2.

38. The method of claim 37, wherein the target RNA is mRNA.

39, The method of claim 37, wherein the substrate is a microarray.
40. A method for performing expression analysis of one or more target RNA sequences
comprising:

() collecting a sample of nucleic acid comprising RNA and DNA;

(b) optionally enriching the nucleic acid in the sample;

(© contacting the nucleic acid with an inhibitor of DNA-dependent DNA
polymerase activity;

(@ hybridizing to the target RNA a first primer comprising a sequence (A) that is
not complementary to the target RN A, and a sequence (B) at the 3'-end which hybridizes to the target
RNA;

(e) extending the first primer with at least one enzyme comprising RNA-dependent
DNA polymerase activity in the presence of at least one compound comprising DNA-dependent DNA
polymerase inhibitor activity, whereby a complex comprising a primer extension product and the target
RNA is produced, whereby the first primer extension product comprises a sequence (Y) that is
complementary to the target RNA and comprises sequence (A);

H disabling or removing at least one compound comprising DNA -dependent
DNA polymerase inhibitor activity;

(2 producing multiple copies of a polynucleotide sequence complementary to the
target RNA and/or complementary to sequence (Y) using sequence (A); and

(h) further analyzing the amplified products of step (g).

41. The method of claim 40, wherein step (h) further analyzing the products of step (g)
includes whole transcriptome analysis, whole transcriptome profiling, microarray analysis, quantitative
PCR, pyrosequencing, sequencing by ligation, dye-terminator sequencing, whole transcriptome

sequencing, RNA sequencing by massively parallel sequencing, or digital PCR.
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42. The method of claim 40, wherein the DNA-dependent DNA polymerase inhibitor activity
1s derived from a compound comprising at least one of the following: actinomycin, a derivative of
actinomycin, alpha-amanitin, aphidicolin, BP5, novobiocin, rifampicin, rifamycin,
sulfoquinovosylmonoacylglycerol, sulfoquinovosyldiacylglycerol, ursane, oleanane triterpenoids, ursolic
acid, oleanolic acid, mikanolide, dihydromikanolide, dehydroaltenusin, catapol, taxinine,
cephalomanninine, dipeptide alcohols, corylifolin; bakuchiol; resveratrol;, Neobavaisoflavone; daidzein;

bakuchicin, levodopa, dopamine, anacardic acid and oleic acid.

43, The method of claim 40, wherein step (g) comprises PCR, linear PCR, in vitro

transcription, or single primer isothermal amplification.

44. A method of generating at least one double stranded DNA product corresponding to a
sequence of a target RNA or a portion thereof comprising:
(a) adding to a reaction mixture comprising target RNA and further comprising DNA:
(1)  atleast one first primer comprising a 3’ annealing sequence and a 5’ tail
sequence;
(1) a DNA-dependent DNA polymerase inhibitor; and
(iii) an RNA-dependent DNA polymerase;
(b) disabling or removing the at least one DNA-dependent DN A polymerase inhibitor
from the reaction mixture;
O] annecaling and extending at least one all DNA second primer comprising an
annealing sequence with a DNA-dependent DNA polymerase, wherein said double stranded product is

labeled at least one end; and

(d) clonally amplifying one or both strands of the double-stranded product.

4s. The method of claim 44, wherein the clonal amplification is performed on a solid

substrate, in an emulsion, or both.
46. The method of claim 44, wherein the clonal amplification generates polonies.

47. A kit for amplifying a target RNA comprising: a tailed first primer, a reverse transcriptase

enzyme, a DNA-dependent DNA polymerase inhibitor, and optionally a second primer.

48. The kit of claim 47 wherein the first tailed primer comprises a 3’ random portion, and the

second primer comprises a random primer.

49, The kit of claim 47 further comprising a composite amplification primer, and wherein the
tailed first primer is a composite primer comprising a 3° DNA portion and a 5> RNA portion.

50. The kit of claim 47, wherein the kit further comprises instructions for the use of the kit.
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51. The kit of claim 47, wherein the kit further comprises a DNA-dependent DNA
polymerase.
52, The kit of claim 47, wherein the kit further comprises reagents for DNA purification.
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same immobilized nucleic acid template. The methods, compositions and
kits provided herein can be useful, for example, for haplotyping, SNP phas-
ing, or for determining downstream exons in RNA-seq.
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SEQUENTIAL SEQUENCING

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application No. 61/801,600,
filed March 15, 2013, which application is incorporated herein by reference.

BACKGROUND
[0002] Next generation sequencing (NGS) can be utilized for a wide variety of life science
applications, such as, ¢.g., diagnostics, epidemiology, and forensics. Widely used NGS
technologies commonly involve sequencing of short reads (e.g., 100 nt reads) which can then
be mapped to a reference genome. While such technologies can be useful for the detection of
sequence variants (e.g., mutations), they are also associated with certain limitations. For
example, NGS can be used to sequence genomes or genomic regions of diploid organisms. A
genome of a diploid organism can comprise sets of chromosome pairs, wherein each
chromosome pair comprises a maternal chromosome and a paternal chromosome. For
example, a diploid organism can inherent a maternal allele and a paternal allele at a single
locus. Thus, allcles detected at a plurality of loci which map to a particular chromosome
might exist within a single chromosome (maternal or paternal) of a chromosome pair, or
across both chromosomes of a chromosome pair. While many NGS platforms are useful for
detecting alleles at a plurality of loci, they currently do not provide phasing and/or haplotype
information e.g., to distinguish whether alleles detected at a plurality of loci that map to a
particular chromosomec arc co-located on the same chromosome or arc locatcd on scparatc
chromosomes in a chromosome pair. Determining whether a plurality of alleles are co-
located on the same (maternal or paternal) chromosome or are located on different
chromosomes can be useful for a variety of reasons, as discussed further below.
[0003] The pattern of alleles within each individual chromosome can be referred to as
haplotype. Haplotyping can have many diagnostic and clinical applications. For example,
two inactivating mutations across diffcrent loci within a single gene might be of little or no
consequence if present on the same individual chromosome (i.e. chromosome of either
maternal or paternal origin), because the other copy of the gene product will remain
functional. On the other hand, if one of the inactivating mutations is present in the maternal
chromosome and the other in the paternal chromosome, there can be no functional copy of
the gene product, which can result in a negative phenotype (non-viability, increased risk for

disease and others). Haplotyping can also be used to predict risk or susceptibility to specific
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genetic diseases, as many genetic associations are tied to haplotypes. For example, the
various haplotypes of the human leukocyte antigen (HLA) system can be associated with
genetic diseases ranging from autoimmune disease to cancers.

[0004] Another instance in which phasing information can be useful is distinguishing
between functional genes and their non-functional pseudogene counterparts within the
genome. One well known functional gene/pseudogene pair is the genes SMN1 and SMN2,
which differ in sequence by only five nucleotides over many Kb of sequence, yet one of the
nucleotide differences renders the SMN2 gene almost completely non-functional. Using
short read sequencing, a mutation may be found in one of the two genes, but unless the
mutation happens to occur within the sequencing read that also covers one of the known
nuclcotide diffcrences between SMN1 and SMN2, it will be difficult to know which of the
genes (the functional gene, or the nonfunctional pseudogene) is mutated.

[0005] Thc present NGS mcethods can ecmploy short read scquencing to query regions of
variablc DNA scquence (polymorphisms ctc.) intcrsperscd within regions of conscrved DNA
sequence. As significant blocks of conserved sequence can be interspersed between the
variable regions, short read sequencing does not lend itself to phasing analysis. Although
methods have been developed to obtain phasing information, these methods (for example,
Sanger sequencing and subcloning), can be labor intensive and/or costly.

[0006] There is a need for improved NGS methods that provide phasing information. Such
methods can provide a highly parallel platform for performing multiple sequencing reactions

from the same immobilized templates. Methods described herein fulfill this need.

SUMMARY OF THE INVENTION
[0007] Provided herein are novel methods, compositions and kits for phasing two or more
nucleic acid sequences in a sample. Specifically, in one aspect methods and compositions are
provided that can allow for determining whether two or more nucleic acid sequences
(typically comprising regions of sequence variation) are located on the same nucleic acid
template, chromosome, or chromosomal fragment. The methods and compositions disclosed
herein can also be used to distinguish and differentiate between two closely related nucleic
acid sequences by compiling and aligning data from sequential sequencing reads.
[0008] The methods, kits, and compositions described herein can employ sequential paired
sequencing reads from the same immobilized nucleic acid template. The reads can be

generated by successive rounds of priming, sequencing, denaturing and repriming, and the
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results from multiple reads originating from the same template can be compiled to obtain
phasing information.

[0009] Additionally, the methods, kits, and compositions described herein can employ
pools of oligonucleotides which may be used to prime sequencing reactions. Such
sequencing reactions can target specific regions of specific nucleic acids for sequencing.
These oligonucleotide pools can be used onboard a sequencer to extend the sequencing of
nucleic acids that have already undergone a first round of sequencing.

[0010] In one aspect, provided herein is a method for relating multiple nucleic acid
sequences (e.g., comprising regions of sequence variation) to the same nucleic acid template.
In some embodiments, the method comprises: a) creating a nucleic acid library;

b) scquencing the library with an oligonuclcotide primer; ¢) denaturing the cxtension strand;
d) performing a second round of sequencing by introducing a new oligonucleotide primer
containing scqucence complementary to conscrved regions present in some of the nucleic acid
templatces within the nucleic acid library; ¢) repceating steps ¢) and d) as nccded; and

f) compiling sequencing data from the successive sequencing reads to differentiate between
closely related nucleic acid sequences. In some embodiments, the nucleic acid library is a
directional nucleic acid library. In some embodiments, the nucleic acid library is not a
directional nucleic acid library.

[0011] In some embodiments, the nucleic acid library comprises closely related nucleic
acid sequences as inserts. In some embodiments, the conserved regions within the nucleic
acid inserts are located adjacent to variable regions. In some embodiments, alignment of
multiple variable regions enables differentiating between and/or typing of related transcripts.
In some embodiments, alignment of multiple variable regions enables differentiating between
and/or typing of related micro-organisms. In some embodiments, the nucleic acid library is a
directional nucleic acid library. In some embodiments, the nucleic acid library is not a
directional nucleic acid library.

[0012] In another aspect, provided herein is a method for differentiating between closely
related nucleic acid sequences (such as genes and pseudogenes) by using specific sets of
oligonucleotide primers containing sequence complementary to a common region shared by
the closely related sequences. In some embodiments, the method comprises: a) creating a
sequencing library with related nucleic acid sequences as inserts; b) sequencing the library
with an oligonucleotide primer; c¢) denaturing the extension strand; d) performing a second
round of sequencing by introducing a new oligonucleotide primer containing sequence

complementary to conserved regions present in some of the nucleic acid templates within the
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nucleic acid library; ¢) repeating steps ¢) and d) as needed; and f) compiling sequencing data
from the successive sequencing reads to differentiate between closely related nucleic acid
sequences.

[0013] Kits for performing any of the methods described herein are provided. Such kits can
include reagents, enzymes and platforms for amplification and sequencing of nucleic acids.
In one embodiment, a kit is provided comprising: a) an adaptor or several adaptors, b) one or
more of oligonucleotide primers, and c) reagents for amplification. In another embodiment,
the kit further comprises reagents for sequencing. A kit can include instructions for
employing the kit components as well as the use of any other reagent not included in the kit.
[0014] Also provided herein is a method for relating at least two nucleic acid sequences or
regions of scquence variation to the samce nuclceic acid template, the method comprising: (a)
creating a nucleic acid library wherein a template is immobilized on a solid support; (b)
gencrating a first scquencing rcad from the immobilized template with a first oligonuclcotide
primer, wherein a 37 terminal nuclcotide of the first oligonuclcotide primer binds to a first
binding site in the template; (¢) denaturing the first sequencing read from the immobilized
template; (d) annealing a second oligonucleotide primer that is complementary to a region or
regions within the immobilized template, wherein a 3° terminal nucleotide of the second
oligonucleotide primer binds to a second binding site in the template that is more than 5 nt
away from the first binding site in the template; (¢) generating a second sequencing read with
the second oligonucleotide primer; and (f) compiling data from the first sequencing read and
the second sequencing read to map reads originating from the template. In some
embodiments, the nucleic acid libraries are generated from amplicons. In some
embodiments, the amplicons comprise conserved regions which flank a variable region. In
some embodiments, alignment of multiple variable regions enables differentiation and/or
typing of related transcripts. In some embodiments, alignment of multiple variable regions
enables differentiation and/or typing of related micro-organisms. In some embodiments, the
libraries are reduced complexity. In some embodiments, the reduced complexity is achieved
by target enrichment. In some embodiments, the nucleic acid library comprises closely
related nucleic acid sequences as inserts. In some embodiments, the nucleic acid library is a
directional nucleic acid library. In some embodiments, the nucleic acid library is not a
directional nucleic acid library.

[0015] Also provided herein is a method comprising: (a) coupling at least one nucleic acid
template to a sequencing platform; (b) subjecting the at least one nucleic acid template to a

first round of sequencing using a first sequencing primer, wherein the first sequencing primer

4-
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comprises a 3’ terminal nucleotide which anneals to a first binding site in the at least one
nucleic acid template, wherein the first round of sequencing produces a first sequencing read
of said at least one nucleic acid template; (c) removing said first annealed sequencing primer
and said first sequencing read from said at least one nucleic acid template; and (d) subjecting
said at least one nucleic acid template to a second round of sequencing using a second
sequencing primer, wherein the second sequencing primer comprises a 3 terminal nucleotide
which anneals to a second binding site in the at least one nucleic acid template which is more
than 5 nt away from the first binding site, wherein the second round of sequencing produces a
second sequencing read of the at least one nucleic acid template.

[0016] In some embodiments of any of the foregoing methods, the first and/or the second
round of scquencing compriscs scquencing by synthesis. In some embodiments, the first
and/or the second round of sequencing comprises sequencing by ligation. In some
cmbodiments, the coupling compriscs conjugating the at Icast onc nucleic acid template to a
solid support of the scquencing platform. In some ecmbodiments, the solid support compriscs
a bead, a well, an array, or a flow cell. In some embodiments, the at least one nucleic acid
template comprises an adaptor oligonucleotide ligated to one or both ends of the at least one
nucleic acid template. In some embodiments, the first sequencing primer is selectively
hybridizable to a primer binding site of the adaptor oligonucleotide. In some embodiments,
the second sequencing primer is not selectively hybridizable to the primer binding site of the
adaptor oligonucleotide. In some embodiments, the second sequencing read comprises an
informative locus. In some embodiments, the informative locus is a polymorphic locus. In
some embodiments, the first sequencing read comprises a first informative locus and the
second sequencing read comprises a second informative locus. In some embodiments, the
method comprises determining that a first allele detected at the first informative locus and a
second allele detected at the second informative locus are in phase. In some embodiments,
the second sequencing primer is designed to hybridize to a location that is within x nt
upstream of the informative locus, wherein x is a number that is less than an average
sequencing read length produced by the first or second round of sequencing. In some
embodiments, the removing comprises a denaturing step. In some embodiments, the
removing further comprises a washing step. In some embodiments, the method further
comprises subjecting the at least one nucleic acid template to one or more additional rounds
of sequencing, wherein the one or more additional rounds of sequencing comprise the steps
of : (i) removing a previously annealed sequencing primer and previously generated

sequencing read from the at least one nucleic acid template; (ii) annealing an additional
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sequencing primer to the at least one nucleic acid template; and (iii) subjecting the at least
one nucleic acid template to an additional round of sequencing using the additional
sequencing primer, thereby producing an additional sequencing read of the at least one
nucleic acid template. In some embodiments, the additional sequencing primer comprises a
3’ terminal nucleotide which hybridizes to a binding site that is more than 5 nt away from a
binding site of the 3’ terminal nucleotide of the previously annealed sequencing primer. In
some embodiments, a first allele detected by the first sequencing read, a second allele
detected by the second sequencing read, and an additional allele detected by the additional
sequencing read are determined to be in phase. In some embodiments, the additional
sequencing primer and the previously annealed sequencing primer are designed to hybridize
to genomic locations that map to a singlc chromosome. In somc cmbodiments, the gecnomic
locations that map to a single chromosome span a distance that 1s less than a length of the at
lcast onc nuclcic acid template.  In somce ecmbodiments, the genomic locations that map to a
singlc chromosomc span a distancc that is lcss than three-quarters of the Iength of the at Icast
one nucleic acid template. In some embodiments, the genomic locations that map to a single
chromosome span a distance that is less than two-thirds of the length of the at least one
nucleic acid template. In some embodiments, the genomic locations that map to a single
chromosome span a distance that is less than one half of the length of the at least one nucleic
acid template. In some embodiments, the genomic locations that map to a single
chromosome span a distance that is about a sequencing read length of the sequencing
platform. In some embodiments, the at least one nucleic acid template is a member of a
sequencing library. In some embodiments, the sequencing library is a whole-genome
sequencing library. In some embodiments, the sequencing library is a target-enriched
sequencing library. In some embodiments, the sequencing library is a directional sequencing
library. In some embodiments, the sequencing library is not a directional sequencing library.
In some embodiments, the sequencing library comprises nucleic acid fragments of an average
length. In some embodiments, the average length is about 50 bases to about 10 kb. In some
embodiments, the first, second, and optionally additional sequencing reads comprise
sequence information from a plurality of loci. In some embodiments, phasing of alleles
detected at the plurality of loci is determined based upon the first, second, and optionally
additional sequencing reads. In some embodiments, the at least one nucleic acid template
comprises a plurality of nucleic acid templates. In some embodiments, the at least one
nucleic acid template comprises at least 10,000 nucleic acid templates. In some

embodiments, the at least one nucleic acid template comprises 3 billion nucleic acid
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templates. In some embodiments, the at least one nucleic acid template is coupled to a
unique addressable location of the sequencing platform. In some embodiments, the method
comprises compiling sequencing reads from the unique addressable location into one data
file. In some embodiments, the method comprises determining phasing of a plurality of
alleles detected across two or more unique addressable locations. In some embodiments, the
two or more unique addressable locations each comprise two or more detected alleles,
wherein the two or more detected alleles of each of the two or more unique addressable
locations are determined to be in phase if at least one common detected allele is shared by the
two or more unique addressable locations. In some embodiments, step (d) of a method
disclosed herein comprises subjecting the at least one nucleic acid template to a second round
of scquencing using a mixturce of sccond scquencing primers. In some ecmbodiments, the
mixture of second sequencing primers comprises a pair of primers, wherein each primer in
the primer pair is designed to scquence a forward or reverse complement strand containing a
locus. In somc cmbodiments, primers within the mixturc arc designed and/or sclected to
have minimal potential to hybridize to the same nucleic acid template.

[0017] In some embodiments of any of the aforementioned methods, the template
comprises DNA. In some embodiments, the template comprises RNA. In some
embodiments, one or more methods disclosed herein is used to provide phasing information
for two or more alleles separated by a distance of over 150 bases, over 300 bases, over 500
bases, over 600 bases, over 700 bases, over 800 bases, over 900 bases, over 1000 bases (1kb),
over 5 kb, over 10 kb, over 50 kb, over 100 kb, over 500 kb, over 1000 kb (1 Mb), over 5
Mb, over 10 Mb, over 50 Mb, over 100 Mb, over 150 Mb, aver 200 Mb, over 250 Mb, or
over 300 Mb.

[0018] Also provided herein is a kit, comprising: (a) one or more oligonucleotide primers
for performing a sequencing reaction; and (b) instructions for practicing a method of any of
the preceding claims using the one or more oligonucleotide primers.

[0019] Also provided herein is a computer readable medium comprising computer
executable code that, upon execution by a computer processor, implements a method
comprising: (a) accessing a data file in computer memory that comprises a plurality of
sequencing reads corresponding to a first addressable location of a sequencing platform,
wherein the sequencing reads are generating by subjecting a first nucleic acid template
coupled to the addressable location to a first and at least a second round of sequencing,
wherein the first and at least second rounds of sequencing are performed using a first and

second sequencing primer, respectively; (b) using the data file, detecting a first detected allele
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at a first locus of the nucleic acid template and detecting a second detected allele at a second
locus of the nucleic acid template; and (c) determining the first and second detected allele to
be in phase based upon said detecting. In some embodiments, the method further comprises:
(d) accessing a second data file in computer memory that comprises a plurality of sequencing
reads corresponding to a second addressable location of a sequencing platform, wherein the
sequencing reads are generated by subjecting a second nucleic acid template coupled to the
addressable location to the first and the at least second round of sequencing; (¢) using the
second data file, detecting a first detected allele at a first locus of the second nucleic acid
template and detecting a second detected allele at a second locus of the second nucleic acid
template; and (f) determining the first and second detected alleles of the second nucleic acid
template to be in phasc with the first and sccond dctected alleles of the first nucleic acid
template 1f the first or second detected allele of the second nucleic acid template is shared in

common with the first nuclcic acid templatc.

INCORPORATION BY REFERENCE
[0020] All publications, patcnts, and patent applications mentioned in this specification arc
herein incorporated by reference to the same extent as if each individual publication, patent,
or patent application was spcecifically and individually indicated to be incorporated by

rcfcrence.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021] The novel featurcs of the invention arc sct forth with particularity in the appended
claims. A bctter understanding of the fecaturcs and advantages of the present invention will be
obtained by reference to the following description that sets forth illustrative embodiments, in
which the principles of the invention are utilized, and the accompanying drawings of which:
[0022] FIGS. 1A and 1B illustrate the current limitations of NGS sequencing in obtaining
phasing information for a plurality of alleles.
[0023] FIG. 2 depicts an exemplary workflow of a method described herein.
[0024] FIG. 3 depicts an exemplary embodiment of a method described herein.
[0025] FIG. 4 depicts another exemplary embodiment of a method described herein.
[0026] FIG. 5 depicts an exemplary computer system disclosed herein.
[0027] FIG. 6 depicts sequential sequencing method as applied to 16S microbial rRNA

characterization, as described in Example 1.
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[0028] FIG. 7 depicts the use of specific oligonucleotide pools and the generation of
mated pairs of sequencing reads to differentiate between two closely related nucleotide

sequences, such as a gene/pseudogene pair.

DETAILED DESCRIPTION OF THE INVENTION
[0029] Throughout this application, various embodiments are presented in a range format.
It should be understood that the description in range format is merely for convenience and
brevity and should not be construed as an inflexible limitation on the scope of the invention.
Accordingly, the description of a range should be considered to have specifically disclosed all
the possible subranges as well as individual numerical values within that range. For example,
description of a range such as from 1 to 6 should be considered to have specifically disclosed
subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6
etc., as well as individual numbers within that range, for example, 1, 2, 3, 4, 5, and 6. This
applies regardless of the breadth of the range.
[0030] Unless otherwise specified, terms and symbols of genetics, molecular biology,
biochcmistry and nucleic acid uscd hercin follow thosc of standard trcatiscs and texts in the
field, e.g. Kornberg and Baker, DNA Replication, Second Edition (W .H. Freeman, New
York, 1992); Lehninger, Biochemistry, Sccond Edition (Worth Publishers, New York, 1975);
Strachan and Rcad, Human Molecular Genetics, Sccond Edition (Wilcy-Liss, New York,
1999); Eckstein, editor, Qligonucleotides and Analogs: A Practical Approach (Oxford
University Press, New York, 1991); Gait, cditor, Oligonucleotide Synthesis: A Practical
Approach (IRL Press, Oxford, 1984); Sambrook, Fritsch & Maniatis, Molecular Cloning: A
Laboratory Manual, Fourth Edition (2012); Oligonucleotide Synthesis (M. J. Gait, ed., 1984);
Nucleic Acid Hybridization (B. D. Hames & S. J. Higgins, eds., 1984); A Practical Guide to
Molecular Cloning (B. Perbal, 1984); and a series, Methods in Enzymology (Academic Press,
Inc.) and the like.
Definitions

[P INT
a

[0031] As used in the specification and claims, the singular forms an” and “‘the” can
include plural references unless the context clearly dictates otherwise. For example, the term
“a primer” can include a plurality of primers, including mixtures thereof.

b Y b I 1Y

[0032] The terms “determining”, “measuring”, “evaluating”, “assessing,

2% ¢

assaying,” and
“analyzing” can be used interchangeably herein to refer to any form of measurement, and
include determining if an element is present or not. These terms can include both quantitative

and/or qualitative determinations. Assessing may be relative or absolute. “Assessing the
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presence of” can include determining the amount of something present, as well as
determining whether it is present or absent.

[0033] Asused herein, the term “phasing” can refer to the process of determining whether
two or more nucleic acid sequences are located on the same nucleic acid template, the same
fragment of a chromosome, or the same chromosome.

[0034] Asused herein, the term “haplotype” can refer to a haploid genotype, e.g., a
combination or set of nucleic acid sequences detected at a plurality of loci which are typically
inherited as a unit and are linked, for example during a translocation event. A haplotype can
provide a distinctive genetic pattern of an individual. A haplotype can be determined for one
locus, several loci, or an entire chromosome depending on the number of recombination
cvents that occur between a given sct of loci. The nucleic acid sequences arc not limited to
any specific type and can include, by way of example only, conserved genetic sequences
(c.g., non-variant) or variant gcenctic scquences (c.g., polymorphisms). For cxamplc, singlc
nuclcotide polymorphisms (SNPs), short tandem repeats (STRs), including , for cxample, di-,
tri-, and tetra-nucleotide repeats, copy number variations (CNVs), insertions, deletions,
inversions, methylations, etc. can be considered variant genetic sequences. Such markers can
be found in various publications and databases including, for example, the ATCC short
tandem repeat (STR) database, the Human SNP Database, the NCBI dbSNP database, Celera
Human SNP database, SNP Database of the Genome Analysis Group, and the like.

[0035] The term “phased alleles” can refer to the distribution of the particular alleles on a
nucleic acid template, a single chromosomal region, and/or a single chromosome.
Accordingly, the “phase” of two alleles can refer to a characterization or determination of
whether the alleles are located on a single chromosome or two separate chromosomes (e.g., a
maternally or paternally inherited chromosomes). Unless otherwise stated, “haplotype” and
“phased alleles” can be considered synonymous.

[0036] ‘Nucleotides” and “nt” can be used interchangeably herein to generally refer to
biological molecules that can form nucleic acids. Nucleotides can have moieties that contain
not only the known purine and pyrimidine bases, but also other bases that have been
modified. Such modifications include acylated purines or pyrimidines, methylated purines or
pyrimidines, alkylated riboses, or other heterocycles.

[0037] Asused herein, the term “oligonucleotide” can refer to a polynucleotide chain,
typically less than 200 residues long, most typically between 15 and 100 nucleotides long, but
also intended to encompass longer polynucleotide chains. Oligonucleotides can be single-or

double-stranded. The terms “oligonucleotide probe’ or “probe™, as used herein, can refer to
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an oligonucleotide capable of hybridizing to a complementary nucleotide sequence. As used
herein, the term “oligonucleotide” can be used interchangeably with the terms “‘primer”,
“adaptor” and “probe”.

[0038] The term “polynucleotide”, “nucleic acid”, or grammatical equivalents, can refer to
two or more nucleotides covalently linked together. A nucleic acid described herein can
contain phosphodiester bonds, although in some cases, as outlined below (for example in the
construction of primers and probes such as label probes), nucleic acid analogs are included
that can have alternate backbones, comprising, for example, phosphoramide (Beaucage et al.,
Tetrahedron 49(10):1925 (1993) and references therein; Letsinger, J. Org. Chem. 35:3800
(1970); Sprinzl et al., Eur. J. Biochem. 81:579 (1977); Letsinger et al., Nucl. Acids Res.
14:3487 (1986); Sawai ct al, Chem. Lctt. 805 (1984), Letsinger ct al., J. Am. Chem. Soc.
110:4470 (1988); and Pauwels et al., Chemica Scripta 26:141 91986)), phosphorothioate
(Mag ct al., Nuclcic Acids Res. 19:1437 (1991); and U.S. Pat. No. 5,644,04%),
phosphorodithioate (Briu ct al., J. Am. Chem. Soc. 111:2321 (1989), O-
methylphosphoroamidite linkages (see Eckstein, Oligonucleotides and Analogues: A
Practical Approach, Oxford University Press), and peptide nucleic acid (also referred to
herein as "PNA") backbones and linkages (see Egholm, J. Am. Chem. Soc. 114:1895 (1992),
Meier et al., Chem. Int. Ed. Engl. 31:1008 (1992); Nielsen, Nature, 365:566 (1993); Carlsson
et al., Nature 380:207 (1996), all of which are incorporated by reference. Other analog
nucleic acids include those with bicyclic structures including locked nucleic acids (also
referred to herein as "LNA"), Koshkin et al., J. Am. Chem. Soc. 120.13252 3 (1998); positive
backbones (Denpcy et al., Proc. Natl. Acad. Sci. USA 92:6097 (1995); non-ionic backbones
(U.S. Pat. Nos. 5,386,023, 5,637,684, 5,602,240, 5,216,141 and 4,469,863; Kiedrowshi ¢t al.,
Angew. Chem. Intl. Ed. English 30:423 (1991); Letsinger et al., J. Am. Chem. Soc. 110:4470
(1988); Letsinger et al., Nucleoside & Nucleotide 13:1597 (1994); Chapters 2 and 3, ASC
Symposium Series 580, "Carbohydrate Modifications in Antisense Research”, Ed. Y. S.
Sanghui and P. Dan Cook; Mesmacker et al., Bioorganic & Medicinal Chem. Lett. 4:395
(1994); Jeffs et al., J. Biomolecular NMR 34:17 (1994); Tetrahedron Lett. 37:743 (1996)) and
non-ribose backbones, including those described in U.S. Pat. Nos. 5,235,033 and 5,034,506,
and Chapters 6 and 7, ASC Symposium Series 580, "Carbohydrate Modifications in
Antisense Research", Ed. Y. S. Sanghui and P. Dan Cook, all of which are incorporated by
reference. Nucleic acids containing one or more carbocyclic sugars are also included within
the definition of nucleic acids (see Jenkins et al., Chem. Soc. Rev. (1995) pp 169-176, hereby

incorporated by reference). Several nucleic acid analogs are described in Rawls, C & E News
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Jun. 2, 1997 page 35, hereby incorporated by reference. "Locked nucleic acids” are also
included within the definition of nucleic acid analogs. LNAs can be a class of nucleic acid
analogues in which the ribose ring is "locked" by a methylene bridge connecting the 2'-O
atom with the 4'-C atom. All of these references are hereby expressly incorporated by
reference. These modifications of the ribose-phosphate backbone can be done to increase the
stability and half-life of such molecules in physiological environments. For example,
PNA:DNA and LNA-DNA hybrids can exhibit higher stability and thus can be used in some
embodiments. The target nucleic acids can be single stranded or double stranded, as
specified, or contain portions of both double stranded or single stranded sequence. Depending
on the application, the nucleic acids can be DNA (including, e.g., genomic DNA,
mitochondrial DNA, and cDNA), RNA (including, c.g., mRNA and rRNA) or a hybrid,
where the nucleic acid contains any combination of deoxyribo- and ribo-nucleotides, and any
combination of bascs, including uracil, adcnine, thyming, cytosine, guaning, inosing,
xathaninc hypoxathaning, isocytosing, isoguaning, ctc.

10039] As used herein, the terms “hybridization”, “hybridizing” and ““annealing” can be
used interchangeably and can refer to the pairing of complementary nucleic acids.

[0040] The term “‘primer”, as used herein, can refer to an oligonucleotide, generally with a
free 3° hydroxyl group, that is capable of hybridizing with a template (such as a target
polynucleotide, target DNA, target RNA or a primer extension product) and is also capable of
promoting polymerization of a polynucleotide complementary to the template. A primer can
contain a non-hybridizing sequence that constitutes a tail of the primer. A primer can still
hybridize to a target even though its sequences are not fully complementary to the target.
[0041] “Complementary”, as used herein, can refer to complementarity to all or only to a
portion of a sequence. The number of nucleotides in the hybridizable sequence of a specific
oligonucleotide primer can be such that stringency conditions used to hybridize the
oligonucleotide primer can prevent excessive random non-specific hybridization. The
number of nucleotides in the hybridizing portion of the oligonucleotide primer can be at least
as great as the defined sequence on the target polynucleotide that the oligonucleotide primer
hybridizes to, namely, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least
11, at least 12, at least 13, at least 14, at least 15, at least about 20, or from about 6 to about
10 or 6 to about 12, or 12 to about 200 nucleotides, or about 10 to about 50 nucleotides. In
general, the target polynucleotide can be larger than the oligonucleotide primer or primers as

described previously.
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[0042] The term “genomic sequence”, as used herein, can refer to a sequence that occurs in a
genome. RNAs can be transcribed from a genome; this term can encompass sequence that
exist in the nuclear genome of an organism, as well as sequences that are present in a cDNA
copy of an RNA (e.g., an mRNA) transcribed from such a genome.

[0043] The term “target polynucleotide,”, “target region”, or “target”, as used herein, can
refer to a polynucleotide of interest under study. A target polynucleotide can contain one or
more sequences or loci that are of interest and under study. A target polynucleotide can
comprise, for example, a genomic region. The genomic region can comprise all or a portion
of a chromosome. The genomic region can comprise a plurality of loci. The genomic region
can comprise a plurality of loci for which phasing and/or haplotype information is desired.
[0044] The terms “template”, “template strand”, “templatc DNA” and “tecmplate nucleic
acid” can be used interchangeably herein to refer to a strand of nucleic acid (e.g., DNA) that
is copicd by an amplification cyclc.

[0045] Thc term “mutation”, as uscd hercin, can rcfer to a change of the nuclcotide
sequence of a genome. Mutations can involve large regions of a genome (e.g., copy number
variation). Mutations can involve small regions of a genome. Examples of mutations
involving small sections of a genome include, e.g., point mutations or single nucleotide
polymorphisms, multiple nucleotide polymorphisms, insertions (€.g., insertion of one or more
nucleotides at a locus), multiple nucleotide changes, deletions (e.g., deletion of one or more
nucleotides at a locus), and inversions (e.g., reversal of a sequence of one or more
nucleotides).

[0046] The term “locus”, as used herein, can refer to a location of a gene, a nucleotide, or a
sequence on a chromosome and/or in a genome. A locus can be considered “polymorphic” or
to have a “polymorphism” if there exists in a population two or more forms of a nucleotide or
sequence at the locus (e.g., if the locus comprises variant genetic sequences). An “allele” of a
locus, as used herein, can refer to an alternative form of a nucleotide or sequence at the locus.
A “wild-type allele” can refer to an allele that has the highest frequency in a population of
subjects. A “mutant allele” can refer to an allele that has a lower frequency that a “wild-type
allele*. An “informative” locus, as used herein, can refer to a locus which can be used to
determine phasing information of two or more alleles. The informative locus can be a
polymorphic locus.

[0047] The term “‘single nucleotide polymorphism™, or “SNP”, as used herein, can refer to

a type of genomic sequence variation resulting from a single nucleotide substitution within a
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sequence. “SNP alleles” or “alleles of a SNP” can refer to alternative forms of the SNP ata
given locus.

[0048] The term “‘genotyping”, as used herein, can refer to a process of determining
differences in the genetic make-up (genotype) of an individual, e.g., by examining the
individual's DNA sequence using a biological assay. The biological assay can comprise a
sequencing reaction.

[0049] As used herein, a “sample” or “nucleic acid sample” can refer to any substance
containing or presumed to contain nucleic acid. The sample can be a biological sample
obtained from a subject.

[0050] An “addressable location”, as used herein, can refes to a location that can be
rccorded and/or tracked throughout any of the procedures carricd out during onc or morc
methods described herein.

OVERVIEW

[0051] Providced herein are methods, compositions, and kits uscful for scquence analysis of
nucleic acids. The subject methods, compositions, and kits can be useful for obtaining
accurate phasing and/or haplotyping information using NGS technologies. For example, the
methods, compositions, and kits provided herein can be used to determine phasing of a
plurality of alleles that are separated by a distance that is greater than a distance of an NGS
sequence read or paired read. The methods and kits provided herein can be used to obtain
phasing information for detected alleles that map to two or more loci. For example, the
methods and kits provided herein can be used for determining whether detected alleles that
map to two or more loci are located on the same nucleic acid template, on the same
chromosome or chromosome region, or on different chromosomes or chromosomal regions in
a chromosome pair. The methods and kits can be used to determine a plurality of
polymorphic markers at a plurality of loci within a nucleic acid template. The methods and
kits described herein can also be used to obtain phasing information for a plurality of alleles
that are detected on different nucleic acid templates. One or more phasing methods disclosed
herein can be used to provide phasing information for two or more alleles. The two or more
alleles may be separated by a distance of over 150 bases, over 300 bases, over 500 bases,
over 600 bases, over 700 bases, over 800 bases, over 900 bases, over 1000 bases (1kb), over
5 kb, over 10 kb, over 50 kb, over 100 kb, over 500 kb, over 1000 kb (1 Mb), over 5 Mb,
over 10 Mb, over 50 Mb, over 100 Mb, over 150 Mb, over 200 Mb, over 250 Mb, or over 300
Mb.
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[0052] The methods and kits described herein can also be used to differentiate between
closely related nucleic acid sequences, ¢.g., to distinguish a gene from a closely related
pseudogene. Such methods can be useful, for example, for haplotyping, SNP phasing,
determining downstream exons in RNA-seq, and in genetic diagnostics applications. The
methods, kits and compositions described herein can utilize sequential sequencing of a
nucleic acid template. Altogether, the phasing methods disclosed herein provide an
improvement over the existing methods by offering a highly parallel, efficient method for
obtaining phasing information.

[0053] FIGS. 1A and 1B illustrate current limitations of NGS sequencing in obtaining
phasing information for a plurality of alleles. FIG. 1A depicts a chromosome pair
comprising a matcrnal and patcrnal chromosomc obtained from genomic DNA from a
subject. The chromosomes comprise a plurality of loci: locus X, locus Y, which is located,
c.g., 600 bp downstrcam of locus X, and locus Z, which is located, ¢.g., 600 bp downstrcam
of locus Y. The matcrnal chromosomc compriscs the following allcles: allcle T at locus X
(X, allele G at locus Y (Yg), and allele T at locus Z (Z). By contrast, the paternal
chromosome comprises the following alleles, allele A at locus X (Xa), allele T at locus Y
(Y1), and allele C at locus Z (Z¢). FIG. 1B depicts a current embodiment NGS sequencing
method which is unable to determine phasing of alleles at loci X, Y, and Z. Genomic DNA
from the subject is fragmented into ~1000 bp DNA fragments. The fragments are spatially
separated and clonally amplified into clusters. By way of example only, clusters 1-3 tile
overlapping regions which span loci X, Y, and Z. The clusters then undergo next generation
sequencing, ¢.g., on an Illumina platform. Next generation sequencing typically produces
sequencing reads from one or both ends of the DNA fragments, due to the sequencing
adaptors attached to one or both ends of the fragments, wherein the sequencing adaptors
comprise sequencing primer binding sites (not shown in the figure). The sequencing reads
can have read lengths of, e.g., 100 nt, so the next generation sequencing in this example does
not provide sequencing information across the entire template molecule. In this particular
example, paired end sequencing is employed, producing sequencing reads from both ends of
the template DNA fragments, cach read having a read length of 100 nt (as depicted by thick
gray arrows in FIG. 1B). Accordingly, the DNA template fragment of cluster 1 comprises
Xaand Y, however, only X4 is detected by the sequencing reads. The DNA template
fragment of cluster 2 comprises Yrand Zc, however, only Z¢ is detected by the sequencing
reads. The DNA template fragment of cluster 3 comprises Yrand Z¢, however, only Yris

detected by the sequencing reads. Because sequencing reads from clusters 1-3 only detect a
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single allele at a single locus for each cluster, phasing information is not generated for the
detected alleles X4, Y1, and Z¢, ¢.g., whether they are located on the same template molecule,
the same chromosomal region, or the same chromosome.

[0054] FIG. 2 depicts an exemplary workflow of a phasing method described herein. The
method can comprise a first step 210 of coupling a nucleic acid template to a sequencing
platform. The coupling can comprise attaching the nucleic acid template to a solid support of
the sequencing platform. Coupling can in some cases include formation of a covalent bond
(e.g., formed by ligation), or a noncovalent bond (e.g., formed by hybridization) between the
template and the solid support of the sequencing platform. In some cases, coupling does not
involve formation of a covalent bond or noncovalent bond between the template and the solid
support of the scquencing platform. In some cascs, coupling can include associating two
entities, e.g., placing an entity, such as a nucleic acid template, in a well. In some cases, the
nuclcic acid template is coupled to a unique addressable location of the scquencing platform.
For cxample, a plurality of nuclcic acid templates can be coupled to a scquencing platform,
wherein each of the plurality of templates is coupled to a unique addressable location of the
sequencing platform. Coupling of nucleic acid templates to unique addressable locations of a
sequencing platform can comprise attaching the templates to the unique addressable locations
and/or can comprise confining the templates within the unique addressable locations (e.g.,
confining to a well). For example, a template can be attached to a solid support (e.g., a bead)
and the solid support confined within the unique addressable location, such as, e.g.,
depositing the bead in a well. The method can further comprise a second step 220 of
subjecting the nucleic acid template to a first sequencing reaction using a first sequencing
primer. The first sequencing primer can initiate sequencing at a first location on the nucleic
acid template. The first sequencing reaction can generate a first sequencing read. The first
sequencing read can provide the sequence of a first region of the nucleic acid template. The
method can further comprise a second step 230 of subjecting the nucleic acid template to a
second sequencing reaction using a second sequencing primer. The second sequencing
primer can initiate sequencing at a second location on the nucleic acid template. The second
location can be distinct from the first location. In some cases, a 3’ terminal nucleotide of the
second primer can hybridize to a location that is more than 5 nt away from a binding site of a
3’ terminal nucleotide of the first primer. The second sequencing reaction can generate a
second sequencing read. The second sequencing read can provide the sequence of a second
region of the nucleic acid template which is distinct from the first region of the nucleic acid

template. In some embodiments, the nucleic acid template is optionally subjected to one or
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more additional rounds of sequencing (depicted as step 240) using additional sequencing
primers.

[0055] Nucleic acid templates can be subjected to any number of rounds of sequencing as
described herein. For example, nucleic acid templates can be subjected to 2, 3,4, 5,6, 7, §,
9,10, 11,12, 13,14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,27, 28, 29, 30, 31, 32, 33,
34, 35, 36, 37, 38. 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55 56, 57, 58,
59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74,75, 76, 77, 78, 79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 110, 120, 130, 140, 150,
160, 170, 180, 190, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900, 1000, 2000, 3000,
4000, 5000, 6000, 7000, 8000, 9000, 10000, 100000, or more than 100000 rounds of
scquencing according to onc or more phasing mcthods described hercin. Nucleic acid
templates can be subjected to about 2 to about 8 rounds of sequencing, about 6 to about 20
rounds of scquencing, about 10 to about 100 rounds of scquencing, about 50 to about 500
rounds of scquencing, about 100 to about 1000 rounds of scquencing, about 500 to about
2000 rounds of sequencing, about 1000 to about 10000 rounds of sequencing, or more than
about 10000 rounds of sequencing according to one or more phasing methods described
herein.

[0056] The rounds of sequencing can produce any number of sequencing reads for the
nucleic acid template. For example, about 1,2,3,4,5,6,7,8,9, 10, 11,12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42,43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66,
67, 68, 69, 70,71, 72,73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92,93, 94, 95, 96, 97, 98, 99, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 250,
300, 350, 400, 450, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000,
8000, 9000, 10000, 100000, or more than 100000 sequencing reads can be generated for any
given nucleic acid template. About 1 to about 8 sequencing reads, about 6 to about 20
sequencing reads, about 10 to about 100 sequencing reads, about 50 to about 500 sequencing
reads, about 100 to about 1000 sequencing reads, about 500 to about 2000 sequencing reads,
about 1000 to about 10000 sequencing reads, or more than about 10000 sequencing reads
can be generated for any given nucleic acid template,

[0057] In some embodiments, the first, second, and/or any additional rounds of sequencing
are conducted using a plurality of primers. For example, any round of sequencing designed
to sequence a particular locus can comprise use of a pair of primers, wherein each primer in

the primer pair is designed to sequence a forward or reverse complement strand containing
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the locus. For example, any round of sequencing can comprise sequencing using a mixture
of primers. Primers within a mixture can be designed and/or selected to have minimal
potential to hybridize to the same nucleic acid template. For example, primers within a
mixture can be designed to hybridize to locations that are at least 1 kb, 2 kb, 3kb, 4 kb, 5
kb, 10 kb, 20 kb, 30 kb, 40 kb, 50 kb, 60 kb, 70 kb, 80 kb, 90 kb, 100 kb, 200 kb, 300
kb, 400 kb, 500 kb, 600 kb, 700 kb, 800 kb, 900 kb, 1000 kb (1Mb), 2 Mb, 3 Mb, 4
Mb, 5 Mb, 6 Mb, 7 Mb, 8 Mb, 9 Mb, 10 Mb,, 20 Mb, 30 Mb, 40 Mb, 50 Mb, 60 Mb,
70 Mb, 80 Mb, 90 Mb, 100 Mb, or 200 Mb apart. Primers within a mixture can be
designed to hybridize to different chromosomes. A mixture of primers used for any round of
sequencing can comprise any number of primers, for example, can comprise 1, 2, 3,4, 5,6, 7,
8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
33, 34, 35, 36, 37, 38. 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55 56, 57,
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82,
83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 110, 120, 130, 140, 150,
160, 170, 180, 190, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900, 1000, 2000, 3000,
4000, 5000, 6000, 7000, 8000, 9000, 10000, 100000, or more than 100000 primers. A
mixture of priemrs used for any round of sequencing can comprise about 1 to about 8
primers, about 6 to about 20 primers, about 10 to about 100 primers, about 50 to about 500
primers, about 100 to about 1000 primers, about 500 to about 2000 primers, about 1000 to
about 10000 primers, or more than about 10000 primers.

[0058] In some cases, the first, second, and optionally additional sequencing reads can be
compiled to produce sequence information for the nucleic acid template. For example, first,
second, and optionally additional sequencing reads from a unique addressable location can be
compiled to produce sequence information for the nucleic acid template coupled to that
unique addressable location.

[0059] FIG. 3 depicts an exemplary embodiment of a phasing method described herein,
and highlights advantages of the subject method for obtaining phasing information for a
plurality of alleles. FIG. 3 depicts the same chromosome pair comprising a maternal and
paternal chromosome obtained from genomic DNA from a subject as depicted in FIG. 1. As
in FIG. 1, the chromosomes comprise a plurality of loci: locus X, locus Y, which is located,
e.g., 600 bp downstream of locus X, and locus Z, which is located, ¢.g., 600 bp downstream
of locus Y. As in FIG. 1, the maternal chromosome comprises the following alleles: allele T
at locus X (X, allele G at locus Y (Yg), and allele T at locus Z (Zr1). Asin FIG. 1, the

paternal chromosome comprises the following alleles, allele A at locus X (X,), allele T at
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locus Y (Y1), and allele C at locus Z (Z¢). As in FIG. 1, genomic DNA from the subject is
fragmented into ~1000 bp DNA fragments. As in FIG. 1, the fragments are spatially
separated and clonally amplified into clusters. As in FIG. 1, clusters 1-3 tile overlapping
regions which span loci X, Y, and Z. The clusters are then subjected to sequential rounds of
sequencing according to a phasing method described herein. A first round of sequencing is
performed using a first sequencing primer. The first sequencing primer can be designed to
selectively hybridize to a sequencing primer binding site of a sequencing adaptor attached to
a first end of the cluster templates. The first round of sequencing using the first sequencing
primer provides a first set of sequencing reads (dark gray arrows) of a first end of the cluster
templates. Because locus X happens to be located near the end of the first end of cluster 1,
Allele Aa is detected by the first read of cluster 1. The cxtension strands resulting from
extension of the first sequencing primer are then denatured and removed from the clusters. In
a ncxt step, a sccond round of scquencing is performed using a sccond scquencing primer.
The sccond scquencing primer can be designed to hybridize to a gecnomic location upstrcam
of locus Y and to sequence locus Y. Accordingly, the second round of sequencing produces a
second set of sequencing reads (medium gray arrows). Because clusters 1, 2, and 3 comprise
locus Y, the second set of sequencing reads comprise reads from clusters 1, 2, and 3. The
second set of sequencing reads detect allele T at locus Y (Y7) in clusters 1, 2, and 3. The
extension strands resulting from extension of the second sequencing primer are then
denatured and removed from the clusters. In a next step, a third round of sequencing is
performed using a third sequencing primer. The third sequencing primer can be designed to
hybridize to a genomic location upstream of locus Z and to sequence locus Z. Accordingly,
the third round of sequencing produces a third set of sequencing reads (stippled medium gray
arrows). Because clusters 2 and 3, but not cluster 1, comprise locus Z, the third set of
sequencing reads comprise reads from clusters 2 and 3 but not from cluster 1. The third set
of sequencing reads detect allele C at locus Z (Z¢) in clusters 2 and 3. Sequence data from
the first, second, and third sets of sequencing reads is compiled and used to determine
phasing of the detected alleles at loci X, Y, and Z. Because the first and second set of
sequencing reads reveal X, and Y in cluster 1, it can be determined that X, and Y are in
phase (e.g., on the same nucleic acid fragment). Because the second and third sets of
sequencing reads reveal Yt and Z¢ in clusters 2 and 3, it can be determined that Y and Z¢ are
in phase (e.g., on the same nucleic acid fragment). Moreover, because the first, second, and

third clusters share a common allele (Y1), it can be determined that X, Yt and Z¢ are all in
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phase. Because X, Y1, and Z¢ are all in phase, a haplotype of the subject can be determined
tobe X\ Y1 Zc

[0060] FIG. 4 depicts another exemplary embodiment of a phasing method described
herein. FIG. 4 depicts the same chromosome pair comprising a maternal and paternal
chromosome obtained from genomic DNA from a subject as depicted in FIG. 1. As in FIG.
1, the chromosomes comprise a plurality of loci: locus X, locus Y, which is located, e.g., 600
bp downstream of locus X, and locus Z, which is located, ¢.g., 600 bp downstream of locus
Y. Asin FIG. 1, the maternal chromosome comprises the following alleles: allele T at locus
X (X, allele G at locus Y (Y), and allele T at locus Z (Z1). As in FIG. 1, the paternal
chromosome comprises the following alleles, allele A at locus X (X,), allele T at locus Y
(Y1), and allcle C at locus Z (Z¢). As in FIG. 1, gecnomic DNA from the subject is
fragmented into ~1000 bp DNA fragments. As in FIG. 1, the fragments are spatially
scparatcd and clonally amplificd into clusters. As in FIG. 1, clusters 1-3 tilc overlapping
rcgions which span loci X, Y, and Z. The clusters arc then subjected to scquential rounds of
sequencing according to a phasing method described herein. A first round of sequencing is
performed using a first sequencing primer. The first sequencing primer can be designed to
selectively hybridize to a genomic location upstream of locus X and to sequence locus X.
The first round of sequencing produces a first set of sequencing reads. Because cluster 1, but
not clusters 2 or 3, comprise locus X, the first set of sequencing reads comprises a read from
cluster 1 but not from clusters 2 or 3. The first set of sequencing reads detects allele A at
locus X(X,). The extension strands resulting from extension of the first sequencing primer
are then denatured and removed from the clusters. In a next step, a second round of
sequencing is performed using a second sequencing primer. The second sequencing primer
can be designed to hybridize to a genomic location upstream of locus Y and to sequence
locus Y. Accordingly, the second round of sequencing produces a second set of sequencing
reads (medium gray arrows). Because clusters 1, 2, and 3 all comprise locus Y, the second
set of sequencing reads comprise reads from clusters 1, 2, and 3. The second set of
sequencing reads detect allele T at locus Y (Y1) in clusters 1, 2, and 3. The extension
strands resulting from extension of the second sequencing primer are then denatured and
removed from the clusters. In a next step, a third round of sequencing is performed using a
third sequencing primer. The third sequencing primer can be designed to hybridize to a
genomic location upstream of locus Z and to sequence locus Z. Accordingly, the third round
of sequencing produces a third set of sequencing reads (stippled medium gray arrows).

Because clusters 2 and 3, but not cluster 1, comprise locus Z, the third set of sequencing reads
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comprise reads from clusters 2 and 3 but not from cluster 1. The third set of sequencing
reads detect allele C at locus Z (Z¢) in clusters 2 and 3. Sequence data from the first, second,
and third sets of sequencing reads is compiled and used to determine phasing of the detected
alleles at loci X, Y, and Z. Because the first and second set of sequencing reads reveal X
and Y+ in cluster 1, it can be determined that X, and Y+ are in phase. Because the second
and third sets of sequencing reads reveal Yrand Z¢ in clusters 2 and 3, it can be determined
that Yrand Z¢ are in phase. Morcover, because the first, second, and third clusters sharec a
common allele (Y1), it can be determined that Xa Yt and Z¢ are all in phase. Because Xa,
Yr, and Z¢ are all in phase, a haplotype of the subject can be determined to be XA Y1 Z¢
[0061] Reference will now be made in detail to exemplary embodiments. While the
discloscd mcthods and compositions will be described in conjunction with the cxemplary
embodiments, it will be understood that these exemplary embodiments are not intended to
limit the mcthods and compositions described herein, but can ecncompass alternatives,
modifications and cquivalents, which may be included in the spirit and scope described
herein

Exemplary nucleic acid templates

[0062] Nucleic acid templates to be sequenced by a method provided herein can comprise
DNA. The DNA can be complex DNA, for example genomic DNA. The DNA can be from
a linear or circular genome. The DNA can be plasmid DNA, cosmid DNA, bacterial artificial
chromosome (BAC), or yeast artificial chromosome (YAC). The DNA can be from more
than one individual or organism. The DNA can be double stranded or single stranded. The
input DNA can be part of chromatin. The DNA can be associated with histones. The DNA
can comprise one or more chromosomes. For example, if the DNA is from a human, the
DNA can comprise one or more of chromosome 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15,
16, 17, 18,19, 20, 21, 22, X, or Y. The DNA can be mitochondrial DNA. The DNA can be
cell-free DNA. The DNA can be cDNA. The cDNA can be generated from RNA, e.g.,
mRNA. Nucleic acid tempaltes to be sequenced by a method provided herein can comprise
RNA.

[0063] Nucleic acid templates to be sequenced by a method provided herein can be
obtained from and/or can be in a nucleic acid sample. The nucleic acid sample can be
obtained from a subject. A subject can be any biological entity of interest from which
phasing and/or haplotype information is desired. The subject can be an animal, plant, fungus,
insect, bacteria, algae, virus, cell, tissue, and the like. The animal can be human, non-human

primate, dog, cat, cow, pig, sheep, guinea pig, hamster, bird, frog, fish, rat, mouse, other
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rodent or other animal. A nucleic acid sample can also comprise a mixture of genomes of
different species such as host-pathogen, bacterial populations, viral populations, and the like.
For example, a DNA sample can comprise DNA (e.g., cDNA) made from a mixture of
genomes of different species. Alternatively, the nucleic acid sample can be from a synthetic
source.

[0064] The nucleic acid sample can be obtained from a biological sample from the subject.
The biological sample can be, e.g., a liquid sample, a solid sample, or a combination thereof.
Exemplary liquid samples include, but are not limited to ascites, buccal sample, cavity rinse,
cerebrospinal fluid, whole blood, plasma, serum, sweat, tears, sputum, saliva, urine, or organ
rinse. The sample can be a cell-free sample. Exemplary cell-free samples include, but are
not limited to plasma, scrum, plasma, urine, swcat, saliva, sputum, and tcars. Excmplary
solid biological samples include, ¢.g., tissue biopsy, feces, and the like. A biological sample
can also comprisc cultured cclls or constitucnts of culturc cclls (including, ¢.g., conditioned
mcdium resulting from the growth of cclls in cell culture medium, recombinant cclls and cell
components). The sample can be a single cell. Nucleic acid samples can be obtained from
biological samples by any means known to those of skill in the art. For example, nucleic acid
can be extracted from a biological sample using liquid extraction (e.g, Trizol, DNAzol)
techniques. Nucleic acid can also be extracted using commercially available kits. Nucleic
acids can be concentrated by, e.g., centrifugation and/or precipitation. Nucleic acids can be
purified by binding to a selective membrane and then by elution. In some cases, gentle
handling steps may be taken to avoid shearing of chromosomal or intact DNA during the
extraction process. Exemplary gentle handling strategies can include, e.g., pipetting with a
wide-bore pipette tip and avoidance of vigorous pipetting and/or vortexing. In some cases,
gentle handling steps are unnecessary for preparation of nucleic acid samples.

[0065] The nucleic acid sample can be fragmented by any means known in the art or
otherwise described herein. The nucleic acids can be fragmented to result in a population of
nucleic acid fragments of a desired length. The nucleic acid fragments can be double
stranded or single stranded fragments. The length of the nucleic acid fragments can be any
length. A nucleic acid fragment to be sequenced by a method described herein can have a
length that is less than 300 Mb, less than 200 Mb, less than 100 Mb, less than 50 Mb, less
than 40 Mb, less than 30 Mb, less than 20 Mb, less than 10 Mb, less than 5 Mb, less than 3
MbD, less than 2 Mb, less than 1 Mb (1000 kb), less than 900 kb, less than 800 kb, less than
700 kb, less than 600 kb, less than 500 kb, less than 400 kb, less than 300 kb, less than 200
kb, less than 100 kb (100,000 bases), less than 100,000 bases, less than 90,000 bases, less
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than 80,000 bases, less than 70,000 bases, less than 60,000 bases, less than 50,000 bases, less
than 40000 bases, less than 30,000 bases, less than 20,000 bases, less than 10,000 bases, less
than 9000 bases, less than 8000 bases, less than 7000 bases, less than 6000 bases, less than
5000 bases, less than 4000 bases, less than 3000 bases, less than 2000 bases, less than 1500
bases, less than 1400 bases, less than 1300 bases, less than 1200 bases, less than 1100 bases,
less than 1000 bases, less than 900 bases, less than 800 bases, less than 700 bases, less than
600 bases, less than 500 bases, less than 400 bases, less than 300 bases, less than 250 bases,
less than 200 bases, less than 150 bases, less than 100 bases, less than 50 bases, less than 40
bases, less than 30 bases, less than 20 bases, or less than 10 bases. In some cases, a nucleic
acid fragment to be sequenced by a method described herein has a length that is about 10
bascs, about 20 bascs, about 30 bascs, about 40 bascs, about 50 bascs, about 100 bascs, about
150 bases, about 200 bases, about 250 bases, about 300 bases, about 400 bases, about 500
bascs, about 600 bascs, about 700 bascs, about 800 bascs, about 900 bascs, about 1000 bascs,
about 1100 bascs, about 1200 bascs, about 1300 bascs, about 1400 bascs, about 1500 bascs,
about 1600 bases, about 1700 bases, about 1800 bases, about 1900 bases, about 2000 bases,
about 3000 bases, about 4000 bases, about 5000 bases, about 6000 bases, about 7000 bases,
about 8000 bases, about 9000 bases, about 10000 bases, about 20000 bases, about 30000
bases, about 40000 bases, about 50000 bases, about 60000 bases, about 70000 bases, about
80000 bases, about 90000 bases, about 100000 bases (100 kb), about 200 kb, about 300 kb,
about 400 kb, about 500 kb, about 600 kb, about 700 kb, about 800 kb, about 900 kb, about
1000 kb (1Mb), about 2 Mb, about 3 Mb, about 5 Mb, about 10 Mb, about 10 Mb, about 30
Mb, about 40 Mb, about 50 Mb, about 100 Mb, about 200 Mb, or about 300 Mb. In some
cases, a nucleic acid fragment to be sequenced by a method described herein has a length that
is more than about 10 bases, more than about 20 bases, moer than about 30 bases, more than
about 40 bases, more than about 50 bases, more than about 100 bases, more than about 150
bases, more than about 200 bases, more than about 250 bases, more than about 300 bases,
more than about 400 bases, more than about 500 bases, more than about 600 bases, more than
about 700 bases, more than about 800 bases, more than about 900 bases, more than about
1000 bases, more than about 1100 bases, more than about 1200 bases, more than about 1300
bases, more than about 1400 bases, more than about 1500 bases, more than about 1600 bases,
more than about 1700 bases, more than about 1800 bases, more than about 1900 bases, more
than about 2000 bases, more than about 3000 bases, more than about 4000 bases, more than
about 5000 bases, more than about 6000 bases, more than about 7000 bases, more than about

8000 bases, more than about 9000 bases, more than about 10000 bases, more than about
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20000 bases, more than about 30000 bases, more than about 40000 bases, more than about
50000 bases, more than about 60000 bases, more than about 70000 bases, more than about
80000 bases, more than about 90000 bases, more than about 100000 bases (100 kb), more
than about 200 kb, more than about 300 kb, more than about 400 kb, more than about 500 kb,
more than about 600 kb, more than about 700 kb, more than about 800 kb, more than about
900 kb, more than about 1000 kb (1MDb), more than about 2 Mb, more than about 3 Mb, more
than about 5 Mb, more than about 10 Mb, more than about 10 Mb, more than about 30 Mb,
more than about 40 Mb, more than about 50 Mb, more than about 100 Mb, more than about
200 Mb, or more than about 300 Mb. A nucleic acid fragment to be sequenced by a method
described herein can have a length that is between about 10 to about 100 bases, about 50 to
about 200 bascs, about 100 to about 250 bascs, about 150 to about 500 bascs, about 300 to
about 700 bases, about 400 to about 800 bases, about 600 to about 900 bases, about 800 to
about 1000 bascs, about 200 to about 1000 bascs, about 500 bascs to about 10000 bascs, or
about 2000 bascs to about 100000 bascs. In somc cmbodiments, the nuclcic acid fragment
has a length that is over 9000 bases. For example, the nucleic acid fragments can be about
0.9 to about 2 kb, about 1.5 to about 4 kb, about 2 to about 6 kb, about 5 to about 8 kb, or
about 7 to about 10 kb, about 10 to about 100 kb, about 50 kb to about 1 Mb, about 1 Mb to
about 50 Mb, about 10 Mb to about 300 Mb. One of skill in the art will readily understand
that the length of the nucleic acid templates to be sequenced by a method disclosed herein can
be any length. Length of nucleic acid templates to be sequenced by a method disclosed
herein can vary depending on the sequencing platform used in practicing a method disclosed
herein. In some embodiments, the nucleic acid sample is not fragmented.

[0066] The nucleic acid sample can be enriched for target polynucleotides of interest.
Target polynucleotides can comprise polynucleotides that map to genomic regions of interest.
A genomic region of interest can be any genomic region from which phasing and/or
haplotype information is desired. The genomic region of interest can comprise a region of a
chromosome. The genomic region of interest can comprise a whole chromosome. The
chromosome can be a diploid chromosome. In a human genome, for example, the diploid
chromosome can be any of chromosomes 1, 2, 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23. In some cases, the chromosome can be an X or Y chromosome. In
some cases, the genomic region of interest comprises a portion of a chromosome. A genomic
region of interest can be of any length. The genomic region of interest can have a length that
is between, e.g., about 1 to about 10 bases, about 5 to about 50 bases, about 10 to about 100
bases, about 70 to about 300 bases, about 200 bases to about 1000 bases (1 kb), about 700
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bases to about 2000 bases, about 1 kb to about 10 kb, about 5 kb to about 50 kb, about 20 kb
to about 100 kb, about 50 kb to about 500 kb, about 100 kb to about 2000 kb (2 Mb), about 1
Mb to about 50 Mb, about 10 Mb to about 100 Mb, about 50 Mb to about 300 Mb. For
example, a genomic region of interest can be over 1 base, over 10 bases, over 20 bases, over
50 bases, over 100 bases, over 200 bases, over 400 bases, over 600 bases, over 800 bases,
over 1000 bases (1kb), over 1.5 kb, over 2 kb, over 3 kb, over 4 kb, over 5 kb, over 10 kb,
over 20 kb, over 30 kb, over 40 kb, over 50 kb, over 60 kb, over 70 kb, over 80 kb, over 90
kb, over 100 kb, over 200 kb, over 300 kb, over 400 kb, over 500 kb, over 600 kb, over 700
kb, over 800 kb, over 900 kb, over 1000 kb (1MDb), over 2 Mb, over 3 Mb, over 4 Mb, over 5
Mb, over 6 Mb, over 7 Mb, over & Mb, over 9 Mb, over 10 Mb, , over 20 Mb, over 30 Mb,
ovcer 40 Mb, over 50 Mb, over 60 Mb, over 70 Mb, over 80 Mb, over 90 Mb, over 100 Mb, or
over 200 Mb.

[0067] A gcnomic region of interest can comprisc onc or more informative loci. An
informativce locus can be a polymorphic locus, c.g., comprising two or morc allclcs. In some
cases, the two or more alleles comprise a minor allele. In particular embodiments, genomic
regions of interest comprise one or more HLA loci.

[0068] Enrichment of target polynucleotides can be by any means known in the art or
otherwise described herein. For example, nucleic acids can be enriched using target-specific
primers, or by hybridization to target-selective probes. Target-selective probes can comprise
a nucleic acid sequence that is selectively hybridizable to a target polynucleotide of interest.
The target-selective probes can comprise a capture moiety which enables capture by a capture
reagent. Exemplary capture moiety/reagents include, e.g., biotin/avidin, streptavidin,
neutravidin, digoxigenin/wheat germ agglutinin, histidine/cobalt, iron. Nucleic acids can be
enriched by a target-selective sequencing library preparation method. Target-selective
sequencing library preparation kits and technology are commercially available from, e.g.,
NuGEN, Agilent, Illumina, or Nimblegen. Target-selective sequencing library preparation
methods from Agilient are described in, e.g., US Patent No. 7,867,703 and US Patent
Application Publication No. 20120289426, which are hereby incorporated by reference.
Target-selective sequencing library preparation methods from Illumina are described in, e.g.,
US Patent Application Pub No. 20070141604, hereby incorporated by reference. Target-
selective sequencing library preparation methods from Nimblegen are described in, e.g., US
Patent Application Pub. No. 20090105081, hereby incorporated by reference. Target-
selective sequencing library preparation methods from NuGEN are described in, e¢.g., US

Patent Application Pub. No. 20130231253, hereby incorporated by reference. Other
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exemplary target-selective sequencing library preparation methods are described in US Patent
Application Publication No. 20120003657, hereby incorporated by reference. Enrichment of
target genomic regions can, in some cases, comprise isolation of intact chromosomes or
chromosomal regions from a biological sample. In some embodiments, the nucleic acid
sample is not enriched for target polynucleotides, e.g., represents a whole genome.

[0069] The nucleic acid template to be sequenced can be a member of a sequencing library.
Sequencing libraries can comprise any number of library members. Sequencing libraries can
comprise 2, 10, 50, 100, 500, 1000, 5000, 10000, 50000, 100000, 500000, 1000000,
5000000, 10000000, 50000000, 100000000, 500000000, 1000000000, 2000000000,
3000000000, 4000000000, 5000000000, 6000000000, 7000000000, 8000000000,
9000000000, 10000000000, or morc than 10000000000 mcembers. In some ecmbodiments,
nucleic acid libraries are sequenced according to one or more methods described herein. The
scquencing library can be preparcd from a nucleic acid samplc by any mcans known to thosc
of skill in the art or otherwisc described hercin. In some cmbodiments, library preparation
comprises attachment of one or more adaptor oligonucleotides to one or more ends of nucleic
acid fragments. In some cases, adaptor oligonucleotides are attached to both ends of nucleic
acid fragments. The term “adaptor”, as used herein, can refer to an oligonucleotide. In some
cases, the attachment of an adaptor to a nucleic acid template can enable the generation of
amplification-ready products of the nucleic acid template. An adaptor can have various
designs. In some embodiments, an adaptor comprises a primer binding site for a platform-
specific sequencing primer. In some embodiments, an adaptor comprises a barcode
sequence. The barcode sequence can be a unique sequence of nucleotides that can encode
information about an assay. A barcode sequence can, for example, encode information
relating to the identity of an interrogated allele, identity of a target region of interest, identity
of a sample, identity of a subject, or any combination thereof.

[0070] Attachment of adaptor oligonucleotides to nucleic acid fragments can be by any
means known in the art, including, e.g., hybridization, amplification, ligation, and the like.
Various ligation processes and reagents are known in the art and can be useful for attachment
of adaptor oligonucleotides to nucleic acid fragments. For example, blunt ligation can be
employed. Similarly, a single dA nucleotide can be added to the 3’-end of the double-
stranded DNA product, by a polymerase lacking 3’-exonuclease activity and can anneal to an
adaptor comprising a dT overhang (or the reverse). This design allows the hybridized
components to be subsequently ligated (e.g., by T4 DNA ligase). Other ligation strategies

and the corresponding reagents and known in the art and kits and reagents for carrying out
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efficient ligation reactions are commercially available (e.g, from New England Biolabs,
Roche).

[0071] In some cases, it is useful to preserve information about the direction of single-
stranded nucleic acid molecules while generating double-stranded polynucleotides. This may
be accomplished by creation of a strand specific, e.g., directional sequencing library. The
term “‘strand specific” or “directional”, as used herein, can refer to the ability to differentiate
in a double-stranded polynucleotide between the original template strand and the strand that
is complementary to the original template strand. In some cases, one of the strands of the
double-stranded polynucleotide is synthesized so that it has at least one modified nucleotide
incorporated into it along the entire length of the strand. In some embodiments, the
incorporation of the modificd nuclcotide marks the strand for degradation or removal. In
some embodiments, the methods provided herein contemplate construction of directional
nucleic acid librarics as described in pending US Application, Scrial No. 13/643,056, titled
COMPOSITIONS AND METHODS FOR DIRECTIONAL NUCLEIC ACID
AMPLIFICATION AND SEQUENCING, Serial No. 13/643,056, hereby incorporated by
reference in its entirety. In some cases, information about the direction of single-stranded
nucleic acid molecules i1s not preserved while generating double-stranded polynucleotides. In
some cases, the sequencing library is not a directional sequencing library.

[0072] Nucleic acid library members can optionally be amplified prior to sequencing.
Methods of amplification are well known in the art. In some embodiments, the amplification
is exponential, e.g. in the enzymatic amplification of specific double stranded sequences of
DNA by a polymerase chain reaction (PCR). In other embodiments the amplification method
is linear. In other embodiments the amplification method is isothermal. In some
embodiments, the amplification comprises digital PCR. The digital PCR can be droplet
digital PCR. In some embodiments, the amplification comprises single primer isothermal
amplification (SPIA). In some embodiments, the amplification comprises reverse
transcription PCR. In some embodiments, the amplification comprises real-time PCR. In
some embodiments, the amplification comprises quantitative PCR (Q-PCR).

[0073] Nucleic acid library members can be clonally amplified prior to sequencing. Clonal
amplification can involve generation of identical copies of individual nucleic acid templates
in a nucleic acid library. Nucleic acid templates can be clonally amplified by any means
known to those of skill in the art or otherwise described herein. In some cases, clonal
amplification can comprise spatial separating individual nucleic acid template molecules and

performing amplification of the separated nucleic acid template molecules. In certain
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instances, clonal amplification can comprise emulsion PCR (454 Life Sciences, Life
Technologies). Emulsion PCR can comprise attachment of an individual nucleic acid
template to a bead or particle. Beads and/or particles can be isolated in a water-in-oil
emulsion, wherein droplets of the water-in-oil emulsion comprise a bead or particle with a
template molecule attached thereon, and reaction components for carrying out an
amplification reaction. Amplification of templates within the emulsion can result in clonal
amplification of the templates. Clonal amplification can comprise bridge amplification
(Illumina, Inc.). Bridge amplification is described, e.g, in US Patent No. 7,985,565, which is
hereby incorporated by reference. Clonal amplification can comprise template walking (Life
Technologies), described in US Patent Application Publication No. 20120156728, hereby
incorporated by reference.

Primers

[0074] Primcrs can be oligonuclcotides that arc employcd in an cxtension rcaction by a
polymcrasc along a polynuclcotide template, such as in PCR or cDNA synthesis, for
example. An oligonucleotide primer can be a synthetic polynucleotide that is single stranded,
containing a sequence at its 3°-end that is capable of hybridizing with a sequence of the target
polynucleotide. In some cases, the 3’ region of the primer that hybridizes with the target
nucleic acid has at least 80%, 90%, 95%, or 100% complementarity to a sequence or primer
binding site.

[0075] Primers can be sufficiently long to prime synthesis of an extension strand along a
template. Primers used in one or more methods described herein can have a length. The
length can be any length, e.g., about 5 to about 15 nt, about 10 to about 20 nt, about 15 to
about 30 nt, about 20 to about 40 nt, about 30 to about 60 nt, about 50 to about 100 nt, or
more than about 100 nt.

[0076] Primers used in one or more methods described herein can include primers designed
to hybridize to a portion or all of a sequencing adaptor. In some cases, primers described
herein are designed to hybridize to a primer-binding sequence of a sequencing adaptor.
Exemplary adaptors are described herein. In some cases, a first sequencing primer to be used
in a sequential sequencing method (e.g., primer or primers to be used in a first round of
sequencing) is designed to hybridize to a portion or all of a sequencing adaptor.

[0077] Primers used in one or more methods can include primers designed to sequence one
or more loci from which phasing information is desired. The one or more loci can comprise
one or more informative loci. For example, in some cases, the first sequencing primer,

second sequencing primer (e.g., primer or primers to be used in a first or second round of
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sequencing, respectively), or any subsequent sequencing primer used in a sequential
sequencing method is designed to sequence an informative locus.

[0078] A primer designed to sequence an informative locus can be designed to hybridize to
a genomic location that is a distance upstream of the informative locus to be sequenced. The
distance can be of any length. A skilled artisan will readily appreciate that the distance can
vary depending on the read length of the sequencing technology utilized in the sequential
sequencing method. In some cases, the distance is shorter than a read length of the
sequencing technology utilized in the sequential sequencing method. The primer designed to
sequence an informative locus can be designed to hybridize to a genomic location that is
about,e.g., 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74,75,
76,77, 78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 250, 300, 350, 400, 450, 500, 600,
700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000, 100000, or
more than 100000 nt upstream of the informative locus. The primer designed to sequence an
informative locus can be designed to hybridize to a genomic location that is about 1 to about
10, about 5 to about 50, about 20 to about 100, about 40 to about 200, about 80 to about 500,
about 100 to about 1000, about 500 to about 10000, about 5000 to about 100000, or more
than 100000 nt upstream of the informative locus.

[0079] In some cases, the primer designed to sequence an informative locus can be
designed to hybridize to a conserved region of the genome. The conserved region can be a
region that does not comprise a polymorphic locus, e.g., is substantially not polymorphic. In
some embodiments, the conserved region exhibits a polymorphism (e.g., sequence variant) at
a population frequency that is less than 5%, less than 4%, less than 3%, less than 2%, less
than 1%, less than 0.9%, less than 0.8%, less than 0.7%, less than 0.6%, less that 0.5%, less
than 0.4%, less than 0.3%, less than 0.2%, less than 0.1%, less than 0.05%, less than 0.01%,
less than 0.05%, less than 0.001%, less than 0.005%, less than 0.0001%, %, less than
0.0005%, less than 0.00001%,%, less than 0.00005%, less than 0.000001%, less than
0.000005%, less than 0.0000001%, less than 0.0000005%, or less than 0.00000001%. In
some cases, the primer designed to sequence an informative locus can be designed to
hybridize to an unconserved region of the genome.

[0080] Primers used in a first, second, or additional round of sequencing can hybridize to

distinct locations on the nucleic acid template. For example, a first primer used in a first
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round of sequencing may comprise a 3’ terminal nucleotide that hybridizes to a first location
of a nucleic acid template. A second primer used in a second round of sequencing may
comprise a 3” terminal nucleotide that hybridizes to a second location that is more than 5 nt
away from the first location of the nucleic acid template (e.g., hybridizes to a location that is
at least 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38. 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54,
55 56,57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79,
80, 81, 82, 83, 84, &5, 86, 87, 88, &9, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 110, 120,
130, 140, 150, 160, 170, 180, 190, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900,
1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000, 100000, or more than 100000
nt away from thc first location of the nuclcic acid template. In some cascs, a third primer
used 1n a third round of sequencing may comprise a 3’ terminal nucleotide that hybridizes to
a third location that is morc than 5 nt away from the sccond location of the nuclcic acid
templatc (c.g., hybridizes to a nuclcotide that is at Icast 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38. 39, 40, 41,
42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66,
67, 68, 69,70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 250,
300, 350, 400, 450, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000,
8000, 9000, 10000, 100000, or more than 100000 nt away from the second location of the
nucleic acid template. Any primer used in a subsequent round of sequencing can have a 3’
terminal nt that hybridizes to a location of the nucleic acid template that is at least 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35,36, 37, 38. 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55 56, 57, 58, 59,
60, 601, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73, 74, 75,76, 77, 78, 79, 80, 81, 82, 83, 84,
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 110, 120, 130, 140, 150, 160,
170, 180, 190, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900, 1000, 2000, 3000,
4000, 5000, 6000, 7000, 8000, 9000, 10000, 100000, or more than 100000 nt away from a
binding site of the 3’ terminal nt of the previous sequencing primer used in the previous
round of sequencing.

[0081] Primers used in a first, second, or additional round of sequencing can initiate
sequencing at distinct locations on the nucleic acid template. For example, a first primer used
in a first round of sequencing may initiate sequencing at a first location of a nucleic acid

template. A second primer used in a second round of sequencing may initiate sequencing at a

-30-

IDT Exhibit 1020.2338



WO 2014/144092 PCT/US2014/028356

second location that is more than 5 nt away from the first location of the nucleic acid
template (e.g., initiates sequencing at a location that is at least 6, 7, 8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55 56, 57, 58, 59, 60, 61, 62, 63, 64,
65, 66, 67, 68, 69, 70, 71, 72,73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, &4, 85, 86, 87, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200,
250, 300, 350, 400, 450, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000,
8000, 9000, 10000, 100000, or more than 100000 nt away from the first location of the
nucleic acid template. In some cases, a third primer used in a third round of sequencing may
initiate sequencing at a third location that is more than 5 nt away from the second location of
the nucleic acid template (c.g., initiates scquencing at a location that is at lcast 6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69,70, 71, 72, 73, 74, 75, 76, 71, 78, 719, 80, 81, 82, 83, 84, 85,
86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 110, 120, 130, 140, 150, 160, 170,
180, 190, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000,
5000, 6000, 7000, 8000, 9000, 10000, 100000, or more than 100000 nt away from the second
location of the nucleic acid template. Any primer used in a subsequent round of sequencing
can initiate sequencing at a location of the nucleic acid template that is more than 5 nt away
from the location of initiated sequencing for the previous round of sequencing, e.g., at least 6,
7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55 56, 57,
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74, 75, 76, 77,78, 79, 80, 81, 82,
83, 84, 85, 80, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 110, 120, 130, 140, 150,
160, 170, 180, 190, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900, 1000, 2000, 3000,
4000, 5000, 6000, 7000, 8000, 9000, 10000, 100000, or more than 100000 nt away from the
location of initiated sequencing for the previous round of sequencing.

[0082] In some embodiments, standard or universal sequencing primers are used. For
example, primers designed to hybridize to a primer binding site of a sequencing adaptor can
be used. A primer can be a polyA or polyT oligonucleotide. In some embodiments,
sequence-specific primers that hybridize to a conserved region or conserved regions within
the nucleic acid inserts in the sequencing library are used. In some embodiments, the
sequence-specific primers are designed to hybridize to conserved regions adjacent to regions

of variable sequence within the nucleic acid inserts, thereby enabling differentiating between
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closely related sequences. In some embodiments, a set of oligonucleotide primers that
hybridize to sequences shared in closely related sequences, such as gene/pseudogene pairs,
are used.

[0083] Primers can be prepared by any suitable method. Methods for preparing
oligonucleotides of specific sequence are known in the art, and include, for example, cloning
and restriction of appropriate sequences or direct chemical synthesis. Chemical synthesis
methods may include, for example, the phosphodiester method disclosed by Brown et al.,
1979, Methods in Enzymology 68:109, the phosphotriester method described by Narang et
al., 1979, Methods in Enzymology 68:90, the diethylphosphoramidate method disclosed in
Beaucage et al., 1981, Tetrahedron Letters 22:1859, and the solid support method disclosed
in U.S. Pat. No. 4,458,066, all of which publications arc hercby incorporated by reference.
Primers and/or reporter probes can also be obtained from commercial sources such as
Amecersham Pharmacia Biotcch, Opcron Technologics, Sigma, IDT Technologics, and Life
Tcchnologics. Computer programs can also be uscd to design primers, including but not
limited to Array Designer Software (Arrayit Inc.), NetPrimer, Oligonucleotide Probe
Sequence Design Software for Genetic Analysis (Olympus Optical Co.), Primer3, and
DNAsis from Hitachi Software Engineering.

Methods of Sequencing

[0084] The methods provided herein contemplate sequential sequencing of nucleic acid
templates. Sequencing methods are also well known in the art. Sequencing can be
performed by a sequencing platform. The sequencing platform can be a next-generation
sequencing (NGS) platform. In some cases, the NGS platform can sequence clonally
amplified DNA templates or single DNA molecules in a massively parallel fashion (e.g. as
described in Volkerding et al. Clin Chem 55:641-658 [2009]; Metzker M Nature Rev 11:31-
46 [2010]), hereby incorporated by reference. Sequential sequencing methods provided
herein can also employ Sanger sequencing.

[0085] The next-generation sequencing platform can be a commercially available platform.
Commercially available platforms useful for performing a method described herein include,
e.g., platforms for sequencing-by-synthesis, ion semiconductor sequencing (ChemFET
sequencing), reversible dye terminator sequencing, pyrosequencing, sequencing by ligation,
single-molecule sequencing, and sequencing by hybridization.

[0086] Platforms for sequencing by synthesis are available from, e.g., 454 Life Sciences,
[llumina, Helicos Biosciences, and Qiagen. Illumina platforms can include, e.g., Illumina's

Solexa platform, Illumina's Genome Analyzer, Illumina’s MiSeq, Illumina’s HiSeq,
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Illumina’s NextSeq, and are described in Gudmundsson et al (Nat. Genet. 2009 41:1122-6),
Out et al (Hum. Mutat. 2009 30:1703-12) and Turner (Nat. Methods 2009 6:315-6), U.S.
Patent Application Publication Nos. 20080160580 and 20080286795, U.S. Patent Nos.
6,306,597, 7,115,400, and 7,232,656, which are hereby incorporated by reference. 454 Life
Science platforms include, ¢.g., the GS Flex and GS Junior, and are described in U.S. Patent
No. 7,323,305, hereby incorporated by reference. Platforms for ion semiconductor
sequencing include, ¢.g., the lon Torrent Personal Genome Machine (PGM) and are described
in U.S. Patent No. 7,948,015, hereby incorporated by reference. Platforms for
pryosequencing include the GS Flex 454 system and are described in U.S. Patent Nos.
7,211,390; 7,244,559, 7,264,929, hereby incorporated by reference. Platforms for sequencing
by ligation includc, c.g., the SOLID scquencing platform and arc described in U.S. Patent No.
5,750,341, hereby incorporated by reference. Platforms for single-molecule sequencing
includc the SMRT system from Pacific Bioscicnee and the Helicos Truc Single Molccule
Scquencing platform.

|0087] For example, a sequencing technique that can be used in one or more phasing
methods described herein is the method commercialized by Illumina, as described, ¢.g., in
U.S. Pat. Nos. 5,750,341; 6,306,597; and 5,969,119. Such method can employ cluster
amplification of library members onto a flow cell and a sequencing-by-synthesis approach.
In a round of sequencing, cluster-amplified library members can be subjected to repeated
cycles of polymerase-directed single base extension. Single-base extension can involve
incorporation of reversible-terminator dNTPs, cach ANTP labeled with a different removable
fluorophore. The reversible-terminator dNTPs can be 3' modified to prevent further
extension by the polymerase. After incorporation of the dNTP, the incorporated nucleotide
can be identified by fluorescence imaging. Following fluorescence imaging, the fluorophore
can be removed and the 3' modification can be removed resulting in a 3" hydroxyl group,
thereby allowing another cycle of single base extension.

[0088] In one embodiment of a phasing method employing Illumina sequencing
methodology, a sequencing library is prepared from a nucleic acid sample obtained from a
subject. In some cases, the sequencing library is a directional sequencing library. In some
cases, the sequencing library is not a directional sequencing library. Single-stranded nucleic
acids from the library can optionally be amplified, for example, by PCR, prior to coupling to
the Illumina sequencing platform. To couple template nucleic acids to the Illumina platform,
the nucleic acids can be denatured into single-stranded templates. The single-stranded

templates can be randomly attached to the inside surface of flow-cell channels. In some
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embodiments the single-stranded templates are randomly attached to unique addressable
locations of the flow-cell. Unlabeled nucleotides can be added to initiate solid-phase bridge
amplification to produce dense clusters of clonally amplified templates. In some
embodiments, cach cluster is coupled to a unique addressable location of the flow-cell. To
initiate a first round of sequencing, labeled reversible terminator dNTPs, a first sequencing
primer, and DNA polymerase can be added to the Illumina flow cell. The clusters can be
subjected to repeated cycles of polymerase-directed single base extension and label detection
as described above, thereby producing a first sequencing read from one or more clusters.
Upon completion of the first round of sequencing, the extended strands and sequencing
primers can be denatured from the cluster templates and removed, ¢.g., by washing. To
initiatc a sccond round of scquencing, labeled reversible terminator ANTPS, a sccond
sequencing primer, and DNA polymerase can be added to the Illumina flow cell. The
clusters can then be subjected to repeated cycles of polymerasc-directed single basc cxtension
and labcl dctection as described above, thercby producing a sccond scquencing read from onc
or more clusters. Subsequent rounds of sequencing can optionally be performed by removing
the extended strands and primers from the preceding round of sequencing, using subsequent
primers that are designed to hybridize, for example, downstream or upstream of the preceding
sequencing primer. Sequence reads for the first, second, and optionally additional rounds of
sequencing can be compiled for each cluster. The compiling can be used to generate
sequence information for the clonally amplified templates. Sequence information for the
clonally amplified templates can be used to determine phasing of one or more alleles detected
by the sequencing.

[0089] In some embodiments, one or more phasing methods described herein employ
sequencing by ligation methods commercialized by Applied Biosystems (¢.g., SOLiD
sequencing). Library preparation for SOLID sequencing can comprise ligation of adaptors
attached to the 5" and 3' ends of the fragments to generate a fragment library. Alternatively,
internal adaptors can be introduced by ligating adaptors to the 5' and 3' ends of the fragments,
circularizing the fragments, digesting the circularized fragment to generate an internal
adaptor, and attaching adaptors to the 5' and 3 ' ends of the resulting fragments to generate a
mate-paired library. Next, nucleic acid templates can be clonally amplified on beads via
PCR. Following PCR, the templates can be denatured. Beads can be enriched for beads with
extended templates. The clonally amplified templates on the beads can be subjected to a 3'
modification that permits bonding to a glass slide. The beads can be deposited on a glass slide

for sequencing by ligation. In some embodiments, each bead is deposited onto a unique
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addressable location of the glass slide. A round of SOLiD sequencing can comprise the
following steps: (1) hybridization of a first sequencing primer to the clonally amplified
templates. The first sequencing primer can be designed to hybridize to a sequencing primer
binding site on one or more adaptors attached to the template nucleic acids. (2) Following
hybridization, a set of four fluorescently labeled di-base probes can compete for ligation to
the sequencing primer. Specificity of the di-base probe can be achieved by interrogating
every lst and 2nd base in each ligation reaction. (3) Cycles of ligation, detection and
cleavage can be performed with the number of cycles determining the eventual read length.
(4) Following a series of ligation cycles, the extension product can be removed and the
template can be reset with a primer complementary to the n-1 position for a second round of
ligation cycles. For SOLID scquencing, onc round of scquencing can comprisce five rounds of
primer reset and ligation cycles as described above, wherein each subsequent primer
hybridizes to an n-1 position of thc adaptor scquencing.

[0090] In onc cmbodiment of a phasing mcthod described herein employing SOLiID
sequencing methodology, a sequencing library is prepared from a nucleic acid sample
obtained from a subject using a library preparation method for SOLiD sequencing as
described herein. In some cases, the sequencing library is a directional sequencing library.

In some cases, the sequencing library is not a directional sequencing library. The sequencing
library members can be deposited onto unique addressable locations of the SOLiID platform
as described herein. A first round of SOLiD sequencing can be performed as described
herein. Following the first round of sequencing, the extension product can be removed and a
second set of sequencing primers can be used for a second round of SOLID sequencing. The
second round of SOLiID sequencing can comprise multiple cycles of primer hybridization and
ligation as described above. The second set of sequencing primers can comprise a primer
“primer A” that is designed to hybridize to a genomic location residing 1, 2, 3,4, 5,6, 7,8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35,36, 37,38, 39,40, 41, 42,43, 44, 45, 46, 47, 48, 49, 50, or more than 50 nucleotides
upstream of an informative locus “A” as well as 2, 3, 4, 5, or more additional sequencing
primers that are designed to hybridize to an n-1 genomic location, n-2 genomic location, n-3
genomic location, n-4 genomic location, n-5 genomic location, etc., of “Primer A”
Following a second round of SOLID sequencing, the extension product can be removed and a
third set of sequencing primers can be used for a third round of SOLiD sequencing. The third
set of sequencing primers can comprise a primer “primer B” that is designed to hybridize to a

genomic location residing 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
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22,23,24,25,26,27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46,
47, 48, 49, 50, or more than 50 nucleotides upstream of an informative locus “B”., as well as
2, 3,4, 5, or more additional sequencing primers that are designed to hybridize to an n-1
location, n-2 location, n-3 location, n-4 location, n-5 location, etc., of “Primer B”. The
informative locus “B” can be located downstream or upstream of informative locus “A”.

The third round of SOLiD sequencing can comprise multiple cycles of primer hybridization
and ligation as described above. Additional rounds of SOLiID sequencing can be performed
to sequence further downstream informative loci, as described above. Sequence reads for the
first, second, and optionally additional rounds of sequencing can be compiled for each
addressable location. The compiling can be used to generate sequence information for the
clonally amplificd templates. Scquence information for the clonally amplificd templates can
be used to determine phasing of one or more alleles detected by the sequencing.

[0091] In other cmbodiments, onc or more phasing mcthods disclosed hercin cmploy
scquencing by synthesis using the mcthods commcercialized by 454/Roche Life Scicncces,
including but not limited to the methods and apparatus described, e.g., in Margulies et al.,
Nature(2005) 437:376-380 (2005); and U.S. Pat. Nos. 7,244,559; 7,335,762; 7,211,390;
7,244,567, 7,264,929 and 7,323,305, hereby incorporated by reference. 454 sequencing
library preparation can comprise ligation of adaptors to the ends of nucleic acid fragments.
The adaptors can serve as primers for amplification and can provide a sequencing primer
binding site for sequencing-by-synthesis. One of the adaptors can comprise a capture
reagent, ¢.g., a biotin. The nucleic acid fragments can be attached to capture beads, ¢.g.,
streptavidin-coated beads. The fragments attached to the beads can be PCR amplified within
droplets of an oil-water emulsion, resulting in multiple copies of clonally amplified nucleic
acid fragments on cach bead. Following 454 library preparation, library members can be
coupled to a 454 sequencing platform by capture of beads in wells of the 454 platform, which
can be pico-liter sized. In some cases, a well captures one bead. Each well can accordingly
be an addressable location of the 454 platform. Pyrosequencing can be performed on each
DNA fragment in parallel. Pyrosequencing can comprise hybridization of a sequencing
primer to a sequencing primer binding site on an adaptor, followed by extension of the primer
in a pyrosequencing reaction. During the pyrosequencing reaction, dTNPs are added such
that only one out of four of the possible A/T/C/G nucleotides are added and available at a
time. Pyrosequencing can detect release of pyrophosphate (PPi) upon nucleotide
incorporation. PPi can be converted to ATP by ATP sulfurylase in the presence of adenosine

5' phosphosulfate. Luciferase can use ATP to convert luciferin to oxyluciferin, thereby
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generating a light signal that is detected. A detected light signal can be used to identify the
incorporated nucleotide. The intensity of the light signal can be used to determine how many
bases are incorporated. Following detection of the light signal, unincorporated dNTPs can be
removed and the next one out of four possible A/T/C/G nucleotides can be added.

[0092] In one embodiment of a phasing method employing pyrosequencing methodology
(e.g., 454 sequencing), a sequencing library is prepared from a nucleic acid sample obtained
from a subject. In some cases, the sequencing library is a directional sequencing library. In
some cases, the sequencing library is not a directional sequencing library. Sequencing library
members can be coupled to addressable locations of a pyrosequencing platform (e.g., a 454
sequencing platform) as described above. A first round of pyrosequencing can be performed
as described above, gencerating a first scquencing read from the library members. Following
the first round of pyrosequencing, the extension strands and primers are removed from the
library memboers, c.g., by denaturation and washing. A sccond round of scquencing can then
be performed by hybridization of a sccond scquencing primer to onc or morce library
members. The second sequencing primer can be designed to hybridize to a location upstream
of an informative locus “A” and to sequence informative locus “A”. A second
pyrosequencing reaction can then be performed as described above. Subsequent removal of
the second sequencing primer and additional rounds of pyrosequencing can be performed to
sequence additional informative loci. The additional informative loci can be located
downstream or upstream of locus “A”. Sequence reads for the first, second, and optionally
additional rounds of sequencing can be compiled for each addressable location. The
compiling can be used to generate sequence information for the clonally amplified templates.
Sequence information for the clonally amplified templates can be used to determine phasing
of two or more alleles detected by the sequencing.

[0093] In other embodiments, one or more phasing methods disclosed herein may employ
the sequencing methods commercialized by Helicos BioSciences Corporation (Cambridge,
Mass.) as described, e.g., in U.S. Patent Application Ser. No. 11/167,046, and U.S. Pat. Nos.
7,501,245; 7,491,498; 7,276,720; and in U.S. Patent Application Publication Nos.
US20090061439; US20080087826; US20060286566; US20060024711; US20060024678;
US20080213770; and US20080103058, hereby incorporated by reference. For example, a
method can employ the true Single-Molecule Sequencing technology by Helicos Biosciences
Corporation. tSMS library preparation can comprise ligation of a polyA adaptor to 3 ' end of
DNA fragments. The adapted fragments can then be coupled to a Helicos tSMS sequencer by

the following steps: (1) fragments are hybridized to poly-T oligonucleotides immobilized on
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the tSMS flow cell; (2) the flow cell is loaded into an instrument, ¢.g., HeliScope™
sequencer. Each fragment can be hybridized to a unique addressable location on the tSMS
flow cell. A laser can illuminate the surface of the flow cell, revealing the position of each
template. A CCD camera can map the position of the templates on the flow cell surface.
tSMS sequencing can then proceed by subjecting library members to repeated cycles of
polymerase-directed single base extension. A round of tSMS sequencing reaction can
commence by introducing a DNA polymerase and a fluorescently labeled nucleotide. The
polymerase can incorporate the labeled nucleotides to the primer in a template directed
manner. The polymerase and unincorporated nucleotides can be removed. The templates
that have directed incorporation of the fluorescently labeled nucleotide can be discerned by
imaging the flow ccll surface. After imaging, a clcavage step can remove the fluorescent
label, and the process can be repeated with other fluorescently labeled nucleotides until a
dcesired read Iength is achicved. Scquence information can be collected with cach nuclcotide
addition stcp.

[0094] In one embodiment of a phasing method employing the Helicos tSMS
methodology, a tSMS sequencing library is prepared as described above from a nucleic acid
sample obtained from a subject. In some cases, the sequencing library is a directional
sequencing library. In some cases, the sequencing library is not a directional sequencing
library. The sequencing library members can be coupled to unique addressable locations on
the tSMS platform as described herein, e.g., by hyridization to polyT oligonucleotides
immobilized on the flow cell. Reverse complement complement strands of the hybridized
library members can be synthesized, thus creating immobilized templates for sequencing.
The original library members hybridized to the flowcell can be denatured and/or removed. A
first round of tSMS sequencing can be performed on immobilized templates as described
above, generating a first sequencing read from the immobilized templates. Following the
first round of tSMS sequencing, the first sequencing reads can be denatured and/or removed.
The immobilized templates can be retained on the flow cell. A second round of tSMS
sequencing can then be performed by hybridization of a sequencing primer to the
immobilized templates. The second sequencing primer can be designed to hybridize to a
location upstream of an informative locus “A” and to sequence informative locus “A”. A
second tSMS sequencing reaction can then be performed as described above. Subsequent
denaturation and/or removal of the sequencing primer and sequence reads, followed by
additional rounds of tSMS sequencing can be performed on the immobilized templates to

sequence additional informative loci. The additional informative loci can be located

-38-

IDT Exhibit 1020.2346



WO 2014/144092 PCT/US2014/028356

downstream or upstream of locus “A”. Sequence reads for the first, second, and optionally
additional rounds of sequencing can be compiled for each addressable location. The
compiling can be used to generate sequence information for the templates. Sequence
information for the templates can be used to determine phasing of one or more alleles
detected by the sequencing.

[0095] Another example of a sequencing technique that can be used in the methods
described herein is semiconductor sequencing provided by lon Torrent (e.g., using the lon
Personal Genome Machine (PGM)). Ion Torrent technology can use a semiconductor chip
with multiple layers, e.g., a layer with micro-machined wells, an ion-sensitive layer, and an
ion sensor layer. Sequencing library preparation for the lon Torrent platform can involves
ligation of two distinct adaptors at both cnds of a DNA fragment. Individual library members
can be attached to beads, as described herein. The library members can then be clonally
amplificd by, c.g., cmulsion PCR. Thc clonally amplificd library members can be coupled to
an lon Torrcent scquencing platform, for cxamplce, by introducing individual becads comprising
the clonally amplified library members into wells of the lon Torrent platform. Each well can
be considered a unique addressable location of the Ion Torrent platform. A round of
sequencing can comprise annealing a first sequencing primer to the library members. The
first sequencing primer can be designed to hybridize to a sequencing primer binding region of
an lon Torrent library adaptor. To initiate sequencing of the nucleic acids on the beads, one
type of deoxyribonucleotide (e.g., dATP, dCTP, dGTP, or dTTP) can be introduced into the
wells. When one or more nucleotides are incorporated by DNA polymerase, protons
(hydrogen ions) can be released in the well, which can be detected by the ion sensor. The
semiconductor chip can then be washed and the process can be repeated with a different
deoxyribonucleotide. A plurality of nucleic acids can be sequenced in the wells of a
semiconductor chip. The semiconductor chip can comprise chemical-sensitive field effect
transistor (chemFET) arrays to sequence DNA (for example, as described in U.S. Patent
Application Publication No. 20090026082). Incorporation of one or more triphosphates into
a new nucleic acid strand at the 3° end of the sequencing primer can be detected by a change
in current by a chemFET. An array can have multiple chemFET sensors.

[0096] In one embodiment of a phasing method described herein employing Ion Torrent
methodology, an lon Torrent sequencing library is prepared as described above from a
nucleic acid sample obtained from a subject. In some cases, the sequencing library is a
directional sequencing library. In some cases, the sequencing library is not a directional

sequencing library. Sequencing library members can be coupled to unique addressable
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locations of the Ion Torrent platform as described herein. A first round of Ion Torrent
sequencing can be performed on library members as described above, generating a first
sequencing read from the library members. Upon completion of the first round of
sequencing, the extended strands and sequencing primers can be denatured from the
templates and removed, ¢.g., by washing. A second round of sequencing can be performed
using a second sequencing primer. The second sequencing primer can be designed to
hybridize to a location upstream of an informative locus “A” and to sequence informative
locus “A”. A second sequencing reaction can then be performed as described above.
Subsequent removal of the second sequencing primer and additional rounds of sequencing
can be performed to sequence additional informative loci. The additional informative loci
can be located downstrcam or upstrcam of locus “A”. Scquencce reads for the first, sccond,
and optionally additional rounds of sequencing can be compiled for cach addressable
location. Thc compiling can be uscd to gencrate scquence information for the clonally
amplificd templatcs. Scquence information for the clonally amplificd templatcs can be uscd
to determine phasing of one or more alleles detected by the sequencing.

[0097] Sequential sequencing by any of the means described herein can produce one or
more sequencing reads for nucleic acid templates. The sequencing reads can have a length
which may vary depending on the particular sequencing technology utilized. NGS platforms
can provide sequence reads that vary in size from 1, 2, 3,4, 5,6, 7, 8,9, 10, tens to hundreds,
or thousands of base pairs. In some embodiments of the method described herein, the
sequence reads are about 1 base long, about 2 bases long, about 3 bases long, about 4 bases
long, about 5 bases long, about 6 bases long, about 7 bases long, about 8 bases long, about 9
bases long, about 10 bases long, about 12 bases long, about 14 bases long, about 16 bases
long, about 18 bases long, about 20 bases long, about 25 bases long, about 30 bases long,
about 35 bases long, about 40 bases long, about 45 bases long, about 50 bases long, about 55
bases long, about 60 bases long, about 65 bases long, about 70 bases long, about 75 bases
long, about 80 bases long, about 85 bases long, about 90 bases long, about 95 bases long,
about 100 bases long, about 110 bases long, about 120 bases long, about 130, about 140 bases
long, about 150 bases long, about 200 bases long, about 250 bases long, about 300 bases
long, about 350 bases long, about 400 bases long, about 450 bases long, about 500 bases
long, about 600 bases long, about 700 bases long, about 800 bases long, about 900 bases
long, about 1000 bases, about 2000 bases, about 3000 bases, about 4000 bases, about 5000
bases, about 6000 bases, about 7000 bases, about 8000 bases, about 9000 bases, about 10,000
bases long, about 20,000 bases long, about 30,000 bases long, about 40,000 bases long, about
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50,000 bases long, about 60,000 bases long, about 70,000 bases long, about 80,000 bases
long, about 90,000 bases long, about 100,000 bases, about 150,000 bases long, about 200,000
bases long, about 250,000 bases long, or more than 250,000 bases long.

[0098] In some cases, a sequencing read is at least 1 base long, at least 2 bases long, at
least 3 bases long, at least 4 bases long, at least 5 bases long, at least 6 bases long, at least 7
bases long, at least 8 bases long, at least 9 bases long, at least 10 bases long, at least 12 bases
long, at least 14 bases long, at least 16 bases long, at least 18 bases long, at least 20 bases
long, at least 25 bases long, at least 30 bases long, at least 35 bases long, at least 40 bases
long, atleast 45 bases long, at least S0 bases long, at least 55 bases long, at least 60 bases
long, at least 65 bases long, at least 70 bases long, at least 75 bases long, at least 80 bases
long, at Icast 85 bascs long, at lcast 90 bascs long, at lcast 95 bascs long, at Icast 100 bascs
long, at least 110 bases long, at lecast 120 bases long, at least 130 bases long, at least 140
bascs long, at Icast 150 bascs long, at Icast 200 bascs long, at Icast 250 bascs long, at Icast
300 bascs long, at lcast 350 bascs long, at Icast 400 bascs long, at Icast 450 bascs long, at
least 500 bases long, at least 600 bases long, at least 700 bases long, at least 800 bases long,
at least 900 bases long, at least 1000 bases long, at least 10,000 bases long, at least 20,000
bases long, at least 30,000 bases long, at least 40,000 bases long, at least 50,000 bases long,
at least 60,000 bases long, at least 70,000 bases long, at least 80,000 bases long, at least
90,000 bases long, at least 100,000 bases, at least 150,000 bases long, at least 200,000 bases
long, or more than 200,000 bases long.

[0099] A sequencing read can be between about 1 to about 10 bases long, between about
5 to about 50 bases long, between about 20 to about 100 bases long, between about 50 to
about 200 bases long, between about 100 to about 500 bases long, between about 200 to
about 1000 bases long, between about 500 to about 2000 bases long, between about 1000 to
about 5000 bases long, between about 2000 to about 10000 bases long, between about 5000
to about 50000 bases long, abetween about 10000 to about 100000 bases long, or more than
100000 bases long.

Sequence analysis

[00100] Sequencing reads (e.g., sequence tags) can be aligned to assemble a partial or
complete map of the subject’s genome. Sequence tags can be aligned (e.g., mapped), for
example, to a reference genome. The reference genome can be a human reference genome.
The human reference genome can be the NCBI36/hgl8 sequence, available on the world
wide web at genome.ucsc.edu/cgi-bin/hgGateway?org=Human&db=hgl

8&hgsid=166260105). Sequencing reads can be mapped using an alternative source of
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public sequence information. Other sources of public sequence information include
GenBank, dbEST, dbSTS, EMBL (the European Molecular Biology Laboratory), and the
DDBJ (the DNA Databank of Japan). In some cases, the reference genome can be an
artificial target sequence genome comprising polymorphic target sequences.

[00101] Mapping of the sequence tags can be achieved, for example, by aligning the
sequence of the tag to a sequence of the reference genome. Such methods can be used to map
a sequencing read to a genomic region, a chromosomal region, or a chromosome. A number
of computer algorithms can be used for aligning sequences. Such algorithms include, without
limitation, BLAST (Altschul et al., 1990), BLITZ (MPsrch) (Sturrock & Collins, 1993),
BOWTIE (Langmead et al, Genome Biology 10:R25.1-R25.10 [2009]), FASTA (Person &
Lipman, 1988), SAMtools (SAMtools, Bioinformatics, 2009, 25(16):2078-9), and ELAND
(Illumina, Inc., San Diego, CA, USA). In one embodiment, sequence reads produced by
Illumina scquencing arc processcd by bioinformatic alignment analysis for the Illumina
Genome Analyzer, which uscs the Efficient Large-Scale Alignment of Nuclcotide Databascs
(ELAND) software. Additional software includes the Burroughs-Wheeler block sorting
compression procedure which involves block sorting or preprocessing to make compression
more efficient.

[00102] Reads from the sequential rounds of sequencing can be compiled for each
sequenced template to assemble complete or partial sequence information of the template.
Reads from the sequential rounds of sequencing can be compiled according to unique
addressable locations of the sequencing platform. For example, all reads generated from a
unique addressable location of a sequencing platform can be compiled into a data file. Reads
can be compiled with aid of a computer processor. Compiled reads from a unique
addressable location can be used to determine partial or complete sequence information for a
nucleic acid template (either single template or clonally amplified template). The partial or
complete sequence information can comprise information over a longer distance than an
average read length of the sequencing platform. Because the sequence information is over a
longer distance than an average read length of the sequencing platform, the probability that
the sequence information comprises information over two or more informative loci can be
increased.

[00103] Compiled reads from a unique addressable location may comprise sequence
information for two or more detected alleles. Such compiled reads can be used to determine
that the two or more detected alleles are in phase, since the detected alleles are located on the

sample template or clonally amplified template. Alleles detected across two or more
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addressable locations can also be determined to be in phase, if the two or more addressable
locations cach share at least one detected allele in common. Alleles detected across a set of
addressable locations comprising any number of addressable locations can be determined to
be in phase, if the addressable locations in the set share at least one detected allele in common
with at least one other addressable location in the set.

[00104] Compiling of reads, determination of phasing information, and/or haplotype
analysis can be performed with the aid of a computer system. In some embodiments, the
computer system executes instructions contained in a computer-readable medium. The
computer system can comprise a processor. The processor can be associated with one or
more controllers, calculation units, and/or other units of a computer system, or implanted in
firmwarc. In somc cmbodiments, onc or morc steps of the method arc implemented in
hardware. In some embodiments, one or more steps of the method are implemented 1n
softwarc. Softwarc routincs may be storcd in any computcer rcadable mecmory unit such as
flash memory, RAM, ROM, magnctic disk, lascr disk, or other storage medium as described
herein or known in the art. Software may be communicated to a computing device by any
known communication method including, for example, over a communication channel such
as a telephone line, the internet, a wireless connection, or by a transportable medium, such as
a computer readable disk, flash drive, etc. The one or more steps of the methods described
herein may be implemented as various operations, tools, blocks, modules and techniques
which, in turn, may be implemented in firmware, hardware, software, or any combination of
firmware, hardware, and software. When implemented in hardware, some or all of the
blocks, operations, techniques, etc. may be implemented in, for example, an application
specific integrated circuit (ASIC), custom integrated circuit (IC), field programmable logic
array (FPGA), or programmable logic array (PLA).

[00105]  FIG. 5 depicts an exemplary computer system adapted to implement one or more
methods provided herein. The system 500 includes a central computer server 501 that is
programmed to implement exemplary methods described herein. The server 501 includes a
central processing unit (CPU, also “processor’) 505 which can be a single core processor, a
multi core processor, or plurality of processors for parallel processing. The server 501 also
includes memory 510 (e.g. random access memory, read-only memory, flash memory);
electronic storage unit 515 (e.g. hard disk); communications interface 520 (e.g. network
adaptor) for communicating with one or more other systems; and peripheral devices 525
which may include cache, other memory, data storage, and/or electronic display adaptors.

The memory 510, storage unit 515, interface 520, and peripheral devices 525 are in
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communication with the processor 505 through a communications bus (solid lines), such as a
motherboard. The storage unit 515 can be a data storage unit for storing data. The server 501
is operatively coupled to a computer network (“network’) 530 with the aid of the
communications interface 520. The network 530 can be the Internet, an intranet and/or an
extranet, an intranet and/or extranet that is in communication with the Internet, a
telecommunication or data network. The network 530 in some cases, with the aid of the
server 501, can implement a peer-to-peer network, which may enable devices coupled to the
server 501 to behave as a client or a server.

[00106] The storage unit 515 can store files, such as subject reports, and/or
communications with the caregiver, sequencing data, data about individuals, or any aspect of
data generated by onc or more phasing mcthods discloscd hercin.

[00107] The server can communicate with one or more remote computer systems through
the network 530. The onc or morc remotc computer systems may be, for cxamplc, personal
computcrs, laptops, tablcts, tclephones, Smart phoncs, or personal digital assistants.

[00108] In some situations the system 500 includes a single server 501. In other situations,
the system includes multiple servers in communication with one another through an intranet,
extranct and/or the Internet.

[00109] The server 501 can be adapted to store sequencing information, and/or
information on a subject, such as, for example, polymorphisms, mutations, patient history of
the subject, demographic data and/or other information of potential relevance. Such
information can be stored on the storage unit 515 or the server 501 and such data can be
transmitted through a network.

[00110] Methods as described herein can be implemented by way of machine (or
computer processor) executable code (or software) stored on an electronic storage location of
the server 501, such as, for example, on the memory 510, or electronic storage unit 5185.
During use, the code can be executed by the processor 505. In some cases, the code can be
retrieved from the storage unit 515 and stored on the memory 510 for ready access by the
processor S05. In some situations, the electronic storage unit 515 can be precluded, and
machine-executable instructions are stored on memory 510. Alternatively, the code can be
executed on a second computer system 540.

[00111] Aspects of the systems and methods provided herein, such as the server 501, can
be embodied in programming. Various aspects of the technology may be thought of as
“products” or “articles of manufacture” typically in the form of machine (or processor)

executable code and/or associated data that is carried on or embodied in a type of machine
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readable medium. Machine-executable code can be stored on an electronic storage unit, such
memory (e.g., read-only memory, random-access memory, flash memory) or a hard disk.
“Storage” type media can include any or all of the tangible memory of the computers,
processors or the like, or associated modules thereof, such as various semiconductor
memories, tape drives, disk drives and the like, which may provide non-transitory storage at
any time for the software programming. All or portions of the software may at times be
communicated through the Internet or various other telecommunication networks. Such
communications, for example, may enable loading of the software from one computer or
processor into another, for example, from a management server or host computer into the
computer platform of an application server. Thus, another type of media that may bear the
softwarc clements includes optical, clectrical, and clectromagncetic waves, such as uscd across
physical interfaces between local devices, through wired and optical landline networks and
ovcr various air-links. Thc physical clements that carry such waves, such as wircd or
wircless likes, optical links, or the like, also may be considered as media bearing the
software. As used herein, unless restricted to non-transitory, tangible “‘storage’” media, terms
such as computer or machine “readable medium” can refer to any medium that participates in
providing instructions to a processor for execution.

[00112] Hence, a machine readable medium, such as computer-executable code, may take
many forms, including but not limited to, tangible storage medium, a carrier wave medium,
or physical transmission medium. Non-volatile storage media can include, for example,
optical or magnetic disks, such as any of the storage devices in any computer(s) or the like,
such may be used to implement the system. Tangible transmission media can include:
coaxial cables, copper wires, and fiber optics (including the wires that comprise a bus within
a computer system). Carrier-wave transmission media may take the form of electric or
electromagnetic signals, or acoustic or light waves such as those generated during radio
frequency (RF) and infrared (IR) data communications. Common forms of computer-
readable media therefore include, for example: a floppy disk, a flexible disk, hard disk,
magnetic tape, any other magnetic medium, a CD-ROM, DVD, DVD-ROM, any other
optical medium, punch cards, paper tame, any other physical storage medium with patterns of
holes, a RAM, a ROM, a PROM and EPROM, a FLASH-EPROM, any other memory chip or
cartridge, a carrier wave transporting data or instructions, cables, or links transporting such
carrier wave, or any other medium from which a computer may read programming code
and/or data. Many of these forms of computer readable media may be involved in carrying

one or more sequences of one or more instructions to a processor for execution.
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[00113] The computer readable medium can comprise computer executable code. The
computer executable code can implement a method comprising: (a) accessing a data file in
computer memory that comprises a plurality of sequencing reads corresponding to a first
addressable location of a sequencing platform, wherein the sequencing reads are generating
by subjecting a first nucleic acid template coupled to the addressable location to a first and at
least a second round of sequencing, wherein the first and at least second rounds of sequencing
are performed using a first and second sequencing primer, respectively; (b) using said data
file, detecting a first detected allele at a first locus of the nucleic acid template and detecting a
second detected allele at a second locus of the nucleic acid template; and (c) determining the
first and second detected allele to be in phase based upon said detecting. The method
cxccuted by the computer exccutable code can further comprisc the steps of (d) accessing a
second data file mn computer memory that comprises a plurality of sequencing reads
corrcsponding to a sccond addressable location of a scquencing platform, whercin the
scquencing rcads arc gencrating by subjccting a sccond nuclcic acid template coupled to the
addressable location to the first and the at least second round of sequencing; (e) using the
second data file, detecting a first detected allele at a first locus of the second nucleic acid
template and detecting a second detected allele at a second locus of the second nucleic acid
template; and (f) determining the first and second detected alleles of the second nucleic acid
template to be in phase with the first and second detected alleles of the first nucleic acid
template if the first or second detected allele of the second nucleic acid template is shared in
common with the first nucleic acid template.

Kits

[00114] Any of the compositions described herein may be comprised in a kit. In a non-
limiting example, the kit, in a suitable container, comprises: an adaptor or several adaptors,
one or more of oligonucleotide primers and reagents for ligation, primer extension and
amplification. The kit may also comprise means for purification, such as a bead suspension,
and nucleic acid modifying enzymes. Kits can further comprise instructions for practicing
any of the phasing methods described herein.

Products

[00115] Products based on the methods provided herein may be commercialized by the
Applicants under the Ovation® family. Ovation is a registered trademark of NuGEN
Technologies, Inc.

[00116] The information gained from the phasing of alleles in a genome as provided by

practicing the methods described herein can be of great utility in research and discovery as
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well as for clinical, diagnostic, forensic, archeological, gencological, and/or epidemiological
applications. For example, haplotype information can be used to aid in the diagnosis,
prognosis, and/or theranosis of a disease. For other example, haplotype information of a
potential tissue or organ donor and organ recipient can aid in the assessment of HLA
compatibilities of the donor and recipient for decreasing transplant rejection. In some cases,
information gained from phasing of alleles in a genome of a subject can be used to tailor a
healthcare or therapeutic regimen for the subject. In some cases, one or more methods
described herein can be used to construct a database of haplotypes associated with one or
more disease or biological trait. A haplotype obtained from a subject using a method as
described herein can be compared against a haplotype database, thereby allowing for
diagnosis and/or prognosis of a discasc or condition. In somc cascs, haplotypc information
can be used to aid in the treatment of an infectious disease. For example, bacteria or virus
infcctions can be associated with a plurality of drug resistant markers. Use of onc or morc
phasing mcthods dcscribed herein can help determinc if the plurality of drug resistant
markers are due to co-infection with single-drug resistant strains or due to infection with a
single strain that is multi-drug resistant. One or more phasing methods described herein can
also be used to characterize T-cell receptor and/or immunoglobulin repertoire in a subject.
For example, one or more phasing methods described herein can be used to assess V(D)J
recombination in a subject. One or more phasing methods described herein can be used for
diagnosing, predicting, determining or assessing the genetic characteristics of a fetus or
embryo. A phasing method described herein can be used to assess genetic phasing within the
genome of a developing fetus. In some cases, one or more phasing methods can be used to
combat bioterrorism and/or to assess an epidemic or pandemic (e.g., by characterizing or
identifying an infectious agent such as a virus or bacterium). In some cases, one or more
phasing methods can be used for paternity testing, to establish a family tree, or to determine
ancestry. In some cases, one or more phasing methods can be used to determine alternative

splicing of RNA transcripts.

EXAMPLES
Example 1 — Characterization of the human oral microbiome by sequential sequencing
of bacterial 16S ribosomal operon
[00117] This example describes the characterization of the human oral microbiome by
sequencing of the 168 rRNA gene sequences of a number of related bacterial organisms. 16S

rRNA gene sequences contain species-specific hypervariable regions that can provide means
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for bacterial identification. An exemplary embodiment of 16S rRNA sequential sequencing,
described below, is depicted in FIG. 6.

Sample nucleic acid

[00118] Microbial genomic DNA is isolated from human saliva using the OMNIgene-
DISCOVER sample collection kit (DNA Genotek) according to the manufacturer’s
instructions. The different line shadings and hash marks indicate different microbial
genomes (microbial DNA). The relative numbers (e.g., 4 hatched lines vs 1 gray line) reflect
the different ratios of the organisms in the saliva sample. Extracted DNA is then fragmented
via sonication to an average length of 1000 bp and purified using Agencourt AMPure XP
beads (Beckman Coulter Genomics). In some cases, extracted DNA is not subjected to
fragmentation. For cxamplc, the microbial genctic DNA can be optionally cnriched for target
polynucleotides comprising the 16S genomic regions using primers to conserved 16S regions
of the gcnome, thercby gencerating 16S amplicons.

Generation 16 S librarics with ligatcd adaptcrs

[00119] The NuGEN Ovation Ultralow Library System (NuGEN Technologies) is used to

attach library adaptors to the DNA fragments, thereby generating next generation sequencing
libraries from 100 ng of the purified sample according to manufacturer’s instructions.
Ligation products with a minimum length of 200 bp in length are purified by selective
binding to Agencourt AMPure XP beads.

Sequential primer sequencing

[00120] Library members are clonally amplified by bridge amplification on an Illumina
flowcell, thereby generating spatially separated clusters, wherein the clusters comprise
identical copies of an original sequencing library member. In a first round of sequencing, all
clusters, including those containing 16 S ribosomal DNA fragments, are sequenced by
Illumina sequencing system using an Illumina standard forward primer. The standard
forward primer can be designed to hybridize to a sequencing primer binding site of a library
adaptor. Alternatively, a custom primer may be used. The custom primer can be designed to
hybridize to a location upstream of and to sequence an informative locus. In such cases,
clusters comprising a primer binding site for the first custom primer can be sequenced. The
first round of sequencing can generate a first sequencing read (“Read 17°). Following the first
sequencing read, the DNA is denatured to wash away the newly synthesized strand
comprising Read 1. In cases where the first sequencing primer is a standard forward primer,
Read 1 can contain sequence information for the forward end of the cluster templates. In

cases where the first sequencing primer is a custom primer, Read 1 can comprise sequence
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information for the informative locus. A second round of sequencing can then be performed
using a second sequencing primer. The second sequencing primer can be a custom primer
that is designed to hybridize to a location upstream of and to sequence an informative locus.
In cases where the first round of sequencing is performed using a custom primer that
sequences an informative locus, the second sequencing primer is a designed to hybridize to a
location upstream of and to sequence informative locus which is downstream of the first
informative locus. The second round of sequencing can produce a second sequencing read
“Read 2” in clusters comprising a primer binding site for the second sequencing primer.
Read 2 can comprise sequence information for the informative locus sequenced by the second
sequencing primer. Successive rounds of denaturation, re-priming and sequencing are
optionally performed with primers that arc designed to scquence additional informative loci.
Sequence reads from successive priming and sequencing are compiled for each cluster and
aligned to map rcads originating from the same nuclcic acid fragments.

Example 2 — Genomic DNA sequencing — distinguishing between a gene and its
pseudogene using sequential sequencing

[00121] FIG. 7 depicts an exemplary application of a method described herein to
distinguish a gene from a pseudogene in a gene/pseudogene pair. Genomic DNA sequencing
libraries are prepared using the NuGEN’s Encore system. These libraries are sequenced on a
DNA sequencing system such as those made by Illumina or lon Torrent. Clusters include,
but are not limited to cluster 1, from a different genomic region from a gene/pseudogene pair,
cluster 2, which comprises a portion of the gene of a gene/psuedogene pair, and cluster 3,
which comprises a portion of the pseudogene of the gene/pseudogene pair. A first round of
sequencing is performed using a first sequencing primer, thereby generating a first
sequencing read. In some cases, the first sequencing primer is a standard forward primer as
described in Example 1. The first sequencing read reveals that clusters 2 and 3 exhibit
different alleles at a certain locus (a T in cluster 2 and a C in cluster 3). However, it is
impossible to determine from read 1 which cluster represents the gene or the pseudogene.
Following a first sequencing read, the DNA is denatured to wash away the extension strand.
An oligonucleotide designed to anneal to a common sequence shared by the gene and
pseudogene is injected into the sequencer to act as the second sequencing primer. The second
sequencing primer can be designed to hybridize to a conserved sequence shared by the gene
and pseudogene, wherein extension of the primer produces a second sequencing read that
extends across a locus that can distinguish the gene and pseudogene. An exemplary

gene/pseudogene pair which can be distinguished using a method described herein is the
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SMN1 gene/SMN?2 pseudogene pair. In some embodiments, the second sequencing primer
comprises a sequence which is designed to hybridize to a conserved squence shared by
SMN1 and SMN2, wherein extension of the primer produces a second sequencing read that
extends across a locus that can distinguish SMN1 and SMN2. In one embodiment, the
second sequencing primer comprises the sequence CTTCCTTTATTTTCCTTACAGGGT
(SEQ. ID. NO: 1). The second sequencing read reveals a downstream C base call at the locus
in cluster 3. The C base call reveals that cluster 3 maps to the pseudogene but that cluster 2
maps to the gene. An oligonucleotide set may include primers that will sequence through one
of the nucleotide differences between the gene and pseudogene as well as primers that will
generate sequence to read nucleotide differences, and therefore determine whether a
scquencing rcad is from a genc or its pscudogene. A combination of such primers will allow
multiple gene/pseudogene pairs across the genome to be analyzed simultaneously for genetic
mutations.

Example 3 — Targeted DNA sequencing library

100122] A targeted DNA sequencing library is made using a target-selective library
preparation kit from NuGEN, Agilent, [llumina, or Nimblegen, described herein. These
libraries are sequenced on a DNA sequencing system such as those made by Illumina or Ion
Torrent. Following a first sequencing read, the DNA is denatured to wash away the
extension strand. A pool of primers that hybridize to common sequences in gene/pseudogene
pairs are injected into the sequencer to act as a priming site for a second sequencing read. A
primer set may include primers that will sequence through one of the nucleotide differences
between a gene and its pseudogene (e.g., SMN1 and SMN2) as well as primers that will
generate sequence to read nucleotide differences, and therefore determine whether a
sequencing read is, for example, from a gene or pseudogene. A combination of such primers
will allow multiple gene/pseudogene pairs across the genome to be analyzed simultancously
for genetic mutations. This type of technology is useful for genetic diagnostics.

Example 4 — RNA-sequencing library

[00123] An RNA sequencing library is made from NuGEN’s Encore Complete RNA-Seq
Library System. The library is sequenced on an Illumina DNA sequencer. Following the
first sequencing read, a pool of primers that will hybridize to specific exons of interest is
injected into the sequencing machine. These primers are used to generate a second
sequencing read in a downstream exon. The second, targeted sequencing read provides
information about which exons have been spliced together to generate a particular RNA

transcript.
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[00124] While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments are
provided by way of example only. Numerous variations, changes, and substitutions will now
occur to those skilled in the art without departing from the invention. It should be understood
that various alternatives to the embodiments provided herein described herein may be
employed in practicing the invention. It is intended that the following claims define the
scope of the invention and that methods and structures within the scope of these claims and

their equivalents be covered thereby.

51-

IDT Exhibit 1020.2359



WO 2014/144092 PCT/US2014/028356

CLAIMS
WHAT IS CLAIMED IS:
1. A method for relating at least two nucleic acid sequences or regions of

sequence variation to the same nucleic acid template, the method comprising:

a) creating a nucleic acid library wherein a template is immobilized on a
solid support;

b) generating a first sequencing read from the immobilized template with
a first oligonucleotide primer, wherein a 3’ terminal nucleotide of the first oligonucleotide
primer binds to a first binding site in the template;

c) denaturing the first sequencing read from the immobilized template;

d) anncaling a sccond oligonuclcotide primer that is complementary to a
region or regions within the immobilized template, wherein a 3 terminal nucleotide of the
sccond oligonucleotide primer binds to a sccond binding site in the template that is morc than
5 nt away from the first binding sitc in the templatce;

e) generating a second sequencing read with the second oligonucleotide
primer; and

) compiling data from the first sequencing read and the second

sequencing read to map reads originating from the template.

2. The method of claim 1, wherein the nucleic acid libraries are generated from
amplicons.
3. The method of claim 2, wherein the amplicons comprise conserved regions

which flank a variable region.

4. The method of claim 3, wherein alignment of multiple variable regions
enables differentiation and/or typing of related transcripts.

5. The method of claim 3, wherein alignment of multiple variable regions

enables differentiation and/or typing of related micro-organisms.

6. The method of claim 1, wherein libraries are of reduced complexity.

7. The method of claim 6, wherein reduced complexity is achieved by target
enrichment.

8. The method of any of the preceding claims, wherein the nucleic acid library

comprises closely related nucleic acid sequences as inserts.
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9. A method, comprising:
a) coupling at least one nucleic acid template to a sequencing platform;
b) subjecting the at least one nucleic acid template to a first round of

sequencing using a first sequencing primer, wherein the first sequencing primer comprises a
3’ terminal nucleotide which anneals to a first binding site in the at least one nucleic acid
template, wherein the first round of sequencing produces a first sequencing read of the at
least one nucleic acid template;

c) removing the first annealed sequencing primer and the first sequencing
read from the at least one nucleic acid template; and

d) subjecting the at least one nucleic acid template to a second round of
scquencing using a sccond scquencing primer, wherein the sccond scquencing primer
comprises a 3’ terminal nucleotide which anneals to a second binding site in the at least one
nuclcic acid template which is more than 5 nt away from the first binding sitc, whercin the
sccond round of scquencing produccs a sccond scquencing rcad of the at Icast onc nuclcic
acid template.

10. The method of claim 9, wherein the first and/or the second round of
sequencing comprises sequencing by synthesis.

11. The method of claim 9, wherein the first and/or the second round of
sequencing comprises sequencing by ligation.

12. The method of claim 9, wherein the coupling comprises conjugating the at
least one nucleic acid template to a solid support of the sequencing platform.

13. The method of claim 12, wherein the solid support comprises a bead, a well,
an array, or a flow cell.

14. The method of claim 9, wherein the at least one nucleic acid template
comprises an adaptor oligonucleotide ligated to one or both ends of the at least one nucleic
acid template.

15. The method of claim 14, wherein the first sequencing primer is selectively
hybridizable to a primer binding site of the adaptor oligonucleotide.

16. The method of claim 14, wherein the second sequencing primer is not
selectively hybridizable to the primer binding site of the adaptor oligonucleotide.

17. The method of claim 9, wherein the second sequencing read comprises an
informative locus.

18. The method of claim 17, wherein the informative locus is a polymorphic

locus.
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19. The method of claim 17, wherein the first sequencing read comprises a first
informative locus and wherein the second sequencing read comprises a second informative
locus.

20. The method of claim 19, comprising determining that a first allele detected at
the first informative locus and a second allele detected at the second informative locus are in
phase.

21. The method of claim 17, wherein the second sequencing primer is designed to
hybridize to a location that is within x nt upstream of the informative locus, wherein x is a
number that is less than an average sequencing read length produced by the first or second

round of sequencing.

22. The mcthod of claim 9, wherein the removing compriscs a denaturing step.

23. The method of claim 22, wherein the removing further comprises a washing
step.

24. The mcethod of claim 9, further comprising subjccting the at Icast onc nuclcic

acid template to one or more additional rounds of sequencing, wherein the one or more
additional rounds of sequencing comprise the steps of : (i) removing a previously annecaled
sequencing primer and previously generated sequencing read from the at least one nucleic
acid template; (ii) annealing an additional sequencing primer to the at least one nucleic acid
template; and (ii1) subjecting the at least one nucleic acid template to an additional round of
sequencing using the additional sequencing primer, thereby producing an additional
sequencing read of the at least one nucleic acid template.

25. The method of claim 24, wherein the additional sequencing primer comprises
a 3’ terminal nucleotide which hybridizes to a binding site that is more than 5 nt away from a
binding site of the 3’ terminal nucleotide of the previously annealed sequencing primer.

26. The method of claim 24, wherein a first allele detected by the first sequencing
read, a second allele detected by the second sequencing read, and an additional allele detected
by the additional sequencing read are determined to be in phase.

27. The method of claim 24, wherein the additional sequencing primer and the
previously annealed sequencing primer are designed to hybridize to genomic locations that
map to a single chromosome.

28. The method of claim 27, wherein the genomic locations that map to a single
chromosome span a distance that is less than a length of the at least one nucleic acid template.

29. The method of claim 9, wherein the at least one nucleic acid template is a

member of a sequencing library.
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30. The method of claim 29, wherein the sequencing library is a whole-genome
sequencing library.

31. The method of claim 29, wherein the sequencing library is a target-enriched
sequencing library.

32. The method of claim 29, wherein the sequencing library comprises nucleic
acid fragments of an average length.

33. The method of claim 32, wherein the average length is about 50 nucleotides to
about 10 kb.

34. The method of any of claims 9-33, wherein the first, second, and optionally
additional sequencing reads comprise sequence information from a plurality of loci.

35. The mcthod of claim 34, whercin phasing of allcles detected at the plurality of
loci 1s determined based upon the first, second, and optionally additional sequencing reads.

36. The mcethod of any of claims 9-33, whercein the at [cast onc nuclcic acid
templatc compriscs a plurality of nuclcic acid tcmplatcs.

37. The method of any of claims 9-33, wherein the at least one nucleic acid
template comprises at least 10,000 nucleic acid templates.

38. The method of claim 37, wherein the at least one nucleic acid template
comprises 3 billion nucleic acid templates.

39. The method of any of claims 9-33, wherein the at least one nucleic acid
template is coupled to a unique addressable location of the sequencing platform.

40. The method of claim 39, comprising compiling sequencing reads from the
unique addressable location into one data file.

41. The method of claim 39, comprising determining phasing of a plurality of
alleles detected across two or more unique addressable locations.

42. The method of claim 41, wherein the two or more unique addressable
locations each comprise two or more detected alleles, wherein the two or more detected
alleles of each of the two or more unique addressable locations are determined to be in phase
if at least one common detected allele is shared by the two or more unique addressable
locations.

43. The method of any of claims 9-33, wherein step (d) comprises subjecting the
at least one nucleic acid template to a second round of sequencing using a mixture of second

sequencing primers.
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44, The method of claim 43, wherein the mixture of second sequencing primers
comprises a pair of primers, wherein each primer in the primer pair is designed to sequence a
forward or reverse complement strand containing a locus.

45. The method of claim 43, wherein primers within the mixture are designed
and/or selected to have minimal potential to hybridize to the same nucleic acid template.

46. A kit, comprising:

a) one or more oligonucleotide primers for performing a sequencing
reaction; and

b) instructions for practicing a method of any of the preceding claims
using the one or more oligonucleotide primers.

47. A computcr rcadable medium comprising computcr cxccutable codc that, upon
execution by a computer processor, implements a method comprising;:

a) acccssing a data file in computer memory that compriscs a plurality of
scquencing rcads corresponding to a first addressablc location of a scquencing platform,
wherein the sequencing reads are generating by subjecting a first nucleic acid template
coupled to the addressable location to a first and at least a second round of sequencing,
wherein the first and at least second rounds of sequencing are performed using a first and
second sequencing primer, respectively;

b) using the data file, detecting a first detected allele at a first locus of the
nucleic acid template and detecting a second detected allele at a second locus of the nucleic
acid template; and

c) determining the first and second detected allele to be in phase based
upon the detecting.

48. The computer readable medium of claim 47, wherein the method further
comprises:

d) accessing a second data file in computer memory that comprises a
plurality of sequencing reads corresponding to a second addressable location of a sequencing
platform, wherein the sequencing reads are generated by subjecting a second nucleic acid
template coupled to the addressable location to the first and the at least second round of
sequencing;

e) using the second data file, detecting a first detected allele at a first
locus of the second nucleic acid template and detecting a second detected allele at a second

locus of the second nucleic acid template; and
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f) determining the first and second detected alleles of the second nucleic
acid template to be in phase with the first and second detected alleles of the first nucleic acid
template if the first or second detected allele of the second nucleic acid template is shared in

common with the first nucleic acid template.
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GRANT REFERENCE

The invention described herein was made in part

in course of work under grants from the National
Institutes of Health, Grant Nos. HL-33555 and AM-
25295.

CROSS-REFERENCE

This is a continuation-in-part application of

earlier filed, co-pending application Serial No.
126,564, filed November 30, 1987.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention provides a diagnostic assay
| methodology for the sensitive detection of specific
nucleic acid (DNA and RNA) sequences in biological
and clinical samples. The invention particularly
addresses the problem of detecting low copy numbers
of a target sequence with high specificity.

All current methods for the detection of DNA and
RNA are based on the stoichiometric (1:1) hybridiza-
tion of a complementary, labeled nucleic acid probe
to the target sequence (see Figure 1). The present
invention is a marked departure from this approach:
the target sequence serves as a cofactor for a reac-—
tion in which the probe is cleaved catalytically.
After cleavage of the probe, the target sequence is
released intact and can be repeatedly recycled
through the reaction leading to a large amplification
of the response (see Figure 2). We have termed such
reaction schemes catalytic hybridization amplifica-
tion reactions. In such assays, cleavage of the
labeled probe signals the presence of the target
sequence. The sensitivity of the method is far

greater than existing procedures, all of which are
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based on stoichiometric or unitary hybridization
schemes in which the target sequence captures onga,
and only one, molecule of the probe. Several
embodiments of the catalytic hybridization amplifi-
cation method are desciibed below. 2all operations
required for such assays are simple and can be readi-
ly carried out in a clinical laboratory. The inven-
tion will have applications in the diagnosis of a
variety of diseases in man and other species includ-

ing genetic disorders, infectious diseases, and

Canc=xr.

2. Description of Priox Art

It is well known that nucleic acids, i.e.,
deoxyribonucleic acids (DNA) and ribonucleic acids
(RNA) are essential building blocks of all organisms.
These are high molecular weight polymers that are

made up of many nucleotide units, each such nucleo-

tide unit being composed of a base (a purine or a
pyrimidine), a sugar (which is either ribose or
deoxyribose) and a molecule of phosphoric acid. DNA
contains deoxyribose as the sugar moiety and the
bases adenine, guanine, cytosine, and thymine (which
may be represented as A, G, C and T, respectively).
RNA contains ribose instead of deoxyribose and

uracil (U) instead of thymine.
The nucleotide units in DNA and RNA are assem-—

bled in definite linear sequences which determine
specific biological functions. In bacterial cells,
and in all higher species, DNA directs its own
replication, and also serves as the template for the
synthesis of RNA molecules whose nucleotide sequences
carry the information encoded by the DNA. The pro-
cess of RNA synthesis is termed transcription. RNA

molecules sexrve several different functions within
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the cell. Messenger RNAs (mRNAs) direct protein
synthesis. = Ribosomal RNAs (rRNAs) ars important
constituents of ribosomes, the organelle within the
cell at which mRNAs are read, or translated, and
proteins are made.

Collectively, the genetic information of an
organism is termed the genome. The genome of bacte-
ria and all higher species is composed of DNA. The
genome of viruses may be either DNA or RNA. In any
case, the genome of any particular species, whether a
virus, bacteria or a higher organism has a charactor-
istic nucleotide sequence which, stated simply, can
be viewed as the "fingerprint" of that species.
Sequences within a genome that code for proteins, or
that are transcribed to form RNAs with specific
functions such as ribosomal RNA represent individual
genes. Small viruses such as the AIDS virus have as
few as 10 genes. The human genome contains dpproxi-
mately 50,000 genes.

According to the well known Watson-Crick model,
DNA molecules consist of two polynucleotide strands
coiled about a common axis. The resulting double
helix is held together by hydrogen bonds between
complementary base pairs in each strand. Hydrogen
bonds are formed only between adenine (A) and thymine
(T) and between guénine (G) and cytosine (C). Hence
within the double helix, adenine (A) and thymine (™)
are viewed as complementary bases which bind to each
other as A-T. The same is true for guanine (G) and
cytosine (C) as G-C.

In a single polynucleotide chain, any sequence
of nucleotides is possible. However, once the order
of bases within one strand of a DNA molecule is
specified; the exact sequence of the other strand is
simultaneously determined due to the indicated rules
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of base pairing. Accordingly, each strand of DNa
molecule is the complement of the other. The process
by which two complementary DNA strands associate with
one another is termed hybridization. The process of
strand separation, which is generally accomplished by
heating the sample, is termed melting or denaturation
of the duplex. Duplexes have a characteristic melt-
ing temperature (Tm) depending primarily on length,
composition, and salt concentration. The following
equation provides a useful approximation of the Tm:

Tm=16.6Xlog Cs+0.41x(%G+C)+81.5-820/1L £1)
where Cs is the salt concentration, (%G+C) is the
percent G-C content, and L is the length of the
duplex (Schildkraut C. and Lifson, S. (1965) Biopoly-
mers 3, 195-208; and Thomas, C.2. Jr. and Dancis,
B.M. (1573) Journal of Molecular Biology 77, 43-55).
Mismatches between the two strands of a duplex (e.q.
a C-T base pair) can occur, but decrease the stabili-
ty of the helix significantly and lower the melting
temperature.

In addition to DNA:DNA duplexes, DNA:RNA
duplexes and RNA:RNA duplexes can also form and occur
naturally. DNA:RNA duplexes are formed transiently
in the process of transcription in which DNA serves
as a template for RNA synthesis. RNA:RNA duplexes
occur as the genetic material of certain viruses and
are also formed in so-called hairpin loops of ribo-
somal RNA and transfer RNA. In duplexes involving an
RNA strand, uracil (U) pairs with adenine (A). With-
in a single polynucleotide strand, sequences of both
RNA and DNA can also occur. Such RNA-DNA copolymers
are formed as intermediates in the replication of
DNA. The melting temperature of a DNA:RNA or an
RNA:RNA duplex may differ somewhat, depending on
solution conditions, from that of a DNA:RNA duplex
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of the same sequence, but the equation given above
remains a useful approximaticon of the Tm. TFor a
further discussion of these various polynucleotide
Sstructures and their biological functions see "Genes
III" by Benjamin Lewin, John Wiley and Sons, 1987,
which is incorporated herein by reference.

Recent advances in molecular biology employing
recombinant DNA techniques have led to new diagnos-
tic and therapeutic strategies. In the area of DNA
probe diagnostics, DNA probes are used to detect the
bresence of a complementaryvy target nucleic acid
sequence in the sample. Applications include the
diagnosis of infectious diseases, cancer and genetic
disorders. In the case of infectious diseases, the
target can be a DNA or RNA sequence unique to a
particular bacteria or virus.

In certain cancer cells there are specific gene
rearrangements which can be detected, e.g. the
transliocation of the c-abl oncogene in chronic my-—
elogenous leukemia. Genetic defects can involve
large deletions or insertions of DNA, or a single
point mutation as in the case of sickle cell disease.
In the latter case, it is necessary to detect the
alteration of a single base pair in the context of
flanking sequénces that are identical to those found
in the normal gene;

All nucleic acid diagnostic assays involve three
fundamental steps:

(1) Isolation and further preparation of DNA or
RNA from the sample. When DNA is isolated it is

generally sheared by mechanical forces. With gentle
manipulation, the largest fragment size may be up to
about 100,000 base pairs. DNA may also be purpose-
fully cut with sequence specific endonucleases termed
restriction enzymes to give rise to fragments of dis-
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crete sizes. Such is the case in so-called Southern
blot analysis in which the fragments are subse-
guently separated according to size by electrophore-
sis and then immobilized on a filter such as nitro-
cellulose or a nylon membrane (Southern, E.M. (1975)
Journal of Molecular Biology 98, 503-517).

(2) Hybridization of a complementary, labeled
nucleic acid probe to the target seguence. In this
process, the sample is denatured, generally by heat-
ing, to ensure that the target sequence is single
stranded. The lakel.2d probe is then allowed to
hybridize to the target. Molecules of the probe that
are weakly bound to other sequences within the
sample, or the filter on which it is immobilized, are
then washed away. To achieve adequate specificity,
the melting temperature of the probe:target duplex
must be at least 5 to 10 degrees above that of
duplexes that may be formed between the probe and

other seqguences present within the sample with which
there is one or more mismatches.

(3) Detection of the amount of the labeled
probe hybridized to the DNA or RNA within the sam-
ple. Suitable reporter groups with which the probe
may be labeled include radicisoctopes such as 3H, 32P

or 121I, fluorescent dyes such as fluorescene, Texas

Red or the phycobiliproteins, or enzyme markers such
as alkaline phosphatase, B-galactosidase, glucose
oxidase or peroxidases. An example of a diagnostic
assay in which the sample nucleic acid is immobilized
on a filter is shown in Figure 1 (see Falkow et al.
(1982) U.S. Patent No. 4,358,535).

In addition to the filter format, a variety of
other strategies for diagnostic hybridization assays
have been described, see for example Heller et al.
(1983) EPA 0 070 685 and EPA 0 707 687; Rentz, M. and
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Kurz, C. (1984) Nucleic Acids Research, 12, 3435-
3444; Ruth, J.L. (1984) P.C.T. wW084/03285; and ¥ohns,
D. (1984) P.C.T. W084/02721. 1In each of these Sys-
tems the reporter group that is to be detected is
attached directly to the probe as is shown in Figure
1. Alternatively, an indirect labelling scheme may
be employed. In the method described by P. Kourlisky

et al. (1979) GB 2 019 408 the probe is labeled with
biotin. After the probe is hybridized to the target
sequence, a complex of the enzyme é—galactosidase co—
valently linked to the protein avidin is added +a the
sample. Avidin binds specifically and with very high
affinity to the biotin label attached to the probe.
The probe:target duplex is then detected by providing
an appropriate substrate for B-galactosidase which is
hydrolyzed to give a fluorescent or colored product.
Biotin-avidin probe systems have also been described
by Ward et al. (1982) EPA 0 063 879, and by
Engelhardt et al. (1984) EPA 0 097 373. More recent-
ly, Carrico (1987) EPA 0 209 702 have described an
indirect labelling strategy in which a probe:target
duplex formed between an RNA strand and a DNA strand
are detected using an antibody which binds specifi-
cally to RNA:DNA duplexes.

All of the above prior art methods involve a
stoichiometric or uhitary hybridization reaction in
which the target sequence binds to or captures one

- and only one molecule of the probe. The present
invention provides a novel and improved hybridization
assay method in which the target sequence is able to
capture many'molecuies of the probe in a repeating
series of reactions. This is accomplished by cleav-
age of the probe within the probe:target duplex such
that the target sequence is released intact and can

repeatedly recycle through the reacticn pathway. We
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term such methods catalytic hybridization amplifica-
tion (CHA) reactions. A generalized version of the
CHA method is shown in Figure 2. In such assays, the
signal that is detected results from the cleavage of
the probe. The sensitivity of the method is far
greater than that of earlier hybridization schemes,
all of which are based on a stoichiometric, i.e. 1:1,

association between the target sequence and the

probe.
Several methods described previously involve

cleavage of the probe used in the hybridization
assay, but preclude recycling of the target se-
quence, the essential element of the present inven-
tion. Thus, Ashihara et al. (1985) EPA 0 142 299
describe a method in which the DNA:DNA duplex formed
between the probe and the target sequence is cleaved
by a restriction enzyme. The restriction enzyme
recognizes a specific sequence, generally 4 to 6

base pairs in length, within the duplex and cleaves
both the probe and the target strand. Because the
target is cleaved, it is impossible for it to recycle
through the reaction pathway. A procedure for de-
tecting single base changes, i.e. point mutations,
within DNA has been described by Myers et al. (1985)
Science 230, 1242-1246 that is based on the cleavage
of an RNA probe. A labeled RNA probe is first hy-
bridized to the target DNA. The RNA probe hybridized
to the DNA is then subjected to cleavage by the
enzyme RNaseA. Excess, unbound molecules of the
probe are fully degraded. If the RNA forms a perfect
duplex with no base pair mismatches with the DNA, the
hybridized RNA strand will not be cut. If there are
one or more base pair mismatches, the RNA probe will
be cut by the enzyme. Cleavage of the RNA probe at
the site of the mismatch(es), which may be assayed by

a number of different means, is thus used to detect
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the altered DNA sequence. Since RNaseA will cleave
free, unhybridizsd RNA molecules, it is essen=ial

for the cleaved fragments to remain hybridized to the
target sequence. This makes it impossible for the
target DNA sequence to react repeatedly with multiple
copies of the probe. An assay having some similar
characteristics has recently been described by Duck
et al. (1887) EPA 0 227 976. 1In this case, excess,
unhybridized prcbe is first digested away with an
enzyme that will not cleave the probe when bound in
the probe:target duplex. 2n zssay is then carziad
out to detect the remaining molecules of the probe
hybridized to the target sequence. Because it is
essentialrfor exéess, unhybridized probe molecules to
be first degraded, the target sequence cannot turn-
over and react repeatedly in the reaction as in the
present invention.

Hull Vary et al. (1986) EPA 0 200 057 has
described a system in which hybridization of the
target sequence to the probe displaces a third poly-
nucleotide that is bound to the probe. At the end of
the hybridization reaction, the displaced polynucle-
otide is degraded into mononucleotides which are
detected. Again in this system, each molecule of the
target sequence hybridizes with one and only one copy
of the probe. Recycling of the target sequence
cannot occur. A method to enhance the rate of nucle-
ic acid hybridization has been described by Zapolski
et al. (1985) P.C.T. WO 85/05685. In this procedure,
the enzyme RecA and a single stranded DNA binding
protein are used to promote the hybridization of the
probe to the target sequence. This increases the
rate of hybridization, but the reaction is still
stoichiometric involving the binding of a single

molecule of the probe by each molecule of the target.
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Turnover of the target sequence enabling it to
cépture multiple copies of the probe does not cccur
as in the present invention.

The prior art presented above represents a
number of different strategies for labeling probes,
carrying out hybridization reactions, and enhancing
signal detection. There are as yet, however, no
nucleic acid hybridization assay systems in wide-
spread use. Existing methods lack adequate sensitiv-
ity for many clinical applications and often involve
complex assay procedures difficult to carrv out
routinely in a clinical laboratory. All of the prior
systems involve a stoichiometric or unitary hybrid-
ization of the probe to the target seguence, such
that each target molecule can capture one an only one
molecule of the probe. The present invention makes a
fundamental departure from this concept.

The primary objective of the present invention
is to provide an improved hybridization assay method
in which the target sequence serves as a catalytic
cofactor for the cleavage of a complementary, la-
beled nucleic acid probe. Recycling of the target
through the reaction pathway enables it to capture
many molecules of the probe, thereby leading to a
large increase in the sensitivity of the assay.

Yet a further objective of the present invention
is to provide formats, reagents, and assay conditions
for-such catalytic hybridization amplification (CHA)

reactions useful in diagnostic tests.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic illustration of a

standard hybridization assay for the detection of a
DNA target sequence based on the formation of a
stoichiometric (1l:1) complex between the target
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sequence and a complementary, labeled nucleic acid

"

probe. 1In this case the sampls DNA is immocbilizad
on a filter support.

Figure 2 depicts the use of the CHA method for
the detection of a specific DNA sequence. The tar-
get DNA sequence serves as a catalytic cofactor for
the cleavage of a complementary, labeled nucleic
acid probe. Repeated recycling of the target se-
quence through the reaction (dashed arrow) leads to a
large amplification of the signal and enhanced sensi-
tivity compared to standard assay svstems based on =2
stoichiometric or unitary hybridization of the probe
to the target sequence.

Figure 3 illustrates the CHA method in a solid
support format in which cleavage of the complementary
labeled probe attéched to the support is mediated by
RNaseH.

- Figure 4 illustrates a hybridization detection
system in which two CHA reactions are coupled to
produce an exponential amplification of signal.

Figure 5 demonstrates the use of a competition
assay to detect a specific RNA sequence with the CHA
method.

SUMMARY OF THE TINVENTION

The present invention of catalytic hybridization

amplification (CHA) provides a novel and improved

nucleic acid hybridization method useful in diagnos-

tic assays. The target sequence is not detected on :
the basis of stoichiometric (1:1) hybridization to

the probe as in all previous assay systems. The
invention concerns the target nucleic acid sequence
serving as a highly specific cofactor for a catalyt-
ic reaction which leads to the cleavage of a comple-
mentary, labeled probe hybridized to the target.
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Molecules of the probe not hybridized to the target
sequence are not cut. Upon cleavage oi the labeled
probe in the labeled probe:target duplex, the target
sequence is released intact and can repeatedly cycle
through the reaction pathway. In such assays, cleav-
age of the probe generates the signal that is detect-
ed. The ability of each molecule of the target to
capture multiple copies of the probe leads to a large
enhancement in the sensitivity of the method. Sever-
al embodiments of the CHA method are provided employ-
ing simpl=s assav vrocedures suitakle for use ix
clinical diagnostic tests. Applications of these
methods include, but are not limited to, the diagno-
sis of infectious diseases, genetic defects and
cancer. Both single point mutations as well as

longer unique sequences can be detected.

DETAILED DESCRIPTION OF THE INVENTION
The invention of catalytic hybridization

amplification is unigque in that it represents the

first example of a non-stoichiometric hybridization
process. In such systems the target sequence (either
DNA or RNA) serves as a cofactor in a catalytic
reaction in which a complementary, labeled nucleic
acid probe is cleaved. A generalized version of the
CHA method is shown in Figure 2.

In the first step of the process, the target
sequence hybridizes to the probe by the usual rules
of base pairing. Once hybridized to the target
sequence, the probe is then cleaved into two or more
smaller fragments. The cleavage reaction can be
catalyzed by an enzyme or occur by other chemical
methods. Only molecules of the probe hybridized to
the target sequence are cleaved. Excess molecules of
the probe not hybridized to the target are not cut.
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The smaller fragments of the probe .generated by the
cleavage rsaction form less stable duplexes with tne
target than does the parent molecule, and under
conditions of the CHA reaction dissociate from the
target. For dissociation to occur rapidly, the
melting temperature of the duplexes formed with the
smaller fragments should generally be 10°C or more
below the reaction temperature. For short oligonu-
cleotide probes from about 15 to about 35 nucleotides
in length, this will occur following a single cleav-
age near the middle of the zrcke secuencs. For
longer probes, which may be up to several thousand
nucleotides in length, multiple cleavages must occur,
generating fragments shorter than about 35 nucleo-
tides in length, preferably between about 10 and 20
nucleotides long. The target sequence must not be
cleaved in the reaction. It is released intact from
the probe:target duplex and recycles repeatedly
through the reaction pathway. At the completion of
the CHA reaction the extent of cleavage of the probe
is measured. This generally involves separation of
the probe fragment bearing the reporter group label
form the intact molecule. It is the cleavage of the
probe that signals the presence of the target se-
quence. Turnover of the target sequence, enabling
each molecule to capture and promote the cleavage of
many copies of the probe, greatly enhances the sensi-
tivity of the method. Several embodiments of the CHA
method will now be described.

In the principal embodiment of this invention,
as applied to the detection of a DNA sequence, the
cleavage reaction is catalyzed by the enzyme RNaseH,
and takes place only when the target DNA sequence is
hybridized to a complementary RNA probe, forming an
RNA:DNA duplex. RNaseH is highly specific: it will
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not cut free molecules of the probe that are not hy-
bridized to the target DNA sequence, nor does it
cleave the terget DNA sequence. Hence, upon cleavage
of the probe, the target sequence is released intact
and can repeatedly cycle tlirough the reaction pathway
as outlined in Figure 2. A detailed description of
the components (probes, labels, etc.), procedures,
and conditions for this embodiment of the CHA method

follows.
Probes that can be used in the invention range

from ~ligcnuclacghides 2f zbcut 15 to zkouz 50 nu-
cleotides in length to longer polynucleotides which
may be up to several thousand nucleotides long. A
probe of about 15 residues is the shortest sequence
that can be used to selectively hybridize to a com-
plementary target sequence (e.g. a unique viral
sequence) against the background of human DNA (see
Thomas, C.A., Jr. (1966) Progress in Nucleic Research
and Molecular Biology 5, 315). More often, sequences
of at least 20 to about 25 nucleotides have to be
used to assure a high level of specificity. Short
oligonucleotides up to about 25 residues are general-
ly labeled with a single reporter group, either near
the 5'- or 3'-end of the strand. Longer sequences
may be labeled up to a density of about one reporter
group per 15 nucleotide residues. The composition of
the . -probe can be entirely RNA. Alternatively, the
probe may contain one or more interspersed sequences
not cleavable by RNaseH. Such sequences not cleaved
by RNaseH can be composed of DNA, or of RNA in which
either the phosphate groups or the sugar moieties are
modified so as to prevent cleavage by the enzyme.
Appropriate modifications of the phosphate groups
include, but are not limited to, alkyl or aryl phos-

photriesters, hydrogen phosphonates, alkvl or aryl
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phosphonates, alkyl or aryl phosphoramidates, phos-
pﬁbrothioates, or phosphoroselsnates. The prefarrad
modification of the ribose sugar to prevent cleavage
by RNaseH is the conversion of the 2'-0H group to an
alkyl or aromatic ether. To permit recognition by
RNaseH, the cleavable RNA sequence(s) must be at
least 3 residues in length.

Probes containing interspersed sequences not
cleavable by RNaseH focus the activity of the enzyme
to specified regions and are, therefore, preferred.
If an oligonucisotide 26 resi;dues in length —cmpossad
entirely of RNA was used as a probe, cleavage at
many sites would be nonproductive, that is, would

‘not lead to release of the target sequence. For
example, cleavage of the strand between residues 23
and 24 would generate one fragment 23 residues in
length and a second fragment of only 3 residues. The
trinucleotide would dissociate from the target se-
quence very readily, but the 23-mer would form a
duplex with the target sequence almost as stable as
that formed with the parent molecule, and, hence,
would not be released. Alternatively, if the oligo-
nucleotide had the sequence DNAllRNA4DNA11 cleavage
would be limited to the central four RNA residues.
The longest fragment'so generated would be 15 resi-
dues. The Tm of this fragment would be about 20°C to
25°C below that of the parent 26-mer (see Equation 1)
and would readily dissociate from the target se-
quence under the CHA reaction conditions. Thus,
each time the probe was cleaved, the target sequence
would be released and able to recycle through the
reaction pathway. In the case of the pure RNA oligo-
nucleotide probe two or more cleavages of the probe
may be necessary to release the target. For longer

probes, the length of the interspersed noncleavable
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sequences should be less than about 35 nucleotides
long and preferable between 10 and 20 nucleotides in
length, to permit rapid release of the fragments
generated by RNaseH cleavage from the target se-
quence. 7

A mixed DNA-RNA-DNA oligonucleotide probe is
particularly useful for the detection of single point
mutations, as is required for the diagnosis of cer-
tain genetic diseases such as sickle cell disease.
Consider a probe that forms a perfect duplex with the
normal target sequence, and a duplex with the muzant
gene in which there is a single base pair mismatch.
The entire probe, including the flanking DNA seguenc-
es, .provides the specificity for the target sequence
normally achieved through hybridization. The great-
est difference in the stability of the two helices is
obtained with a relatively short ocligonucleotide
probe in which the mismatch is near the middle of the
sequence. Even in this case, however, the melting
temperature of the perfect duplex formed with the
normal sequence is only about 5°C to 10°C greater
than that for the duplex formed with the mutant
sequence having the mismatch. Although it is possi-
ble to distinguish the normal form the mutant se-
quence based on this small difference using a stan-
dard hybridization format such as that shown in
Figure 1, the reliability of the method is not suffi-
cient for routine diagnostic use. The CHA reaction
scheme, however, affords a further level of speci-
ficity that enables these two sequences to be readily
differentiated. As noted above, cleave of an DNA-
RNA-DNA probe by RNaseH is limited to the central RNA
sequence. If the RNA segquence is four or five resi-
dues, a single base pair mismatch disrupts the
structure of the RNA:DNA duplex sufficiently to
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prevent cleavage of the RNA strand by RNaseH. Thus,
the probe would be cleaved when hvbridized =o the .
normal target sequence but not when hybridized to the
mutant sequence. Only the normal target sequence
would serve as a catalytic cofactor for the cleavage
of the probe. If the central RNA sequence is between
six and eight residues, two mismatches within the
RNA:DNA portion of the duplex may be necessary to
disrupt the structure sufficiently to prevent cleav-
age by RNaseH. This can be accomplished using a
vrobe in which there is a single mismaczh 7ith +ha
normal sequence and two mismatches with respect to

the mutant sequence, e.g.

..... dAdCrArUrCrCrGrArUdAdG. .. probe
*

..... dTdGdTdAdTdGdCATAAdTAC. .. normal target sequence

..... dAdCrArUrCrCrGrArUdAdG.. .. probe
* *
..... dTdGdTdAdTdGAAdTAAATdC. ... mutant sequence

where dN (N = A,C,T or G) is a deoxyribonucleotide
(DNA), rN a ribonucleotide (RNA), and * a mismatched
base pair.

Probes themselves can be made and modified by
both molecular biology and synthetic techniques.
Long probes greater than about 60 nucleotides in
length are generally synthesized and labeled Dy
enzymatic methods. Long RNA fragments can be synthe-
sized from a DNA template using either SP6 or T7 RNA
polymerase. Oligonucleotides are generally synthe-
sized by chemical methods, see "Oligonucleotide
Synthesis: A Practical Approach” (Gait, M.J., ed.)
IRL Press, Oxford (1984), which is incorporated
herein by reference. The phosphoramidite method is
the preferred chemistry at present. The synthesis
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can be carried out with the growing oligonucleoctide
chain attacned to a solid support, such as polysty-
rene ox glass beads, or free in solution. DNA, RHA
and DNA-RNA-DNA oligonucleotides can be prepared by
these approaches. DNA, RNA and mixed DNA-RNA mole-
cules can also be further ligated together in any
combination using the enzyme T4 RNA ligase. Any of
the above techniques can be employed for the synthe-
sis of probes useful with this invention.
Radiocisotopes, fluorophores, lumiphores
‘zhemilumensscent r bBi:s
enzymes can all be used as reporter groups in cata-
lytic hybridization amplification systems. The fact
that the system produces a large amplification re-
sponse before the actual detection procedure is
carried out, in most cases, significantly reduces the
demand on the sensitivity of the reporter group
being used. Reporters can be chosen for convenience
in the assay system, or because they are better
adapted to the assay format (instrumentation versus

manual procedures), as well as for greatest sensitiv-
ity.
Radioisotope such as 32P, 14C, 125I

can be easily incorporated into DNA and RNA probes

, and tritium
with molecular biology techniques, either during
synthesis or after completion. Probes synthesized
chemically can also be labeled with radioisotopes.
While radiolabeling has certain advantages for exper-
imental and research purposes, it does not appear to
be the appropriate method for new tests and assays in
the clinical laboratory, and is therefore not pre-

ferred.

Nonisotopic labels of choice include: (1)
fluorophores such as flvorescein, Texas Red, Lucifer

Yellow, pyrenes, chelated lanthanides, and phycobili-
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proteins to name a few; (2) lumiphores such as
rumincl and derivatives; and (3) enzymes such as
alkaline phosphatase, peroxidase, B-galacto-sidase,
and luciferases to name a few. The various enzymes
can be used to produce ceclor reactions (alkaline
phosphatase, peroxidase), fluorescent products
(alkaline phosphatase), and luminescence (luci-
ferase).

Fluorophores and lumiphores can be covalently

attached to RNA and DNA sequences by a variety of

U T T +Fha ~aam ~Ff o a2 T Saf D mmpaiage e
LSCInIguss. I TOe ZZAse I 32 muT_ =T Aol emTl=s L

which the 3'-terminal nucleotide is a ribose residue,
the ribose diol at the 3'-end of the sequence can be
oxidized with periodate to form a reactive dialde-—
hyde. A reductive alkylation reaction can now be
carried out where the dialdehyde can form a Schiff's
base with a variety of fluorescent derivatives con-
taining a primary amino group (dansylethylenediamine,
N-{l-pyrenesulfonyl)ethylenediamine, 5~((2-amino-
ethyl)thiouridyl)-fluorescein, etc.). Primary amine
derivatives of luminol and other lumiphores can also
be coupled. The Schiff's base adducts can be reduced
to a stable secondary amine linkage using sodium
borohydride or sodium cyanoborohydride. Fluorescent
derivatives containing hydrazine groups (£luorescein
thiosemicarbazide, Texas Red hydrazide, coumarin
hydrazide, Lucifer Yellow CH, etc.) can also be
coupled teo terminal aldehydes produced by periodate
oxidation (see Odom O.W., Jr., et al. (1980) Biochem-
istry 19, 5947-5954).

In the case of synthetic oligonucleotides, an
aliphatic primary amino group can be readily incorpo-

rated at the 5'-terminal end of the molecule in
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several Ways.1 A specially protected phosphoramidite
derivativa of 5'-aminc-8' -decoxythymidine can be
incorporated as the final residue (Smith, L.M. et al.
(1985) Nucleic Acids Research 13, 2399-2412). Prima-
ry amines can also be incorporated into oligonucleo-
tides via special phosphoramidite derivatives, which
can also be added at the last step in the synthetic
procedure. Two such derivatives are available com-
mercially, one from Applied Biosystems, Inc. (Amino-
link 1, Part Number 400498) and one from ChemGenes,
Inc: in which the amino group is nrotected wizh *ns=
monomethoxytrityl group. Once a primary amine is
incorporated into the oligcocnucleotide, a number of
amine selective fluorescent derivatives (fluoresce-
in-5-isothiocyanate, Texas Red, succinimdyl-l-pyrene
butyrate, etc.) can be easily coupled to the primary
amine group under mild conditions. Fluorescent
lanthanides (Europium, Terbium, etc.) can be incorpo-
rated into oligonucleotides by first reacting the
primary amine with diethylenetriaminepentacetic acid
anhydride to produce a chelator for binding the
lanthanides.

Enzyme labels of particular interest include:
alkaline phosphatase, peroxidase, B-galactosidase,
glucose oxidase, bacterial (FMN/NADPH) luciferases,
and insect (ATP) luciferases to mention a few.

Other labels include microperoxidases, functionalized
heme derivatives, and other metal chelates with
catalytic activity. Enzymes can be incorporated into
RNA, DNA and mixed RNA-DNA probes using procedures
similar to those discussed above for fluorescent
derivatives. As an example, alkaline phosphatase can

be incorporated into an oligonucleo-tide prdbe con-

Oligonucleotides are generally synthesized from the
3'-to the 5'-end cf the chain.
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taining a 5'—terminai primary amine in the following
manner. Thes primary amine containing oligonucleo-
Ttide is reacted with an excess of the bifunctiocnal
reagent disuccinimidyl suberate (DSS is a highly
specific reagent for coupling primary amines under
mild conditions) to produce the mono adduct with the
oligonucleotide. The mono adduct DSS-oligonucleotide
can be easily purified. The mono adduct DSS-
oligonucleotide is now reacted with alkaline phos-

phatase under mild conditions. The final product

Se-DSS-E!' cnl 3 vmmnuad sne 2 2o <

n

purified by gel filtraticn and ion-exchange chroma-
tography. The specifics of this coupling procedure
are given in Jablonski, E. et al. (1986) Nucleic Acid
Research 14, 6115-6128, which is incorporated by
reference,

In this first embodiment of the CHA method,
RNaseH is responsible for catalyzing the cleavage of
the probe once it hybridizes to the target seguence.
The enzyme is highly specific; it is a ribonuclease
that cleaves only the RNA strand within an RNA:DHNA
duplex. The enzyme can be obtained from both eukary-
otic and bacterial sources. The E. coli RNaseH
enzyme, used in the examples, is a single polypeptide
chain of about 17,500 molecular weight. The enzyme
is very stable, the gene for the protein has been
cloned and sequenced, and overproducing strains have
been constructed which produce the enzyme in large
amounts (Kanayva, S. and Crouch, R.J. (1983) Journal
of Biological Chemistry 258, 1276-1281. For these
reasons, its use is generally preferred. For CHA
reactions carried out above a temperature of about
50°C, a more thermostable form of the enzymeée is
desirable. Such variants of the enzyme may be iso-

lated from thermophilic organisms, or produced by

IDT Exhibit 1020.2398

2]



WO 89/09284 PCT/US89/01025

- 23 -

mutagenesis of E. coli RNaseH using recombinant DNA
technligques {(&.g. by the introduction of a suitably
positioned disulfide bridge).

The cptimal temperature for carrying cut the CHA
reaction is generally from about 5 C to about 25°C
below the melting temperature of the probe:target
duplex. This provides for a rapid rate of hybridiza-
tion and high degree of specificity for the target
sequence. Consider, for example, a DNA-RNA~-DNA probe
26 residues in length in which the G plus C fraction
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dicted melting temperature of the probe:target du-
plex, according to Equation 1, is about 55°C. The
upper limit for the CHA reaction temperature is,
therefore, about 50°C. Cleavage of the probe near
the middle of the sequence generates two fragments
each of which have melting temperatures of about
25°C. As noted above, for these fragments to disso-
ciate rapidly from the target sequence, the CHA
reaction temperature should be at least 10°C greater
than this value, i.e. equal to or greater than 35°C.
Hence, the optimal range for the CHA reaction temper-
ature with this probe is from about 35°C to about
50°C.

- The CHA reaction is usually carried out for
about 15 minutes to about 1 hour. Generally, each
molecule cof the target sequence will turnover between
100 and 1000 times in this period, depending on the
length and sequence of the probe, and the specific
reaction conditions (see Example 1). For each copy
of the target sequence present in the test sample
100 to 1000 molecules of the labeled probe will be
cleaved by RNaseH. This level of amplification leads
to an enormous increase in sensitivity compared to

assays based on a stoichiometric hybridization for-
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mat. Even higher levels of amplification can be
obtained by allowing tha CHA raaction to prccoeed
longer. '

During the CHA reaction, it is necessary to
suppress cleavage of the prcbe, as well as the target
sequence, by nonspecific nucleases. This is impor-
tant for assays based on standard hybridization
formats as well. Such nucleases are generally re-
moved from the sample during the isolation of the DNA
by heating or extraction procedures. A number of
irhibitors of single-stranded ri-zniclezzes such as
vanadate, Inhibit-ACE (5 Prime - 3 Prime, Inc.) and
RNAsin, a placental protein, do not affect the ac-
tivity of RNaseH. 1In order to further protect the
probe from nonspecific degradation, it is desirable
to include such inhibitors during the CHA reaction.

Following the CHA reaction, it is necessary to
determine the extent of cleavage of the probe. This
is usually accomplished by separating the cleavage
products bearing the label from the remaining un-
cleaved molecules of the probe. Methods for such
separation include, but are not limited to:

(1) Electrophoresis of the CHA reaction products to
separate the cleaved fragments from molecules of the
intact probe on the basis of size.

(2) The use of stfong acids, like trichloroacetic
acid, to selectively precipitate the relatively large
uhcleaved labeled probes from the smaller cleaved
fragments.

(3) The incorporation of a high affinity label into
the probe, in addition to the reporter group, to
provide for the separation of the uncleaved probes
after the CHA reaction, using an affinity support.
(4) The use of a support material containing a

complementary polynucleotide sequence to immobilize
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the uncleaved labeled probe after the CHA reaction is
carried out, leaving the cleaved fragments in solu-
tion.

In the first separation method, electrophoresis
of the CHA reaction products through a gel matrix is
used to separate the cleaved fragments bearing the
label from the intact probe. The smaller fragments
migrate through the gel more rapidly than the larger
intact molecule. For probes up to about 100 nucleo-
tides in length a polyacrylamide gel matrix is gener-
ally used. For longer probes, polvacrlamide, agarose
or a composite gel made up of these two components
is generally preferred. After the separation has
been achieved, fragments bearing the reporter group
label and the original probe are resolved into sepa-
rate bands which can be readily localized and quanti-
tated.

The second separation method involving strong
acid precipitation is used mainly in those situa-
tions in which a long probe (greater than about 50
nucleotides in length) containing either radioisotope
or fluorescent labels is cleaved via the CHA process
into a number of relatively small labeled fragments
(<10 nucleotides in length). Introduction of a
strong acid (trichloroacetic, etc.) into the solution
causes the intact probe to precipitate, while the
smallier cleaved fragments remain in solution. The
solution can be centrifuged or filtered to remove the
precipitate. The supernatant'containing the cleaved
labeled fragments can now be guantitated. A more
detailed discussion of this method is given in Exam-
ple 1, below.

The third separation method involves a probe
labeled with both a high affinity group and a report-

er group, and an affinity suppert is used to carry
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out the separation procedure. The probes used in
this case can be either an RNA seqguence or contain
interspersed sequences not cleaved by RNaseH such as
a mixed DNA-RNA-DNA sequence. The probe is designed
with an affinity label (such as biotin, avidin,
lectins, haptens, or antibodies) incorporated at or
near one of the terminal positions of the probe.
The reporter group label (enzyme, fluorophore, lumi-
phore or radioisotope) is incorporated at or near the
opposite terminal position. (With a long polynucleo-
tide probe, many or all of the interspersed Segquences
not cleavable by RNaseH can be labeled with the
reporter group). The cleavable portion of the probe
sequence, thus, lies between the affinity group and
the reporter group. A minimum of about 15 nucleo-
tides is necessary between the two labels, with 20 to
50 nucleotides being more ideal. The same methods as
discussed above for incorporating reporter group
labels into probes are also used for the attachment
of affinity labels. 1In this separation procedure it
is also necessary to have support material which
contains a corresponding affinity group which binds
specifically and strongly to the affinity label
incorporated into the probe. For example, if the
affinity label biotin is incorporated into the probe,
then the appropriafe affinity support material
should contain avidin or streptavidin. Many support
materials such as glass beads, latex beads, cross-
linked dextran (Sepharcse) beads, etc. containing
covalently linked avidin are commercially available.
After the CHA reaction is carried out, the
support material is added to the sample. Molecules
of the intact probe bind tightly to the support.
Cleaved fragments bearing the reporter group but not
the affinity label remain in solution and can be
quantitated. .
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The fourth separation procedure is in principle
very similar to that just described, but employs a
nucleic acid seguence within the probe not cleaved
during the CHA reaction as the affinity label. A
complementary nucleic acid =zequence is attached to a
solid support and serves as a catcher sequence.

When the cleavage of the probe during the CHA reac-
tion is mediated by RNaseH, the sequence playing the
role as the affinity label can be DNA, or an RNA
sequence in which the sugar or phosphate groups are
modified to prevent cleavage by RNaseH. The affinity
label sequence is separated from the reporter group
by a portion of the probe cleaved by RNaseH during
the CHA reaction, for example
5'~-DNA~-RNA-DNA-(reporter group)
in which case the DNA sequence at the 5'-end of the
probe, or a portion thereof, serves as the affinity
label. An affinity label sequence of 20 to 50 nucle-
otides in length is most ideal, but longer sequences
can also be used. Sequences less than 15 nucleotides
are least useful. A portion of the affinity label
sequence can be complementary to the target sequence
or it can be a separate appendage attached to the
probe. The latter is preferred because a general-
ized catcher sequence can then be used. 1In this case
one set of catcher beads can be used with many dif-
ferent target specific probes.

A number of different chemical methods may be
used to attach the catcher sequence to a solid sup-
port, see for example, Gilham, P.T. (1971) Methods
of Enzymolegy, Vel. 21 (Grossman, L. and Moldave, K.,
eds.) pp. 191-197, Academic Press, New York; Potuzak,
H. and Dean, P.D.G. (1978) Nucleic Acids Research 5,
297-303; Robertson, D.L. and Davidson, N. (1972)
Biochemistry 11, 533-537; and Moss, L.G. et al.
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(1981) Journal of Biological Chemistry 256, 12655-
12658, which are incorporated herein by reference.

It is also possible to synthesize the catcher se-
quence directly on the solid support which later will
be used in the assay. As noted above, oligonucleo-
tides are generally synthesized from the 3'- to the
5'-end of the chain. If the synthesis is carried out
on a solid support, the first nucleotide from the 3'-
terminal end is generally attached to the support via
its 3'-hydroxyl group through an ester linkage.
Conditions reqguired to remove protecting groups on
the nucleotide bases (treatment with concentrated
ammonia at 55°C for 6 to 10 hours) cleave this link-
age readily. If the oligonucleotide is to remain
bound to the support the linkage to the 3'-hydroxyl
group must be changed to one not cleaved under these
conditions. Suitable functional groups through
which the 3'-O0OH may be attached include ether linkag-
es, phosphate triesters, phosphate diesters and
aromatic carbamates. The functional group preferred
for simplicity of synthesis is a B -cyanoethyl phos-
phtriester. The attachment is accomplished by the
‘reaction of a 3'-B~cyanoethyl-N,N-diisopropyl phos-
phoramidite derivative of the first nucleotide
(available commercially for all four bases) to a
solid support containing free OH groups. Such sup-
ports can be prepared from a variety of materials
including glass, polystyrene, latex or cross-linked
dextran (Sepharose) beads, cellulose, or nylon or
teflon membranes. After the first nucleotide is
attached to the support, the remaining sequence is
synthesized by the normal phosphoramidite method. At
the culmination of the synthesis, the deblocking
procedures convert the f-cyanolethyl phosphotriester
to a phosphodiester through which the oligonucleotide
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remains linked to the support. After a support
material is prepared by any éf th; above procedures,
the attached oligonucleotide can be extended, if
desired, by a number of different enzymatic methods,
thereby yielding longer aucleotide seguences bound to
the support. Suitable procedures include, but are
not limited to, addition of nucleotide residues to
the fragment with DNA polymerase or terminal trans-
ferase, and ligation of polynucleotides to the ini-
tial sequence attached to the support using DNA or
RNA ligase.

In each of the four separation methods just
described, the CHA reaction is first carried out in
solution. Alternatively, the labeled probe may be
attached to a solid support, in which case cleavage
of the probe during the CHA reaction releases frag-
ments bearing the reporter group into solution (see
Figure 3). The major advantage of this approach is
the relative ease of the separation step after the
CHA reaction is completed: the solid support material
containing remaining molecules of the intact probe
are simply removed from the sample by physical means
such as filtration or centrifugation; the cleaved
fragments bearing the reporter group are left in
solution and can be quantitated. Suitable solid
support materials include glass, polystyrene, latex
or cross-linked dextran (Sepharose) beads, cellulose,
or nylon or teflon membranes. Magnetized beads can
also be used, in which case the beads are separated
from the solution by the application of a magnetic
field. The probe can be attached to the solid sup-
port either through a covalent or a noncovalent (e.g.
biotin-avidin) linkage. A covalent linkage is pre-
ferred because of its greater stability. Suitable
procedures for covalently attaching nuclectide se-
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quences to solid supports by both chemical and enzy-
matic methods are described in the preceding para-
graph.

When using the solid support CHA method, it is
desirable to fist cut the sample DNA into smaller
fragments so that the target sequence can readily
diffuse to the surface of the bead to hybridize with
the bound probe. This can be accomplished by shear-
ing the DNA through mechanical forces (e.g. sonica-
tion) or by cleaving the DNA at specific sites using
a restriction enzyme. Alternatively, a small frag-
ment containing the target sequence can be synthe-
sized with DNA polymerase using the sample DNA as a
template. In this procedure an oligonucleotide used
as a primer is first hybridized to the sample DNA
upstream (i.e. 5') from the target sequence. The
primer is then extended across the target sequence
(copying the complementary strand) using DNA polymer-
ase. The product:

5'¥Primer—Target Sequence
is then brought into the CHA reaction. It is also
possible to repeat the reaction with DNA polymerase a
number of times tb increase the number of copies of
the target sequence. Such a procedure is carried out
in the so-called polymerase chain reaction (Mullis,
K.B. et al. (1986) EPA O 200 362; and Mullis, K.B.
(1986) EPA 0 201 184). Since target amplification
and the CHA method involve entirely separate steps in
the assay procedure the two can be used in combina-
tion. This can be useful to detect a nucleic acid
Sequence present originally in the sample in extreme-
1y iow Copy number. For most diagnostic applica-
tions, however, the high degree of sensitivity of the
CHA method alone is sufficient.
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All of the above discussions on the use cf the
CHA method have centered around the detection of DNA
target sequences. In some cases, it may be advanta-
geous to detect RNA target sequences, such as ribo-
somal RNA sequences. This can be readily accom-
plished with any of the above CHA reaction proce-
dures utilizing RNaseH by first synthesizing a
complementary DNA (cDNA) copy of the original RNA
sequence with the enzyme reverse transcriptase. In
this procedure, an oligodeoxynucleotide primer is
first hybridized to the sample RNA upstream (i.e.
5') of the target sequence. With the addition of
reverse transcriptase and the four deoxynucleotide
triphosphates (A, G, T and C), the primer is extend-
ed producing a cDNA copy of the target RNA. The

product:
5'~-Primer-cDNA Target Sequence

now forms the substrate for the CHA reaction. For a
more detailed description of protocols for the use of
reverse transcriptase see Maniatis, T., Fritsch,
E.F., and Sambrook, J., Molecular Cloning: A Labora-
tory Manual, Cold Spring Harbor Laboratory, New York,
pp. 128-132, 1982, which is incorporated herein by

reference.
A second embo@iment of the CHA method will now

be described in which a phosphorothiocate derivative
of the target sequence is used as the substrate and a
complementary labeled DNA probe is cleaved by a
restriction enzyme.

Restriction enzymes recognize a specific DNA
sequence, generally 4 to 6 nucleotides in length, and
cut both strands of the DNA duplex at that site.
Several hundred of these enzymes are now known with
many different recognition sequences. These enzymes
generally cannot be used with the CHA method since
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the target sequence, as well as the probe, would be
cut, and therefore would be unable to recycle through
the reaction pathway. However, if the phosphate
groups of one of the two strands of a DNA duplex are
phosphorothioates, rather than normal phosphate
diesters, many restriction enzymes (e.g. Ava I, Ava
II, Ban II, Hind II, Nci I, Pst I, and Pvu I) will
cleave only the unmodified strand (Taylor, J.W. et
al. (1985) Nucleic Acids Research 13, 8745-8764).

The phosphorothioate sequence is not cut and hence
can serve as a catalytic cofactor for cleavage of a
complementary; labeled probe by a restriction enzyme.
The target sequence to be used in such an assay must
of course contain the recognition site for the re-
striction enzyme. The modified DNA sequence is
prepared from a DNA template using DNA polymerase.

If the sample is RNA, reverse transcriptase is used.
These reactions are carried out as described above,
except that deoxynucleotide a-thiotriphosphates are
used as substrates instead of the normal deoxynucleo-
tide triphosphates. All four of the deoxynucleo-
tide a-thiotriphosphates are available commercially.
Once the modified target sequence is prepared, the
CHA reaction can be carried out using any of the
assay formats described above. The same methods for
synthesis and labeling of the probe are also applica-
ble. Modified DNA or RNA sequences can be incor-
porated within the probe flanking the restriction
enzyme site, but the recognition site itself must be
composed of DNA.

All of the various embodiments and formats of
the CHA method described thus far provide a linear
amplificaticn of the signal. Since the concentration
of the target sequence remains constant, the velocity

of the reaction remains unchanged, and the number of
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molecules of the labeled probe that are cleaved
increases linearly with time (see Example 1). As
mentioned above, the turnover number, i.e. the number
of molecules of the probe cleaved per target se-

quence per hour, generally ranges between 100 and

1000.
CHA reactions can also be carried out in novel

manners that produce an exponential amplification,
and therefore, offer an even greater sensitivity. 1In
general, an exponential response is achieved by
coupling two or more CHA reactions so as to produce
additional copies of the target sequence. A number
cf different exponential CHA formats can be designed.
One version of an exponential CHA format is shown in
Figure 4. 1In this case, two sets of probe sequences
are immobilized on solid supports. The first probe
sequence on suppeort I contains a cleavable sequance
(T') complementary to the original target sequence,
and a non-cleavable sequence (X). The sequence (X)
is complementary to a cleavable sequence (X') immo-
bilized on support II. In the first step of the
process, target DNA from the sample hybridizes to the
complementary cleavable sequence (T') on support I.
Once hybridized to the target sequencé, (T') is cut,
releasing the sequence (X) from the support. (X)
then diffuses from the support and hybridizes with
the cleavable sequence (X') on support II. This can-
not occur until (X) is released from the support.
Sequences (X) and (X') while immobilized on two
separate macroscopic supports cannot hybridize with
one another. Once the duplex between (X) and (X') is
formed, (X') is cleaved. This releases a second

copy of the target sequence which can in turn react
with support I and further propagate the reaction.
Thus, one cycle of the CHA reaction yields two copies
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of the target sequence; the seccndocycle yields four
copies of the target sequence;ethe third cycle yields
eight copies; etc. In the configuration shown, one
reporter group label is released from support II for
each molecule of target that is generated in the
reaction. It can be shown that the amount of the
free label released from support II is given by the
following formula:

L = (a/2) x (&% + &K%y _ a (2)
where A is the initial number of copies of the target
present in the eample, k is the square root of the
product of the turnover numbers for the two separate
CHA reactions, and t is time. The first term of the
expression (A/2 X ekt) rapidly becomes dominant. The
amount of free label increases exponentially with
time, conferring an extremely high degree of sen-
sitivity to the assay. If the turnover number for
each of the CHA reactions is only 1 per minute, a
single copy of the target sequence will cause 2.4 X
10~ labels to be released into solution within 20
minutes. This number can be easily detected with
simple fluorescent or enzyme labeling groups. Turn-
over numbers much greater than 1 per minute can be
achieved (see Example 1)}. Coupled CHEHA assay systems,
thus, provide the capability for single copy target
detection with a reaction time of only a few minutes.

Finally, we describe a competition assay based
on the CHA method to detect an RNA target sequence.
In this case, both a DNA moleeule and a labeled probe
are added to the sample to be analyzed (Figure 5).
The probe sequence (A') may be composed entirely of
RNA or contain interspersed sequences that cannot be
cleaved by RNaseH. The DNA fragment contairns within
it a sequence (a) complementaryrto the labeled probe.
In the example shown, the central portion of the
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probe is RNA, and it is flanked on either side by DNA
sequences. The RNA:DNA duplex formed when (A) and
(A') hybridize together forms a substrate for RNaseH.
RNaseH can cleave the labeled probe, releasing the
DNA fragment intact which serves as a catalyst to
further propagate the reaction. This would occur if
the target RNA sequence were not present within the
sample (Figure 5b). If the target RNA sequence were
present, this reaction would be inhibited (Figure
5a). The target sequence contains the sequence
('), as well as an adjacent sequence (B') further
complementary to the DNA fragment. The DNA fragment
thus forms a more stable duplex with the target
sequence than with the probe. This enables the
target molecule to compete very effectively for the
binding of the DNA fragment, and thereby blocks the
cleavage of the labeled probe by RNaseH (Figure 5a).
This competitive inhibition of the cleavage of the
labeled probe is the basis for the assay. The sen-
sitivity of the method may be further enhanced by
preventing the RNA-DNA duplex formed with the target
sequence from being degraded by RNaseH. This may be
accomplished by suitably modifying the DNA fragment.
We have found that a variety of modifications of the
phosphate backbone of the DNA strand will prevent
cleavage of the complementary RNA strand by RNaseH.
Such modifications include, but are not limited to,
substitution of the normal phosphate diesters with
alkyl or aryl phosphotriesters, or with alkyl or
aryl phosphonates. These modifications would be
incorporated into the DNA molecule used in the assay
throughout region B, and in all of region A except
for that portion which hybridizes to the central RNA
sequence of the probe. If this unmodified sequence

within region A is precisely complementary tc the RNA
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sequence within the probe, but contains one or more
mismatches with respect to the target sequence, only
the probe will be cleaved by RNaseH. The mis-
match(es) within the duplex formed between the DNA
strand and the target molecule disrupt the helix,
thereby, preventing cleavage of the target strand
within this region by RNaseH. Cleavage of the target
strand elsewhere is prevented by the modifications
introduced into the phosphate backbone of the DNaA
molecule. The mismatch(es) would decrease the sta-
bility of the duplex formed between the target se-
quence and the DNA molecule somewhat, but, due to the
additional sequence complementary in region B, the
stability of the duplex would remain much greater
than that formed with the labeled probe.

" The following examples are offered to further
illustrate, but not limit, the process, product and
techniques of the invention and serve to establish
the unique features of the invention which form the
basis of its utility.

EXAMPLE 1
Demonstration of Catalytic Hybridization
Amplification Mediated by RNaseH

The following example demonstrates the principle
ot the catalytic hybridization amplification method.
The target sequence in this case was oligodeoxythy-
midylic acid of 12 to 18 nucleotide residues in
length (oligo dT12-18' purchased from Pharmacia).

The molecule serving as the probe was polyriboadeno-
sine labeled with tritium (Amersham). The specific
activity of the poly rA used in the study was 574
mCi/nucleotide residue; the chain length varied from
about 40 to 140 residues. 1In the presence of the
target sequence, RNaseH catalyzes the cleavage of the
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labeled poly rA probe. O0Oligo dT is then released
from the duplex intact and recycles repeatedly
through the reaction as outlined in Figure 2.

Cleavage of the poly rA probe catalyzed by
RNaseH was compared under three conditions: in the
absence of oligo dT; with an equivalent concentration
of oligo dT (based on nucleotide residues); and in
the presence of 1/1000 the concentration of oligo
dT.. Each reaction was conducted in a final volume of
100 ul containing 44 picamoles of poly rA (by nucleo-
tide units), 50 mM Tris-HC1l buffer pH 8.0, 20 mM KCl,
9 mM Mgclz, 1 mM 2-mercaptoethanol and 25 ug of
bovine serum albumin. The reaction was initiated by
the addition of 2.3 units of E. coli RNaseH (Bethesda
Research Laboratories) and was maintained at 30°C.
Aliquots of the reaction mixture were removed at 30
minutes and added to 0.2 ml of a carrier DNA solution
(0.5 mg/ml of salmon sperm DNA, 0.1 M sodium pyro-
phosphate and 1 mM ethylenediamine tetraacetic acid)
and 0.3 ml of 10% trichloroacetic acid. Trichloro-
acetic acid causes the precipitation of higher molec-
ular weight nucleic acids over about 10 nucleotides
in length. Smaller cleavage products, i.e. mononu-
cleotides and short oligonucleotides, remain in
solution. After incubation of the samples on ice for
20 minutes, the precipitated nucleic acids were
pelleted by centrifugation at 16,000 X g for 15
minutes. The supernatants containing the cleaved
fragments were carefully removed, mixed with scintil-
lation cocktail and counted for radiocactivity.

In the control sample without oligo dT, less
than 0.5% of the poly rA was cleaved in the course of
90 minutes. In the presence of an equivalent concen-
tration of oligo dT nearly 100% of the poly rA was
cleaved to trichlorocacetic acid soluble fragments
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within 30 minutes. Cleavage of poly rA in the pres-
ence of 1/1000 the amount of cligo dT was linear over
90 minutes, at which time 21% of the poly rA was
cleaved to trichloroacetic acid soluble fragments.
Since oligo dT Qas present in a concentration suffi-
cient to hybridize to only 0.1% of the poly rA se-~

- quence, each molecule of the oligo dT must have
recycled through the reaction, on average, at least
210 times (2.3 times/minute). Since cleavage of the
poly rA strand is in some cases nonproductive, i.e.
does not lead to the release of labeled fragments
small'enough to remain in solution in the presence of
trichloroacetic acid, the true turnover number must
be even higher. In diagnostic tests based on the CHA
method, turnover numbers exceeding 100 /hour provide a
great enhancement in sensitivity compared to assays
based on a stoichiometric hybridization format.

EXAMPLE 2

Site-Specific Cleavage of B-Globin mRNA
by RNaseH in the Presence of a
Complementary DNA Target Sequence

The following is an important example in which
the specificity of strand cleavage by RNaseH is
clearly demonstrated. RNaseH was shown to cleave
8~-Globin mRNA at one unique site when a mixture of
both a¢- and B-globin mRNAs was hybridized to a short
25-residue DNA target seguence complementary to a
portion of the B-globin mRNA.

The oligodeoxynuclectide 5'-TGTCCAAGTGATTCAG-
GCCATCGTT (CODMB-25) was synthesized by the
phosphoramidite method using a Beckman automated DNA
synthesizer. It is complementary to the nuéleotide
sequence of mouse B-globin mRNA from residue 269 to
293. Mouse globin mRNA was isolated from reticulo-
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cytes obtained from mice rendered anemic by treatment
with phenylhydrazine as described by Goosens and
Kan (Methods in Enzymology (Antonini, E., Rossi-
Bernardi, L. and Chiancone, E., eds.) Vol. 76, pp.
805-817, 1981). Two micrograms of the RNA was added
to 1.0 nanomoles of CODMB-25 in a final volume of 25
microliters containing 10 mM Tris-HC1l buffer at pH
7.5, 5 mM MgClz, 25 mM NaCl and 1 mM dithiothreitol.
The concentration of the oligonucleotide is approx-
imately 100-fold greater than the mRNA on a molar
basis. The reaction was initiated by the addition of
2 units of E. coli RNaseH, and allowed to proceed for
30 minutes at 37°C. The reaction was stopped by
extraction of the sample with a 1:1 mixture (volume:
volume) of chloroform and phenol. The RNA species
remaining after digestion with RNaseH were then
isolated by precipitation with ethanol and analyzed
on Northern blots.

The RNA samples were reacted with 1 M glyoxal in
a l:1 volume/volume mixture of 10 mM sodium phosphate
buffer at pH 6.5 and dimethylsulfoxide for 1 hour at
50°C, and then electrophoresed on a 1.5% agarose gel.
The RNAs were transferred from the gel to a Gene
Screen Plus filter (DuPont-NEN) by capillary blotting
according to the method described by the manufactur-
er. Prehybridization of the filter was done in 1%
sodium dodecylsulfate, 1 M NaCl, 10% dextran sulfate,
50 mM sodium phosphate pH 6.5 for 2 hours at 35°C.
The filter was then hybridized with either an a-
or R~-globin specific oligonucleotide probe. The
probes were 25 residues in length and hybridize to
the very 5'-end of the respective RNAs. Hybridiza-
tion was conducted in 5 ml of the prehybridization
buffer containing 200 microgram/ml denatured salmon
sperm DNA plus 2 X 106 counts/min cf the probe,
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radiolabeled with 32P at the 5'-end of the molecule,
for 24 hours at 35°C. After the hybridization, the
filter was washed in the following order: once in 2X
SS8C (1X SSC = 0.15 M NaCl, 0.015 M sodium citrate)
for 5 minutes at room temperature, twice in 2X SSC
plus 1% sodium dodecylsulfate for 30 minutes at 35°C,
and once in 0.1X SSC for 5 minutes at room tempera-
ture. The filter was blotted dry and exposed to
Kodak ZXAR-5 film for autoradiography.

In the absence of oligonucleotide, no cleavage
of either a- or f-globin mRNA occurred during the
reaction with RNaseH. The a- or B-globin specific
probes each hybridized to a single band on the North-
ern blots corresponding to the full length mRNA. The
reaction in the presence of CODMB-25 resulted in
essentially complete cleavage of the B-globin mRNA.
The size of the cleavage product detected with the
5'-B-globin specific probe was exactly that predicted
for scission of the mRNA at the site of the RNA:DNA
duplex, i.e. 280 +/- 20 nucleotides. No other cleav-
age products were observed. In addition, no cleavage
of the d-globin mRNA was evident using the a¢-globin
specific oligonucleotide probe. RNaseH, thus, has
the requisite specificity for use in diagnostic tests
based on the CHA method. An RNA seguence used as
probe will be cleaved by the enzyme if, and only if,
it encounters the complementary target DNA sequence
within the sample; and free single stranded molecules
of the probe not hybridized to the target sequence
will not be cut.
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EXAMPLE 3

Detection of Cytomegalovirus Using a CHA Method

Cytomegalovirus (CMV) is a large double-stranded
DNA virus. Infection with CMV is clinically very
important in immunocompromised patients. It is the
most prevalent serious infectious disease complica-
tion following renal transplantation.

The following illustrates the use of the CHA
method to detect CMV. The probe used is a CMV spe-
cific sequence 25 nucleotides in length derived from
the major immediate early gene:

5 ' ~PCTTGGCAGAGGACTCCATCGTGTC
The central six residues are RNA; the flanking se-
guences are composed of DNA. The probe is linked to
latex beads at the 3'-end of the sequence. Alkaline
phosphatase is attached at the 5'-terminal position.
DNA is isolated from blood, urine and sputum samples
obtained from the patient. The assay for CMV in each
of these samples is carried out by the CHA method
shown in Figure 3. Cleavage of the labeled probe is
mediated by E. coli RNaseH (5 units/100 microli-
ters). The CHA reaction is carried out for a period
of 45 minutes at a temperature of about 40°C.
RNasin (50 units/100 microliters) is added to the
reaction mixture to suppress nonspecific cleavage of
the probe. If CMV is present within the sample, the
target sequence will hybridize to the probe, and the
probe will be cleaved by RNaseH. Repeated cycling of
the target sequence through the reaction pathway
enables each copy of the target sequence to capture
and promote the cleavage of many molecules of the
labeled probe. Following the CHA reaction, the
extent of cleavage of the probe is quantitated by

measuring the amount of the reporter group, i.e.
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alkaline phosphatase, released into solution. The
beads are first removed from the sample by filtration
or centrifugation. The alkaline phosphatase label
on the probe fragments in solution is then measured
using either a colorimetric or fluorescent producing
reagent detection system. The enzyme can be assayed
spectrophotometrically at 405 nm by following the
hydrolysis of fhe substrate p-nitrophenyl phosphate
to the colored product p-nitrophenol at pH 8.5.
Alternatively, the enzyme can be measured fluoro-
metrically using the substrate 4-methylumbelliferyl
phosphate. - The fluorescent excitation and emission
wavelengths used for the assay are 363 nm and 447 nm,
respectively. The final color or fluorescent signal
provides a measure of the amount of CMV present in
the original sample.

In summary, the results of the studies presented
demonstrate the utility of the CHA method as a means
for the detection of specific nucleic acid segquenc-
es. In such assay systems, the target segquence
serves as a cofactor for a catalytic reaction in
which a complementary, labeled nucleic acid probe is
cleaved. Each molecule of the target sequence is
thus able to capture and promote the cleavage of

-multiple copies of the probe. This results in a
large increase in the level of sensitivity of the
method compared to current diagnostic tests, all of
which are based on a stiochiometric hybridization
reaction in which the target sequence is able to bind
one; and only one, molecule of the probe. As in the
examples described, cleavage of the probe must occur
only when hybridized to the target sequence. The
target sequence is then released from the duplex
intact and repeatedly recycles through the reaction
pathway. Formats are provided for use of the CHA
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method in both direct and competition assays. In
general, a detection system based on a single CHA
reaction provides a linear amplification of signal
with time. By coupling two or more CHA reactions
together in an appropriate manner, an exponential
amplification of signal can be achieved, giving rise
to an even greater level of sensitivity.

It therefore can be seen that the invention

accomplishes all of the objectives heretofore stated.
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What is claimed is: 7
: , 1.

A method of detecting nucleic acid sequences in
which said sequences serve as a cofactor for a cata-
lytic reaction in which a complementary labeled
nucleic acid probe is cleaved and detected, said
method comprising:
hybridizing of a target sequence to a labeled nucleic

acid probe to provide a probe:target sequence

duplex;

cleaving -of the labeled probe within the probe:target
sequencé duplex to release the target sequence
intact;

recycling of the target sequence repeatedly through
the reaction pathway; and

detecting the extent of cleavage of the labeled
probe.

2.

The method of claim 1 wherein said detection
method is used for the diagnosis of a disease or
genetic trait in man or other species.

3.

The method of claim 1 wherein said detection
method is used to identify a nucleic acid sequence
within a system used in an industrial or agricultural
process. '

4.

The method of claim 1 wherein said nucleic acid
probe is labeled with a radiocactive, fluorescent,
electrochemical, luminescent or enzyme marker, or
other reporter group to permit its detection.

5.

The method of claim 1 wherein the extent of

cleavage of the probe is determined by electrophoret-
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ic separation of the smaller cleavage fragments
carrying the labeling group from the remaining mole-
cules of the intact probe.

6.

The method of claim 1 wherein the extent of
cleavage of the probe is determined by using strong
acids such as trichlorocacetic acid to selectively
precipitate the larger uncleaved molecules of the
probe, leaving the smaller cleaved fragments bearing
the label in solution.

7.

The method of claim 1 wherein the probe is
modified with both a high affinity label and a re-
porter group, and in which a solid support to which a
corresponding affinity group is attached is used to
adsorb molecules of the intact probe, leaving the
cleaved fragments bearing the label in solution, said
method comprising the additional steps of:
adding of solid support material to the sample fol-

lowing the hybridizing and cleaving reaction;
associating of the high affinity label attached to

the probe with the corresponding affinity group
on the solid support;
separating of the solid support from the solution
containing the cleaved fragments of the probe
bearing the réporter group; and
detection of the reporter groups in solution.
8.

The method of claim 7 in which said solid
support is composed of latex, polystyrene, cross-
linked dextran or glass beads, cellulose, or a teflon
or nylon membrane.

9.
The method of claim 7 in which said solid

support is magnetized and the solid support is sepa-

IDT Exhibit 1020.2421



WO 89/09284 PCT/US89/01625

- 46 -

rated from the bulk solution by the application of a
magnetic field.
10.

The method of claim 7 wherein said affinity
label is a nucleic acid sequence not cleaved in the
hybridization and cleavage reaction and the corre-
sponding affinity group attached to the solid support
is a complémentary nucleic acid sequence.

11,

The method of claim 1 wherein said labeled probe
is attached to a solid support during the hybridiza-
tion and cleavage reaction and cleaved fragments
bearing the reportér group are released into solu-
tion.

12.

The method of claim 11 in which said solid
support is composed of latex, polystyrene, cross-
linked dextran or glass beads, cellulose,- or a teflon
or nylon membrance.

13.

‘The method of claim 11 in which said solid
support is magnetized and the solid support is sepa-
rated from the bulk solution by the application of a
magnetic field.

) 14.

The method of claim 1 for detection of a DNA
sequence in which cleavage of the labeled prcbe is
mediated by an enzyme or other catalyst with RNaseH
activity.

15.

The method of claim 14 in which nonspecific
cleavage of the labeled probe is suppressed by the
use of single-stranded ribonuclease inhibitors such
as vanadate, RNAsin, or Inhibit-ACE.
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16.
The method of claim 14 wherein the labeled probe

is cleaved by E. coli RNaseH.
17.

The method of claim 14 wherein the labeled probe

is cleaved by a heat stable form of RNaseH.
18.

The method of claim 17 in which said heat stable
RNaseH is from a thermophilic organism or is devel-
oped by site-directed mutagenesis from a non-heat
stable form of RNaseH.

19.

The method of claim 14 wherein the labeled probe
is an oligonucleotide from about 15 to about 50 nu-
cleotides in length.

20.

The method of claim 19 wherein said oligonucleo-

tide is composed entirely of RNA.
21.

The method of claim 19 wherein said oligonucleo-
tide contains one or more interspersed sequences
that are not cleavable by RNaseH. '

22.

The method of claim 19 wherein the RNA sequences
within the probe cleavable by RNaseH vary from about
3 to about 15 nucleotides in length.

23.

The method off claim 19 wherein an oligonucleo-

tide composed of a DNA-RNA-DNA sequence is used as

the probe.
24 .

The method of claim 23 wherein said DNA-RNA-DNA
probe is used to detect a point mutation such as

occurs in sickle cell disease.
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25,

An oligonucleotide 15 to 50 nucleotides in
length containing an RNA sequence and one or more
additional sequences not cleavable by RNaseH.

' 26.

The oligonucleotide in claim 25 in which said
RNA sequence is from about 3 to about 15 nucleotides
in length.

27. i

The oligonucleotide of claim 26 labeled at or
near the 5'- or 3'-end of the chain with a radioac-
tive, fluorescent, electrochemical, luminescent or
enzyme marker, or other reporter group.

28.

The oligonucleotide of claim 27 further modified
with a high affinity group at or near the opposite
end of the chain from which said reporter group is
attached. )

29.

The oligonucleotide of claim 27 covalently
linked to a solid support at or near the opposite end
of the chain from which said reporter group is at-
tached.

' 30.

The oligonucleotide of claim 29 wherein said
solid support is composed of latex, polystyrene,
cross-linked dextran or glass beads, cellulose, or a
teflon or nylon membrane. '

31.
The oligonucleotide of claim 29 wherein said
solid support is magnetized.
, 32.
7 The oligonucleotide of claim 25 in which said
RNA sequence is from about 4 to about 8 nucleotides
in length and contains one or more mismatches with

respect to a target DNA sequence.
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33.

The oligonucleotide of claim 25 in which said
additional sequences are composed of RNA modified
either at the phosphate or sugar groups to prevent
cleavage by RNaseH.

34.

The oligonucleotide of claim 33 wherein said
phosphate groups are modified as either alkyl or aryl
phosphotriesters, hydrogen phosphonates, alkyl or
aryl phosphorates, alkyl or aryl phosphoramidates,
phosphorothicates, or phosphoroselenates.

35.

The oligonucleotide of claim 33 wherein said
sugar groups are modified by conversion of the 2'-0OH
group of the ribose ring to an alkyl or aromatic
ether. .
36.

The oligonucleotide of claim 25 in which said
additional sequences are composed of DNA.

37.

The method of claim 14 wherein the labeled probe
is a polynucleotide from about 50 to several thousand
nucleotides in length.

38.

The method of claim 37 wherein said polynucleo-

tide is composed entirely of RNA.
39.

The method of claim 37 wherein said polynucleo-—

tide contains one or more interspersed sequences

that are not cleavable by RNaseH.
40.

The method of claim 37 wherein the RNA sequences
within the probe cleavable by RNaseH are 3 nucleo-

tides in length or greater.
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41.

A polynuclecotide from about 50 to several
thousand nucleotides in length composed of RNA plus
one or more interspersed sequences that are not
cleavable by RNaseH.

42, _

The polynucleotide of claim 41 in which the
stretches of RNA sequeﬁce are 3 nucleotides in length
or greater.

, 43,

The polynuclectide of claim 42 in which one or
more of the interspersed sequences not cleavable by
RNaseH is labeled with a radioactive, fluorescent,
electrochemical, luminescent or enzyme marker, or
other reporter group.

44 .

The polynucleotide of claim 43 further modified
with a high affinity group at or near the 5'- or 3'-
end of the chain.

45,

The polynucleotide of claim 43 covalently linked
to a solid support at or near the 5'- or 3'-end of
the chain.

46.

The polynucleotide of claim 45 wherein said
solid support is composed of latex, polystyrene,
cross-linked dextran or glass beads, cellulose, or a
teflon or nylon membrane.

' 47.

‘The polynucleotide of claim 45 wherein said

solid support is magnetized.
48.

The polynucleotide of claim 41 in which said _
intérspersed,sequences are composed of RNA modified
either at the sugar or phosphate groups to prevent
cleavage by RNaseH.
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49,

The poi&nucleotide of claim 48 wherein said
phosphate groups are modified as either alkyl or aryl
phosphotriesters, hydrogen phosphonates, alkyl or
aryl phosphonates, alkyl or aryl phosphoramidates,
phosphorothiocates, or phosphoroselenates.

50.

The polynucleotide of claim 48 wherein said
sugar groups are modified by conversion cof the 2'-0OH
group of the ribose ring to an alkyl or aromatic
ether.

51.

The polynucleotide of claim 41 in which said

interspersed sequences are composed of DNA.
52.

The method of claim 1 for detection of an RNA
sequence in which the sample RNA is first used as
template for the synthesis of a complementary DNA
copy of the target sequence with reverse transcrip-
tase, said method comprising:
hybridizing of a DNA primer to the sample RNA 5' to

the target sequence;
extending of the primer with reverse transcriptase

across the target sequence to produce a comple-
mentary DNA copy of the target sequence; and
detecting of the complementary DNA copy with a CHaA
method.
53.

The method of claim 52 in which the
hybridization and cleavage method is based on
cleavage of a labeled probe by an enzyme or other
catalyst with RHaseH activity.

54.

The method of claim 52 in which a

phosphorothioate derivative of the complementary DNA
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copy of the target sequence is synthesized with
reverse transcriptase using deoxynucleotide G-thio-
triphosphates as substrates for the reaction such
that the phosphate groups of the DNA strand synthe-
sized are phosphorotiocates rather than the naturally
occurring phosphodiesters.

55.

The method of claim 54 in which the
hybridization and cleavage method is based on cleav-
age of a labeled probe by an enzyme or other catalyst
with RNaseH actiwvity.

56.
The method of claim 54 in which the hybridi-
zation and cleavage method is based on cleavage of a
labeled DNA probe by a restriction enzyme, said
method comprising:
hybridizing of the phosphorothiocate derivative syn-
thesized to a complementary labeled DNA probe;
cleaving of the labeled probe within the
probe:phosphorotioate DNA duplex by a restric-
 tion enzyme at its recognition site to release

the phosphorothioate strand intact:

recycling of the phosphorothiocate strand repeatedly
through the reaction pathway; and

detecting of the extent of cleavage of the probe
following the reaction. '

57.

The method of claim 1 for detecting of a DNA
sequence in which a copy of the target sequence is
first synthesized with DNA polymerase using the
samplerDNA,as a template, said method comprising:
denaturing the sample DNA;
hybridizing of a DNA primer to the sample DNA 5° to

the target sequence;
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extension of the primer with DNA polymerase across
the target sequence to produce a copy of the
complementary DNA strand;
detecting cf the DNA copy with a CHA method.
58.

The method of claim 57 in which the CHA method
is based on cleavage of a labeled probe by an enzyme
or other catalyst with RNaseH activity.

59.

The method of claim 57 in which a phosphoro-
'thioate derivative of the copy cf the target
sequence is synthesized with DNA polymerase using
deoxynucleotide a-~thiotriphosphates as substrates for
the reaction such that the phosphate groups of the
DNA strand synthesized are phosphorothioates rather
than the naturally occurring phosphodiesters.

60.

The method of claim 59 in which the hybridiza-
tion and cleavage method is based on cleavage of a
labeled probe by an enzyme or other catalyst with

RNaseH activity.
61.

The method of c¢laim 59 in which the hybridiza-

tion and cleavage method is based on cleavage of a

labeled DNA probe by a restriction enzyme, said

method comprising:'

hybridization of the phosphorothicate derivative
synthesized to a complementary labeled DNA
probe;

cleavage of the labeled probe within the probe:phos-
phorothiocate DNA duplex by a restriction enzyme
at its recognition site;

release of the phosphorothioate strand intact;

recycling of the phosphorothicate strand repeatedlyr
through the reaction pathway; and
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detection of the extent of cleavage of the probe
following the reaction.
62.

The method of claim 1 in which two or more
hybridization and cleavage reactions are coupled to
achieve an exponential amplification of signal.

63.

The method of claim 62 in which one or more of
the hybridization and cleavage reactions are based
on cleavage of a labeled probe by an enzyme or other
catalyst with RNaseH activity.

64.

The method of claim 62 in which one or more of
the hybridization and cleavage reactions are based
on the use of a phosphorothioate derivative as the
substrate and a complementary DNA seqﬁence is cleaved
by a restriction enzyme at its recognition site.

65.

A method for detection of an RNA sequenée using
a competition assay, said method comprising:
hybridization of the sample RNA to a DNA molecule

complementary to the target sequence;
addition of a labeled RNA probe complementary to said

DNA molecule plus an enzyme or other catalyst

with RNaseH activity to the test sample;
incubation of the éest sample to allow the hybridiz-

ing and cleaving reaction to proceed; and
measuring of the extent of cleavage of the RNA probe.
66. 7

The method of claim 65 in which the labeled
probe contains one or more interspersed sequences
not cleavable by RNaseH.

67.

The method of claim 65 wherein said DNA molecule

contains one segment complementary to both the target
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RNA sequence and the labeled probe and a second
segment complementary to just the target segquence.
68.

The method of claim 67 wherein the DNA molecule
contains a seguence at least 4 nucleotides in length
in which the phosphate groups are unmodified, and
the remaining phosphate groups are modified so as to
prevent cleavage of the complementary target and
probe RNA sequences by RNaseH.

69.

The method of claim 68 wherein the phosphate
groups are modified as alkyl or aryl phosphotries-
ters, alkyl or aryl phosphonates or alkyl or aryl

phosphoramidates.

70.

The method of claim 65 in which said DNA
molecule is complementary to the labeled probe but
forms a duplex with the target RNA sequence with one
or more mismatches, such that cleavage of the target
RNA sequence by RNaseH is inhibited.
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Methods for enrichment of selected RNA molecules

FIELD

The methods described below are in the fields of molecular and cellular biclogy. The
methods permit enrichment of RNA molecules from, for example, complex mixtures of RNA

molecules.

BACKGROUND

Within a given cell, tissue or organism, there exist many mRNA species, each
encoding a separate and specific protein. This fact provides a powerful tool to investigators
interested in studying genetic expression in a tissue or cell. mRNA molecules may be isolated
and further manipulated by various techniques, thereby allowing the elucidation of the full
functional genetic content of a cell, tissue or organism. The identity and levels of specific
mRNAs present in a particular sample provides clues to the biology of the particular tissue or
sample being studied. Therefore, the detection, analysis, transcription, and amplification of
RNAs are important procedures in modern molecular biology.

In addition to mRNA, cells contain a variety of noncoding RNAs, including
components of the machinery of gene expression, such as tRNAs and rRNAs and regulatory
RNASs that influence the expression of other genes. Noncoding RNAs are diverse and a
significant fraction of the genes of all organisms do not encode proteins. One class of small
noncoding RN As — the microRNAs or miRNAs — has recently been recognized to be quite
numerous and phylogenetically extensive. MicroRNA genes produce tiny transcripts of
about 22 nucleotides in length and function as antisense regulators of other RNAs.

A common approach to the study of abundance level or presence or absence of a

particular RNA is the production of complementary DNA (¢cDNA). In this technique, the
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RNA molecules from an organism are isolated from an extract of the cells or tissues of the
organism. From these purified RNA molecules, cDNA copies may be made using the
enzyme reverse transcriptase (RT) or DNA polymerases having RT activity, which results in
the production of single-stranded ¢cDNA molecules. The term "reverse transcriptase"
describes a class of polymerases characterized as RNA dependent DNA polymerases. All
known reverse transcriptases require a primer to initiate synthesis of a first strand cDNA
transcript from an RNA template.

One commonly used reverse transcriptase (RT) is Avian myoblastosis virus (AMV)
reverse transcriptase (Verma, Biochem. Biophys. Acta 473:1(1977), Berger et al.,
Biochemistry 22:2365 2372 (1983)). This enzyme has 5-3' RNA directed DNA polymerase
activity, 5'-3' DNA directed DNA polymerase activity, and RNase H activity. RNase His a
processive 5' and 3' ribonuclease specific for the RNA strand for RNA DNA hybrids (Perbal,

A Practical Guide to Molecular Cloning, New York: Wiley & Sons (1984)). Errors in

transcription cannot be corrected by reverse transcriptase because known viral reverse
transcriptases lack the 3°-5' exonuclease activity necessary for proofreading (Saunders and

Saunders, Microbial Genetics Applied to Biotechnology. L.ondon: Croom Helm (1987)).

Another common reverse transcriptase is from Moloney murine leukemia virus (M-MLV).
See, e.g., Gerard, DNA 5:271 279 (1986) and Kotewicz et al., Gene 35:249 258 (1985).
M-MLYV reverse transcriptase substantially lacking in RNase H activity has been described.
See, e.g., U.S. Patent No. 5,244,797,

A common technique uses first-strand cDNA as a template for amplification by the
polymerase chain reaction, PCR. This method, often referred to as RNA PCR or reverse
transcriptase PCR (RT-PCR), exploits the high sensitivity and specificity of the PCR process
and is widely used for detection and quantification of RNA. Recently, the ability to measure

the kinetics of a PCR reaction by on-line detection in combination with these RT-PCR
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techniques has enabled accurate and precise measurement of RNA sequences with high
sensitivity. This has become possible by detecting the RT-PCR product through fluorescence
monitoring and measurement of PCR product during the amplification process by tfluorescent
dual-labeled hybridization probe technologies, such as the "TagMan" 5° fluorogenic nuclease
assay described by Holland ez al. (Proc. Natl. Acad. Sci. U.S5.A4. 88, 7276 (1991)), Gibson e
al. (Genome Res. 6, 99 (1996)), and Heid ef al. (Gerome Res. 6, 986 (1996)); or "Molecular
Beacons" (Tyagi et al.. Nature Biotechnology 14, 303 (1996)). Nazarenko ef al. (Nucleic.
Acids Res. 25,2516 (1997)) have described use of dual-labeled hairpin primers, as well as
recent modifications utilizing primers labeled with only a single fluorophore (Nazarenko et
al,. 30, No. 9 e37 (2002)). Another method is the addition of double-strand DN A-specific
fluorescent dyes to the reaction such as: ethidium bromide (Higuchi ef al., Biotechnology
(1992) and Higuchi ez al., Biotechnology 11, 102610, 413 (1993)), YO-PRO-1 (Ishiguro e
al., Anal. Biochem. 229, 207 (1995)), or SYBR Green 1 (Wittwer ef al., Biotechniques 22,130
(1997)). The concept of combining amplification with product analysis has become known
as "real time" PCR, also refeired to as quantitative PCR, or gPCR.

In qPCR using a double-strand specific fluorescent dye the fluorescent signal
generated at each cycle of PCR is proportional to the amount of PCR product. A plot of
fluorescence versus ¢ycle number is used to describe the kinetics of amplification and a
fluorescence threshold level is used to define a fractional cycle number related to initial
template concentration. Specifically, the log of the initial template concentration is inversely
proportional to the fractional cycle number (threshold cycle, or Ct), defined as the
intersection of the fluorescence versus cycle number curve with the fluorescence threshold.
Higher amounts of starting template results in PCR detection at a lower Ct value, whereas
lower amounts require a greater number of PCR cycles to achieve an equivalent fluorescent

threshold (Ct) and are detected at higher Ct values. Typically, the setting of this fluorescence
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threshold is defined as a level that represents a statistically significant increase over
background fluorescent noise. Since this occurs at an early stage in the PCR process when
critical substrates are not limiting, quantification of starting template occurs over a broad
dynamic range with high accuracy, precision, and sensitivity. However, real-time PCR
quantification of mRNA is still bounded by limitations of the process of reverse transcription.
The RT-PCR procedure, carried out as either an end-point or real-time assay, involves
two separate molecular syntheses: (i) the synthesis of cDNA from an RNA template; and (ii)
the replication of the newly synthesized cDNA through PCR amplification. In the so called
"uncoupled" RT-PCR procedure (e.g., two step RT-PCR), reverse transcription is performed
as an independent step using the optimal buffer condition for reverse transcriptase activity.
Following cDNA synthesis, the reaction is diluted to decrease MgCl,, and
deoxyribonucleoside triphosphate (ANTP) concentrations to conditions optimal for Taq DNA
Polymerase activity, and PCR is carried out according to standard conditions (see 1J.S. Patent
Nos. 4,683,195 and 4,683,202). By contrast, "coupled" RT PCR methods use a common or
compromise buffer for reverse transcriptase and Taq DNA Polymerase activities. In one
version, the annealing of reverse primer is a separate step preceding the addition of enzymes,
which are then added to the single reaction vessel. In another version, the reverse
transcriptase activity is a component of the thermostable Tth DNA polymerase. Annealing
and cDNA synthesis are performed in the presence of Mn"" then PCR is carried out in the
presence of Mg " after the removal of Mn'" by a chelating agent. Finally, the "continuous"
method (e.g., one step RT-PCR) integrates the three RT-PCR steps into a single continuous
reaction that avoids the opening of the reaction tube for component or enzyme addition.
Continuous RT-PCR has been described as a single enzyme system using the reverse

transcriptase activity of thermostable Taq DNA Polymerase and Tth polymerase and as a two
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enzyme system using AMV RT and Taq DNA Polymerase wherein the initial 65°C RNA

denaturation step was omitted.

SUMMARY

Improved methods for synthesizing cDNA and for detection and/or quantification of
RNA are provided. More specifically, the methods increase both the efficiency of cDNA
synthesis and the sensitivity and accuracy of quantification of gene expression. The methods
are useful in gene discovery, genomic research, diagnostics and identification of differentially
expressed genes and identification of genes of importance to disease.

In one aspect, there is provided a method for selective enrichment of one or more
RNA sequences in a complex sample comprising (a).reverse transcribing at least one RNA
molecule to produce an RNA :cDNA hybrid molecule, using at least one reverse transcriptase
and an exo-sample nucleotide that is incorporated into the cDNA; (b) incubating the resulting
cDNA:RNA hybrid with Rnase H and an enzyme that specifically digests the cDNA
sequence containing exo-sample nucleotide residues. The exo-sample nucleotide may be a
substrate for an enzyme, for example, the exo-sample nucleotide used may be dUTP and the
enzyme used for digestion of the cDNA is uracil-N-glycosylase. Other exo-sample
nucleotide residues may be, for example, bromodeoxyuridine, 7-methylguanine, 5,6-dihyro-
5,6 dihydroxydeoxythymidine, or 3-methyldeoxadenosine.

In step (a) above, the primer used for reverse transcription may contain one or more
exo-sample nucleotide residues, which may be the same or different. The reverse
transcriptase may have Rnase H activity, and in this case no additional Rnase H need be
added in step (b), although the skilled artisan will recognize that additional RNAse H
optionally may be added. When the RT is Rnase H deficient or has reduced Rnase H activity
such that the RNA strand of the hybrid is not degraded, then an RNAse H is added in step (b).

In some embodiments, more than one reverse transcriptase may be used in step (a).
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In particular embodiments, the primer used for cDNA synthesis is oligo dU or oligo
dT and the complex sample contains mRNA. The primer may also be a sequence-specific
primer. The primermay be, for example, 6-12, 12-18, 18-25, 25-30, 30-40, or 40-100 bases
long. An olige dU or oligo dT may contain about 6-30 residues, for example. The oligo (dT)
may be an anchored oligo(dT). In specific embodiments the 3' nucleotide of the anchored
oligo(dT) may be dA, dC or dG, or the the 3' end of the anchored oliga(dT) may be dAdA,
dAdG, dAdC, dGdG, dGdA, dGdC, dCdC, dCdA, or dCdG. The oligo dT may contain at
least one one exo sample nucleotide, for example a dU residue.

The RT may be a viral reverse transcriptase. Suitable RTs include, but are not limited
to: AMV RT, RSV RT, MMLV RT, HIV RT, EIAV RT, RAV2 RT, TTH DNA polymerase,
C . hydrogenoformans DNA polymerase, Sensiscript™, Omniscript™, SUPERSCRIPT I®
RT, SUPERSCRIPT II® RT, SUPERSCRIPT III® RT THERMOSCRIPT® RT, and
MMLYV and Rnase H deficient mutants of these enzymes.

In any of the methods described above, any free exo-sample nucleotide remaining
after step (a) may be degraded with a reagent that is suitable for selective degradation of the
exo-sample nucleotide, such as an enzyme. For example, when the exo-sample nucleotide is

dUTP, the dUTP remaining after step (a) may be degraded with dUTPase.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows a qPCR amplification profile of various reactions.

Figure 2 shows the melting profile of the reactions in Figure 1. A single amplification
product (melting at 73 C, shown by brace) was observed from a sampl¢ containing a mimic
RNA, while HeLa RNA without any mimic RNA (baseline) produced no amplification
products.

Figure 3 shows a qPCR amplification profile.
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Figure 4 shows the melting profiles of the reactions in Figure 3. Three amplification
products were observed from samples containing mimic RNA: specific product melting at 73
C; and 2 other non specific products melting at 77 C and 84 C (square bracketsO. The Hel.a
RNA without any mimic RNA {curves shown by brace) produced the 2 non-specific

amplification products melting at 77 C and 84 C.

DETAILED DESCRIPTION

When RNA species are being analyzed , complexity of the sample and the total
number of different RNA species present in the sample, can have profound effects on the
sensitivity and accuracy of detection and/ or quantification. This problem is especially true
for RNA analytes that are present in low concentration and where the sample contains a
significant amount of background RNA. This problem can be further exacerbated if there is
any sequence homology between the analyte RNA and other RNAs present in the sample.
This is a constant problem in dealing with detection and quantification of rarely expressed
genes, regulatory RINAs such as microRNAs and detection of viral RNAs in complex
biological specimens.

Although there are many RNA fractionation and puritication methods and commercial
products available for RNA purification, they generally require large amounts of starting
material and are based on the physical characteristics of different RNAs rather than their
sequence ortype. For example, size fractionation has been used to attempt to purify
microRINAs

Methods for selective degradation of specific RNA species in a complex sample are
provided. The methods are very flexible and can be modulated to deplete or effect removal
of a few species of RNA based on their sequence or of an entire class of RNAs depending on

the application of the method and the desired outcome.
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The methods enzymatically form RNA:DNA hybrids from RNA molecules present.in
a mixture. One or more modified nucleotides are used in this first step that make the cDNA
recognizable or degradable in a specific manner. RNAse H activity, which degrades RNA
only in an RNA;DNA hybrid is used to degrade the RN A portion of the hybrid molecules.
The methods therefore selectively remove unwanted RNA molecules from complex
mixtures/samples and improves detection or accuracy of quantification for desired RNA
analytes.

In one aspect, a complex RNA sample containing both poly A-tailed species and non
poly-A molecules, can be treated using the methods described herein so that the poly-A
containing RNA can be selectively digested and therefore removed as a potentially
confounding species for further analyses. The resulting sample is therefore enriched for non-
poly-A RNAs. In this case, reverse transcription uses a primer that hybridizes to the poly A
tail of the RNA. Such cDNA synthesis using an “exo sample” nucleotide generates a cDNA
that is recognizable based on the use of a particular “exo sample" nucleotide, In the
meantime non-poly A RNA of the sample remains as single stranded RNA and is not
converted into cDNA. ¢cDNA synthesis using poly A RNA produces a RNA: DNA hybrid.
These hybrids are substrates for RNAse H, which digests the RNA strand of these molecules.
Moreover, since the cDNA strand was made using exo sample nucleotides it can also be
digested specifically using an appropriate enzyme, making it impossible for the resulting
product to be amplified.

Exo-sample nucleotides

Many different exo-sample nucleotides that can be incorporate into cDNA and that
permit subsequence specific degradation reactions can be used and are available
commercially and/or have been described in the literature. Alternatively, depending on the

nature of the exo sample nucleotide used, the cDNA can be removed physically using an
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appropriate binding partner. For example, a biotin-containing nucleotide can be used and the
cDNA removed using streptavidin. More generally, exo-sample nucleotides containing
different antigenic moieties have been linked to nucleoside triphosphates and can be
incerporated into DNA by DNA polymerases including reverse transcriptases. The cDNA
molecule may then be selectively removed using an antibody or other binding molecule that
recognizes the antigenic moiety. Examples of such nucleotides are Fluorescent moieties such
as fluorescene, Texas Red, Cy3, Cy5S and many others that are commercially available from
variety of sources ( Invitrogen/Life Technologies, Carlsbad, CA; Amersham/GE Life
Sciences; Sigma, St. Louis, MO, and the like). Other moieties that have been used include
antigenic moieties such as digoxigenin, biotin, and others (see Sigmd and Roche Applied
Sciences for commercial sources ). It will be apparent to those skilled in the art that other
non-natural or modified nucleotide can be used with the methods described herein.

"Exo-sample nucleotide", as used herein, refers to a nucleotide which is generally not
found in a sequence of DNA. See US Patent No. 5,137,814. For most DNA samples,
deoxyuridine is an example of an exo-sample nucleotide. Although the triphosphate form of
deoxyuridine, dUTP, is present in living organisms as a metabolic intermediate, it is rarely
incorporated into DNA., When dUTP is incorporated into DNA, the resulting deoxyuridine is
promptly removed in vivo by normal processes, e.g. processes involving the enzyme uracil
DNA glycosylase (UDG) (U.S. Pat. No. 4,873,192; Duncan, The Enzymes XIV: 565-586
(1981), both references herein incorporated by reference in their entirety). Thus, deoxyuridine
occurs rarely or never in natural DNA. It is recognized that some organisms may naturally
incorporate deoxyuridine into DNA. For nucleic acid samples of those organisms,
deoxyuridine would not be considered an exo-sample nucleotide. Examples of other exo-
sample nucleotides include bromodeoxyuridine, 7-methylguanine, 5,6-dihyro-5,6

dihydroxydeoxythymidine, 3-methyldeoxadenosine, etc. (see, Duncan, supra).
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Other exo-sample nucleotides will be evident to those in the art. The presence of
deoxyuridine, or any other exo-sample nucleotide, may be determined readily using methods
well known to the art. Other exo-sample nucleotides may be envisioned. Numerous DNA
glycosylases are known to the art. An exo-sample nucleotide which may be incorporated into
DNA during DNA or ¢DNA synthesis and a DNA glycosylase that acts on it may be used in
the methods described herein. For example, bromodeoxyuridine (BdUR) is well known in the
art to be incorporated into DNA. DNA containing BdUR may be degraded on exposure to
light under appropriate conditions.

The deoxyribonucleoside triphosphate dUTP exemplifies an exo-sample nucleotide
which may be convéniently incorporated into an enzymatic cDNA synthesis and /or DNA
amplification procedures, thereby resulting in deoxyuridine-containing DNA. The DNA
products of such a reaction will normally contain many uracil bases. Treatment of DNA
containing uracil bases with uracil DNA glvcosylase (UDG) results in cleavage of the
glycosidic bond between the deoxyribose of the DNA sugar-phosphate backbone and the
uracil base. The loss of the uracil creates an apyrimidinic site in the DNA, which blocks DNA
polymerase from using the DNA strand as a template for the synthesis of a complementary
DNA strand. The presence of substantial numbers of apyrimidinic sites in cach DNA target
molecule interferes with amplification procedures which use DNA polymerase to synthesize
copies of target DNA. 1t is also known that apyrimidinic sites are susceptible to breakage
upon heating or exposure to basic pH.

The removal of uracil or other exo-sample nucleotides from DNA by action of DNA
glycosylases results in DINA that contain abasic sites. This term has been used in the
literature as a generic way of describing such nucleic acids molecules. Other methods may
be used for degrading cDNA molecules or otherwise making them unsuitable for further

enzymatic reactions such as PCR amplification or other methods of amplification and

10
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detection or quantification. It is known in the art that there are specific enzymes that cleave
abasic sites and can be used as part of the methods described herein. These enzymes are part
of the repair mechanism of practically all organisms and many such enzymes have been
isolated and characterized. These enzymes are refered to ag AP

endonucleases( Apurinic/apyrimidinic endonuclease). There are four types of AP
endonucleases that have been classified according to their sites of incision. Class I and class
IT AP endonucleases incise DNA at the phosphate groups 3” and 5 to the baseless site
leaving 3°'-OH and 5'-phosphate termini. Class 1II and class IV AP endonucleases also cleave
DNA at the phosphate groups 3" and 5'to the baseless site, but they generate a 3"-phosphate
and a 5°-OH. Human AP Endonuclease (APE1), like most AP endoucleases, 1s of class 11 and
requires an Mg®" in its active site in order to carry out its role in base excision repair.

"Uracil DNA glycosylase" (UDG), a term of art, refers to an enzyme which cleaves
the glycosidic bond between the base uracil and the sugar deoxyribose, only when the
monomeric nucleotide dUTP is incorporated into a DNA molecule, resulting in incorporation
of a deoxyuridine moiety (Duncan (1981)in The Enzymes 14:565, ed.: Boyer P). The
enzyme does not act upon free dUTP, free deoxyuridine, or RNA (Duncan, supra).

The use of exo-sample nucleotides to remove potential contaminants from PCR
amplified samples has been described by Longo e af (Gene 93:125-128 (1990), U.S. Pat. No.
5,035,966), herein incorporated by reference in their entireties. Longo describes the use of
either dU-containing oligonucleotides or dUTP in the PCR-directed amplification of a target
sequence.

Primers

For removal of mRNA that contains a polyA tail, oligo dT or oligo dU primers can be
used for the cDNA synthesis step. For removal of other RNA molecules, sequence-specific

primers can be used. The length of oligo dT or oligo dU or other primers to be used for

11
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cDNA synthesis can vary from 6 bases to 100 bases or even longer. Most primers generally
used are in range of 10 to 40 bases long, although the skilled worker will recognize that any
length may be used that permits the desired priming to occur. Other types of primers with
different composition can beused in place of olige dT. Examples of such compositions
include, but are not limited to, oligo dT where the 3° base is A, or C, or G. Alternatively, two
bases at the 3° end can be variable and can be any combination of A, C, or G. Other
sequences or moieties that can base pair with poly A sequences of mRNA can also be used.
An example, without limitation, is deoxyuridine, (dU). Other exo-sample nucleotides can be
used in the primer sequence. The primer(s) used for cDNA synthesis can also contain
ribonucleotide residues and be RNA primers or can contain both ribonucleotide and
deoxyribonucleotide residues.

The primer used for cDNA synthesis can be any sequence depending on the purpose
of the assays and can contain one or more exo-sample nucleotides.

The methods described above can be used for depletion or removal of mRINA species
from a complex sample and therefore to provide effective enrichment of non-mRNA species
in the sample. The non-mRNA species can be any RNA that does not contain a poly A tail.
In a specific example, total RNA from a sample is mixed with a cDNA primer that contains
dU residues, instead of dT, i.e. oligo dU. The oligo dU primer anneals to the polyA tail of the
mRNA species present in a sample and a suitable reverse transcriptase is used for cDNA
synthesis in the presence ot ANTPs containing dUTP. The ¢cDMNA produced contains dU
residues substituted for dT, and therefore is a substrate for the enzyme uracil-N-glycosylase
or uracil DNA glycosylase. The resulting cDNA:mRNA hybrid is incubated with Rnase H to
digest/remove the mRNA strands that are present in the RNADNA hybrids. The cDNA and
the oligo dU primer in the reaction can be digested with UDG. These enzymatic degradation

reactions can be sequential in any order, or simultaneous. This degradation process will
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specifically digest and deplete or remove mRNA species and the corresponding ¢cDNA, while
leaving intact the other RNA species that did anneal to the primer and make cDNA.

The resulting RNA in the sample is therefore enriched and less complex than the
starting total RNA in the sample and can be used for a variety of analysis techniques, such as
PCR amplification or hybridization. Many different amplification methods have been
described in the past few years including, but not limited to, the ligase chain reaction,
NASBA, LAT (Ligation Activated Transcription amplification); TAS (Transcription
Activated Amplification) and numerous other methods. The method of enriching RNA
molecules of interest prior to amplification or analysis can be used as part of any of these or
other methods. Some of the above-mentioned amplification methods are isothermal while
others require thermocycling, but beth types may be used in conjunction with the methods
described herein.

Reverse transcriptases

Reverse transcriptases that may be used in the methods described herein nclude, but
are not limited to, retroviral reverse transcriptase, retrotransposon reverse transcriptase,
hepatitis B reverse transcriptase, cauliflower mosaic virus reverse transcriptase, bacterial
reverse transcriptase, Tth DNA polymerase, Taqg DNA polymerase, Tne DNA polymerase
(WO 96/10640 and WQ 97/09451), Tma DNA polymerase (U.S. Pat. No. 5,374,553) and
mutants, variants or derivatives thereof (see e.g., WO 97/09451 and WO 98/47912). Some
RTs have reduced, substantially reduced or eliminated RNase H activity. An enzyme
"substantially reduced in RNase H activity” as that term is used herein has less than about
20%, more preferably less than about 15%, 10% or 5%, and most preferably less than about
2%, of the RNase H activity of the corresponding wild type or RNase H+ enzyme such as
wild type Moloney Murine Leukemia Virus (M-MLYV), Avian Myeloblastosis Virus (AMYV)

or Rous Sarcoma Virus (RSV) reverse transcriptases. The RNase H activity of any enzyme

IDT Exhibit 1020.2453



10

15

25

WO 2010/085715 PCT/US2010/021897

may be determined by a variety of assays, such as those described, for example, in U.S. Pat.
No. 5,244,797, in Kotewicz ef al. Nucl. Acids Res. 16:265 (1988) and in Gerard ef al. (1992)
[FOCUS 14:91. Other RTs that may be used include, but are not limited to, M-MLV H’
reverse transcriptase, RSV H reverse transcriptase, AMV H reverse transcriptase, RAV
(rous-associated virus) Hreverse transcriptase, MAV (myeloblastosis-associated virus) H
reverse transcriptase and HIV H reverse transcriptase (see U.S. Pat. No. 5244 797 and WO
98/47912).

Many types and mutants of reverse transcriptases are available commercially or have
been described in the literature. Commercially available RTs include AMV RT, RSV RT,
MMLYV RT, HIV RT, EIAV RT, RAVZ RT, THERMOSCRIPT® RT, ASLV, Foamy Virus
family of reverse transcriptases and Rnase H mutants thereof, SUPERSCRIPT III® RT
,SUPERSCRIPT II® RT, and SUPERSCRIPT® RT. Other examples include Sensiscript™
and OmniScript™ from Qiagen Corp. (Germantown, MD)

Enzymes with lowered RNaseH activity or virtually no RNaseH activity are suitable
for use in the methods described herein. Therefore, depending on the reverse transcriptase
being used, additional RNAse H addition may or may not be necessary and all variations are
within the scope of these methods. Rnase H is also a ubiquitous enzyme in many organisms
and bacteria and is available from many sources. The most commonly used is RNASE H
from E. coli, however, there are many sources for this type of enzyme (Schultz ef al. Virus
Research, 134(1-2): 86-103(2008). Cerritelli ef al. FEBS J.276(6):1494-505 (2009),
Tadokoro et al., FEBS J. 276(6):1482-93 (2009). Other enzymes and proteins with similar
activity that may not be referred to as RnaseH also may be used.

Other suitable RTs include DNA polymerases and thermostable DNA polymerases
having natural reverse transcriptase activity or that demonstrate RT activity under certain

conditions. Examples are Tth DNA polymerase, DNA Polymerase I or Klenow fragment of
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DNA Polymerase 1. All such enzymes are included without limitation in the scope of the
present invention. Use of thermostable enzymes may present certain advantages in some
situations, such as being able to control the stringency of annealing of primer or primers to
RNA in the reverse transcription step. Under higher temperature the annealing and reaction
may be more specific and advantageous for certain applications. Reaction conditions and
specificity can be modified, as known in the art, by physical (temperature and/or time) or
chemical means such as addition of compounds that affect the specificity of primer annealing
and priming/extension. Many such compounds or additives are know in the art, glycerol,
DMSO, Betain, Proline, being a small example. PCT/US99/05538 describes many
compounds that affect the annealing and secondary stricture of nucleic acids and may be
used as part of the methods described herein.

Single Strand binding proteins (SSB) are known from a variety of organisms,
including therimo-tolerant, thermophilic or psycrophilic organism, and can be used to improve
specificity of primer annealing and extension during enzymatic reactions (see United States
Patent 5,605,824). US Application 20070059713 describes fusion proteins between
polymerases and SSBs that can be used in the present methods. All such protein mixtures or
fusions, including fusions to reverse transcriptases can be used in the present methods.

Depending on the specific requirements of the downstream processes for analysis of
the RNA other modification or additions can be made to the methods of the invention. For
example, one improvement would be to additionally treat the mixture with the enzyme
dUTPase to remove the dUTPs in the mixture. This may be useful in subsequent cDNA
synthesis and amplification of the analyte RNAs in the sample. Moreover, the resulting
RNASs can be further purified using physical separation method to remove the low molecular
weight digested DNA and RNA, and this may provide further advantages for some

applications. If a different exo-sample nucleotide is used and there is a desire to remove or
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eliminate the extra nucleotides an appropriate enzyme or method would be necessary.
Suitable exo-sample nucleotides and corresponding enzymes are known in the art and will be
evident to those skilled in the art.

Uses of the methods

The methods described herein are broadly applicable to a variety of RNA species and
there is no limitation on the kind or sequence of the process used for cDNA synthesis. For
example, one skilled on the art will appreciate that the methods described herein can be
applied for enrichment of RNA sequences for detection of viral RNAs. Viral RNAs are
generally not polyadenylated (i.e. retroviral sequences, HIV, SIV, etc). Detection of HIV is
often carried out in very complex samples containing large quantity of cellular RNA. The
presence of such large quantities of unrelated background sample RNA interferes with the
sensitivity and accuracy of detection. The methods of invention described herein will
improve detection of rare viral sequences.

As described above the sequence of the primer for cDNA synthesis can be any
sequence. For example, the primer can be complementary to rRNA, and tRNA that
represents the majority of cellular RNA species. Use of this method can provide an easy
method for enrichment of mMRNA species in a total RNA sample. It will become evident to
those skilled on the art that a combination of primers containing dU residues can be used to
deplete or digest a number of species of condensed RNA from complex samples.

The methods described herein also can be used to digest RNA species that are
abundant. For example a number of housekeeping genes such as Actin and GAPDH are
present in high concentration in the cellular RNA, and can be selectively removed using
primers specific to the sequence in the methods of the invention. These primers can be

combined with primers for IRNA and tRNA to enrich the desired RNA species of the sample.
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It will become evident to those skilled on the art that a wide range of variations and
applications of the methods described herein are possible.

Although the foregoing refers to particular preferred embodiments, it will be
understood that the methods described herein are not so limited. It will occur to those of
ordinary skill in the art that various modifications may be made to the disclosed embodiments

and that such modifications are intended to be within the scope of the present methods.

Example 1.

This example demonstrates the difficulties of attempting to detect and quantify a
microRNA in a complex sample of total cellular RNA. HelLa cell total RNA was used as a
source of complex RNA containing many different RNA species, however, any RNA can be
used. Since HeLa cells and other biologically derived RNAs contain various micro RNAs
(miRNAs, or MTRS) and the exact quantity of each MIR is not khown, we synthesized a
microRINA mimic that normally does not exist in biological samples. The pure RNA was
quantified accurately in its pure form and was used in conjunction with HelLa RNA or in pure
form. This system provided a way to distinguish qPCR signal generated from specific
amplification of the mimic RNA versus the non-specific signal generated from the complex
HelLa RNA. The mimic RNA had the sequence 5 GGAUGGCGGAGCGGUCU 3° (SEQ
ID NO: 1)

Enrichment protocol: For enrichment of desired RNA species (in this case micro
RNAs and other RNAs without a poly A tail) complex samples were subjected to the
following enzymatic enrichment protocol. Each 10 pL reaction contained:

e 2 uL of SX cDNA synthesis buffer (qScript Flex cDNA kit , cat # 95049 from

Quanta BioSciences, Inc. Gaithersburg, MD 20877).
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e 0.4 ulL dNTPs where TTP had been replaced with dUTP or a mixture of TTP
and dUTP was used.

e 1 pL gScript RT (MMLYV RT with normal RNAse H activity)

s ] pL oligo dU 20 (2uM final concentration)

e 5 pL sample RNA

The reaction was mixed and incubated at 37° C for cDNA synthesis for 15 minutes.
Following cDNA synthesis samples were incubated with 1 unit of UDG (E. coli UDG) at 42°
C for 10 min. The control samples were incubated without addition of UDG. Following
digestion of dU containing DNA with UDG the reactions were incubated at 95° C for 5 min
to inactivate the enzymes.

Analysis of microRNAs by gPCR: The following procedure was used for tailing of
non polyA RNAs (including microRNAs) with Poly A Polymerase prior to conversion into
cDNA which is subsequently amplified by gPCR. Each 15 uL reaction ¢ontained:

o 3 pL of 5X cDNA synthesis buffer

¢ 0.4 uL ATP (10mM stock)

e 1-2 units of Poly A polymerase ( Epicenter Biotechnologies or New England
BioLabs)

e 11.5 L RNA sample and water

The reactions were mixed and incubated at 37° C for 10 min followed by heating at

95° C for 5 Min. After Poly A tailing reagents for cDNA synthesis were added as follows:
e 1 uL of 5x cDNA synthesis buffer
e 1 ulL of AD1 dT adapter primer (10 uM stock)
e 0.5 uL of gqScript reverse transcriptase
s 2.5uL of water to bring the volume to 20 uL

The sequence of AD1 dT adapter primer is:

18
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5" GGTTAACCCAGAATGGCGGTAAGGGTGTGGTAGGCGAGTCA(T) 3°
(SEQ ID NO:2)

The reaction was mixed and incubated at 42° C for 15 min for cDNA synthesis,
followed by 95° C for S min. Generally 2 ul. of this reaction was used for gPCR using
Perfecta SYBR green qPCR SuperMix (Quanta BioSciences, Gaithersburg, MD). The
primers for amplification were used according to the instructions of the SYBR green
Supermix and had the sequences:

AD1: 5" GGTTAACCCAGAATGGCGGTA 3’ (SEQ ID NO: 3)

Smir-1: 5" GGATGGCGGAGCGGTCT 3” (SEQ ID NQ: 4)

Results: The above enrichment protocol was applied to HeLa RNA and was
demonstrated to be useful in reduction or elimination of the non-specific products that arise
from non specific amplification of sequences not related to microRNAs. We started with 100
ng of HelL.a RNA in.2 duplicate samples. Twao of the samples were treated with the
enrichment protocol above prior to tailing with Poly A polymerase and cDNA synthesis,
while the control samples were not treated with the enrichment protocol. When the resulting
cDNAs were subjected to amplification with the Smirl and AD1 primers, a significant
amount of a non-specific amplification product with a melting temperature of 84° C was
observed from the control HelL.a cDNA. When the cDNA from the enriched samples was
analyzed, as expected, no amplification products were observed. As a positive control we
also used the synthetic mimic as template for tailing and cDNA synthesis and observed the
specific amplification product melting at 73° C. When the mimic RNA was added to HelLa
RNA and was tested without enrichment, it produced 2 products melting at 73° C and 84° C
which represented the specific and non-specific products, respectively. When the mimic
RNA was added to HelLa RNA and was enriched, it only produced the specific product

melting at 72°C.
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Example 2:
Enrichment protocol: For enrichment of desired RNA species (in this case micro
RNAs and other RNAs without a poly A tail) complex samples were subjected to the
5  following enzymatic enrichment protocol. Each 10 pL reaction contained:
o 2 ul of 5X cDNA synthesis buffer(qScript Select cDNA synthesis kit , cat #
...... from Quanta BioSciences, Inc. Gaithersburg, MD 20877).
e 0.4 ul. dNTp’s where TTP had been replaced with dUTP (25mM each
dATP,dUTP,dGTP,dCTP).
10 e 1uL qScript RT (MMLYV RT with normal RNAse H activity)
e 1pL oligo dT 20 (2uM final concentration)

e 5 pL sample RNA

The reaction was mixed and incubated at 37° C for cDNA synthesis for 15 minutes.
15  Following ¢cDNA synthesis samples were incubated with 0.5 units of UDG (E. coli UDG) at
42° C for 20 min. The control samples were incubated without addition of UDG. Following
digestion of dU containing DNA with UDG the reactions were incubated at 95° C for 5 min

to inactivate the enzymes.

20 Analysis of microRNAs by qPCR: The following procedure was used for tailing of
non polyA RNAs (including microRNAs) with Poly A Polymerase and conversion into
cDNA which is subsequently amplified by qPCR. A 10 pL reaction mix was prepared as
shown below and was added to 10 1. RNA sample from enrichment step above, followed by
incubation at 37° C for 30 min. After tailing and cDNA synthesis, the reaction was heated to

25  95° C for S min and then was diluted with addition of 80 pLL TE buffer.
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e 2 uL of 5X ¢cDNA synthesis buffer

e 0.8 uL ATP (2.5 mM stock)

e 1 uL of AD1 dT adapter primer (10 pM stock)

e luL dNTP (10mM each dATP,dTTP,dGTP,dCTP)

e 1.8 units of Poly A polymerase ( Epicenter Biotechnologies or New England
BioLabs)

¢ 1.4 ul gScript RT (with Rnase inhibitor)

e Water to bring the volume to 10 pL

5 pL of the diluted eDNA mix was used for gPCR using Perfecta SYBR green gPCR
SuperMix (Quanta BioSciences). The primers used for amplification were AD1 and the
Smir-1 according to the instructions of the SYBR Green Supermix.

Results: In this experiment 5 duplicate samples were prepared all of which had 100
ng of HelLa RNA and varying amounts of mimic RNA ranging from 0 to 10°, or 10°, or 10" or
10® copies. One set of these samples were enriched as described in protocol for example 2
while the other set served as control without addition of UDG. The results are shown in
Figures 1-4.

Figure 1 demonstrates the (PCR amplification profile and Figure 2 shows the melting
profile of the reactions in Figure 1. As can be seen when the RNA was treated with UDG as
in the enrichment protocol, a single amplification product (melting at 73 C, shown by brace)
was observed from the sample containing mimic RNA, and the HelLa RNA without any
mimic RNA (baseline) produced no amplification products.

Figure 3 demonstrates the qPCR amplification profiles and Figure 4 shows the
melting profiles of the reactions in Figure 3. As can be seen when the control RNA which
was not treated with UDG as in the enrichment protocol, 3 amplification products were

observed from sample containing mimic RNA: specific product melting at 73 C; and 2 other
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non specific products melting at 77 C and 84 C (square bracketsO. The HeLa RNA without
any mimic RNA (curves shown by brace) produced the 2 non-specific amplification products

melting at 77 C and 84 C.
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Claims:

What is claimed is:

1. A method for selective enrichment of one or more RNA sequences in a
complex sample comprising;

a. reverse transcribing at least one RNA molecule to produce an RNA:cDNA
hybrid molecule, using at least one reverse transcriptase and an exo-sample nucleotide that 1s
incorporated into said cDNA.

b. incubating the resulting cDNA:RNA hybrid with Rnase H and an enzyme that

specifically digests the cDNA sequence containing exo-sample nucleotide residues.

2. The method of claim 1, wherein said exo-sample nucleotide is a substrate for
an enzyme.
3. The method of claim 1, wherein step (a) uses at least one primer comprising at

least one exo-sample riucleotide.

4, The method of claim 1, where in the reverse transcriptase has Rnase H
activity, and no additional Rnase H is added.

5. The method of claim 1, where in the RT is Rnase H deficient or has reduced
Rnase H activity.

6. The metheod of claim 1 or 5, further comprising in step {b) adding Rnase H

7. The method according to any of claims 1 — 6, where more than one reverse
transcriptase is used in step (a).

8. The method according to any of claims 1 — 7, wherein the exo-sample
nucleotide used is dUTP and the enzyme used for digestion of cDNA is uracil-N-glycosylase.

9. The method according to any of claims 1-8 wherein the exo-sample nucleotide
residues are chosen from the group consisting of: bromodeoxyuridine, 7-methylguanine, S,6-

dihyro-5,6 dihydroxydeoxythymidine, and 3-methyldeoxadenosine,
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10. The method according to any of claims 1 — 7, wherein the primer used for
cDNA synthesis is oligo dU and said complex sample comprises mRNA.

11. The method according to any of claims 1 — 7, wherein the primer used for
cDNA synthesis contains an exo-sample nucleotide.

12. The method according to any of claims 1-7, wherein more than 1 primer is
used for cDNA synthesis.

13. The method according to claim 12, wherein the primers anneal to target
abundant RNA species within the complex RNA mixture.

14. .The method according to any of claims 1-7, wherein said reverse transcription
is carried out in the presence of oligo(dU) consisting essentially of between about 6 and about
30 residues.

15. The method according to any of claims 1-7, wherein the primer for said cDNA
synthesis is 6-12, 12-18, 18-25, 25-30, 30-40, or 40-100 bases long.

16. The method according to any of ¢laims 1-7, wherein said reverse transcription
is carried out in the presence of oligo dT that is 6-12 or 12-18 or 18-25 or 25-30 or 30-40
or40-100 bases long.

17. The method according to any preceding claim, wherein said at least one
reverse transcriptase is a viral reverse transcriptase.

18. The method according to any of claims 1-16, wherein said reverse transcriptase is
selected from the group consisting of AMYV RT, RSV RT, MMLYV RT, HIV RT, EIAV RT,
RAV2 RT, TTH DNA polymerase, C. hydrogenoformans DNA polymerase, Sensiscript™,
Omniscript™, SUPERSCRIPT I® RT, SUPERSCRIPT II® RT, SUPERSCRIPT NI® RT
THERMOSCRIPT® RT, MMLYV and Rnase H deficient mutants thereof

19. The method according to any preceding claim, wherein said reverse transcription

is carried out in the presence of an anchored oligo(dT).
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20. The method according to ¢laim 19, wherein the 3' nucleotide of said anchored
oligo(dT) is dA.

21. The method according to claim 19, wherein the 3' nucleotide of said anchored
oligo(dT)is dC.

22. The method according to claim 19, wherein the 3' nucleotide of said anchored
oligo(dT) is dG.

23. The method according to claim 19, wherein the 3' end of said anchored oligo(dT)
is selected from the group consisting of dAdA, dAdG, dAdC, dGdG, dGdA, dGdC, dCdC,
dCdA, and dCdG.

24. The method according to any of ¢laims 1-23 | wherein said reverse transcription is
carried out in the presence of an oligo(dT) which comprises at least one dU residue.

25. The method according to claim 24 wherein said oligo dT contains at least one
exo sample nucleotide residue.

26. The method according to any preceding claim, further comprising degrading any
free exo-sample nucleotide remaining after step (a) with an enzyme.

27 The method according to claim 26, wherein said exo-sample nucleotide is dUTP,

and said dUTP is degraded with dUTPase.
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METHODS FOR DETECTING GENETIC VARIATIONS IN DNA SAMPLES

This application claims the filing date benefit of U.S. Provisional Application Nos.:
61/176,8006, filed on May 8, 2009, and 61/241,352, filed on September 10, 2009. The contents of
each foregoing patent applications are incorporated by reference in their entirety.

Throughout this application various publications are referenced. The disclosures of these
publications in their entireties are hereby incorporated by reference into this application in order to

more fully describe the state of the art to which this invention pertains.

BACKGROUND

Molecular profiling will be a key technology in achieving personalized medicine, such as
personalized oncology health therapies. The genomes of all mammalian subjects, including
humans, undergo spontaneous mutations during the course of evolution. The majority of such
mutations create polymorphisms, such that the mutated sequence and the initial sequence co-exist
in the species population. The majority of DNA base differences are functionally inconsequential
because they do not affect the amino acid sequence of encoded proteins and/or they do not affect
the expression levels of the encoded proteins. However, some polymorphisms that lie within
genes or their promoters do have a phenotypic effect, such as physical appearance, disease
susceptibility, disease resistance, and responsiveness to drug treatments. Single nucleotide
polymorphisms (SNPs) represent the most frequent type of human population DNA wvariation.
Other forms of variation include copy number variation (CNVs), as well as short tandem repeats
(e.g., microsatellites), long tandem repeats (e.g., minisatellite), and other insertions and deletions.

The study of complex genomes, and in particular, the search for the genetic basis of
disease in humans, requires genotyping on a massive scale, which is demanding in terms of cost,
time, and labor. Such costly demands are even greater when the methodology employed involves
serial analysis of individual DNA samples, i.e., separate reactions for individual samples.
Resequencing of polymorphic areas in the genome that are linked to disease development will
contribute greatly to the understanding of diseases, such as cancer, and therapeutic development.
While high-throughput sequencing platforms (e.g., a flow cell for massively parallel sequencing)
provide a vast quantity of data with regard to disease-associated patterns of genetic variation on a
genome-wide scale, this capability comes at the cost of a higher error rate than has been associated

with traditional DNA sequencing platforms. Therefore, follow-on wvalidation of primary
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sequencing results is often carried out using labor intensive technologies such as locus-by-locus
PCR and capillary resequencing in order to validate potential mutations, such as single nucleotide
variants (SNVs).

Thus, there is a need for accurate, high-throughput, and cost-effective methods for
high-throughput genotyping of target regions of the genome and/or transcriptome for
pharmacogenetics applications, genetic disease association studies, and for validation of cell

mutations detected in sequencing.

SUMMARY

This summary is provided to introduce a selection of concepts in a simplified form that are
further described below in the Detailed Description. This summary is not intended to identify key
features of the claimed subject matter, nor is it intended to be used as an aid in determining the
scope of the claimed subject matter.

In one aspect, the present invention provides a method of determining the genotype of a
test sample at one or more polymorphic loci of interest, the method comprising: (a) contacting in
a reaction mixture, a test sample comprising one or more polymorphic loci of interest within one
or more target nucleic acid region(s) of interest with one or more set(s) of query oligonucleotides,
wherein each set of query oligonucleotides comprises: (i) at least one 5'ligation oligonucleotide
comprising, from the 5'to 3'end, a first PCR primer binding region, a target-specific binding
region selected to hybridize 5' of a polymorphic locus of interest, and a 3'region chosen to
hybridize to either a consensus or variant nucleotide sequence at the polymorphic locus of interest;
and (ii) a phosphorylated 3' ligation oligonucleotide comprising, from the 5'to 3'end, a target-
specific binding region selected to hybridize 3' of the polymorphic locus of interest and a second
PCR primer binding region, under conditions that allow hybridization between the query
oligonucleotides and the target nucleic acid region(s) of interest; (b) contacting the reaction
mixture of step (a) with DNA ligase under conditions suitable to ligate the 5'ligation
oligonucleotides having a 3'region that hybridizes to the nucleotide sequence present at the
polymorphic locus of interest in the test sample and the adjacent 3' phosphorylated ligation
oligonucleotides, thereby generating a plurality of ligation products indicative of the genotype of
the test sample at the one or more polymorphic loci of interest; and (c) measuring the amount of
the ligation products in the reaction mixture of step (b). In some embodiments, the one or more

polymorphic loci of interest comprise one or more SNV position(s) of interest. In some
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embodiments, the test sample comprising one or more polymorphic loci of interest within one or
more target nucleic acid region(s) of interest is contacted with a thermostable DNA ligase and one
or more set(s) of query oligonucleotides.

In another aspect, the present invention provides a method of genotyping a test sample at
one or more single nucleotide variant(s) (SNVs) position(s) of interest, the method comprising:
(a) for each SNV position of interest, contacting in three separate reaction mixtures: (i) a synthetic
template comprising the target region of interest having a consensus nucleotide at the SNV
position of interest; (ii) a synthetic template comprising the target region of interest having a
variant nucleotide at the SNV position of interest; and (iii) a test sample comprising the target
region of interest comprising the SNV position of interest to be genotyped; with one or more set(s)
of SNV query oligonucleotides, each set comprising: (i) a pair of allele-specific 5'ligation
oligonucleotides, the pair comprising a first 5' ligation oligonucleotide comprising, from the 5' to
3"end, a first PCR primer binding region, a target-specific binding region selected to hybridize
5' of the SNV nucleotide position of interest, and a 3' region chosen to hybridize to the consensus
nucleotide sequence at the SNV position of interest and a second 5'ligation oligonucleotide
comprising, from the 5'to 3'end, a first PCR primer binding region, a target-specific binding
region selected to hybridize 5' of the SNV nucleotide position of interest, and a 3' region chosen to
hybridize to the variant nucleotide sequence at the SNV position of interest; and (ii) a
phosphorylated 3'ligation oligonucleotide comprising from the 5'to 3'end, a target-specific
binding region selected to hybridize 3' of the SNV position of interest and a second PCR primer
binding region, under conditions that allow hybridization between the SNV query oligonucleotides
and the nucleic acid target regions of interest; (b) contacting the three separate reaction mixtures
of step (a) with DNA ligase under conditions suitable to ligate the 5'ligation oligonucleotides
having a 3'region that hybridizes to the nucleotide sequence present at the SNV nucleotide
position of interest in the synthetic templates and test samples and the adjacent 3' phosphorylated
ligation oligonucleotides, thereby generating three separate ligation mixtures; and (c) measuring
the amount of the ligation products in each of the three ligation mixtures of step (b). In some
embodiments, the synthetic template comprising the target region of interest having a consensus
nucleotide at the SNV position of interest, the synthetic template comprising the target region of
interest having a variant nucleotide at the SNV position of interest, and the test sample comprising
the target nucleic acid region(s) of interest comprising the SNV position of interest to be

genotyped, are separately contacted with a thermostable DNA ligase and the one or more set(s) of
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query oligonucleotides. In some embodiments, step (c) comprises amplification of the ligation
products with a plurality of detection primer pairs, each pair comprising a forward PCR primer
that binds to the first PCR primer binding region in the 5' ligation oligonucleotide and a reverse
PCR primer that binds to the second PCR primer binding region in the 3' ligation oligonucleotide.

In another aspect, the present invention provides a method of producing a multi-well
container comprising a matrix of detection primer pairs for decoding a multiplexed assay, the
method comprising: (a) designing a plurality of detection primer pairs, each pair comprising a
forward primer and a reverse primer for amplifying a target nucleic acid molecule of interest
comprising a 5' primer binding region and a 3' primer binding region, wherein each forward
primer comprises a 5' region that hybridizes to the 5' primer binding region of the target nucleic
acid molecule of interest and a 3' region selected to avoid primer-dimer formation with the reverse
primer; and wherein each reverse primer comprises a 5'region that hybridizes to the 3' primer
binding region of the target nucleic acid molecule of interest and a 3' region selected to avoid
primer-dimer formation with the forward PCR primer; and (b) dispensing each of the plurality of
detection primer pairs into a well in a multi-well container comprising an ordered array of wells
arranged in a matrix comprising a plurality of perpendicular rows distributed along the vertical
axis of the container and a plurality of columns distributed along the longitudinal axis of the
container, such that each well in the matrix is positionally addressable.

In another aspect, the present invention provides a kit for genotyping a test sample at one
or more polymorphic loci of interest, the kit comprising at least one set of query oligonucleotides
for genotyping a polymorphic loci of interest, the set comprising: (i) at least one 5'ligation
oligonucleotide comprising, from the 5'to 3'end, a first PCR primer binding region, a target-
specific binding region selected to hybridize 5' of the polymorphic loci of interest, and a 3' region
chosen to hybridize to either a consensus or variant nucleotide sequence at the polymorphic loci of
interest; and (ii) a phosphorylated 3'ligation oligonucleotide comprising from the 5'to 3'end, a
target-specific binding region selected to hybridize 3' of the polymorphic loci of interest and a
second PCR primer binding region.

The methods and kits of the invention can be used to genotype a haploid or diploid test
sample for the presence or absence of one or more genetic variations, such as an insertion of one
or more nucleotides, a deletion of one or more nucleotides, one or more single nucleotide variants
(SNVs), one or more duplications, one or more inversions, one or more translocations, one or

more repeat sequence expansions or contractions (i.e., changes in microsatellite sequences) at one
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or more polymorphic loci of interest within a target region of interest. The multi-well containers
(e.g., assay plates) of the present invention can be used to measure the presence or amount of one
or more target nucleic acid molecules of interest, such as ligation products generated from a
multiplexed ligation-dependent genotyping assay according to various embodiments of the

methods of the invention.

DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advantages of this invention will become
more readily appreciated as the same become better understood by reference to the following
detailed description, when taken in conjunction with the accompanying drawings, wherein:

FIGURE 1 illustrates a method for determining the genotype of a test sample at a single
nucleotide variant (SNV) position of interest using a single allele-specific 5'ligation
oligonucleotide, in accordance with an embodiment of the methods of the invention;

FIGURE 2 illustrates a method for determining the genotype of a test sample at a single
nucleotide variant (SNV) position of interest using a pair of 35'allele-specific ligation
oligonucleotides, in accordance with an embodiment of the methods of the invention, as described
in Examples 1 and 3;

FIGURE 3 illustrates representative allele-specific 5'ligation oligonucleotides, 3'ligation
oligonucleotides, and detection PCR primers for use in the methods, multi-well containers and kits
of the invention;

FIGURE 4 illustrates exemplary reagents for use in a multiplexed ligation-dependent
genotyping assay for genotyping a plurality of SNV positions of interest, wherein each assay for
each target region of interest (e.g., Gene 1) is carried out with a pair of allele-specific 5' ligation
oligos (300, 400), and a common 3' ligation oligo (500), and the quantitative PCR detection assay
is carried out using corresponding detection PCR primer pairs (600, 700) disposed in a multi-well
assay plate at discrete well locations (e.g., plate location A1, B1);

FIGURE 5A shows a perspective view of a representative multi-well container of the
present invention comprising pairs of detection PCR primers arranged in a matrix for decoding a
multiplexed assay comprising query oligonucleotides having regions complementary to the
detection PCR primer pairs;

FIGURE 5B shows a portion of a transverse cross-section of the representative multi-well

container shown in FIGURE 5A;
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FIGURE 6 illustrates the decoding results obtained after carrying out a quantitative PCR
assay in three separate, identical assay plates comprising detection PCR primer pairs arranged in a
matrix, wherein (A) shows the assay results from a ligation mixture comprising a plurality of
consensus synthetic templates and a pool of SNV query ligation oligos, (B) shows the assay
results from a ligation mixture comprising a plurality of variant synthetic templates and the pool of
SNV query ligation oligos, and (C) shows the assay results from a ligation mixture comprising a
test sample and the pool of SNV query ligation oligos, wherein each well (§26) on the assay
plate (800) contains a unique pair of PCR primers corresponding to a set of target-specific SNV
query oligonucleotides, such that adjacent wells (e.g., Al and B1) provide the qPCR results for a
pair of alleles at a particular SNV position of interest, as further illustrated in FIGURE 4 and
described in Examples 2 and 3;

FIGURE 7 illustrates a method of enriching a population of DNA molecules for target
regions of interest using capture probes (1200), in accordance with an embodiment of the methods
of the invention, as described in Example 3;

FIGURE 8 is a flow chart showing the steps of a method for enriching a population of
DNA molecules for target regions of interest with solution-based capture using target capture
probes (1200), in accordance with an embodiment of the methods of the invention;

FIGURE 9 is a flow chart showing the steps of a ligation-dependent genotyping assay in
accordance with various embodiments of the invention; and

FIGURE 10 is a flow chart showing the steps of a multiplexed ligation-dependent
genotyping assay for simultaneously genotyping a plurality of SNV positions of interest, in

accordance with various embodiments of the invention.

DETAILED DESCRIPTION

This section presents a detailed description of the many different aspects and embodiments
that are representative of the inventions disclosed herein. This description is by way of several
exemplary illustrations of varying detail and specificity. Other features and advantages of these
embodiments are apparent from the additional descriptions provided herein, including the different
examples. The provided examples illustrate different components and methodology useful in
practicing various embodiments of the invention. The examples are not intended to limit the
claimed invention. Based on the present disclosure, the ordinary skilled artisan can identify and

employ other components and methodology useful for practicing the present invention.
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I. Definitions

Unless defined otherwise, all technical and scientific terms used herein have the meaning
commonly understood by one of ordinary skill in the art to which this invention belongs.
Practitioners are particularly directed to Sambrook, et al., Molecular Cloning: A Laboratory
Manual, 2d ed., Cold Spring Harbor Press, Plainsview, New York (1989); and Ausubel, et al.,
Current Protocols in Molecular Biology (Supplement 47), John Wiley & Sons, New York (1999),
for definitions and terms of the art.

It is contemplated that the use of the term "about" in the context of the present invention is
to connote inherent problems with precise measurement of a specific element, characteristic, or
other trait. Thus, the term "about," as used herein in the context of the claimed invention, simply
refers to an amount or measurement that takes into account single or collective calibration and
other standardized errors generally associated with determining that amount or measurement. For
example, a concentration of "about” 100 mM of Tris can encompass an amount of 100 mM
* .5 mM, if .5 mM represents the collective error bars in arriving at that concentration. Thus, any
measurement or amount referred to in this application can be used with the term "about," if that
measurement or amount is susceptible to errors associated with calibration or measuring
equipment, such as a scale, pipetteman, pipette, graduated cylinder, etc.

The use of the words "a" or "an" when used in conjunction with the term "comprising” in the
claims and/or the specification may mean "one," but it is also consistent with the meaning of "one
or more," "at least one," and "one or more than one."

As used herein, the term "nucleic acid molecule” encompasses both deoxyribonucleotides
and ribonucleotides and refers to a polymeric form of nucleotides including two or more
nucleotide monomers. The nucleotides can be naturally occurring, artificial, and/or modified
nucleotides.

As used herein, the term ''oligonucleotide' refers to a single-stranded multimer of
nucleotides of from about 10 to 200 nucleotides that is usually synthetic.

As used herein, an "isolated nucleic acid" is a nucleic acid molecule that exists in a
physical form that is non-identical to any nucleic acid molecule of identical sequence as found in
nature; "isolated" does not require, although it does not prohibit, that the nucleic acid so described
has itself been physically removed from its native environment. For example, a nucleic acid can
be said to be "isolated" when it includes nucleotides and/or internucleoside bonds not found in

nature. When, instead, composed of natural nucleosides in phosphodiester linkage, a nucleic acid
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can be said to be "isolated" when it exists at a purity not found in nature, where purity can be
adjudged with respect to the presence of nucleic acids of other sequences, with respect to the
presence of proteins, with respect to the presence of lipids, or with respect to the presence of any
other component of a biological cell, or when the nucleic acid lacks a sequence that flanks an
otherwise identical sequence in an organism's genome, or when the nucleic acid possesses a
sequence not identically present in nature. As so defined, "isolated nucleic acid” includes nucleic
acids integrated into a host cell chromosome at a heterologous site, recombinant fusions of a
native fragment to a heterologous sequence, recombinant vectors present as episomes, or as
integrated into a host cell chromosome.

As used herein, "subject" refers to an organism or to a cell sample, tissue sample, or organ
sample derived therefrom, including, for example, cultured cell line, biopsy, blood sample, or fluid
sample containing a cell. For example, an organism may be an animal, including but not limited
to, an animal such as a cow, a pig, a mouse, a rat, a chicken, a cat, a dog, etc., and is usually a
mammal, such as a human.

As used herein, the term "specifically bind" refers to two components (e.g., target-specific
binding region and target) that are bound (e.g., hybridized, annealed, complexed) to one another
sufficiently that the intended capture and enrichment steps can be conducted. As used herein, the
term "specific" refers to the selective binding of two components (e.g., target-specific binding
region and target) and not generally to other components unintended for binding to the subject
components.

As used herein, the term "high stringency hybridization conditions” means any condition
in which hybridization will occur when there is at least 95%, preferably about97% to
100% nucleotide complementarity (identity) between the nucleic acid sequences of the nucleic
acid molecule and its binding partner. However, depending upon the desired purpose, the
hybridization conditions may be "medium stringency hybridization," which can be selected that
require less complementarity, such as from about 50% to about 90% (e.g., 60%, 70%, 80%, 85%).
The comparison of sequences and determination of percent identity between two sequences can be
accomplished using a mathematical algorithm of Karlin and Altschul (Proc. Nail. Acad. Sci.
USA 87:2264-2268 (1990)), modified as in Karlin and Altschul (Proc. Natl. Acad. Sci.
USA 90:5873-5877 (1993)). Such an algorithm is incorporated into the NBLAST and XBLAST
programs of Altschul et al. (J. Mol. Biol. 215:403-410 (1990)).
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As used herein, the term "complementary" refers to nucleic acid sequences that are
capable of base-pairing according to the standard Watson-Crick complementary rules. That is, the
larger purines will base pair with the smaller pyrimidines to form combinations of guanine paired
with cytosine (G:C) and adenine paired with either thymine (A:T) in the case of DNA, or adenine
paired with uracil (A:U) in the case of RNA.

As used herein, the term "target nucleotide” refers to a nucleic acid molecule or
polynucleotide in a starting population of nucleic acid molecules having a target sequence whose
presence and/or amount and/or nucleotide sequence is desired to be determined and which has an
affinity for a given ligation oligonucleotide. Examples of targets include regions of genomic
DNA, PCR amplified products derived from RNA or DNA, DNA derived from RNA or DNA,
ESTs, cDNA, and mutations, variants or modifications thereof.,

As used herein, the term "target sequence" refers generally to a nucleic acid sequence on a
single strand of nucleic acid. The target sequence may be a portion of a gene, a regulatory
sequence, genomic DNA, cDNA, RNA including mRNA and rRNA, or others. The target
sequence may be a target sequence from a sample, or a secondary target, such as a product of an
amplification reaction.

As used herein, the term "predetermined nucleic acid sequence” means that the nucleic
acid sequence of a nucleic acid probe is known and was chosen before synthesis of the nucleic
acid molecule in accordance with the invention disclosed herein.

As used herein, the term "essentially identical” as applied to synthesized and/or amplified
nucleic acid molecules refers to nucleic acid molecules that are designed to have identical nucleic
acid sequences, but that may occasionally contain minor sequence variations in comparison to a
desired sequence due to base changes introduced during the nucleic acid molecule synthesis
process, amplification process, or due to other processes in the method. As used herein,
essentially identical nucleic acid molecules are at least 95% identical to the desired sequence, such
as at least 96%, such as at least 97%, such as at least 98%, such as at least 99% identical, or
absolutely identical, to the desired sequence.

As used herein, the term "resequencing” refers to a technique that determines the sequence
of a genome of an organism using a reference sequence that has already been determined. It
should be understood that resequencing may be performed on both the entire
genome/transcriptome of an organism or a portion of the genome/transcriptome large enough to

include the genetic change of the organism as a result of selection. Resequencing may be carried out
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using various sequencing methods, such as any sequencing platform amenable to producing DNA
sequencing reads that can be aligned back to a reference genome, and is typically based on highly
parallel technologies such as, for example, dideoxy "Sanger" sequencing, pyrosequencing on beads
(e.g., as described in U.S. Patent No. 7211390, assigned to 454 Life Sciences Corporation, Brandord,
CT), ligation based sequencing on beads (e.g., Applied Biosystems Inc./Invitrogen), sequencing on
glass slides (e.g., llumina Genome Analyzer System, based on technology described in WO 98/44151
(Mayer, P., and Farinelli, L..)), microarrays, or fluorescently labeled micro-beads.

As used herein, the term "polymorphism" refers to the occurrence of two or more
genetically determined alternative sequences or alleles in a population. A "polymorphic locus”
refers to the locus at which genetic variation occurs. A polymorphic locus can include any type
of genetic variation, such as an insertion of one or more nucleotides, a deletion of one or more
nucleotides, one or more single nucleotide variants (SNVs), one or more duplications, one or more
inversions, one or more translocations, one or more repeat sequence expansions or contractions
(i.e., changes in microsatellite sequences). In some embodiments, a polymorphic locus can be as
small as one base pair (single nucleotide variant (SNV), which encompasses a single nucleotide
polymorphism (SNP)). The first identified allele of a polymorphic locus is arbitrarily designated
as the "consensus" allele and the other allele is designated as the "variant" (also sometimes
referred as a "mutant") allele. Typically, a polymorphic locus has at least two alleles, each
occurring at a frequency of greater than 1% of a selected population.

The allele occurring most frequently in a selected population is sometimes referred to as
the "wild-type" or "consensus" allele. Diploid organisms may be homozygous or heterozygous for
the wvariant allele. The wvariant allele may or may not produce an observable physical or
biochemical characteristic ("phenotype") in an individual carrying the variant allele. For example,
a variant allele may alter the enzymatic activity of a protein encoded by a gene of interest.

As used herein, the term "genetic variation" refers to genotypic differences among
individuals in a population, at one or more polymorphic loci, and includes an insertion of one or
more nucleotides, a deletion of one or more nucleotides, one or more single nucleotide sequence
variations (SNVs), such as SNPs, copy number variation, such as one or more duplications,
sequence rearrangements, such as one or more inversions, one or more translocations, or one or
more repeat sequence expansions or contractions (i.e., changes in microsatellite sequences) at one
or more polymorphic loci of interest within a target region of interest as compared to known

reference sequences.
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As used herein, the term "single nucleotide variant" or "SNV" refers to a DNA base
within an established nucleotide sequence that differs from the known reference sequences. SNVs
may be found within a patient sample (e.g., a tumor), they may or may not be present in
unperturbed populations, and they include naturally occurring single nucleotide polymorphisms,
also referred to as "SNPs".

As used herein, the term "single nucleotide polymorphism” or "SNP" refers to a single
nucleotide position in a genomic sequence for which two or more alternative alleles are present at
an appreciable frequency (e.g., at least 1%) in a population of organisms.

As used herein, the term "genotype" broadly refers to the genetic composition of an
organism, including, for example, whether a diploid organism is heterozygous or homozygous for
one or more single nucleotide variant alleles (SNVs) at a position of interest.

As used herein, the term "haplotype" refers to the identity of the nucleotide(s) that are
present at a polymorphic position in the genome of a cell. For example, if the haplotype is
bivariant (e.g., "A" and C," then the haplotypes are AA, CC and AC).

1I. Aspects and Embodiments of the Invention

In accordance with the foregoing, in one aspect, the invention provides a method of
determining the genotype of a test sample at one or more polymorphic loci of interest, the method
comprising:  (a) contacting in a reaction mixture, a test sample comprising one or more
polymorphic loci of interest within one or more target nucleic acid region(s) of interest with one or
more set(s) of query oligonucleotides, wherein each set of query oligonucleotides comprises: (i) at
least one 5' ligation oligonucleotide comprising, from the 5'to 3' end, a first PCR primer binding
region, a target-specific binding region selected to hybridize 5' of a polymorphic locus of interest,
and a 3'region chosen to hybridize to either a consensus or variant nucleotide sequence at the
polymorphic locus of interest, and (ii) a phosphorylated 3'ligation oligonucleotide comprising,
from the 5'to 3' end, a target-specific binding region selected to hybridize 3' of the polymorphic
locus of interest and a second PCR primer binding region, under conditions that allow
hybridization between the query oligonucleotides and the target nucleic acid region(s) of interest;
(b) contacting the reaction mixture of step (a) with DNA ligase under conditions suitable to ligate
the 5'ligation oligonucleotides having a 3'region that hybridizes to the nucleotide sequence
present at the polymorphic locus of interest in the test sample and the adjacent 3' phosphorylated

ligation oligonucleotides, thereby generating a plurality of ligation products indicative of the
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genotype of the test sample at the one or more polymorphic loci of interest; and (c) measuring the
amount of the ligation products in the reaction mixture of step (b).

In some embodiments of the method, the hybridization and ligation steps are combined
(i.e., coupled), wherein a test sample comprising one or more polymorphic loci of interest within
one or more target nucleic acid region(s) of interest is contacted with a thermostable DNA ligase
and one or more set(s) of query oligonucleotides. In other embodiments of the method, the
hybridization and ligation reactions are carried out sequentially under separate reaction conditions
(i.e., uncoupled), and may utilize either thermostable or non-thermostable DNA ligase.

The methods described herein may be used to detect any type of genetic variation, such as
an insertion of one or more nucleotides, a deletion of one or more nucleotides, one or more single
nucleotide sequence variations (SNVs), such as SNPs, copy number variation, such as one or more
duplications, sequence rearrangements, such as one or more inversions, one or more
translocations, or one or more repeat sequence expansions or contractions (i.e., changes in
microsatellite sequences) at the polymorphic loci of interest in either a haploid or diploid sample
of interest as compared to known reference sequences.

In some embodiments, the genetic variation detected is a single nucleotide variation (SNV)
at an SNV position of interest. As described in Examples 1 and 3, it has been determined that the
sensitivity of the assay methods described herein for a single mismatch adjacent the ligation site
can be used to distinguish between two sequences that differ only with respect to the single
nucleotide at the SNV position of interest. Accordingly, it will be understood by those of skill in
the art that the methods described and demonstrated herein for use in detecting single nucleotide
variations can also be used to detect larger regions of genetic variation, such as insertions,
deletions, and sequence rearrangements in a haploid or diploid sample of interest. It will therefore
be understood by those of skill in the art that while the descriptions herein of methods, kits, and
compositions are described with reference to the detection of single nucleotide variants (SNVs),
the methods, compositions, and kits are not intended to be limited to detection of SNVs, and are
generally applicable to the detection of any type of genetic variation at one or more polymorphic
loci of interest. Non-limiting examples of polymorphic loci of interest that may be detected using
the methods described herein include nucleotide insertions, deletions, duplications, inversions,
translocations, and changes in microsatellite sequences (i.e., sequence expansions and
contractions) wherein the methods described herein are suitable for detecting various types of

DNA rearrangements in addition to detecting changes in a nucleotide base sequence.
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FIGURE 1 illustrates an embodiment of this aspect of the method of the invention. As
shown in FIGURE 1 at Step A, an assay is carried out using a set of query oligonucleotides (e.g.,
SNV query oligonucleotides) comprising two oligos per polymorphic locus of interest (e.g., SNV
position of interest): an allele specific 5' ligation oligo and a common phosphorylated 3' ligation
oligo, based on the following steps. As shown in Step A, the test diploid genome 10 has a first
allele with an "A" nucleotide at the SNV position of interest 100, and a second allele with a "G"
nucleotide at the SNV position of interest 100. At Step A, an allele-specific 5' ligation oligo 300
and 3' ligation oligo 500 are each hybridized to the target region of the test diploid genome 10 that
contains the SNV position of interest 100 under conditions that allow hybridization between the
SNV query oligos and the target nucleic acid region of interest. As shown in FIGURE 1, the
5'ligation oligo 300 comprises, from the 5'to 3'end, a first PCR primer binding region 302, a
target-specific binding region 304 selected to hybridize immediately 5' of the SNV position of
interest 100, and a 3' region 306 (shown as comprising nucleotide "T") that is complementary to
the wild-type sequence "A" in the test genome (and, therefore, not complementary to the SNV
sequence "G").

As further shown in FIGURE 1, the phosphorylated (P) 3'ligation oligo 500 comprises,
from the 5' to 3'end, a target-specific binding region 504 selected to hybridize immediately 3' of
the SNV position of interest 100, and a region 502 at the 3' end that contains a second PCR primer
binding region.

As shown in FIGURE 1, Step A, a DNA ligase enzyme 50 is contacted with the annealed
mixture. For example, a thermostable DNA ligase enzyme may be present in the annealed
mixture, or a non-thermostable DNA ligase enzyme may be added after the mixture is annealed.
As further shown in FIGURE 1, Step B, as a result of the ligation reaction, the adjacent oligos 300
and 500 that are annealed to the test genome with an "A" at SNV position 100, a ligation
product 200 is formed that is indicative of the genotype of the test sample, with a "T" at SNV
position 100, flanked by 5'primer binding region 302 and 3' primer binding region 502. In
contrast, the oligo 300 that is annealed to the test genome with a "G" at SNV position 100,
resulting in a mismatch, does not form a ligation product with the adjacent oligo 500, due to the
mismatch.

As shown in FIGURE 1, Step C, the ligation product formed in Step B may be assayed by
a quantitative PCR (qPCR) assay using a forward PCR primer 600 that binds to the 5' primer
binding region 302 and a reverse PCR primer 700 that binds to the 3' primer binding region 502 on
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the ligation product 200. However, as illustrated in the representative graph shown in Step C, it is
more difficult to distinguish between a homozygote (e.g., AA or GG) and a heterozygote (e.g.,
AG) using the two oligo per SNV assay approach, with one 5' ligation oligo specific for a given
allele in a diploid organism. In haploid organisms, the expected genotype will only be consensus
or variant, and not potentially a heterozygous blend of the two as is found in a dipleid organism
such as a human.

In another embodiment of the method, each set of query oligonucleotides (e.g., SNV query
oligonucleotides) according to step(a) comprises a pair of allele-specific 5'ligation
oligonucleotides for each SNV position of interest, the pair comprising a first 5'ligation
oligonucleotide comprising a 3' region chosen to hybridize to the consensus nucleotide sequence at
the SNV position of interest and a second 5' ligation oligonucleotide comprising a 3' region chosen
to hybridize to the variant nucleotide sequence at the SNV position of interest. In accordance with
this embodiment, as shown in FIGURE 2, an assay is carried out using a set of SNV query
oligonucleotides comprising three primers per SNV position of interest: an allele specific
5'ligation oligo that binds to the consensus sequence at the SNV position of interest 100, an allele
specific 5' ligation oligo that binds to the variant sequence at the SNV position of interest 100, and
a common phosphorylated 3'ligation oligo. As shown in FIGURE 2, Step A, the test diploid
genome 10 has a first allele with an "A" nucleotide at the SNV position of interest 100, and a
second allele with a "G" nucleotide at the SNV position of interest 100. At Step A, the set of SNV
oligonucleotides comprising the three ligation oligos: a 5'ligation oligo 300 that binds to the
consensus sequence "A" at position 100, a 5' ligation oligo 400 that binds to the variant sequence
"G" at position 100, and a common 3' ligation primer 500 are annealed to the region of the test
diploid genome 10 that contains the SNV position 100.

The 5'ligation oligo 300 comprises, from the 5'to 3'end, a first PCR primer binding
region 302, a target-specific binding region 304 selected to hybridize immediately 5' of the SNV
position of interest 100, and a 3'region 306 (shown as comprising nucleotide "T") that is
complementary to the wild-type sequence "A" in the test genome (and, therefore, not
complementary to the SNV sequence "G").

The 5'ligation oligo 400 comprises, from the 5'to 3'end, a first PCR primer binding
region 402, a target-specific binding region 404 selected to hybridize immediately 5' of the SNV

position of interest 100, and a 3'region 406 (shown as comprising nucleotide "C") that is
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complementary to the variant sequence "G" in the test genome (and, therefore, not complementary
to the wild-type sequence "A™).

As further shown in FIGURE 2, Step A, the phosphorylated (P) 3'common ligation
oligo 500 comprises, from the 5'to 3'end, a target-specific binding region 504 selected to
hybridize immediately 3' of the SNV position of interest 100, and a region 502 at the 3' end that
contains a second PCR primer binding region.

As shown in FIGURE 2, Step A, ligase enzyme 50 is either present in the annealed
mixture, or added to the annealed mixture, and as shown in FIGURE 2, Step B, as a result of the
ligation reaction, a ligation product 200 is formed by ligating the oligo 300 that is annealed to the
test genome with an "A" at SNV position 100 and the adjacent common oligo 500, with a "T" at
SNV position 100, flanked by 5" primer binding region 302 and 3' primer binding region 502. In
contrast, the oligo 300 that is annealed to the test genome with a "G" at SNV position 100,
resulting in a mismatch, does not form a ligation product with the adjacent oligo 500, due to the
mismatch. As further shown in FIGURE 2, Step B, a ligation product 250 is formed by ligating
the oligo 400 that is annealed to the test genome with a "G" at position 100 and the adjacent
common oligo 500, with a "C" at SNV position 100, flanked by 5' primer binding region 402 and
3" primer binding region 502.

As shown in FIGURE 2, Step C, the amount of the ligation products 200 and 250 formed
in Step B may be measured by performing an assay, such as a quantitative PCR (qQPCR) assay
using a first set of primers: forward PCR primer 600 that has a region 602 that binds to the 5' primer
binding region 302 and a reverse PCR primer 700 that binds to the 3' primer binding region 502 on
the ligation product 200, and a second set of primers: forward PCR primer 600’ that has a region
602 that binds to the 5' primer binding region 402 and a reverse PCR primer 700 that binds to the
3' primer binding region 502 on the ligation product 250. As illustrated in the representative graph
shown in Step C, the use of the three query oligos per SNV assay allows a read-out of both alleles
at a polymorphic site in a diploid sample. Therefore, homozygotes (e.g., AA or GG) are read out
in one or the other PCR assays, while heterozygotes (e.g., AG), are read out in both PCR assays,
thereby allowing for unambiguous identification of homozygotes and heterozygotes.

Query Oligonucleotides

As shown in FIGURE 3, the query oligonucleotides for use in the various embodiments of

the ligation-dependent genotyping methods described herein (e.g., SNV query oligonucleotides),
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include a 5'ligation oligonucleotide (300), a variant 5'ligation oligonucleotide (400), and a
common phosphorylated 3' ligation oligonucleotide (500).

5" ligation oligonucleotides (300, 400)

As shown in FIGURE 3A, the 5'ligation consensus oligo 300 comprises, from the 5’ to
3'end, a first PCR primer binding region 302, a target-specific binding region 304 selected to
hybridize to the target nucleic acid region immediately 5' of the SNV position of interest 100, and
a 3'region 306 that is complementary to the wild-type (i.e., consensus) sequence at the SNV
position of interest.

As shown in FIGURE 3B, the 5'ligation variant oligonucleotide 400 comprises, from the
5'to 3' end, a first PCR primer binding region 402, a target-specific binding region 404 selected to
hybridize immediately 5'of the SNV position of interest 100, and a 3'region 406 that is
complementary to the variant (e.g., mutant) sequence at the SNV position of interest.

The length of each 5'ligation oligo (300, 400) is typically at least 40 nucleotides, such as at
least 45 nucleotides, at least 50 nucleotides, at least 55 nucleotides, at least 60 nucleotides, at least
65 nucleotides, at least 70 nucleotides, up to a maximum length of about 200 nucleotides. In some
embodiments, the 5' ligation oligos are each from about 45 nucleotides to about 70 nucleotides in
length.

The target-specific binding region 304, 404, selected to hybridize immediately 5' of the
SNV position of interest 100, is typically at least 10 nucleotides in length, such as at least
15 nucleotides, at least 20 nucleotides, at least 25 nucleotides, at least 30 nucleotides, at least
35 nucleotides, at least 40 nucleotides, at least 45 nucleotides, at least 50 nucleotides, up to
150 nucleotides in length. In some embodiments, the target-specific binding region 304, 404 is from
about 20 to 30 nucleotides in length. Typically, the target-specific binding region 304, 404 is
designed to have a sequence that is complementary, or substantially complementary, to the nucleic
acid sequence contained in a region of interest immediately 5' of an SNV position of interest 100.
In one embodiment, the target-specific binding region (304, 404) comprises a sequence that is
100% complementary to the target region 5' of the SNV position of interest.

In another embodiment, the target-specific binding region (304, 404) comprises a first
region comprising the 20 nucleotides 5' (upstream) to the SNV position of interest that is 100%
complementary to the target region, and a second region comprising from 21 nucleotides
5' (further upstream) of the SNV position of interest to the 5' end of the target-specific region (304,

404), wherein the second region comprises a sequence that is substantially complementary (i.e., at
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least 90% identical, at least 95% identical, at least 96% identical, at least 97% identical, at least
98% identical or at least 99% identical) to the target region 5' of the SNV position of interest.

One of skill in the art can use art-recognized methods to determine the features of a target-
specific binding region (304, 404) that will hybridize to the target region 5' of the SNV position of
interest with minimal non-specific hybridization. For example, one of skill can determine
experimentally the features such as length, base composition, and degree of complementarity that
will enable a nucleic acid molecule (e.g., the target-specific binding region of a ligation oligo) to
specifically hybridize to another nucleic acid molecule (e.g., the nucleic acid target) under
conditions of selected stringency, while minimizing non-specific hybridization to other substances
or molecules. The target-specific binding region may be designed to take into account genomic
features of the target region, such as genetic variation (other than at the SNV position of interest),
G:C content, predicted oligo Tm, and the like.

As shown in FIGURES 3A and 3B, the 5'ligation oligos further comprise a region 306,
406 at the 3' end of the oligo that has a sequence selected to hybridize to either the consensus (306)
or variant (406) nucleotide present at the SNV position of interest. Typically, the region 306, 406
is a single nucleotide in length located at the 3' end of the ligation oligo 300, 400.

In some embodiments, the region 306, 406 is larger than a single nucleotide in length (e.g.,
from 2 nt to 1000 nt, 10,000 nt, 100,000 nt or larger), and is selected to detect a genetic variation,
such as an insertion, a deletion, or a rearrangement (e.g., inversion, translocation) in the nucleotide
sequence at the polymorphic position of interest, such as an SNV position of interest. It is noted
that the methods described herein for detecting genetic variation at an SNV position of interest are
not limited by the size of the polymorphic locus of interest, and may be used, for example, to
detect the presence or absence of a rearrangement, such as a translocation event, between
chromosomes in a haploid or diploid sample. In such embodiments, all that is required is the
precise knowledge of the nucleotide sequence of the translocation break points.

3" ligation oligonucleotides (500)

As shown in FIGURES 3A and 3B, the phosphorylated (P) 3' common ligation oligo 500
comprises, from the 5 to 3'end, a target-specific binding region 504 selected to hybridize
immediately 3' of the SNV position of interest 100, and a region 502 at the 3' end that contains a
second PCR primer binding region. In operation, the 3'ligation primer 500 is typically

phosphorylated at the 5’ end prior to annealing to the test genome 10.
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The length of each 3'ligation oligo (500) is typically at least 40 nucleotides, such as at
least 45 nucleotides, at least 50 nucleotides, at least 55 nucleotides, at least 60 nucleotides, at least
65 nucleotides, at least 70 nucleotides, up to a maximum length of about 200 nucleotides. In some
embodiments, the 3’ ligation oligos are each from about 45 nucleotides to about 70 nucleotides in
length.

The target-specific binding region 504, selected to hybridize to the target nucleic acid
region starting at the nucleotide position immediately 3' of the SNV position of interest 100, is
typically at least 10 nucleotides in length, such as at least 15 nucleotides, at least 20 nucleotides, at
least 25 nucleotides, at least 30 nucleotides, at least 35 nucleotides, at least 40 nucleotides, at least
45 nucleotides, at least 50 nucleotides, up to 150 nucleotides in length. In some embodiments, the
target-specific binding region 504 is from about 20 to 30 nucleotides in length. The target-specific
binding region 504 is designed to have a sequence that is complementary, or substantially
complementary, to the nucleic acid sequence contained in a region of interest immediately 3' of an
SNV position of interest 100. In one embodiment, the target-specific binding region (504)
comprises a sequence that is 100% complementary to the target region 3' of the SNV position of
interest. In another embodiment, the target-specific binding region (504) comprises a sequence
that is substantially complementary (i.e., at least 90% identical, at least 95% identical, at least
96% identical, at least 97% identical, at least 98% identical or at least 99% identical) to the target
region 5' of the SNV position of interest.

In another embodiment, the target-specific binding region (504) comprises a first region
comprising the 20 nucleotides downstream (3') of the SNV position of interest that is
100% complementary to the target region, and a second region comprising from 21 nucleotides
further 3' of the SNV position of interest to the 3' end of the target-specific region (504), wherein
the second region comprises a sequence that is substantially complementary (i.e., at least
90% identical, at least 95% identical, at least 96% identical, at least 97% identical, at least
98% identical, or at least 99% identical) to the target region 3' of the SNV position of interest.

The 5'ligation oligonucleotides (300) and variant 5'ligation oligonucleotides (400), each
include PCR primer binding regions 302, 402 (also referred to as "primer tails") located at the
5"end of the oligos, for binding to forward PCR primers for use in a quantitative PCR assay.
Similarly, the 3'ligation oligonucleotides (500) each include a PCR primer binding region 502

(primer tail) located at the 3" end of the oligo, for binding to reverse PCR primers.
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The PCR primer binding regions 302, 402, and 502, are typically from about 10 to
50 nucleotides in length, such as at least 10 nucleotides in length, such as at least 15 nucleotides,
at least 20 nucleotides, at least 25 nucleotides, at least 30 nucleotides, at least 35 nucleotides, at
least 40 nucleotides, at least 45 nucleotides, or at least 50 nucleotides in length. In some
embodiments, the PCR primer binding regions 302, 402, and 502 are from about 20 to 30, such as
about 25 nucleotides in length.

In some embodiments, the 5' consensus ligation oligo 300 has a different primer binding
region 302 than the primer binding region 402 of the 5' variant ligation oligo 400, to allow for
detection of the presence or amount of the consensus ligation product 200 and the variant ligation
product 250 in a single ligation reaction using two different sets of detection PCR primers, each
set designed to detect either the consensus ligation product 200 or the variant ligation product 250.

In some embodiments, the ligation-dependent genotyping assay is a multiplexed assay
comprising a plurality of sets of SNV query oligos for detecting a plurality of SNV positions of
interest, such as at least 5, at least 10, at least 20, at least 40, at least 50, at least 80, at least 100, at
least 200, at least 300, at least 500, at least 1000, at least 2,500, at least 5,000, at least 7,500 up to
10,000 more SNV positions of interest in a single ligation reaction. As illustrated in FIGURE 4,
many different sets of SNV query oligos may be added to a genomic test sample, annealed,
ligated, and assayed by qPCR. The results of each independent ligation are read out by unique,
tail-specific PCR primer pairs designed to detect a particular ligation product. The advantage to
this multiplexing approach is that very small amounts of precious starting material can be
interrogated at many different potential mutation locations simultaneously.

For example, as shown in FIGURE 4, exemplary genes 1-6 in a target sample, each
including a SNV position of interest, are assayed in a single reaction by pooling six sets of SNV
query oligos, each set comprising a 5'consensus ligation oligo (300), a 5’ variant ligation
oligo (400), and a 3'ligation oligo (500), for each gene of interest. As further shown in FIGURE 4,
each ligation oligo has a tail-specific PCR primer, for example, the forward PCR primers designated
R1 to R8 (R stands for "row"), are designed to bind to the tail regions of 5'ligation primers
(consensus and variant) for genes 1-4, with a common reverse PCR primer, designated C1 (C
stands for "column") designed to bind to the tail region of the 3' ligation primers for genes 1-4. As
further shown in FIGURE 4, a unique combination of PCR primers (e.g., R1 + C1) at a particular
location in an assay plate (e.g., Al) is used to amplify a particular ligation product (e.g., Gene 1

consensus) contained in the multiplexed ligation mixture. The PCR primer pairs can be dispensed
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into individual wells of a multi-well container, thereby allowing for ease of detection of the
presence and/or amount of each ligation product in the multiplexed ligation reaction at a
designated location.

As shown in FIGURE 9, the ligation-dependent genotyping assay 3000 includes the
step 3010 of annealing a test sample with a least one set of SNV query oligonucleotides
comprising at least one of a 5'ligation oligonucleotide (300) and/or (400), and a 3'ligation
oligonucleotide (500) for each SNV position to be genotyped and ligating the adjacent query
oligos annealed to the test sample, detecting the presence or amount of the ligation products at
step 3020, and optionally, comparing the detection result to one or more reference values at
step 3030 to determine the genotype of the test sample at each SNV loci of interest.

Test Samples

The methods of the invention are useful in any situation in which it is desired to detect one
or more SNVs in a target nucleic acid sample (i.e., a haploid or diploid sample), such as, for
example, to genotype a particular diploid subject, such as a human, with respect to one or more
particular SNV positions of interest (e.g., in the context of determining whether the subject is
likely to benefit from a particular therapeutic agent), to confirm the presence or absence of a
variant nucleotide at a SNV position of interest that was initially detected during high-throughput
sequence analysis, to compare a plurality of subjects of a particular species with respect to a
particular target region of interest in order to identify new SNVs within the target region, or to
monitor a subject with respect to a particular SNV position of interest over time (e.g., in the
context of a therapeutic treatment regime and/or for prognosis or progression of a particular
disease, such as cancer).

Examples of a test sample containing one or more target nucleic acid sequence(s) of
interest for use in the methods of the invention include genomic DNA, mRNA, tRNA, rRNA,
cRNA, oligonucleotides, DNA derived from RNA or DNA, ESTs, cDNA, PCR amplified products
derived from RNA or DNA, microRNA, shRNA, siRNA, and mutations, variants or modifications
thereof. The starting sample containing nucleic acid molecules may be isolated from a subject,
such as a cell sample, tissue sample, or organ sample derived therefrom, including, for example,
cultured cell lines, biopsy, blood sample, or fluid sample containing cells. The subject may be an
animal, including, but not limited to, an animal such as a cow, a pig, a mouse, a rat, a chicken, a

cat, a dog, etc., and is usually a mammal, such as a human. The methods of the invention are also
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useful to genotype SNV locations of interest in a test sample containing a haploid genome, such as
a yeast strain, as demonstrated in Example 7.

Samples containing a target nucleic acid sequence of interest to be genotyped, such as
genomic DNA or RNA (e.g., mRNA, rRNA, tRNA, total RNA, microRNA), can be prepared by
any of a variety of procedures. In some embodiments, the starting sample comprises genomic
DNA. The genomic DNA sample may contain total genomic DNA, intact, fragmented, or
enzymatically amplified portions of the same. Genomic DNA can be prepared using routine
methods known in the art, (see, e.g., Sambrook, et al., Molecular Cloning: A Laboratory Manual,
2d ed., Cold Spring Harbor Press, Plainsview, New York (1989); and Ausubel, et al., Current
Protocols in Molecular Biology (Supplement 47), John Wiley & Sons, New York (1999)).

In some embodiments, the starting sample comprises genomic DNA that has been
amplified by whole genome amplification, using multiple displacement amplification, for example
as described in Pan et al., PNAS 40(105):15499-15504, incorporated herein by reference.

Target Enrichment

In another embodiment, the starting sample comprises a population of nucleic acid
molecules that has been enriched for one or more target regions of interest. In one embodiment,
the enriched sample comprises PCR products amplified from a plurality of target-specific
amplicons from a nucleic acid containing sample. In another embodiment, as illustrated in
FIGURE 7, the sample is enriched for a target sequence containing an SNV position of
interest 100, using solution-based capture methods from a library of DNA molecules 1000
comprising a subpopulation of nucleic acid target insert sequences of interest flanked by a first
primer binding region 1022 and a second primer binding region 1032 within a larger population of
nucleic acid insert sequences flanked by the first primer binding region and the second primer
binding region.

The step of enriching a library for target sequences 100 with the population of DNA
molecules 1000 may be carried out as illustrated in FIGURE 7. As shown in FIGURE 7, at step
A, solution-based capture is carried out by first annealing a library of single-stranded capture
probes 1200, each capture probe comprising a target specific region 1202 that hybridizes to a
target sequence 100 contained in a library insert, with a library of nucleic acid molecules 1000
comprising nucleic acid target insert sequences of interest 100 flanked by a first primer binding
region 1022 on one end and a second primer binding region 1032 on the other end. As further

shown in FIGURE 7, step A, in one embodiment, the library of nucleic acid molecules 1000 is
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annealed with a combination of a library of single-stranded capture probes 1200 each comprising a
region 1204 that hybridizes to a universal adaptor oligo 1300 and an equimolar amount of
universal adaptor oligos 1300 comprising a moiety 1310 for binding to a capture reagent 1400.

The annealing step for solution-based capture is typically carried out by mixing a molar
excess of capture probes (or capture probes plus universal adaptor oligos) with the library in a high
salt solution comprising from 100 mM to 2 M NaCl (osmolarity =200 to 4000 molar). An
exemplary high salt solution for annealing is 10 mM Tris pH 7.6, 0.1 mM EDTA, 1 M NaCl
(osmolarity = 2000 molar). The nucleic acid molecules in the mixture are then denatured (i.e., by
heating to 94 degrees) and allowed to cool to room temperature. In one embodiment, the
annealing step is carried out in a high salt solution comprising from 100 mM to 2 M NaCl with the
addition of 0.1% triton X100 (or Tween or NP40) nonionic detergent.

An amount of capture reagent 1400 is added to the annealed mixture sufficient to generate
a plurality of complexes each containing a nucleic acid molecule, a capture probe (or a capture
probe and a universal adaptor oligo), and a capture reagent. This step is carried out in a high salt
solution comprising from 100 mM to 2 M NaCl (osmolarity = 200 to 4000 molar). An exemplary
high salt solution for anneal is 10 mM Tris pH 7.6, 0.1 mM EDTA, 1 M NaC(Cl (osmolarity = 2000
molar). The mixture is incubated at room temperature with mixing for about 15 minutes.

The complexes formed are then isolated or separated from solution with a sorting
device 1500 (e.g., a magnet) that pulls or sorts the capture reagent 1400 out of solution.

The sorted complexes bound to the capture reagent 1400 are washed with a low salt wash
buffer (less than 10 mM NaCl, and more preferably no NaCl) to remove non-target nucleic acids.
An exemplary low salt wash buffer is 10 mM Tris pH 7.6, 0.1 mM EDTA (osmolarity =
10 millimolar). In some embodiments, the low salt wash optionally contains from 15% to
30% formamide, such as 25% formamide (osmolarity = 6.3 molar). For each wash step, the capture
reagent 1400 bound to the complexes (e.g., magnetic beads) are resuspended in the low salt wash
buffer and rocked for 5 minutes, then sorted again with the sorting device (magnet). The wash
step may be repeated 2 to 4 times.

The nucleic acid molecules containing the target sequences are then eluted from the
complexes bound to the capture reagent as follows. The washed complexes bound to the capture
reagent 1400 are resuspended in water, or in a low salt buffer (i.e., osmolarity less than

100 millimolar), heated to 94°C for 30 seconds, the capture reagent (e.g., magnetic beads) is
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pulled out using a sorting device (e.g., magnet), and the supernatant (eluate) containing the target
nucleic acid molecules is collected.

The eluate may optionally be amplified in a PCR reaction with a first PCR primer that
binds to the first primer binding site 1022 in the first linker and a second PCR primer that binds to
the second primer binding site 1032 in the second linker, producing an enriched library which can
be optionally sequenced.

The capture oligonucleotides 1200 may be designed to bind to a target region at selected
positions spaced across the target region at various intervals. The capture oligo design and target
selection process may also take into account genomic features of the target region such as genetic
variation, G:C content, predicted oligo Tm, and the like. The length of a capture probe 1200 is
typically in the range of from 10 nucleotides to about 200 nucleotides, such as from about
20 nucleotides to about 150 nucleotides, such as from about 30 nucleotides to about
100 nucleotides, such as from about 40 nucleotides to about 80 nucleotides.

The target-specific binding region 1202 of the target capture probe 1200 is typically from
about 25 to about 150 nucleotides in length (e.g., 50 nucleotides, 100 nucleotides) and is chosen to
specifically hybridize to a target sequence of interest. In one embodiment, the target-specific
binding region 1202 comprises a sequence that is substantially complementary (i.e., at least 90%
identical, at least 95% identical, at least 96% identical, at least 97% identical, at least 98%
identical, at least 99% identical, or 100% identical) to a target sequence of interest.

In one embodiment, the capture probe 1200 is about 70 nucleotides in length, comprising a
target-specific region of about 35 nucleotides in length.

One of skill in the art can use art-recognized methods to determine the features of a target
binding region 1202 that will hybridize to the target region comprising the SNV position of
interest 100 with minimal non-specific hybridization. For example, one of skill can determine
experimentally the features such as length, base composition, and degree of complementarity that
will enable a nucleic acid molecule (e.g., the target-specific binding region of a target capture
probe) to specifically hybridize to another nucleic acid molecule (e.g., the nucleic acid target)
under conditions of selected stringency, while minimizing non-specific hybridization to other
substances or molecules. For example, for an exon target of interest, a target gene sequence is
retrieved from a public database such as GenBank, and the sequence is searched for stretches of
from 25 to 150 bp with a complementary sequence having a GC content in the range of 45%

to 55%. The identified sequence may also be scanned to ensure the absence of potential secondary
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structure and may also be searched against a public database (e.g., a BLAST search) to ensure a
lack of complementarity to other genes.

In some embodiments, solution-based capture is used to enrich a population of nucleic acid
molecules for one or more target polymorphic position(s) of interest, in order to determine the
presence of a particular SNV, SNP, or deletion, addition, or other modification using the ligation-
dependent genotyping assay described herein. In accordance with such embodiments, the set of
target capture probes 1200 are typically designed such that there is a very dense array of capture
probes that are closely spaced together such that a single target sequence, which may contain a
mutation, will be bound by multiple capture probes that overlap the target sequence. For example,
capture probes may be designed that cover every base of a target region, on one or both strands
(i.e., head to tail) or that are spaced at intervals of every 2, 3, 4, 5, 10, 15, 20, 40, 50, 90, 100, or
more bases across a sequence region.

As shown in FIGURE 8, the methods of solution-based capture 2000 include the step 2010
of providing a library of nucleic acid molecules comprising nucleic acid target insert sequences of
interest flanked by a first primer binding region on one end and a second primer binding region on
the other end. At step 2020, the library of nucleic acid molecules 1000 is annealed with a set of
capture probes 1200, each capture probe comprising a region that hybridizes to a target sequence
contained in a library insert. In one embodiment, the capture probes 1200 comprise a moiety 1310
(e.g., biotinylated) for binding to a capture reagent 1400 (e.g., streptavidin coated beads). In
another embodiment, the library of nucleic acid molecules 1000 is annealed with a combination of
a set of capture probes 1200, each comprising a region 1204 that hybridizes to a universal adaptor
oligo 1300 and an equimolar amount of universal adaptor oligos 1300 comprising a moiety 1310
for binding to a capture reagent 1400.

The annealing step 2020 for solution-based capture is carried out by mixing a molar excess
of capture probes (or capture probes plus universal adaptor oligos) with the library in a high salt
solution comprising from 100 mM to 2 M NaCl (osmolarity = 200 to 4000 molar). An exemplary
high salt solution for annealing is 10 mM Tris pH 7.6, 0.1 mM EDTA, 1 M NaCl (osmolarity = 2000
molar). The nucleic acid molecules in the mixture are then denatured (i.e., by heating to
94 degrees) and allowed to cool to room temperature. In one embodiment, the annealing step is
carried out in a high salt solution comprising from 100 mM to 2 M NaCl with the addition of 0.1%

triton X100 (or Tween or NP40) nonionic detergent.
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At step 2030, an amount of capture reagent is added to the annealed mixture sufficient to
generate a plurality of complexes each containing a nucleic acid molecule, a capture probe (or a
capture probe and a universal adaptor oligo), and a capture reagent. This step is carried out in a high
salt solution comprising from 100 mM to 2 M NaCl (osmolarity =200 to 4000 molar). An
exemplary high salt solution for anneal is 10 mM Tris pH 7.6, 0.1 mM EDTA, 1M NaCl
(osmolarity = 2000 molar). The mixture is incubated at room temperature with mixing for about
15 minutes.

At step 2040, the complexes formed in step 2030 are isolated or separated from solution
with a sorting device 1500 (e.g., a magnet) that pulls or sorts the capture reagent 1400 out of
solution.

At step 2050, the sorted complexes bound to the capture reagent 1400 are washed with a
low salt wash buffer (less than 10 mM NaCl, and more preferably no NaCl) to remove non-target
nucleic acids. An exemplary low salt wash buffer is 10 mM Tris pH 7.6, 0.1 mM EDTA
(osmolarity = 10 millimolar). In some embodiments, the low salt wash optionally contains
from 15% to 30% formamide, such as 25% formamide (osmolarity = 6.3 molar). For each wash
step, the capture reagent 1400 bound to the complexes (i.e., magnetic beads) are resuspended in the
low salt wash buffer and rocked for 5 minutes, then sorted again with the sorting device (magnet).
The wash step may be repeated 2 to 4 times.

At step 2060, the nucleic acid molecules containing the target sequences are eluted from
the complexes bound to the capture reagent as follows. The washed complexes bound to the
capture reagent 1400 are resuspended in water, or in a low salt buffer (i.e., osmolarity less than
100 millimolar), heated to 94°C for 30 seconds, the capture reagent (i.e., magnetic beads) are
pulled out using a sorting device (i.e., magnet), and the supernatant (eluate) containing the target
nucleic acid molecules is collected.

At step 2070, the eluate is amplified in a PCR reaction with a first PCR primer that binds
to the first primer binding site in the first linker and a second PCR primer that binds to the second
primer binding site in the second linker, producing a once-enriched library which can be
optionally genotyped at step 3000.

Alternatively, as shown in FIGURE 8, the once-enriched library may be further processed
according to steps 2020-2070 using the same set of capture probes in each round of enrichment to
generate a library that is twice-enriched, or three-times enriched, etc., for the target sequences of

interest prior to performing a ligation-dependent genotyping assay 3000.
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In one embodiment, the ratio of the concentration of the DNA target in the first and second
round of enrichment to the concentration of capture oligo is a concentration of about 500 ng/ml
DNA target to a concentration in the range of from about 1 nM to 10 nM of capture oligo. In one
embodiment, the ratio of the concentration of DNA target in the third round of enrichment to
concentration of capture oligo is a concentration of about 500 ng/ml of the twice-enriched library
to a concentration of about 1 nM of capture oligo.

In one embodiment, the first round of enrichment (steps 2020-2070 shown in FIGURE 8)
are carried out with a first set of capture probes designed to target a first set of targets, followed by
a second round of enrichment that is carried out with a second set of capture probes designed to
target a second set of targets.

In one embodiment, the capture reagent (1400) comprises streptavidin coated magnetic
beads, each bead having a binding capacity of approximately 50 pmol of biotinylated double-
stranded DNA/50 ul of beads. In one embodiment, at step 2030, about 50 pul of the streptavidin
coated magnetic beads are added to about 5 pg of the annealed nucleic acids (e.g., in the first and
second rounds of enrichment). In one embodiment, at step 2030, about 5 pul of the streptavidin
coated magnetic beads are added to about 5 pg of the annealed nucleic acids (e.g., in the third

round of enrichment).

Annealing and Ligation for the Ligation-Dependent Genotyping Assay

With reference to FIGURE 9, in one embodiment of the method, the annealing and ligation
step 3010 of the ligation-dependent genotyping assay 3000 is carried out by mixing a set of SNV
query oligonucleotides with the test sample comprising nucleic acids containing the target region
of interest under conditions that allow hybridization between the SNV query oligonucleotides and
the target nucleic acid region(s) of interest in the presence of a thermostable DNA ligase, and
under conditions suitable to ligate the 5'ligation oligonucleotides having a 3'region that
hybridizes to the nucleotide sequence present at the polymorphic locus of interest in the test
sample and the adjacent 3' phosphorylated ligation oligonucleotides, thereby generating a plurality
of ligation products indicative of the genotype of the test sample at the one or more polymorphic
loci of interest.

In another embodiment of the method, the annealing and ligation step 3010 of the ligation-
dependent genotyping assay 3000 is carried out by first mixing a set of SNV query

oligonucleotides with the test sample comprising nucleic acids containing the target region of
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interest under conditions that allow hybridization between the SNV query oligonucleotides and the
target nucleic acid region(s) of interest, then contacting the annealed mixture with either a
thermostable, or non-thermostable DNA ligase under conditions suitable to ligate the 5'ligation
oligonucleotides having a 3'region that hybridizes to the nucleotide sequence present at the
polymorphic locus of interest in the test sample and the adjacent 3' phosphorylated ligation
oligonucleotides, thereby generating a plurality of ligation products indicative of the genotype of
the test sample at the one or more polymorphic loci of interest.

Hybridizing conditions for hybridizing the SNV query oligos to the target nucleic acid
molecules in the test sample are selected at a suitable stringency to achieve specific hybridization
and are chosen based on the length of the target-specific binding region and the level of identity
between the binding region and the target. The hybridization parameters that can be varied
include salt concentration, buffer, pH, temperature, time of incubation, amount and type of
denaturant, such as formamide, etc. (see, e.g., Sambrook et al., Molecular Cloning: A Laboratory
Manual, 2d ed., Vols. 1-3, Cold Spring Harbor Press, New York, 1989; Hames et al., Nucleic Acid
Hybridization, 1L Press, 1985; Davis etal., Basic Methods in Molecular Biology, Elsevier
Sciences Publishing, Inc., New York, 1986). The reaction conditions required to achieve specific
interactions of the SNV query oligos and target nucleic acid molecules are routine and
conventional in the art (e.g., as described in Niemeyer et al., Nucleic Acid Res. 22:5530-5539,
1994; Fodor etal.,, U.S. Patent No. 5,510,270; Pirrung etal., U.S. Patent No. 5,143,854,
incorporated herein by reference).

In some embodiments, the hybridization step of a hybridization reaction followed by a
ligation reaction, or a coupled hybridization/ligation reaction is carried out in a suitable reaction
mixture comprising at least one monovalent cationic salt selected from the group consisting of

KCl, NaCl and NH4Cl, in order to stimulate annealing of the genotyping primers to the

complementary genotyping primers, for example, as described in Example 5.

In some embodiments, the hybridization step of a hybridization reaction followed by a
ligation reaction, or a coupled hybridization/ligation reaction is carried out in a suitable reaction
mixture by incubating the mixture at an initial temperature greater than 90°C to denature the
nucleic acids and gradually cooling to room temperature over a time period ranging from
30 minutes to 2 hours or longer, such as for at least 30 minutes, at least 60 minutes, at least

120 minutes, at least 170 minutes, or longer.
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For example, hybridization of two binding partners may be carried out in a buffer such as,

for example, 6X SSPE-T (0.9 M NaCl, 60 mM MaH,PO,;, 6 mM EDTA and 0.05% Triton-X-100)

for a time period from 10 minutes to at least 3 hours, at a temperature from about 4° to about 37°.
In some embodiments of the invention, the reaction conditions can approximate physiological
conditions. An exemplary solution for annealing is 10 mM Tris pH 7.6, 0.1 mM EDTA, 20 mM
Na(l, as described in Example 1.

The amount of SNV query oligos added to the test sample per genotyping reaction is
typically from about 1 pM to about 50 nM, such as from about 10 pM to about 5 nM, such as
about 50 pM to about 1000 pM, such as from about 100 pM to about 500 pM. As described in
Example 3, it was determined that SNV oligo concentrations in the range of 100 pM improved
assay sensitivity by increasing the signal-to-noise ratio. The nucleic acids in the mixture are then
denatured (i.e., by heating to 94 degrees) and allowed to cool to room temperature.

In one embodiment, a thermostable DNA ligase, such as, for example, Taq DNA ligase or
9°N DNA ligase, is utilized in the methods of the invention. The use of a thermostable ligase is
advantageous because the enzyme activity is retained at the high temperatures needed for DNA
melting and reannealing. In another embodiment, either a thermostable (such as Taq DNA ligase)
or a non-thermostable DNA ligase (such as T4 DNA ligase) is added to the annealed mixture, as
described in Example 5.

In accordance with some embodiments, a ligation reaction comprising a non-thermostable
DNA ligase is typically incubated at a temperature ranging from about 15°C to about 45°C for a
time period ranging from at least one minute to 30 minutes or longer (e.g., at least about 1 minute,
at least S minutes, at least 10 minutes, at least 20 minutes, or at least 30 minutes).

In accordance with some embodiments, a ligation reaction comprising a thermostable
DNA ligase is typically incubated at a temperature ranging from about 37°C to about 75°C for a
time period ranging from at least one minute to 30 minutes or longer (e.g., at least about 1 minute,
at least 5 minutes, at least 10 minutes, at least 20 minutes, or at least 30 minutes). In addition to
the fact that thermostable ligases may be utilized at high temperatures, it has been determined that
thermostable DNA ligases have greater specificity and preference for ligating nicks in dsDNA and
have little ssDNA joining activity (i.e., randomly joining oligos together in the absence of
template, such as a target nucleic acid of interest), whereas it has been determined that T4 DNA

ligase, a non-thermostable ligase, joins oligos in the absence of template at a significant rate.
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Detection of Ligation Products

At step 3020, the presence and/or amount of the ligation products in the ligation reaction
are detected. The presence and/or amount of the ligation products in the ligation reaction may be

determined using any suitable method of measurement. As used herein, the terms "determining,"

"measuring,” "evaluating," "assessing," and "assaying" are used interchangeably to refer to any
form of measurement, and include determining if an element, (e.g., such as the variant or
consensus nucleotide, or the ligation product indicative of presence of the variant or consensus
nucleotide), is present or not. These terms include both quantitative and/or qualitative
determinations, which may be relative or absolute.

In one embodiment, the amount of the ligation products in the ligation reaction are
measured using quantitative PCR (qPCR) comprising amplification of the ligation products with
one or more pair(s) of detection primers with a DNA polymerase, each primer pair comprising a
forward PCR primer that binds to the first PCR primer binding region in the 5'ligation
oligonucleotide and a reverse PCR primer that binds to the second PCR primer binding region in
the 3' ligation oligonucleotide. In such embodiments, it is noted that the tails 302, 402, 502 on the
ligation primers 300, 400, and 500, respectively, containing primer binding sites for primers used
for subsequent real-time quantitative PCR, can, in principle, be many different sequences. This
allows for multiplexing of numerous assays to detect different SN'Vs in a single ligation reaction,
as further described in Examples 3, 5, and 7.

In one embodiment, a fluorescent dye, such as SYBR green, is included in the qPCR
reaction that intercalates with double-stranded DNA, causing fluorescence of the dye. An increase
in DNA product during PCR therefore leads to an increase in fluorescence intensity and is
measured at each cycle, thus allowing DNA concentration to be quantified. In order to reduce
background levels due to the binding of the dye to non-specific PCR products, such as primer-
dimers, in one embodiment, a paired set of primers is used for each PCR reaction, wherein the
penultimate two or three nucleotides at the 3' end of the forward and reverse primers are selected
to avoid primer-dimer formation.

In another embodiment, the gPCR reaction is carried out using a set of fluorescent reporter
probes. An increase in the product targeted by the reporter probe occurs during each PCR cycle,
therefore, causes a proportional increase in fluorescence.

Fluorescence is detected and measured in the real-time PCR thermocycler and its

geometric increase corresponding to exponential increase of the product is used to determine the
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threshold cycle (Ct) in each reaction. Relative concentrations of DNA present during the
exponential phase of the reaction are determined by plotting fluorescence against cycle number on
a logarithmic scale. A threshold for detection of fluorescence above background is determined.
The cycle at which the fluorescence from a sample crosses the threshold is called the cycle
threshold (Ct). Since the quantity of DNA doubles every cycle during the exponential phase,
relative amounts of DNA can be calculated. For example, a sample whose Ct is 3 cycles earlier
than another sample has 23 = 8 times more template.

In some embodiments of the genotyping methods, as shown in FIGURE 9 at step 3030, the
detection result is compared to one or more reference values obtained from one or more reference
standards to determine the genotype of the test sample at each SNV position of interest, for
example, using the methods described supra. The one or more reference values may be obtained
by carrying out the ligation-dependent genotyping assay with one or more reference standards,
such as a set of SNV query oligos and a pair of synthetic double-stranded templates comprising a
target specific sequence region including either a consensus or variant nucleotide at the SNV
position of interest, as described herein. The synthetic double-stranded templates containing an
SNV position of interest are typically at least 30 to 200 nucleotides in length and may be generated
by annealing complementary synthesized oligos, as described in Example 1. The SNV position of
interest is typically located at or within 10 nucleotides of the middle of the synthetic template.

In another aspect, the present invention provides a method of genotyping a test sample at
one or more single nucleotide variant(s) (SNVs) position(s) of interest, the method comprising:
(a) for each SNV position of interest, contacting in three separate reaction mixtures: (i) a synthetic
template comprising the target region of interest having a consensus nucleotide at the SNV
position of interest; (ii) a synthetic template comprising the target region of interest having a
variant nucleotide at the SNV position of interest; and (iii) a test sample comprising the target
region of interest comprising the SNV position of interest to be genotyped; with one or more set(s)
of SNV query oligonucleotides, each set comprising: (i) a pair of allele-specific 5'ligation
oligonucleotides, the pair comprising a first 5' ligation oligonucleotide comprising, from the 5' to
3"end, a first PCR primer binding region, a target-specific binding region selected to hybridize
5' of the SNV nucleotide position of interest, and a 3' region chosen to hybridize to the consensus
nucleotide sequence at the SNV position of interest and a second 5'ligation oligonucleotide
comprising, from the 5'to 3'end, a first PCR primer binding region, a target-specific binding

region selected to hybridize 5' of the SNV nucleotide position of interest, and a 3' region chosen to
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hybridize to the variant nucleotide sequence at the SNV position of interest and (ii) a
phosphorylated 3'ligation oligonucleotide comprising from the 5 to 3'end, a target-specific
binding region selected to hybridize 3' of the SNV position of interest and a second PCR primer
binding region, under conditions that allow hybridization between the SNV query oligonucleotides
and the nucleic acid target regions of interest; (b) contacting the three separate reaction mixtures
of step (a) with DNA ligase under conditions suitable to ligate the 5'ligation oligonucleotides
having a 3'region that hybridizes to the nucleotide sequence present at the SNV nucleotide
position of interest in the synthetic templates and test samples and the adjacent 3' phosphorylated
ligation oligonucleotides, thereby generating three separate ligation mixtures; and (c) measuring
the amount of the ligation products in each of the three ligation mixtures of step (b).

In some embodiments of the method, the hybridization and ligation steps are combined
(i.e., coupled), wherein a test sample comprising one or more SNV positions of interest within one
or more target nucleic acid region(s) of interest is contacted with one or more set(s) of query
oligonucleotides in the presence of a thermostable DNA ligase. In other embodiments of the
method, the hybridization and ligation reactions are carried out sequentially under separate
reaction conditions (i.e., uncoupled), and may utilize either thermostable or non-thermostable
DNA ligase.

The synthetic templates and SNV query oligos for a SNV position of interest may be
generated as previously described herein.

As shown in FIGURE 10, an embodiment of the ligation-dependent multiplexed
genotyping assay 4000 is carried out for a set of SNV positions of interest by providing a pool of
one or more sets of SNV query oligos (i.e., an oligo pool) at step 4010, each set of SNV query
oligos comprising 5' and 3' ligation oligos for each SNV position of interest to be genotyped. The
pool at step 4010 may comprise at least 5 sets of SNV query oligos, at least 10, at least 20, at
least 40, at least 50, at least 80, at least 100, up to 500 or more, wherein each set is designed to
genotype an SNV position of interest.

At step 4022, the oligo pool according to step 4010 is annealed with a set of consensus
reference templates corresponding to the SNV positions of interest and ligated in a first reaction
vessel. At step 4024, the oligo pool according to step 4010 is annealed with a set of variant
reference templates corresponding to the SNV positions of interest in the presence of DNA ligase
and ligated in a second reaction vessel. At step 4026, the oligo pool according to step 4010 is

annealed with a test sample comprising nucleic acid molecules having the SNV positions of

IDT Exhibit 1020.2504



10

15

20

30

WO 2010/129937 30 PCT/US2010/034145
interest and ligated in a third reaction vessel. The annealing and ligation steps may be carried out
as previously described herein.

At step 4032, the ligation mixture from step 4022 (consensus templates) is distributed over
a multi-well container (e.g., a universal assay plate) comprising PCR detection primer pairs
arranged in a matrix such that each well in the matrix is positionally addressable and contains a
different detection primer pair, and a quantitative PCR assay is carried out in the multi-well
container.

At step 4034, the ligation mixture from step 4024 (variant templates) is distributed over a
multi-well container (e.g., a universal assay plate) comprising PCR detection primer pairs
arranged in a matrix such that each well in the matrix is positionally addressable and contains a
different detection primer pair, and a quantitative PCR assay is carried out in the multi-well
container. In some embodiments, the PCR detection primer pairs in the matrix are minimally-
interacting primer pairs, as described herein.

At step 4036, the ligation mixture from step 4026 (test sample) is distributed over a
multi-well container (e.g., a universal assay plate) comprising PCR detection primer pairs
arranged in a matrix such that each well in the matrix is positionally addressable and contains a
different detection primer pair, and a quantitative PCR assay is carried out in the multi-well
container. The multi-well containers used in steps 4032, 4034, and 4036, are separate, but
substantially identical containers (i.e., each container contains the same primer pairs, arranged in
the same grid pattern, so that the results of each assay can be compared side by side).

At step 4040, the quantitative PCR results obtained from step 4032 (consensus templates)
and from step 4034 (variant templates) are used to calculate the reference values expected for a
diploid genome containing homozygous consensus nucleotides, heterozygous nucleotides, or
homozygous variant nucleotides, at each SNV position of interest. The quantitative PCR results
may be raw cycle threshold (Ct) results (i.e., the cycle at which the fluorescence from a sample
crosses the threshold), or may be processed results (such as those obtained by subtracting a
background measurement, or by rejecting a reading for a feature which is below a predetermined
threshold, normalizing the results, or the average Ct value of replicate samples, and the like). An
exemplary method of calculating the reference values expected for a diploid genome using
quantitative PCR results obtained from a pair of reference templates (consensus and variant) for

each SNV position of interest is provided in Example 3.
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At step 4050, the quantitative PCR results obtained from step 4036 (the test sample) are
compared to the calculated reference values from step 4040 to determine the genotype of the test
sample at each SNV position of interest, and assigning the genotype based on the closest pairing
between the experimental value from the test sample and the calculated reference values for each
potential genotype at each SNV position of interest. For example, genotyping with the consensus
template may yield a Ct value of "25" in the consensus assay (assay with SNV consensus query
oligos), and a Ct value of "30" in the variant assay (assay with SNV variant query oligos). The
genotyping results are calculated as a result of the Ct of the variant (Ct(var)) minus the Ct of the
consensus (Ct(cons)). Therefore, in the above example, the consensus template yields a Ct(var) -
Ct(cons) of "30"-"25" = 5. The variant template in the above example yields a Ct(var)-Ct(cons)
value of "25"-"30" =-5. Finally, a mixed template would be inferred to give a Ct(var) - Ct(cons)
value of "25"-"25" =0. Assuming the sample is a diploid, then a sample with a homozygous
consensus base at the SNV position would be expected to yield a Ct(var) - Ct(cons) value of
approximately "30"-"25" = 5. Similarly, a homozygous variant base would be expected to yield a
value of = -5, and a heterozygous consensus plus variant would be expected to return a Ct(var) -
Ct(cons) value of approximately zero. By comparing the actual Ct(var) - Ct(cons) value of the test
sample in the genotyping assay to the reference templates, genotypes are assigned based on the
closest numerical similarity to the homozygous consensus, homozygous variant or heterozygous
consensus and variant values produced with the templates and the Ct(var) - Ct(cons) calculation.

Assessing the performance of the ligation-dependent genotyping assay

The performance of the ligation-dependent genotyping assay carried out using quantitative
PCR may be evaluated by calculating the dynamic range of the assay as follows. The average Cts
across replicate samples (e.g., quadruplicate wells) in the qPCR assay for each consensus and
variant pair of an SNV assay set is calculated, wherein a Ct value below 30 is indicative of an
informative qPCR assay. The Ct(variant)-Ct(consensus) = A consensus is calculated for each of
the consensus template assays and the Ct(consensus)-Ct(variant) = A variant is calculated for each
of the variant template assays. The sum of A consensus for the consensus template assays plus A
variant for the variant template assays is then calculated. As described in Example 7, it was
experimentally determined that if the sum of A consensus for the consensus template assays plus A
variant for the variant template assays is > 3, then genotyping calls can be made with confidence

in diploid organisms.
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Matrix of Detection Primer Pairs

In another aspect, the present invention provides a method of producing a multi-well
container comprising a matrix of detection primer pairs for decoding a multiplexed assay, the
method comprising: (a) designing a plurality of detection primer pairs, each pair comprising a
forward primer and a reverse primer for amplifying a target nucleic acid molecule of interest
comprising a 5' primer binding region and a 3' primer binding region, wherein each forward
primer comprises a 5' region that hybridizes to the 5' primer binding region of the target nucleic
acid molecule of interest and a 3' region selected to avoid primer-dimer formation with the reverse
primer; and wherein each reverse primer comprises a 5'region that hybridizes to the 3' primer
binding region of the target nucleic acid molecule of interest and a 3'region selected to avoid
primer-dimer formation with the forward PCR primer; and (b) dispensing each of the plurality of
detection primer pairs into a well in a multi-well container comprising an ordered array of wells
arranged in a matrix comprising a plurality of perpendicular rows distributed along the vertical
axis of the container and a plurality of columns distributed along the longitudinal axis of the
container, such that each well in the matrix is positionally addressable. In one embodiment, the
present invention provides multi-well containers comprising a matrix of detection primer pairs for
decoding a multiplexed assay. In some embodiments, the detection primer pairs in the matrix are
designed to be minimally-interacting primer pairs (i.e., primer pairs each comprising a 3' region
selected to avoid primer-dimer formation), as described herein.

An exemplary multi-well container useful for carrying out the detection step of the
genotyping assay is shown in FIGURE 5A. FIGURE 5A shows a perspective view of a
representative multi-well container 800 of the present invention. The multiwell container 800
includes a body 802 including an upper surface 804, a lower surface 806 disposed opposite the
upper surface 804, a right side 808, a left side §10 disposed opposite the right side 8§08, a top §14,
and a bottom 812 disposed opposite the top 814. The container body 802 defines multiple
wells 826. A lid 828 may optionally cover the upper surface 804. As shown in FIGURE 5A, the
lid 828 includes a lid body 830 defining an outer surface 832, an inner surface 834 and a lip 836
that extends around the perimeter of lid body 830. In the embodiment shown in FIGURE 5A, the
multi-well container 800 comprises an ordered array of individual wells 826. In the embodiment
shown in FIGURE 5A, the ordered array of individual wells 826 is arranged in a matrix of a
plurality of perpendicular rows distributed along the vertical axis (i.e., from the top 8§14 to the

bottom §12) of the multi-well container 800 and a plurality of columns distributed along the
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longitudinal axis (i.e., from the left side 810 to the right side 808). In exemplary embodiments,
the multi-well container 800 includes a matrix having a dimension of 8 columns x 12 rows
=96 wells, or 16 columns x 24 rows = 384 wells, or 32 columns x 48 rows = 1536 wells.

As shown more clearly in FIGURE 5B, in the representative embodiment of the multi-well
container 800, each well 8§26 is generally hemispherical and includes a well wall 838 defining a
well lumen 840 that opens onto upper surface 804 of the container body 802 through the
opening 842. The multiple wells §26 are sized for receiving and retaining aliquots (e.g., aliquots
that each have a volume of from 1 ul to 1000 pl) of a liquid composition, such as a PCR reaction
mixture.

In the exemplary embodiment shown in FIGURE 5A, the multi-well container 800 has a
generally rectangular shape, but the multi-well container 800 can have any shape, such as square
or circular. Similarly, the wells 826 can have any desired shape provided that they are capable of
containing a liquid composition 844. The lid 828 is suitably dimensioned to fit over upper
surface §14 of container body 802. The container body 802 and the lid 828 may be made from
any suitable material, or mixtures of suitable materials. Typically, the container body 802 and the
lid 828 are made from a material, such as plastic, that can withstand freezing and thawing at least
once, as well as multiple cycling to temperatures up to at least 95°C (e.g., in a thermocycler).
Exemplary containers include a 96 well assay plate, or a 384 well assay plate, such as
commercially-available 96-well plastic plates manufactured by Island Scientific (7869 NE Day Rd
West, Bainbridge Island, WA 98110), or by MWG Biotech (4170 Mendenhall Oaks Parkway,
Suite 160, High Point, NC 27265), or optical plates from ABI for real time PCR analysis with the
ABI 7900 (Applied Biosystems, Foster City, CA), or any other multi-well assay plate suitable for
quantitative PCR assay analysis.

In one embodiment of the invention, the present invention provides a multi-well
container 800 comprising a matrix of a plurality of compositions 844, each composition 844
comprising detection primer pairs dispensed into individual wells for decoding a multiplexed
assay. The multi-well containers 800 are preferably produced en masse, easily stored, and
reproducible, allowing multiple genotyping assays to be assayed and easily compared with each
other.

In some embodiments, at least 20% of the wells 826 (e.g., at least 20% (e.g., at least 25%,
at least 30%, at least 40%, at least 50%, at least 60%, or at least 70%, or at least 80%, or at least

90%. or all of the wells in the container) comprise a composition 844 comprising a PCR detection
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primer pair, each pair comprising a forward PCR primer and a reverse PCR primer for amplifying
a target nucleic acid molecule of interest flanked by a 5' primer binding region and a 3' primer
binding region, wherein each forward PCR primer comprises a 5 region that hybridizes to the
5' primer binding region of the target nucleic acid molecule of interest and a 3' region selected to
avoid primer-dimer formation with the reverse PCR primer; and wherein each reverse PCR primer
comprises a 5'region that hybridizes to the 3' primer binding region of the target nucleic acid
molecule of interest and a 3'region selected to avoid primer-dimer formation with the forward
PCR primer, also referred to as "minimally interacting primer pairs".

In some embodiments, the 3' region of the minimally interacting forward and reverse
primer pairs selected to avoid primer-dimer formation consists of from two to nine 3' terminal
nucleotides (e.g., the last 2 nucleotides, the last 3 nucleotides, the last 4 nucleotides, the last
5 nucleotides, the last 6 nucleotides, the last 7 nucleotides, the last 8 nucleotides, or the last
9 nucleotides as measured from the 3' end) wherein the 3' terminal nucleotide sequence is selected
to reduce background signal and provide the greatest possible dynamic range for genotyping
assays.

In some embodiments, the 3' region of the forward and reverse primer pairs consists of the
last two or three nucleotides at the 3' end of the respective oligonucleotides. In accordance with
such embodiments, as described in Examples 2, 4, 6, and 7, the last two or three nucleotides at the
3" end of the primer pairs are designed with sequences that cannot pair with one another nor can
they self anneal. For example, in one representative embodiment, each forward primer in a primer
matrix is designed to end in the sequence "CT" and each reverse primer in the primer matrix is
designed to end in the sequence "GA," as described in Example 2. In another representative
embodiment, a set of forward primers in a primer matrix is designed to end in "ACA" and a set of
reverse primers in the primer matrix is designed to end in "CAC," as described in Example 4. In
some embodiments, candidate primers for use as minimally interactive primer pairs are further
screened to eliminate primers containing sequences present within 9 nucleotides of the 3' end of
the primer that would hybridize to the 3'terminal sequences, such as primers containing the
sequence "GTG" or "T'GT" within the last 9 nucleotides of the 3' end, as described in Example 4.

In another representative embodiment, a set of minimally interacting primer pairs is
selected by first generating a set of candidate random 22-mer DNA sequences, screening the
sequences for the presence of either "TTT" or "GGG" in the 3' terminal 6 nucleotides, and

removing such candidate primers to generate a subset of candidate primers, adding the 3' terminal
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sequence "CCC" to a first group of the subset of primers and adding the 3' terminal sequence
"AAA" to a second group of the subset primers, to generate a set of candidate primer pairs, and
performing a control assay with no template with the set of candidate primer pairs to identify
primer pairs that generated a Ct value indicative of a low background level, such as a Ct value of
greater than 35 (such as a Ct value greater than 36, a Ct value greater than 37, a Ct value greater
than 38, a Ct value greater than 39, or a Ct value greater than 40). In some embodiments, the 3'
terminal sequence "ACA" is added to the first group of the subset primers and the 3' terminal
sequence "CAC" is added to the second group of primers in order to provide primer sets with
closely matched Tm values.

A primer matrix is then generated that includes only the primer pairs with the desired low
background level (e.g., all primer pairs generated a Ct value of greater than 35 in a no template
control assay), as described in Examples 6 and 7.

In some embodiments, the PCR detection primer pairs are dispensed into a plurality of
individual wells 826 (also referred to as "features") in the multi-well container such that each pair
of PCR detection primers in each well 826 of the matrix is positionally addressable, i.e., is
localized to a known, defined well 826 in the container 800 such that the identity (i.e., the
sequence) of each amplified ligation product can be determined from its position on the matrix.

In some embodiments, at least 20% (e.g., at least 25%, at least 30%, at least 40%, at least
50%, at least 60%, at least 70%, at least 80%, at least 90%, or all of the wells in the container) of
the wells 826 in the multi-well container 800 comprise a composition 844 comprising a pair of
PCR detection primer pairs that is different from the PCR detection primer pairs contained in the
other wells of the multi-well container 800.

In some embodiments, the composition 844 further comprises reagents for carrying out an
enzyme reaction, such as a polymerase, such as a DNA polymerase, or such as a reverse
transcriptase.

In some embodiments, the composition 844 further comprises one or more reagents for
carrying out a PCR amplification reaction. PCR amplification methods are well known in the art
and are described, for example, in Innis et al., eds., 1990, PCR Protocols: A Guide to Methods
and Applications, Academic Press Inc., San Diego, CA, and Ausubel et al., Short Protocols in
Molecular Biology, Wiley, 1995; and Innis et al., PCR Protocols, Academic Press, 1990. An
amplification reaction typically includes the DNA that is to be amplified, a thermostable DNA
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polymerase, two oligonucleotide primers, deoxynucleotide triphosphates (dNTPs), reaction buffer
and magnesium.

In some embodiments, the composition 844 comprises a pair of PCR detection primers,
DNA polymerase, and reagents for carrying out a quantitative PCR reaction, such as one or more
of the following: a Tris buffer, a potassium salt (e.g., potassium chloride), a magnesium salt (e.g.,
magnesium chloride), nucleotides (e.g., adenine, cytosine, guanine and thymidine), or derivatives
thereof, and a detection reagent, such as a fluorescent dye (e.g., SYBR green) or other qPCR
reagents known in the art, such as TagMan, or molecular beacons. In some embodiments, the
composition 844 comprises 2X SYBR master mix, commercially available from Applied
Biosystems, Foster City, CA.

In some embodiments, the method of making a matrix for decoding the results of a
multiplexed assay further comprises aliquoting the liquid composition 844 into multiple wells 826
of the multi-well container 800 and freezing the liquid composition 844 or freezing and drying
(i.e., lyophilizing) the composition §44, wherein each dried aliquot comprises an amount of water
that is less than 0.1% by weight of the dried aliquot. Aliquots of the liquid composition 844 can
be frozen by any means, such as by placing the container containing the aliquots of the liquid
composition 844 into a freezer where the container is incubated at a temperature below the
freezing point of the liquid mixture until the aliquots of the mixture freeze.

In some embodiments, the method further comprises storing the frozen liquid or
lyophilized aliquots at a temperature below minus 15°C. In some embodiments, the method
comprises packaging the multi-well container 800 comprising the aliquoted composition 8§44 into
a packaging material, such as a plastic wrapper, or other suitable protective outer packaging
material.

Kits for Ligation-Dependent Genotyping Assays

In another aspect, the invention provides a kit for genotyping a test sample at one or more
polymorphic loci of interest, such as at one or more single nucleotide variant(s) (SNVs) position(s)
of interest. The kit in accordance with this aspect of the invention comprises at least one set of
query oligonucleotides for genotyping at least one polymorphic locus of interest, the set
comprising (i) at least one 5' ligation oligonucleotide comprising, from the 5' to 3' end, a first PCR
primer binding region, a target-specific binding region selected to hybridize 5' of the polymorphic
locus of interest, and a 3'region chosen to hybridize to either a consensus or variant nucleotide

sequence at the polymorphic locus of interest, and (ii) a phosphorylated 3' ligation oligonucleotide
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comprising from the 5'to 3'end, a target-specific binding region selected to hybridize 3' of the
polymorphic locus of interest and a second PCR primer binding region. The query ligation
oligonucleotides (e.g., SNV query ligation oligonucleotides) may be generated as described
herein.

In some embodiments, the kit may further comprise a thermostable DNA ligase, such as
Taq DNA ligase or 9°N DNA ligase. In some embodiments, the kit may further comprise at least
one synthetic template comprising the target region of interest having a consensus or variant
nucleotide at the SNV position of interest. The synthetic templates may be generated as described
herein.

In some embodiments, the kit may further comprise one or more detection primer pairs for
quantitative PCR analysis of the ligation mixture. In some embodiments, the kit may comprise a
multi-well container comprising a plurality of detection primer pairs arranged in a matrix (i.e., a
universal plate for decoding a multiplex assay), as described herein. In some embodiments, the kit
may further comprise one or more reagents for carrying out a quantitative PCR reaction, such as
one or more of the following: a Tris buffer, a potassium salt (e.g., potassium chloride), a
magnesium salt (e.g., magnesium chloride), nucleotides (e.g., adenine, cytosine, guanine and
thymidine), or derivatives thereof, and a detection reagent, such as a fluorescent dye (e.g., SYBR
green) or other qPCR reagents known in the art, such as TagMan, or molecular beacons.

Oligonucleotide Synthesis

DNA synthesis of the various oligonucleotides of the invention (e.g., SNV query oligos,
synthetic templates, PCR detection primer linkers, and capture probes) can be carried out by any
art-recognized chemistry, including phosphodiester, phosphotriester, phosphate triester, or
N-phosphonate and phosphoramidite chemistries (see, e.g., Froehler etal., Nucleic Acid
Res. 14:5399-5407, 1986; McBride et al., Tetrahedron Lett. 24:246-248, 1983). Methods of
oligonucleotide synthesis are well known in the art and generally involve coupling an activated
phosphorous derivative on the 3' hydroxyl group of a nucleotide with the 5' hydroxyl group of the
nucleic acid molecule (see, e.g., Gait, Oligonucleotide Synthesis: A Practical Approach, IRL
Press, 1984).

Suitable nucleotides useful in the synthesis of the various oligonucleotides of the invention
include nucleotides that contain activated phosphorus-containing groups such as phosphodiester,
phosphotriester, phosphate triester, H-phosphonate and phosphoramidite groups. In some

embodiments, oligonucleotides can be synthesized using modified nucleotides, or nucleotide
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derivatives, such as, for example, combinations of modified phosphodiester linkages such as
phosphorothiate, phosphorodithioate, and methylphosphonate, as well as nucleotides having
modified bases such as inosine, 5'-nitroindole, and 3' nitropyrrole. Additionally, it is possible to
vary the charge on the phosphate backbone of the nucleic acid molecule, for example, by
thiolation or methylation, or to use a peptide rather than a phosphate backbone. In some
embodiments, oligonucleotides may be synthesized for use in the methods described herein that
include one or more nucleotide analogs at one or more positions, wherein the nucleotide analogs
enhance oligonucleotide binding affinity, such as 2-O-ethyl modified nucleotides or locked nucleic
acid molecules. As used herein, the term "locked nucleic acid molecule" (abbreviated as LNA
molecule) refers to a nucleic acid molecule that includes a 2'-O,4'-C-methylene-[3-D-ribofuranosyl
moiety. Exemplary 2'-O,4'-C-methylene-B-D-ribofuranosyl moiecties, and exemplary LNAs
including such moieties, are described, for example, in Petersen, M. and Wengel, J., Trends in
Biotechnology 21(2):74-81 (2003) which publication is incorporated herein by reference in its
entirety. The making of such modifications is within the skill of one trained in the art.

A population of nucleic acid molecules can be synthesized on a substrate by any
art-recognized means including, for example, photolithography (see, Lipshutz et al., Nat. Genet.
21(1 Suppl):20-24, 1999) and piezoelectric printing (see, Blanchard etal., Biosensors and
Bioelectronics 11:687-690, 1996). In some embodiments, nucleic acid molecules are synthesized
in a defined pattern on a solid substrate to form a high-density microarray. Techniques are known
for producing arrays containing thousands of oligonucleotides comprising defined sequences at
defined locations on a substrate (see, e.g., Pease et al., Proc. Nat'l. Acad. Sci. 91:5022-5026, 1994;
Lockhart et al., Nature Biotechnol. 14:1675-80, 1996; and Lipshutz etal., Nat. Genet. 21 (1
Suppl):20-4, 1999).

In some embodiments, populations of nucleic acid molecules are synthesized on a
substrate, to form a high density microarray, by means of an ink jet printing device for
oligonucleotide synthesis, such as described by Blanchard in U.S. Patent No. 6,028,189;
Blanchard et al., Biosensors and Bioelectrics 11:687-690 (1996); Blanchard, Synthetic DNA
Arrays in Genetic Engineering, Vol 20, J.K. Setlow, Ed. Plenum Press, New York at
pages 111-123; and U.S. Patent No. 6028189 issued to Blanchard. The nucleic acid sequences in
such microarrays are typically synthesized in arrays, for example, on a glass slide, by serially
depositing individual nucleotide bases in "microdroplets” of a high surface tension solvent such as

propylene carbonate. The microdroplets have small volumes (e.g., 100 picoliters (pL) or less, or
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50 pL or less) and are separated from each other on the microarray (e.g., by hydrophobic domains)
to form surface tension wells which define the areas containing the array elements (i.e., the
different populations of nucleic acid molecules). Microarrays manufactured by this ink-jet method
are typically of high density, typically having a density of at least about 2,000 different nucleic
acid molecules per 1 cm2. The nucleic acid molecules may be covalently attached directly to the
substrate, or to a linker attached to the substrate at either the 3' or 5' end of the polynucleotide.
Exemplary chain lengths of the synthesized nucleic acid molecules suitable for use in the present
methods are in the range of about 20 to about 200 nucleotides in length, such as 50 to 100, 60 to
100, 70 to 100, 80 to 100, or 90 to 100 nucleotides in length. In some embodiments, the nucleic
acid molecules are in the range of 40 to 100 nucleotides in length.

Exemplary ink jet printing devices suitable for oligonucleotide synthesis in the practice of
the present invention contain microfabricated ink-jet pumps, or nozzles, which are used to deliver
specified volumes of synthesis reagents to an array of surface tension wells (see, Kyser et al., J.
Appl. Photographic Eng. 7:73-79, 1981).

In some embodiments, a population of nucleic acid molecules is synthesized to form a
high-density microarray. A DNA microarray, or chip, is an array of nucleic acid molecules, such
as synthetic oligonucleotides, disposed in a defined pattern onto defined areas of a solid support
(see, Schena, BioEssays 18:427, 1996). The arrays are preferably reproducible, allowing multiple
copies of a given array to be produced and easily compared with each other. Microarrays are
typically made from materials that are stable under nucleic acid molecule hybridization conditions.
In some embodiments, the nucleic acid molecules on the array are single-stranded DNA sequences.
Exemplary microarrays and methods for their manufacture and use are set forth in T.R. Hughes
et al., Nature Biotechnology 19:342-347, April 2001, which publication is incorporated herein by
reference.

In some embodiments, the methods of the invention utilize oligonucleotides that are
synthesized on a multiplex parallel DNA synthesis system based on an integrated microfluidic
microarray platform for parallel production of oligonucleotides, wherein the DNA synthesis
system utilizes photogenerated acid chemistry, parallel microfluidics and a programmable digital
light controlled synthesizer, as described in U.S. Patent Publication No. 2007/0059692; Gao et al.,
Biopolymers 73:579-596 (2004); and Zhou etal., Nucleic Acids Research 32(18):5409-5417

(2004), each of which is incorporated herein by reference.
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In some embodiments, the methods of the invention utilize synthesized oligonucleotides
that are cleaved off a substrate, such as a microarray. The synthesized nucleic acid molecules can
be harvested from the substrate by any useful means. In some embodiments, the portion of the
nucleic acid molecule that is directly attached to the substrate, or attached to a linker that is
attached to the substrate, is attached to the substrate or linker by an ester bond which is susceptible
to hydrolysis by exposure to a hydrolyzing agent, such as hydroxide ions, for example, an aqueous
solution of sodium hydroxide or ammonium hydroxide. The entire substrate can be treated with a
hydrolyzing agent, or alternatively, a hydrolyzing agent can be applied to a portion of the
substrate. For example, a silane linker can be cleaved by exposure of the silica surface to
ammonium hydroxide, yielding various silicate salts and releasing the nucleic acid molecules with
the silane linker into solution. In some embodiments, ammonium hydroxide can be applied to the
portion of a substrate that is covalently attached to the nucleic acid molecules, thereby releasing
the nucleic acid molecules into the solution (see, Scott and MclLean, Innovations and Perspectives
in Solid Phase Synthesis, 3" International Symposium, 1994, Mayflower Worldwide,
pp. 115-124).

The following examples merely illustrate the best mode now contemplated for practicing

the invention, but should not be construed to limit the invention.

EXAMPLE 1

This Example describes a method for validating single nucleotide variants (SNV) using
oligonucleotide ligation and detection of the ligation product by PCR to confirm the presence of a
panel of potential SNV identified during massively parallel sequencing analysis.

Rationale: One of the unforeseen issues that has emerged with SNV and/or mutation
detection in the context of massively parallel sequencing platforms is that allele calls are often
ambiguous. A combination of factors including sequence read depth, sequence quality,
misaligned reads, alignment algorithms, etc., all likely contribute to the error rate associated with
high throughput sequence analysis. None of the current methods for single nucleotide variant
(SNV) validation are simple, economical, and orthogonal solutions that are suitable to validate
thousands of potential SNVs. Therefore, it is important to have a follow-on validation assay that
unambiguously detects polymorphisms in a high-throughput manner.

This Example describes a high throughput assay for SNV detection for genotyping

genomic DNA samples in which ligation primers are annealed directly to a genomic DNA
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template in the presence of DNA ligase, followed by a real-time PCR assay for the ligation
product. The oligonucleotide ligation occurs when query 5' and 3’ ligation oligonucleotides bind
with perfect complementarity to adjacent sites on target DNA, leaving a gap that can be sealed by
DNA ligase. The joining of upstream (5") and downstream (3") query ligation oligonucleotides
creates a ligation product that serves as a PCR template. A single nucleotide mismatch at the site
of the gap significantly impairs ligation efficiency, and therefore decreases the amount of ligation
product (i.e., PCR template) that is created. The amount of ligation product generated, which is
read out by quantitative PCR, is indicative of the genotype of the target DNA. As further
described and demonstrated in Example 3, because only minute quantities of query ligation
oligonucleotides are added to the ligation reaction and each annealing event is independent of
other annealing events, hundreds of SNV validation assays can be multiplexed in a single reaction
vessel for any given test sample.

Methods:

In this Example, three target synthetic templates containing an SNV of interest were
designed and investigated in a total of 18 different assays. The first two synthetic template sets
were based on actual human SNPs, and the third synthetic template set was based on an actual
mouse SNP. Each double-stranded synthetic SNP template was 61 bp in length, which was
generated by synthesizing complementary oligos, in which the SNP base (polymorphic site) was
located precisely in the center of the synthetic template (i.e., 30 bp on either side of the SNP). All
genotypes described herein are oriented to the forward strand, (e.g., A/G) with the first nucleotide
(e.g., "A") listed as the SNV position of interest.

Template set #1 (hSNP1:A/G) contains a synthetic template corresponding to a wild-type
(consensus) human allele (SEQ ID NO:1/SEQ ID NO:2) (A/T), and a synthetic template
corresponding to a variant human allele (SEQ 1D NO:3/SEQ ID NO:4) (G/C), for use as control
templates in an assay to distinguish between the presence or absence of the human SNP1 (A/G).

Template set #2 (hSNP2:G/T) contains a synthetic template corresponding to a wild-type
human allele (SEQ ID NO:5/SEQ ID NO:6) (G/C), and a synthetic template corresponding to a
variant human allele (SEQ ID NO:7/SEQ ID NO:8) ('T/A), for use as control templates in an assay
to distinguish between the presence or absence of the human SNP (G/T).

Template set #3 (mSNP: A/G) contains a synthetic template corresponding to a wild-type
mouse allele (SEQ ID NO:9/SEQ ID NO:10) (A/T), and a synthetic template corresponding to a
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variant mouse allele (SEQ ID NO:11/SEQ ID NO:12) (G/C), for use as control templates in an

assay to distinguish between the presence or absence of the mouse SNP (A/G).

TABLE 1: OLIGONUCLEOTIDES FOR SYNTHETIC TEMPLATES:

Tem- SEQ
plate 1D
Ref No. Set Sequence NO:

1s949895FA |1 (FA) |S'CTTCTGGCAATTGAAGAAAAAAAATTGAGCAGCTGTAACT |1
GCATGCACATTATGCAAATTTZY
15949895RT |1 (RT) [S’AAATTTGCATAATGTGCATGCAGTTACAGCIGCTCAATTT |2
TTTTTCTTCAATTGCCAGAAG3'
1s949895KFG |1 (FG) |S'CITCIGGCAATTGAAGAAAANAAATTGAGCGGCTGTAACT | 3
GCATGCACATTATGCAAATTT3'
1s949895RC |1 (RC) |S'AAATTTGCATAATGTGCATGCAGTTACAGCCGCTCAATTT |4
TTTTTCTTCAATTGCCAGAAG3'

1s11042937FG| 2 (FG) |5 TGCAGCACAAGGGCTGGCACACAGCAGGCCGCCATATTC |5
ATGTGCTGTTCTGCCAGACGTT3'
1511042937RC| 2 (RC) [5S’AACGTCTGGCAGAACAGCACATGAATATGGCGGCCTGCT |6
GTGTGCCAGCCCTTGTGCTGCA3Z'
15110429371 | 2 (F1) | S"TGCAGCACAAGGGCTGGCACACAGCAGGCCLICCATATTIC |7
ATGTGCTGTTCTGCCAGACGTT?
1s11042937RA |2 (RA) | SAACGTCTGGCAGAACAGCACATGAATATGGAGGCCTGCT |8
GTGTGCCAGCCCTTGTGCTGCA3Z'

FTA 3 (FA) [5S'GGAGGCCTCGGTGAAGGGCATGCTGGGACGACTCACTAG |9
CACATTGGGTGGCTCAGCTTCC3'

RTT 3 (RT) |5S'GGAAGCTGAGCCACCCAATGTGCTAGTGAGICGTCCCAGC |10
ATGCCCTTCACCGAGGCCTCC3

FIG 3 (FG) [5SGGAGGCCTCGGTGAAGGGCATGCTGGGACGGCTCACTAG |11
CACATTGGGTGGCTCAGCTTCC?

RTC 3 (RO) [5'GGAAGCTGAGCCACCCAATGTGCTAGTGAGCCGTCCCAG |12

CATGCCCTTCACCGAGGCCTCC3'

Pooling the templates

Because each template shown in TABLE 1 has a length of 61 bp, and a molecular weight
(MW) of -~40,000 amu, therefore, a 250nM solution is 10 ng/ul. Complementary
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oligonucleotides at a concentration of 10 uM were mixed in buffer containing TEzero (10 mM
Tris pH 7.6, 0.1 mM EDTA) plus 20 mM NaCl, diluted to 250 nM, and then diluted 10-fold in
TEzero plus 20 mM NaCl that contained 10 ng/pl of human genomic DNA (hgDNA obtained
from Clontech). Because hgDNA (diploid) is 6x10° bases, and the templates are 6x10! bases, the
template was present in 100,000,000-fold excess. The templates were then diluted in buffered
hgDNA 100-fold to produce a solution that had 100-fold excess of template over hgDNA.
Controls were set up that contained no template (TEzero plus 20 mM NaCl) and the 10 ng/ul
hgDNA diluted in TEzero plus 20 mM NaCl.

Ligation Oligonucleotides:

Each assay described in this Example was carried out with two different 5' allele-specific
ligation oligos 300, 400, and one common, phosphorylated 3' ligation oligo 500 (e.g., as illustrated
in FIGURE 2). For this Example, three sets of 5' ligation oligos were designed for each synthetic
template, wherein each set had a different primer binding tail sequence 302, in order to determine
whether different tail sequences influence the ability to detect a ligation product by PCR
amplification. The 5' ligation oligonucleotides for the human synthetic templates (template sets 1
and 2) were each designed to have 30 nt of complementarity to the target template, and the
5'ligation oligos for the mouse synthetic templates (template set 3) were designed to have 25 nt of
complementarity to the target template. The sequences for the ligation oligos are provided below
in TABLE 2.

For each 5'ligation allele-specific oligo (SEQ ID NO:13-30) the tail sequence 302
containing the PCR primer binding site is underlined, and the 3' allele-specific region 306 is shown
as underlined in bold. For each 3' common phosphorylated [P] ligation oligo (SEQ ID NO:31-33),

the tail sequence 502 containing the PCR binding site is underlined.

TABLE 2: 5' AND 3' LIGATION OLIGONUCLEOTIDES

Template

Ref. number Target Sequence

5' ligation oligos
1s949895 _FP1 5'TPA Template Sct |5’ AGTATAGCCCCAGCGTGTCTACGAGCTTCT |13
1: consensus GGCAATTGAAGAAAAAAAATTGAGCA 3’
1s949895_FP1_51.PG Template Set |5’ AGTATAGCCCCAGCGTGTCTACGAGCTTCT | 14
1: variant GGCAATTGAAGAAAAAAAATTGAGCG 3
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SE
Template ID
Ref. number Target Sequence NO:

5' ligation oligos

1s949895_FP2_5LPA

Template Set

1: consensus

5' AATCGCTACTGTCGCAAGGGGTCCTCTTCT
GGCAATTGAAGAAAAAAAATTGAGCA 3

rs949895_FP2_5LPG

Template Set

1: variant

S AATCGCTACTGTCGCAAGGGGTCCTCTTCT
GGCAATTGAAGAAAAAAAATTGAGCG 3'

16

1s949895_FP4_5TPA

Template Set

1: conscnsus

5'GGCTGTAGTCATACCATAGTGCATCCTTCT
GGCAATTGAAGAAAAAAAATTGAGCA 3’

17

1s949895_FP4_5LPG

Template Set

1: variant

5' GGCTGTAGTCATACCATAGTGCATCCTTCT
GGCAATTGAAGAAAAAAAATTGAGCG 3

18

1s11042937_FP1_S5'LPA

Template Set

2: consensus

5" AGTATAGCCCCAGCGTGTCTACGAGTGCA
GCACAAGGGCTGGCACACAGCAGGCCG 3!

rs11042937_T'P1_5LPG |Template Set |5 AGTATAGCCCCAGCGTGTCTACGAGTGCA |20
2: varianlt GCACAAGGGCTGGCACACAGCAGGCCT 3°

rs11042937_FP2_S5'LPA |Template Set |5 AATCGCTACTGTCGCAAGGGGTCCTTGCAG |21
2: conscnsus CACAAGGGCTGGCACACAGCAGGCCG 3

rs11042937_FP2_5'LPG |Template Set |5 AATCGCTACTGTCGCAAGGGGTCCTTGCAG |22
2: variant CACAAGGGCTGGCACACAGCAGGCCT 3'

rs11042937_FP4 5'LPA |Template Set |5 GGCTGTAGTCATACCATAGTGCATCTGCAG |23
2: consensus CACAAGGGCTGGCACACAGCAGGCCG R

rs11042937_FP4_S5'LPG |Template Set |5 GGCTGTAGTCATACCATAGTGCATCTGCAG |24
2: variant CACAAGGGCTGGCACACAGCAGGCCT 3'

mouse_1PEA Template Set |5 AGTATAGCCCCAGCGTGTCTACGAGCTCGG |25
3: conscnsus TGAAGGGCATGCTGGGACGA 3’

mouse_1PEG Template Set |5 AGTATAGCCCCAGCGTGTCTACGAGCTCGG |26
3: variant TGAAGGGCATGCTGGGACGG 3’

mousc_2PEA Template Sct |5 AATCGCTACTGTCGCAAGGGGTCCTCTCGG |27
3: consensus TGAAGGGCATGCTGGGACGA 3’

mouse_2PEG Template Set |5 AATCGCTACTGTCGCAAGGGGTCCTCTCGG |28
3: variant TGAAGGGCATGCTGGGACGG 3’

mouse_4PEA Template Set |5 GGCTGTAGTCATACCATAGTGCATCCTCGG |29
3: consensus TGAAGGGCATGCTGGGACGA 3

mouse 4PEG Template Set |5 GGCTGTAGTCATACCATAGTGCATCCTCGG |30

3: variant

TGAAGGGCATGCTGGGACGG 3
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SEQ
Template ID
Ref. number Target Sequence NO:

5' ligation oligos

3' ligation oligos

rs949895_FpP3_3'LP

T'emplate set 1

5" |PIGCTGTAACTGCATGCACATTATGCAAAT |31
TTTTCCAGCTATCCTGTAAGGCAACGT 3’

rs11042937_FP3_3'LP

Template set 2

5'[PICCATATTCATGTGCTGTTCTGCCAGACG |32
TTTTCCAGCTATCCTGTAAGGCAACGT 3

mouse_SNP_I'P3_3LP

Template set 3

5' [PICTCACTAGCACATTGGGTGGCTCAGCTT |33
CCTTCCAGCTATCCTGTAAGGCAACGT 3'

Annealing and Ligation Reaction

The annealing/ligation reactions were carried out under very dilute conditions (5 fmol). A

5 nM stock solution was prepared for each ligation primer in water.

Two different thermo-stable ligases were tested in this Example: Taq DNA ligase, and

9°N DNA Ligase (both obtained from New England Biolabs).

Ligation reactions:

1 ul 10X ligase buffer (New England Biolabs)

5 ul HyO

0.1 pl of 5 M NaCl (to increase salt for annealing)

2 ul of annealed template (25 fM)

1 ul of 5" ligation oligo (5 nM) (allele specific)

1 pl of 3" ligation primer (5 nM) (phosphorylated common primer)
0.2 ul (40 U/ul) ligase (Taq DNA ligase or 9°N DNA Ligase, New England Biolabs)

A ligation cocktail was prepared that contained the following: each ligase enzyme type

(Tag DNA ligase or 9°N DNA Ligase), water, salt, buffer and the common 3' phosphorylated

ligation oligo. 7 ul of the ligation cocktail was aliquoted into wells of a 96 well plate. 2 pl of

annealed template and 1 pl of 5" allele-specific ligation oligo was then added.

The following assays were carried out:

Set #1 (hSNP1:A/G)

Templates tested: SEQ ID NO:1/SEQ ID NO:2 (A) and SEQ ID NO:3/SEQ ID NO:4 (G)
5" allele-specific ligation oligos tested: SEQ ID NO:13-18
3' common ligation oligo tested: SEQ ID NO:31
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Set #2 (hSNP2:G/T)

Templates tested: SEQ ID NO:5/SEQ ID NO:6 (G) and SEQ ID NO:7/SEQ ID NO:8 (T)
5' allele-specific ligation oligos tested: SEQ ID NOS:19-24

3' common ligation oligo tested: SEQ ID NO:32

Set #3 (mSNP:A/G)
Templates tested: SEQ 1D NO:9/SEQ ID NO:10 (A) and SEQ ID NO:11/SEQ ID NO:12

5" allele-specific ligation oligos tested: SEQ ID NOS:25-30
3' common ligation oligo tested: SEQ ID NO:33

The ligation reactions were aliquoted into a grid pattern in a 96-well assay plate as shown

below in TABLE 3 and incubated in a thermal cycler across the following temperatures:

95°C for 5 minutes;
75°C for 15 minutes;
70°C for 15 minutes;
65°C for 15 minutes;
60°C for 15 minutes;
55°C for 15 minutes;
50°C for 15 minutes;
45°C for 15 minutes;
4°C rest;

The ligation reactions were then diluted to 100 pl with 90 pl of TEzero (10 mM Tris pH

7.6, 0.1 mM EDTA), and quantitative PCR assays were carried out as described below.

TABLE 3: QPCR DETECTION SCHEME FOR LIGATED TEMPLATES

Sample | qPCR Template | Template |Template |Template |Template |Template
Series # | Primers |Set 1 Set 1 Set 2 Set 2 Set 3 Set 3
(hSNP1-A) | (hSNP1-G) | (hSNP2-G) | (hSNP2-T) | (mSNP-A) | (mSNP-G)

1 FP1+RP3 SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO:13 NO:13 NO:19 NO:19 NO:25 NO:25

2 FP1+RP3 SEQ ID SEQ ID SEQ ID SHQ ID SEQ ID SHEQ 1D
NO:14 NO:14 NO:20 NO:20 NO:26 NO:26

3 FP2+RP3 SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
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Sample | qPCR Template | Template |Template |Template |Template |Template
Series # | Primers |Set 1 Set 1 Set 2 Set 2 Set 3 Set 3
(hSNP1-A) | (hSNP1-G) | (hSNP2-G) | (hSNP2-T) | (mSNP-A) | (mSNP-G)
NO:15 NO:15 NO:21 NO:21 NO:27 NO:27
4 FP2+RP3 SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO:16 NO:16 NO:22 NO:22 NO:28 NO:28
5 FP4+RP3 SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO:17 NO:17 NO:23 NO:23 NO:29 NO:29
6 FP4+RP3 SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO:18 NO:18 NO:24 NO:24 NO:30 NO:30

Quantitative PCR Assays

PCR primers
Three forward PCR primers were designed to hybridize to the tail regions of the 5' allele-

5  specific ligation oligos (300, 400) containing three different PCR Primer Binding sites (302, 402)
as follows:
FP1 5' AGTATAGCCCCAGCGTGTCTACGAG3' (SEQ ID NO:34)
FP2 5" AATCGCTACTGTCGCAAGGGGTCCT3' (SEQ ID NO:35)
FP4 5' GGCTGTAGTCATACCATAGTGCATC3' (SEQ ID NO:36)
10
One reverse PCR Primer was designed to hybridize to the tail region of the 3' common
ligation oligo (500):
RP3 5' ACGTTGCCTTACAGGATAGCTGGAA3Z' (SEQ ID NO:37)
Power SYBR master mix (Applied Biosystems): a premix of all the components (SYBR
15  Green Dye, AmpliTaq Gold® DNA Polymerase, dNTPs, and buffer components) except primers,
template, and water, necessary to perform real-time PCR. The SYBR Green dye, which binds to
double-stranded DNA, provides a fluorescent signal that reflects the amount of dsDNA product
generated during PCR. The master mix includes AmpliTaq Gold® DNA Polymerase, provided in
an inactive state to allow pre-mixing of PCR reagents at room temperate and allows for an
automated, hot start. Upon thermal activation, the enzyme is activated.

qPCR Assay:

2 ul of each diluted ligation reaction was used as a template in four 10 ul qPCR reactions

20

as follows:

A PCR reaction cocktail was prepared so that each sample would contain:
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5 ul of 2X master mix (Power SYBR master mix, manufactured by Applied Biosystems)

1.4 ul HyO

0.8 ul of Forward PCR primer (10 uM)
0.8 ul of Reverse PCR primer (10 uM)

5 8 ul total volume was aliquoted into wells of the 96 well plate, and 2 ul of diluted ligation

template was added.

gPCR was run for 40 cycles with a denaturation step at the end to assess product integrity.

The gPCR abundance ratios for correct over mismatched calls for all 36 assays that were

run is shown below in TABLE 4.

10

TABLE 4: QPCR RATIOS OF TARGET/OFF-TARGET FOR LIGATION DEPENDENT

GENOTYPING ASSAYS

gqPCR primer ligation template 9°N data Taq data
FP1 hSNP1-A 19 77
FP1 hSNP1-G 93 17
FpP2 hSNP1-A 8% 126
FP2 hSNP1-G 71 20
FP4 hSNP1-A 10 111
FP4 hSNP1-G 59 20
I'P1 hSNP2-G 211 311
FP1 hSNP2-T 195 34
FP2 hSNP2-G 53 309
FP2 hSNP2-T 312 95
FP4 hSNP2-G 489 288
FP4 hSNP2-T 217 0*
FP1 mSNP-A 29 154
FP1 mSNP-G 50 42
FP2 mSNP-A 41 72
FP2 mSNP-G 62 29
Fr4 mSNP-A 58 101
FP4 mSNP-G 31 20
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Results:

The data shown above in TABLE 4 is a measure of the specificity of the SNV detection
assay, with all but two assay sets (shown with *) registering ratios of correct versus mismatch
> 10. The magnitude of this differential detection is an adequate foundation for a genotyping
assay because the ten-fold and greater difference in absolute abundances between correctly
matched assays and mismatched assays translates into a correct-allele-to-incorrect allele Ct
difference in gPCR measurements of > 3, which is a threshold value well above random deviations
that are observed within an experiment.

These data demonstrate that all three of the target synthetic SNV templates were accurately
detected with the total of 18 different assays using at least one of the two tested thermostable DNA
ligase enzymes. DNA ligase and, in particular, the thermostable Taq DNA ligase, are ideal
enzymes for interrogating nucleotide polymorphisms because they can only seal nicks at sites of
perfect base pairing. The thermostable nature of the DNA ligase is advantageous because the
enzyme activity is retained at the high temperatures needed for DNA melting and reannealing. It
is noted that the ligation oligos worked at very dilute concentrations (5 fmol), and all the tested
arbitrary PCR binding tails all appeared to work; therefore, the multiplexing aspect of the assays is
likely to be successfully implemented.

This Example demonstrates the successful use of a ligation-dependent assay to detect
SNVs in synthetic templates mixed with genomic DNA. However, the allele calls were not
perfect in this experiment, likely due to the fact that the mismatch generated significant
background, which is typical of many genotyping assays. In order to improve the accuracy of this
detection assay, each set of ligation oligos was calibrated against a control set of synthetic

reference and variant templates, as described in Example 3.

EXAMPLE 2
This Example describes the manufacture of a 96-well assay plate comprising a 12 column
by 8 row primer matrix of detection primer pairs (also referred to as a "universal PCR decoding
matrix"), which can be pre-made and stored in a freezer, for decoding a multiplex assay, such as a
multiplex ligation-dependent genotyping assay for genotyping a test sample at a plurality of SNV

positions of interest.
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PCR Primer Matrix Design
As described in Example 1, the 5' and 3' ligation oligos (300, 400, and 500) for each

genotyping assay are tailed with unique PCR primer binding regions (302, 402, 502) that
correspond to a pair of PCR detection primers that are present in a particular well (also referred to
as an "address") in the universal assay matrix. Therefore, each address (for example, a well in a
96-well plate) "decodes” the result from an individual genotyping assay.

An important element of the universal PCR decoding matrix is that the last two or three
(penultimate) 3' bases of the PCR primers are chosen to reduce and preferably eliminate primer-
dimer formation, and the remaining bases are specificity tags chosen to provide a unique address
at an intersection position (well) in the matrix, disposed into one or more assay plates.

A matrix comprising 20 "universal" paired decoding PCR primers (provided in TABLE 5)
was produced for use in a universal detection assay carried out on a 96-well plate 800 (e.g., as
shown in FIGURES 4-6), as follows.

Each of the 12 column "C" PCR primers were aliquoted into a separate well §26 along the
horizontal axis of the 96 well assay plate (columns 1-12).

Each of the § row "R" PCR primers were aliquoted into a separate well 826 along the
vertical axis of the 96 well assay plate (rows A-H).

As shown below in TABLE 6, each well 826 located at the intersection of a row and
column of the 96 well assay plate contained a unique PCR primer pair, thereby providing a unique
"address" at a designated physical location on the matrix (i.e., a positionally addressable array).
The universal PCR plate containing the 96 unique pairs of PCR primers was then used to "decode”
the results of a multiplexed ligation-dependent genotyping assay. The allele-specific ligation
oligonucleotides in the genotyping assay were designed with tail sequences that are
complementary to the PCR primers at a specific well location in the assay plate.

The PCR primer design for the universal PCR decoding plate:

It was previously determined that almost any two 25mer oligonucleotides having DNA
sequences with a balanced A, C, G, and T content can serve as quantitative PCR primer pairs,
provided that they terminate in a di- or tri- nucleotide sequence that inhibits primer-dimer formation
(data not shown). In this Example, each PCR primer was 25 nucleotides in length, with the
23 bases at the 5’ end of the primer 602, 702 serving as specificity "addresses," due to the fact that
each well of the matrix contained a unique pair of primers which would bind to and amplify the

ligation product resulting from an individual genotyping assay.
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As shown in FIGURE 3C, each forward PCR primer 600 has a 5' region 602 that binds to a
primer binding region in the 5'tail of a 5' ligation oligo, and a region 606 at the 3' end having a
sequence selected to inhibit primer-dimer interactions with the reverse PCR primer. For example,
as shown in FIGURE 2B, forward primer 600 has a region 602 that binds to primer binding
region 302 in the 5’ tail of the 5' ligation oligo 300, and forward primer 600’ has a region 602 that
binds to primer region 402 in the 5' tail of the 5' ligation oligo 400. Similarly, each reverse PCR
primer 700 has a 5'region 702 that binds to a primer binding region in the 3' tail of a 3' ligation
oligo, and a region 706 at the 3'end having a sequence selected to inhibit primer-dimer
interactions with the forward PCR primer.

The "C" series was designed as the reverse primer set 700 to bind to the 3' common tail
region 502 on the ligation products 200, 250.

The "R" series was designed as the forward primer set 600, each forward primer having a
region 606 designed to specifically bind to the 5' tail region 302, 402 on the ligation products 200,
250.

To alleviate primer dimer formation, each "R" PCR primer sequence ended in "CT" and
each "C" PCR primer sequence ended in "GA." These terminal dinucleotides cannot pair with one
another nor can they self anneal, hence they prevent the formation of primer dimers. It will be
understood by those of skill in the art that other di- or tri-nucleotide sequences could be chosen to
avoid primer-dimer formation. Exemplary tri-nucleotide sequences chosen to avoid the formation
of primer-dimers are provided in Example 4 herein.

The PCR primers were synthesized by MWG/Operon, Huntsville, Alabama, resuspended
in water to a concentration of 100 uM and a 1 ml of a 10 uM working stock was made for each
primer.

The sequences of the 20 universal PCR primers used to generate the universal PCR

decoding matrix are provided below in TABLE 5.

TABLE 5: UNIVERSAL DECODING PCR PRIMERS

Reference SEQID
number Sequence NO:

Cl 5" ACTCTGCGCTCTGGAACTTACCGGA 3 38

Cc2 5'GATCTTGGACGAAGTCGTCCTATGA 3' 39
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Reference SEQID
number Sequence NO:
C3 S'GTTTGCATGAAGACCTCTATACAGA 3' 40
c4 S'CTGAAAGGTCCATGGCCTGTACTGA 3' 41
C5 STTGTATCGATGCAGCCAGGATCCGA 3’ 42
C6 S'CACAGAATTAGCGATCTATGCCGGA 3’ 43
Cc7 5'CACGCCTCATCGTAGTGTAGGAGGA 3 44
C8 S'ATAACATTGAACGCTGCCGTTGCGA 3' 45
C9o 5'CAGACTACGGCAATATAACGCTGGA 3' 46
C10 5S'ACGTAACTATTACGGTGAGCGCCGA 3’ 47
Cl1 S'ATGGATAGCCGCTGTTTAACTACGA 3' 48
C12 S'TTCGGCTTCCACAGAGCAAGGTAGA 3’ 49
R1 STGTATCAGCATCTGGCTCAGCGTCT 3' 50
R2 5'CTTTGGGGTAAGCGACCATCAGCCT 3' 51
R3 5TACATAGAATCTACCGTGGTGACCT 3' 52
R4 5'ACGATGGCGTTGCAGGCGCTTACCT 3' 53
RS STTGACTGAGACTCCTCATGACCTCT 3 54
R6 S'GCCGTTTCATATCGAACAAGGCGCT 3' 55
R7 S'GGGCTACTCGCAATTTCAAATTGCT 3' 56
R8 5'CGCCAGCAATCAGCTTTGATACACLT 3' 57

Design of Universal Assay Matrix

The layout of the universal assay matrix for qPCR to detect ligation products in a

multiplexed ligation-dependent genotyping assay for multiple SNV positions of interest, was a

matrix of wells (i.e., features), the matrix comprising a plurality of columns and rows. For

example, with reference to FIGURE 6A, wells A1 and B1 represent the qPCR assay result
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detecting the ligation products resulting from ligation of a 5' consensus ligation oligo (at Al) or a
5'variant ligation oligo (at B1) with the 3' ligation oligo in an assay for a determining the
nucleotide present at a particular SNV position of interest.

For example, as shown in more detail in FIGURE 4, the tail region of the 5' consensus
allele-specific ligation oligo 300 for SNV (Gene#1) had a first primer binding sequence (e.g., for
binding to PCR primer R1 = SEQ ID NO:50), and the tail region of the 5' variant allele-specific
ligation oligo 400 for SNV (Gene#1) had a second primer binding sequence (e.g., for binding to
PCR primer R2 = SEQ ID NO:51). The 3' phosphorylated common primer 500, common to both
assays for SNV (Gene#1), had a common primer binding sequence (e.g., for binding to PCR
primer C1 = SEQ ID NO:38). As further shown in FIGURE 4, assay #1 is decoded in the
universal assay matrix dispensed into a 96-well plate at well Al (containing PCR primers R1+C1)
for measuring the amount of consensus ligation product 200, and at well B1 (containing PCR
primers R2 and C1), for measuring the amount of variant ligation product 250 present in the
multiplexed ligation mixture. Thus, a 96 well assay plate can accommeodate a universal matrix for
carrying out consensus versus variant assays for 48 SNV positions of interest.

As shown in FIGURE 6, a set of three identical 96-well assay plates 800, each comprising a
universal matrix can be used to generate a set of data representing: a pool of synthetic consensus
templates (FIGURE 6A); a pool of synthetic variant templates (FIGURE 6B); and a test sample
(FIGURE 6C), each assayed with the same pool of SNV query consensus and variant
allele-specific ligation oligos for a particular SNV having PCR tails corresponding to a particular

location on the assay plate.

Preparation of the Assay Plate(s) Containing the Universal Matrix
The assay plates were prepared for quantitative PCR (QPCR) assays as follows:
35mls of 2X Power SYBR master mix (Applied Biosystems, Foster City, CA) was

combined with 10 mls of HyO. 450 pul of the mixture was aliquoted into each well of a 96 well

assay plate. 55 ul of the 12 "C" (reverse) primers (10 uM) were aliquoted into the wells of the
columns (C) of the assay plate, and 55 pl of the 8 "R" (forward) primers (10 uM) were aliquoted
into the wells of the rows (R) of the 96 well assay plate, as shown below in TABLE 6. The assay
plate can be run in a 96 well plate format. Alternatively, for an assay done in quadruplicate, the
reagents were mixed, then 8 ul per well was aliquoted in quadruplicate into a 384 qPCR plate, in

order to carry out 4 identical reactions for each qPCR primer pair, as described in Example 3.
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For example, as described in Example 3, 2 ul aliquots were dispensed into all wells of the
prepared 384 well gPCR plate (4 x 96). The samples were mixed, and the qPCR assay was run on

an ABI 7900 instrument set on SYBR detection channel.

5 TABLE 6: 96-WELL ASSAY PLATE CONTAINING
A UNIVERSAL PCR PRIMER MATRIX
C1 2 3 (o Cs C6 c7 cs &3 cw [ cin | c12
(SEQ | (SEQ | (SEQ | (SEQ | (SEQ | (SEQ | (SEQ | (SEQ | (SEQ | (SEQ | (SEQ | (SEQ
D D ID ID D D D D D D ID D

NO:38) | NO:39) | NO:40) | NO:41) | NO:42) | NO:43) | NO:d4) [ NO:45) | NO:46) | NO:47) | NO:48) | NO:49)
A: R1 R1x R1x R1x R1x R1x Rl1x R1x Rl1x R1x R1x R1x R1x
(SEQID |C1 Cc2 C3 4 Cs C6 C7 C8 C9 C10 Cl1 Cl12

NO:50)
B:R2 R2x R2x R2x R2x R2x R2x R2x R2x R2x R2x R2x R2x
(SEQID (C1 Cc2 C3 4 C5 Co6 C7 C8 C9 Cl0 Cll1 Cl2
NO:51)

C:R3 R3x R3x R3 x R3x R3x R3x R3x R3x R3x R3x R3x R3x
(SEQID [C1 C2 C3 C4 C5 Co6 C7 C8 C9 C10 Cl1 Cl12
NO:52)
D: R4 R4x R4x R4 x R4 x R4 x R4 x R4 x R4 x R4 x R4 x R4 x R4 x
(SEQID [C1 C2 C3 Cc4 Cs Co6 C7 C8 C9 C10 Cl1 Cl12

NO:53)
E: RS R5x RS5x R5x R5x RS x R5x R5x R5x R5x RS5x R5x R5x
(SEQID |C1 Cc2 C3 C4 C5 C6 Cc7 C8 (@] C10 C1l1 C12
NO:54)

F:R6 R6x R6 % R6 x R6 x R6 x R6x R6x R6x R6x R6 x R6 x R6 x
(SEQID [C1 C2 C3 Cc4 C5 Co6 C7 C8 C9 C10 Cl1 Cl12
NO:55)
G: R7 R7x R7x R7x R7x R7x R7x R7x R7x R7x R7x R7x R7x
(SEQID [C1 C2 C3 C4 C5 Co6 C7 C8 C9 C10 Cl1 Cl12

NO:56)
H: R8 R8x R&x R8 x R8 x R8 x R8 x R8x R8x R8 x R8 x R8 x R8 x
(SEQID (C1 Cc2 C3 Cc4 C5 C6 Cc7 C8 C9 C10 Cl1 Cl12
NO:57)

Results:

In order to validate the universal PCR decoding matrix, an initial experiment was carried
10 out in which TEzero (no template control) was added to a universal PCR decoding matrix,

prepared as described above, and a qPCR assay was carried out with the 8 ("R") forward PCR
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primers (SEQ ID NOS:50-57) and the 12 ("C") reverse PCR primers (SEQ ID NOS:38-49). The
gPCR data was analyzed at the level of raw Cts. In this initial experiment, only three wells in
column C10 gave background Ct values less than 30 (lower Ct values represent higher amounts of
product), and this background did not significantly impact assay performance. Therefore, the
concept of a universal matrix of PCR primers was validated by this initial experiment. It will be
understood by those of skill in the art that the design of the universal PCR matrix described herein,
and the design principles of the PCR primers can be expanded to accommodate approximately
1000 or more samples, which can be assayed on an appropriately sized multi-well assay plate. For
example, a primer matrix with > 1000 addresses can be constructed from as few as 32 row and

36 column primers (32 x 36 = 1152 unique addresses, otherwise referred to as "unique features").

EXAMPLE 3

This Example describes a multiplexed, high throughput assay for SNV genotyping using
oligonucleotide ligation and detection of the ligation product by PCR to validate the presence or
absence of a panel of 96 potential SNVs that were initially detected during high-throughput
sequence analysis.

Rationale:

In order to further develop the ligation-dependent SNV detection assay described in
Example 1 for high-throughput analysis, an experiment was set up to genotype 96 potential SNVs
that were initially identified during massively-parallel sequencing of a genomic DNA library
representing 139 cancer-related genes from a Calu6 cell line. This assay, referred to as
"oligonucleotide ligation validation of potential SNVs" or "OLIVES" combines single-tube
multiplexing with assay read-out in a universal PCR decoding plate (described in Example 2) to
provide both validated genotypes and assay reagents for follow-on genotyping studies.

In the first step of the assay, 5'allele-specific oligos and 3' phosphorylated common
ligation oligonucleotides (up to 1000 or more) are annealed to the test DNA and ligated. In the
second step, the ligation mixture is distributed across universal PCR "decoding" plates, as

described in Example 2, which can be pre-made and stored in a freezer prior to use.
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Methods:

1. Prepare DNA Samples for Genotyping:

Genotyping signal-to-noise ratios typically improve when DNA samples are enriched in
target sequences. Therefore, in this Example a comparison was made between genotyping total
genomic DNA and genotyping a genomic DNA library enriched for target sequences.

A. Total genomic DNA 85 ng/ul was isolated from the Calu6 cell line from cells
grown in culture using a standard genomic DNA purification kit (Qiagen, Valencia, CA).

B. A genomic DNA library was generated from a panel of 139 cancer-related genes

from the Calub6 cell line and was enriched using solution-based capture as follows.

Preparation of Capture Probes

All the exons of the set of 139 genes were identified. An algorithm was then applied for
picking alternating sense and antisense strand chimeric oligos with a 5'target-specific region
(35 nt) with a sequence that hybridizes to either the sense or antisense strand of each of these
exons, and a 3' region that hybridizes to the biotinylated adaptor capture oligo.

These capture oligonucleotides were chosen as follows. For exons less than 69 nucleotides
in length, two oligonucleotides, both targeting the same strand and oriented in the same direction,
and not overlapping one another in sequence by more than 10 nucleotides were chosen. In some
cases where exons were very short (i.e., <60 nucleotides), these capture oligonucleotides included
flanking exon sequences.

For exons between 70 and 115 nucleotides in length, two oligonucleotides targeting
opposite Watson and Crick strands and oriented in the opposite orientations were selected. The
first oligonucleotide covered exon base positions 1-35 and the second oligonucleotide was
positioned from base positions 80-115, which often included flanking intron sequences, so that the
oligos were each about 35 nt in length, and spaced about 45 nt apart.

For exonic sequences greater than 115 nucleotides in length, the first capture
oligonucleotide was placed at exon positions 1-35 and successive oligos were placed in alternating

orientations with a spacing of 45 nucleotides between oligonucleotides.
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The oligos designed as described above were synthesized by Operon and provided in a
plate at 100 pM and pooled into a single 50 ml sample using a Biomek robot. The pooled
3229 capture oligos were then diluted to 10 uM and 1 pM.

TagMan assays were developed for the 139 target genes. TagMan assays were also
developed for off-target genes for use as negative controls. These genes were not targeted by
capture oligonucleotides, and it was shown that their representation diminished during the course
of target library enrichment.

Library Generation:

Genomic DNA libraries were generated by fragmenting Calu6 genomic DNA and ligating
on linkers containing a first and second primer binding site, followed by PCR amplification for
20 cycles with PCR forward primer and PCR reverse primer, then the PCR product was purified
over a Qiaquick column.

Solution-Based Capture and Enrichment of Libraries for Target Sequences

Capture reagents: 10 uM of the capture oligos for the 139 candidate genes described were
mixed with 10 uM of the biotinylated adaptor oligo.

Capture Mixture: 125 pl of 2X binding buffer (2 M NaCl, 20 mM Tris pH 7.6, 0.2 mM
EDTA), 60 ul (4.3 ng) of gDNA library, 5 ul capture oligo pool (50 pM of 10 uM of oligo
pool + adaptor oligo), and 60 ul water, for a total volume of 250 pl.

The reaction mixture was annealed as follows:

94°C for 1 minute

90°C for 1 minute

85°C for 1 minute

80°C for 1 minute

75°C for 1 minute

70°C for 1 minute

65°C for 1 minute

60°C for 1 minute

55°C for 1 minute

50°C for 1 minute

45°C for 1 minute

40°C for 1 minute

25°C - hold
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Capture Reagents: Washed beads were prepared by combining six aliquots of 50 ul beads
(in principle, each 50 pl of beads is capable of binding 50 pmol of dsDNA complex), 500 pl
2X binding buffer and 440 pl water. The beads were pulled over with a magnet and washed twice
with 1 ml 1X binding buffer.
Ist Round of Capture/Enrichment: The aliquots of washed oligos were combined with the
annealed oligos into a total volume of 1 ml of 1X binding buffer and mixed gently for 15 minutes.

Wash solutions:

A series of wash buffers with increasing formamide were tested, each with 100 mM Tris
pH 7.6, 1 mM EDTA, and a range of formamide from 15%, 20%, 25%, 30%, and 50%.

It was previously determined that the presence of 20 mM NaCl in the 10 mM Tris pH 7.6,
1 mM EDTA buffer enhanced non-specific binding (data not shown), therefore the NaCl was
eliminated in the wash buffer in this experiment.

The capture oligos/library/bead complexes were washed four times with the
above-described wash buffers including formamide, 1 ml each wash for 5 minutes.

Elution: The DNA bound to the beads was eluted with two aliquots of 50 ul of water by
incubation at 94°C for 1 minute each, pulling over the beads and removing the eluate, for a total
eluate volume of 100 pl.

Amplification of eluate (once enriched library):

PCR Reaction Mixture (5% DMSQ)

29 ul H5O

20 ul  5X buffer (supplied by manufacturer with the EXPANDPIUs® kit, Roche)
10 ul 25 mM MgCl,

10 pl  template (1/10th eluate from once enriched fragment library)

Sul  dNTPs (10 nM each dNTP)

S5ul  DMSO

10 pI 10 uM Forward PCR primer

10 pl 10 uM Reverse PCR primer

1yl ExpandPLUS® polymerase (Roche)

100 pl total volume
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PCR cycling Conditions

1 cycle:
94°C for 2 minutes

10 cycles:
94°C for 30 sec
60°C for 30 sec
72°C for 1 minute
10 or 15 cycles:
94°C for 30 sec
60°C for 30 sec

72°C for 1 minute plus 10 sec/cycle
1lcycle:

72°C for 7 minutes

4°C hold

PCT/US2010/034145

The PCR reaction products were purified over a Qiaquick column and quantified.

1 ul of PCR product was analyzed on a 2% agarose gel.

2. Design of SNV Query Oligos for Ligation-Dependent Genotyping Assay

A set of SNV query oligos were designed to determine the presence or absence of a panel

of potential SNVs that had been identified during the sequencing of 139 genes from the Calu6 cell
line using massively-parallel sequencing techniques (data not shown). From this initial sequencing
analysis, 96 non-synonymous SNV calls were identified, whose confidence was ranked from high to
low based on the degree of overlapping bioinformatic evidence. Assays 1 to 96 listed in TABLE
11 cormrespond to the 96 distinct putative SNVs that were initially detected as potential
polymorphic loci during massively parallel sequencing. The lowest numbered assays in TABLE
11 (starting at assay #1), correspond to the highest confidence ranking, based on the degree of
overlapping bioinformatic evidence (e.g., the presence of the SNV in dbSNP). As shown in
TABLE 11, many known SNPs from the dbSNP database and two known mutations identified in

the Wellcome Trust COSMIC database were included in the set of 96 non-synonymous SNV calls.

For each of the 96 SNV positions of interest. the following reagents were generated:

e A 5'allele-specific consensus ligation oligo (S1mer) (TABLE 7)

e A 5'allele-specific variant ligation oligo (51mer) (TABLE 8)
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® A 3'common ligation oligo (50mer) (TABLE 9)
® A pair of oligos to generate an annealed reference template with the consensus
SNV sequence (51mers) (not shown)
e A pair of oligos to generate an annealed reference template with the variant SNV

sequence (51mers) (not shown)

Ligation Oligonucleotides

The paired set of allele-specific (consensus and variant) 5' and 3' ligation oligonucleotide
pairs for each SNV target of interest were designed as follows:

Each 5' ligation oligo 300, 400 had a total length of 51 nucleotides, with a target-specific

complementary region 304, 404 of 25 nucleotides, an allele-specific region 306, 406 of
1 nucleotide, and a primer-binding tail region 302, 402 of 25 nucleotides in length, including 2 nt
at the 3' end corresponding to the forward PCR primer region 606 selected to avoid primer dimer
(e.g., "CT").

The target-specific binding region 304, 404 of the 5'ligation oligos was designed to have a
length of 25 nt that were 100% complementary to the target region of interest immediately 5' of
each of the panel of 96 SNV loci of interest. The allele-specific binding region 306, 406 of the
5'ligation oligos were designed to have a length of 1 nt that was complementary to the consensus
or variant allele for a particular SNV of interest. The sequence of the tail region 302, 402 was
selected to bind to a forward PCR primer 600 in the universal assay plate 800 made as described
in Example 2. The 5' consensus ligation oligos for SNV assays 1-96 are provided in TABLE 7.
The 5’ variant ligation oligos for SNV assays 1-96 are provided in TABLE 8.

Each 3'ligation oligo 500 had a total length of 50 nucleotides, with a target-specific

complementary region 504 of 25 nucleotides, and a primer-binding tail region 502 of
25 nucleotides in length. The target-specific complementary region of the 3'ligation oligos was
designed to have a length of 25 nt that was 100% complementary to the target region of interest
starting at the nucleotide immediately 3' to the SNV position of interest. The sequence of the tail
region 502 was selected to bind to a reverse PCR primer 700 in the universal assay plate 800 made

as described in Example 2. The 3'ligation oligos were phosphorylated prior to use in the assay.
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The 3' ligation sequences for SNV assays 1-96 are provided below in TABLE 9.

Ligation Primers:

6 plates of 96 well plates were ordered for synthesis as follows:
Plate 1: 5' consensus and variant ligation oligos for 1-48

Plate 2: 3' commeon ligation oligos for 1-48

Plate 3: consensus templates for 1-96

Plate 4: 5' consensus and variant ligation oligos for 49-96
Plate 5: 3' common ligation oligos for 49-96

Plate 6: variant templates for 1-96

TABLE 7: CONSENSUS 5' LIGATION OLIGOS

SNV SEQ

Assay 1L

# SEQUENCE (5'to 3") NO:
1 | TGTATCAGCATCTGGCTCAGCGTCTGCTTTCATTCATATCTGCAGGTTCAA 58
2 | TACATAGAATCTACCGTGGTGACCTGCAGTCCAGAGCACCGTGGTCCTGCT 59
3 | TTGACTGAGACTCCTCATGACCTCTCACCACTGGGGTAAGGTTTTCTAGGG 60
4 | GGGCTACTCGCAATTTCAAATTGCTAGCCAGTTTTCCATGGGTTCTACTAC 61
5 | IGTATCAGCATCTGGCTCAGCGTCTCTTCCCGGTCAGCTACTCCTCTTCCG 62
6 | TACATAGAATCTACCGTGGTGACCTTGATCCATTAGATTCAARTGTAGCAA 63
7 | TTGACTGAGACTCCTCATGACCTCTACCTGCTGGTGCCACTCTGGAAAGGC 64
8 | GGGCTACTCGCAATTTCAAATTGCTCTTGCTGCTTCCAGTAAATAAGGTGA 65
9 | TGTATCAGCATCTGGCTCAGCGTCTATCCTIGTCCAAGGAGGCTGTITTICTG 66
10 | TACATAGAATCTACCGTGGTGACCTTCCACACGCAAATTTCCTTCCACTCG 67
11 | TTGACTGAGACTCCTCATGACCTCTAGGAGCTGCTGGTGCAGGGGCCACGG 68
12 | GGGCTACTCGCAATTTCAAATTGCTATTCATCGGACATGTTACTGITTTTC 69
13 | TGTATCAGCATCTGGCTCAGCGTCTGTGTICATCAACTTGGTCCACAGTCGT 70
14 | TACATAGAATCTACCGTGGTGACCTGGCCCTCTAGGGACTCGAACAGAGAT 71
15 | TTGACTGAGACTCCTCATGACCTCTCAGAGGGAGGACGAGCTGACCTTCAT 72
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SNV SEQ
Assay 1D
# SEQUENCE (5' to 3") NO:
16 | GGGCTACTCGCAATTTCAAATTGCTCCAACTCGAAATTCCCCGTGACCAGA 73
17 | TGTATCAGCATCTGGCTCAGCGTCTACCAGCAGATACTCAGCCGGAGGATA 74
18 | TACATAGAATCTACCGTGGTGACCTGAGGACCCCAAGTCCCATAGGGACCC 75
19 | TTGACTGAGACTCCTCATGACCTCTGCAGCGCACCACGGGACCCAAGCCCG 76
20 | GGGCTACTCGCAATTTCAAATTGCTCAGAGTCTGAGGTAGCTGCCCTGGCA 77
21 | TGTATCAGCATCTGGCTCAGCGTCTTGCTGTTITTCTTCCTTCAGGCATACA 78
22 | TACATAGAATCTACCGTGGTGACCTCCTGAACAGCTCGCGGCTCAGCAGGG 79
23 | TTGACTGAGACTCCTCATGACCTCTATCTTCAAAGTTGCAGTAAAAACCCA 80
24 | GGGCTACTCGCAATTTCAAATTGCTCTIGATTICATGATATTTTACTCCAAG 81
25 | TGTATCAGCATCTGGCTCAGCGTCTTCCCTCATTGCACTGTACTCCTCTTG 82
26 | TACATAGAATCTACCGTGGTGACCTIGTCCGAGGACAACGATGAGGCGGCGC 83
27 | TTGACTGAGACTCCTCATGACCTCTTTCCGCCTGGTGT TGGAAGAGACAGG 84
28 | GGGCTACTCGCAATTTCAAATTGCTTGGTCTTTCAGTGCCTCCACTATGAC 85
29 | TGTATCAGCATCTGGCTCAGCGTCTTGAAGAGAAATATAAGARGGCTATGG 86
30 | TACATAGAATCTACCGTGGTGACCTICCTCCAGGTGCAGGAGT TCATGCTCA 87
31 | TTGACTGAGACTCCTCATGACCTCTAAAGGCAATGTGGGATCCTGAATTGC 88
32 | GGGCTACTCGCAATTTCAAATTGCTGCCCGAACAGCCGCTGGATATGGGAC 89
33 | TGTATCAGCATCTGGCTCAGCGTCTCTAAAAAGGACCCTGAAGGTTGTGAC 90
34 | TACATAGAATCTACCGTGGTIGACCTTCATATGGATGATAATGATGGAGARC 91
35 | TTGACTGAGACTCCTCATGACCTCTCTTGGCTGTGCTCCTGCTGCTGGCCG 92
36 | GGGCTACTCGCAATTTCAAATTGCTATCAACTATAGGTTGCTTITGGTGGTG 93
37 | TGTATCAGCATCTGGCTCAGCGTCTAAATTTCTGAATAACTGAAGTTGGTC 94
38 | TACATAGAATCTACCGTGGTGACCTGGTAGCAGACAAACCTGTGGTTGATC 95
39 | TTGACTGAGACTCCTCATGACCTCIGAGCT ITGGGTTGTTCCTTAGGACCC 96
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SNV SEQ
Assay 1D
# SEQUENCE (5' to 3") NO:
40 | GGGCTACTCGCAATTTCAAATTGCTGGAATTACGGCAGCCCTTICTTTCCCA 97
41 | TGTATCAGCATCTGGCTCAGCGTCTCGGGGCCTCTGCTIGGATGTGATGAC 98
42 | TACATAGAATCTACCGTGGTGACCTGGCGGCCGTGGTGGCGGCAGTGGTGG 99
43 | TTGACTGAGACTCCTCATGACCTCTGCAGAAGTCATATTTAGGATGTGTAC 100
44 | GGGCTACTCGCAATTTCAAATTGCTGGACTTITTTTTCCAAGGCTATTCAGT 101
45 | TGTATCAGCATCTGGCTCAGCGTCIGAGATGTGTAAGCGCAGCCTTGAGTC 102
46 | TACATAGAATCTACCGTGGTGACCTATTTATGCTATACATGATGAAACATC 103
47 | TTGACTGAGACTCCTCATGACCTCTGAAAT TGATAGAAGCAGAAGATCGGC 104
48 | GGGCTACTCGCAATTTCAAATTGCTCTCACCTCCCATGTTGCTCAARGAAC 105
49 | TGTATCAGCATCTGGCTCAGCGTCTAGCATTCTCTIGCAGTACATCAACCGT 106
50 TACATAGAATCTACCGTGGTGACCTACTTTACTCACGTTITTTCCCATCTAG 107
51 | TTGACTGAGACTCCTCATGACCTCTGGCATGGTGGTGGATGTAGTGGTGGT 108
52 | GGGCTACTCGCAATTTCAAATTGCTATGGTGGTGGATGTAGTGGTGGTGGA 109
53 | TGTATCAGCATCTGGCTCAGCGTCTAACATGAGTTTT TTATGGCGGGAGGT 110
54 | TACATAGAATCTACCGTGGTGACCTIGGACACCGGCAAGGCCACCCTGACCT 111
55 | TTGACTGAGACTCCTCATGACCTCTCTGACCCACTCATCCCAAGACACACC 112
56 | GGGCTACTCGCAATTTCAAATTGCTGAAAGTAACAGCTTIGACTATATCCAC 113
57 | TGTATCAGCATCTGGCTCAGCGTCTGTGTCCTGGAATGGGGCCCATGAGAT 114
58 | TACATAGAATCTACCGTGGTGACCTTGGAATTTCCTCCTCGAGTCTGAACC 115
59 | TTGACTGAGACTCCTCATGACCTCTTTCCCTCCAGCCCCAGGTTACCCCTG 116
60 | GGGCTACTCGCAATTTCAAATTGCTCGGGGGGTCTTGGATGTGCCGGCTTG 117
61 | TGTATCAGCATCTGGCTCAGCGTCTTGGCCTGTTGGCCGTATCTGCTAACA 118
62 | TACATAGAATCTACCGTGGTGACCTCTGTTTTGTTCCGAATGTC TGAGGAC 119
63 | TTGACTGAGACTCCTCATGACCTCTGTGTCAACAATTCTAAGGAGGAAGAT 120
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SNV SEQ
Assay 1D
# SEQUENCE (5' to 3") NO:
64 | GGGCTACTCGCAATTTCARATTGCTGAGATCCAGATGTTTTGGAATATTAC 121
65 | TGTATCAGCATCTGGCTCAGCGTCTTGGACTGTGTATGAAACCTGGTTTTA 122
66 | TACATAGAATCTACCGTGGTGACCTCAATCTTTTTAACCATTTTGTICATCG 123
67 | TTGACTGAGACTCCTCATGACCTCTCCAGGGGAGARAAGTACATTGGAAAC 124
68 | GGGCTACTCGCAATTTCAAATTGCTCTTTATTCAGGTGGATGCCCCTGACC 125
69 | TGTATCAGCATCTGGCTCAGCGTICTCAACATCTCTTTTCCCTGGAAGTTTC 126
70 | TACATAGAATCTACCGTGGTGACCTGGACATGGATCTTGTTTITICTCTTTG 127
71 | TTGACTGAGACTCCTCATGACCTCTCTCAATCTGTAGTGCTCCTGGTCGGC 128
72 | GGGCTACTCGCAATTTCAAATTGCTGTTTTTTCAGGAGGCCATCTITCTCC 129
73 | IGTATCAGCATCTGGCTCAGCGTCTAGAATGAGCCTGTICTGTTGACATTG 130
74 | TACATAGAATCTACCGTGGTGACCTCAGGGGAGGGTGTGGGCAGGCGGTTC 131
75 | TTGACTGAGACTCCTCATGACCTCTGACTATTCAGACATCAATGAGGTGGC 132
76 | GGGCTACTCGCAATTTCAAATTGCTCTGTTCCTCTACAGGGCCAAAACACT 133
77 | TGTATCAGCATCTGGCTCAGCGTCTGATGATACTCACTGTCCATCAGCCTC 134
78 | TACATAGAATCTACCGTGGTGACCTAGTATCCTCACCTGTAGCCAGGTATC 135
79 | TTGACTGAGACTCCTCATGACCTCTGTTAATTCAGCATCCAGCAGGTCCCT 136
80 | GGGCTACTCGCAATTTCAAATTGCTACACCAACATTCCCAGCTGCTGGAAC 137
81 | TGTATCAGCATCTGGCTCAGCGTCTCCTGGGCCAGGTGTGCATCAAAGCGC 138
82 | TACATAGAATCTACCGTGGTGACCTGTGTCAAGCTACTCTCAGGACTGCTC 139
83 | TTGACTGAGACTCCTCATGACCTCTCAAGGTGCCAGGTGCAAGACCCACCA 140
84 | GGGCTACTCGCAATTTCAAATTGCTTGTCGCGATGAATGTGAAATCCTGGA 141
85 | TGTATCAGCATCTGGCTCAGCGTCTTCCACARACTCGTCACTCATCCTCCG 142
86 | TACATAGAATCTACCGTGGTGACCTAGACATGGAAGCCAGTGAT TATGAGC 143
87 | TTGACTGAGACTCCTCATGACCTCTCCACAGCCAGGCAGTCTGTATCTTGC 144
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SNV SEQ

Assay 1D

# SEQUENCE (5' to 3") NO:
88 | GGGCTACTCGCAATTTCAAATTGCTATATGTGGAGGCCCAACAAAAGAGAC 145
89 | TGTATCAGCATCTGGCTCAGCGTCTTGGAAGTTGCGTATTGTAAGCTATTC 146
90 | TACATAGAATCTACCGTGGTGACCTGGTCAGAACAGGAGTGCACGGATAGC 147
91 | TTGACTGAGACTCCTCATGACCTCTTGCTTTCAATCCCAAATTATGTGTTT 148
92 | GGGCTACTCGCAATTTCAAATTGCTCATCAGTGTGTCTGAACATGTGGTCC 149
93 | TGTATCAGCATCTGGCTCAGCGTCTCTGCCAGCCTGCCCTGGAGGAAGACA 150
94 | TACATAGAATCTACCGTGGTGACCTACTGGAACTATCTGTAATACTGGAAC 151
95 | TTGACTGAGACTCCTCATGACCTCTAACTCTTTCACTTTTACATATTAAAG 152
96 | GGGCTACTCGCAATTTCAAATTGCTGCAGCCAGAGTGGTTTTTTCAGGGGA 153

TABLE 8: VARIANT 5' LIGATION OLIGOS

SNV SEQ

Assay m

# SEQUENCE (5'to 3') NO:
1 | CTTTGGGGTAAGCGACCATCAGCCTGCTITCATTCATATCTGCAGGTTCAG 154
2 | ACGATGGCGTTGCAGGCGCTTACCTGCAGTCCAGAGCACCGTGGTCCTGCC 155
3 | GCCGTTTCATATCGAACAAGGCGCTCACCACTGGGGTAAGGTTTTCTAGGA 156
4 | CGCCAGCAATCAGCTTTGATACACTAGCCAGTTTTCCATGGGTITCTACTAT 157
5 | CTTTGGGGTAAGCGACCATCAGCCTCTTCCCGGTCAGCTACTCCTCTICCA 158
6 | ACGATGGCGTTGCAGGCGCTTACCTTGATCCATTAGAT TCAAATGTAGCAC 159
7 | GCCGTTTCATATCGAACAAGGCGCTACCTGCTGGTGCCACTCTGGARAGGGE 160
8 | cGCCAGCAATCAGCTTTGATACACTCTTGCTGCTTCCAGTAAATAAGGTGG 161
9 | CTTTGGGGTAAGCGACCATCAGCCTATCCTIGTCCAAGGAGGCTGTITICTA 162
10 | ACGATGGCGTTGCAGGCGCT TACCTTCCACACGCAAATTTCCTTCCACTCA 163
11 | GCCGTTTCATATCGAACAAGGCGCTAGGAGCTGC TGGTGCAGGGGCCACGC 164
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Assay 1D
# SEQUENCE (5' to 3') NO:
12 | CGCCAGCAATCAGCTTTGATACACTATTCATCGGACATGTTACTGTTTTTG 165
13 | CTTTGGGGTAAGCGACCATCAGCCTGTGTCATCAACTTGGTCCACAGTCGG 166
14 | ACGATGGCGTTGCAGGCGCT TACCTGGCCCTCTAGGGACTCGAACAGAGAC 167
15 | GCCGTTTCATATCGAACAAGGCGCTCAGAGGGAGGACGAGC TGACCTTCAC 168
16 | CGCCAGCAATCAGCTTTGATACACTCCAACTCGARATTCCCCGTGACCAGT 169
17 | CTTTGGGGTAAGCGACCATCAGCCTACCAGCAGATACTCAGCCGGAGGATG 170
18 | ACGATGGCGTTGCAGGCGCT TACCTGAGGACCCCAAGTCCCATAGGGACCT 171
19 | GCCGTTTCATATCGAACAAGGCGCTGCAGCGCACCACGGGACCCAAGCCCC 172
20 | CGCCAGCAATCAGCTTTGATACACTCAGAGTCTGAGGTAGC TGCCCTGGCG 173
21 | CTTTGGGGTAAGCGACCATCAGCCTTGCTGTTTTICTITCCTTCAGGCATACC 174
22 | ACGATGGCGTTGCAGGCGCTTACCTCCTGAACAGCTCGCGGCTCAGCAGGA 175
23 | GCCGTTTCATATCGAACAAGGCGCTATCTTCAAAGTTGCAGTAAAAACCCG 176
24 | CGCCAGCAATCAGCTTTGATACACTCTTGATTCATGATATTTTACTCCAAA 177
25 | CTTTGGGGTAAGCGACCATCAGCCTTCCCTCATTGCACTGTACTCCTCTTT 178
26 | ACGATGGCGTTGCAGGCGCTTACCTGTCCGAGGACAACGAT GAGGCGGCGT 179
27 | GCCGTTTCATATCGAACAAGGCGCTTTCCGCCTGGTGT TGGAAGAGACAGA 180
28 | CGCCAGCAATCAGCTTTGATACACTIGGTCTTTCAGTGCCTCCACTATGAT 181
29 | CTTTGGGGTAAGCGACCATCAGCCTTGAAGAGAAATATAAGAAGGCTATGT 182
30 | ACGATGGCGTTGCAGGCGC T TACCTCCTCCAGGTGCAGGAGTTCATGCTCG 183
31 | GCCGTTTCATATCGAACAAGGCGCTAAAGGCAATGTGGGAT CCTGAATTGA 184
32 | CGCCAGCAATCAGCTTTGATACACTGCCCGAACAGCCGCTGGATATGGGAA 185
33 | CTTTGGGGTAAGCGACCATCAGCCTCTAAAAAGGACCCTGAAGGTTGTGAA 186
34 | ACGATGGCGTTGCAGGCGCTTACCTTCATATGGATGATAAT GATGGAGARR 187
35 | GCCGTTTCATATCGAACAAGGCGCTCTTGGCTGTGCTCCTGCTGCTGGCCA 188
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SNV SEQ

Assay 1D

# SEQUENCE (5' to 3') NO:
36 | CGCCAGCAATCAGCTTTGATACACTATCAACTATAGGTTGCTTITGGTGGTA 189
37 | CTTTGGGGTAAGCGACCATCAGCCTAAATTTCTGAATAACTGAAGTTGGTT 190
38 | ACGATGGCGTTGCAGGCGCT TACCTGGTAGCAGACARACCTGTGGTTGATA 191
39 | GCCGTTTCATATCGAACAAGGCGCTGAGCTTTGGGTTGTTCCTTAGGACCT 192
40 | CGCCAGCAATCAGCTTTGATACACTGGAATTACGGCAGCCCTTICTTTCCCC 193
41 | CTTTGGGGTAAGCGACCATCAGCCTCGGGGCCTCTGCTTGGATGTGATGAT 194
42 | ACGATGGCGTTGCAGGCGCT TACCTGGCGGCCGTGGTGGCGGCAGTGGTGT 195
43 | GCCGTTTCATATCGAACAAGGCGCTGCAGAAGTCATAT TTAGGATGTGTAA 196
44 | CGCCAGCAATCAGCTTTGATACACTGGACTTTTTTICCAAGGCTATTCAGG 197
45 | CTTTGGGGTAAGCGACCATCAGCCTGAGATGTGTARGCGCAGCCTTGAGTT 198
46 | ACGATGGCGTTGCAGGCGCTTACCTATTTATGCTATACATGATGAAACATA 199

47 | GeeoTTTCATATCCARCAAGGCGCTGAAATTGATAGAAGCAGAAGATCGGA 200

48 | CGCCAGCAATCAGCTTTGATACACTCTCACCTCCCATGTTGCTCAAAGARA 201

49 | CTTTGGGGTAAGCGACCATCAGCCTAGCATTCTC TGCAGTACATCAACCGC 202
50 | ACGATGGCGTTGCAGGCGCTTACCTACTTTACTCACGTTTTTCCCATCTAT 203
51 | GCCGTTTCATATCGAACAAGGCGCTGGCATGGTGGTGGATGTAGTGGTGGG 204
52 | CGCCAGCAATCAGCTTTGATACACTATGGTGGTGGATGTAGTGGTGGTGGG 205
53 | CTTTGGGGTAAGCGACCATCAGCCTAACATGAGT TTTTTATGGCGGGAGGG 206
54 | ACGATGGCGTTGCAGGCGCT TACCTGGACACCGGCAAGGCCACCCTGACCG 207
55 | GCCGTTTCATATCGAACAAGGCGCTCTGACCCACTCATCCCAAGACACACT 208
56 | CGCCAGCAATCAGCTTTGATACACTGAAAGTAACAGCTTGACTATATCCAT 209
57 | CTTTGGGGTAAGCGACCATCAGCCTGTGTCCTGGAATGGGGCCCATGAGAC 210
58 | ACGATGGCGTTGCAGGCGCTTACCTTGGAATTTCCTCCTCGAGTC TGAACA 211
59 | GCCGTTTCATATCGAACAAGGCGCTTTCCCTCCAGCCCCAGGTTACCCCTC 212
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SNV SEQ

Assay 1D

# SEQUENCE (5' to 3') NO:
60 | CGCCAGCAATCAGCTTTGATACACTCGGGGGCETCTTGGATGTGCCGGCTTT 213
61 | CTTTGGGGTAAGCGACCATCAGCCTTGGCCTGTTGGCCGTATCTGCTAACT 214

62 | ACGATGGCGTTGCAGGCGCT TACCTCTGTTTTGT TCCGAATGTCTGAGGAA 215

63 | GCCGTTTCATATCGAACAAGGCGCTGTGTCAACAATTCTAAGGAGGAAGAA 216

64 | CGCCAGCAATCAGCTTTGATACACTGAGATCCAGATGTTTTGGAATATTAA 217

65 | CTTTGGGGTARGCGACCATCAGCCTTIGGACTGTIGTATGARACCTGGTTTIG 218

66 | ACGATGGCGTTGCAGGCGCTTACCTCAATCTTTTTAACCATTTTGTCATCT 219

67 | GCCGTTTCATATCGAACAAGGCGCTCCAGGGGAGAAAAGTACAT TGGAAAA 220

68 | CGCCAGCAATCAGCTTTGATACACTCTTTATTCAGGTGGATGCCCCTGACA 221
69 | CTTTGGGGTARAGCGACCATCAGCCTCAACATCTCTTITICCCTGGAAGTTTA 222
70 | ACGATGGCGTTGCAGGCGCTTACCTGGACATGGATCTTGTTTTTCTCTTTT 223

71 | GCCOTTTCATATCGAACAAGGCGCTCTCAATCTGTAGTGCTCCTGGTCGGA 224

72 | cGCCAGCAATCAGCTTTGATACACTGTTTTTTCAGGAGGCCATCTTTCTCA 225

73 | CTTTGGGGTAAGCGACCATCAGCCTAGAATGAGCCTGTTCTGTTGACATTT 226

74 | ACGATGGCGTTGCAGGCGCTTACCTCAGGGGAGGGTGTGGGCAGGCGGTTA 227

75 | GCCGTTTCATATCGARCARGGCGCTGACTATTCAGACATCAATGAGGTGGA 228

76 | CGCCAGCAATCAGCTTTGATACACTCTGTTCCTCTACAGGGCCAAAACACC 229
77 | CTTTGGGGTAAGCGACCATCAGCCTGATGATACTCACTGTCCATCAGCCTT 230
78 | ACGATGGCGTTGCAGGCGC T TACCTAGTATCCTCACCTGTAGCCAGGTATT 231
79 | GCCGTTTCATATCGAACAAGGCGCTGT TAATTCAGCATCCAGCAGGTCCCA 232

80 | cGCCAGCAATCAGCTTTGATACACTACACCARCATTCCCAGCTGCTGGARA 233

81 | CTTTGGGGTAAGCGACCATCAGCCTCC TGGGCCAGGTGTGCATCAAAGCGA 234

82 | ACGATGGCGTTGCAGGCGCTTACCTGTGTCAAGC TACTCTCAGGACTGCTA 235

83 | GCCOTTTCATATCGAACAAGGCGCTCAAGGTGCCAGGTGCAAGACCCACCT 236
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SNV SEQ

Assay 1D

# SEQUENCE (5' to 3') NO:
84 | CGCCAGCAATCAGCTTTGATACACTTGTCGCGATGAATGTGAAATCCTGGG 237
85 | CTTTGGGGTAAGCGACCATCAGCCTTCCACAAACTCGTCACTCATCCTCCA 238

86 | ACCATGGCGTTGCAGGCGCT TACCTAGACATGCAAGCCAGTGATTATGAGA 239

87 | GCCGTTTCATATCGAACAAGGCGCTCCACAGCCAGGCAGTCTGTATCTTGA 240

88 | CGCCAGCAATCAGCTTTGATACACTATATGTGGAGGCCCAACAAAAGAGAA 241

89 | CTTTGGGGTARGCGACCATCAGCCTTIGGAAGTTGCGTATTGTAAGCTATTA 242

90 | ACGATGGCGTTGCAGGCGCTTACCTGGTCAGAACAGGAGTGCACGGATAGA 243

91 | GCCGTTTCATATCGAACAAGGCGCTTGCTTTCAATCCCARATTATGTGTTC 244
92 | CGCCAGCAATCAGCTTTGATACACTCATCAGTGTGTCTGAACATGTGGTCT 245
93 | CTTIGGGGTARGCGACCATCAGCCTCTGCCAGCCTGCCCTGGAGGARGACT 246
94 | ACGATGGCGTTGCAGGCGCT TACCTACTGGAACTATCTGTAATACTGGAAA 247
95 | GCCGTTTCATATCGAACAAGGCGCTAACTCTTTCACTTTTACATATTAAAT 248
96 | CGCCAGCAATCAGCTTTGATACACTGCAGCCAGAGTGGTTTTTTCAGGGGG 249

TABLE 9: 3' PHOSPHORYLATED LIGATION OLIGOS

SNV SEQ

Assay 1D

# SEQUENCE (5'to 3") NO:
1 | TTTTCACATGGTTTTCCAGGCTIGCTCCGGTAAGT TCCAGAGCGCAGAGT 250
2 | GCGCCAGCTCCAGCAAAGCCAGCACTCCGGTAAGT TCCAGAGCGCAGAGT 251
3 | TTGGCTTCGACAACTTTGCTGCTTGTCCGGTAAGT TCCAGAGCGCAGAGT 252
4 | TAAACTAGAAAACATACAAAATAGGTCCGGTAAGTTCCAGAGCGCAGAGT 253
5 | GTGCCCGCCGGCCCTCGCTGGACTCTCATAGGACGACTTCGTCCAAGATC 254
6 | ATCAGAAGCCCTTTGAGAGTGGAAGTCATAGGACGACTTCGTCCAAGATC 255
7 | CCAAGACTCTCTCCCCAGGGAAGAATCATAGGACGACT TCGTCCAAGATC 256
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SNV SEQ
Assay 1D
# SEQUENCE (5' to 3" NO:
8 | GGTACTGTACTTTARAGAGGTCACTTCATAGGACGACTTCGTCCAAGATC 257
9 | TCTGCAARAGGAGTAAGTCGATTTGGTCTGTATAGAGGTCTTCATGCAAAC 258
10 | GATAAGATGCTGAGGAGGGGCCAGATCTGTATAGAGGTCTTCATGCAAAC 259
11 | GGGGAGCAGCCTCTGGCATTCTGGGTCTGTATAGAGGTCTTCATGCAAAC 260
12 | CTCCCTGATGTACCACCAACTTTACTCTGTATAGAGGTCTTCATGCAAAC 261
13 | GTCAGGAGGGGCATCAGGCGCTAAGTCAGTACAGGCCATGGACCTTTCAG 262
14 | CTICTGCAGCTGIGGGTTTCT TTGCATCAGTACAGGCCATGGACCTTTCAG 263
15 | CAAGAGCGCCATCATCCAGAATGTGTCAGTACAGGCCATGGACCTTTCAG 264
16 | CTTTTGGACACCAGGTTGGTGAATCTCAGTACAGGCCATGGACCTTTCAG 265
17 | TTTCAGAGGTGAGAGTAGGGCAATTTCGGATCCTGGCTGCATCGATACAR 266
18 | CTCGAATAGGCACAGTTACCCCCAGTCGGATCCTGGCTGCATCGATACAA 267
19 | CCGAGCTCGCGCCAGCCCGCGCCACTCGGATCCTGGCTGCATCGATACAA 268
20 | TATTTAACAACATCAGCCGAGACGTTCGGATCCTGGCTGCATCGATACAA 269
21 | GAGGATGACCCCAAAGATAGTGGATTCCGGCATAGATCGCTAATTCTGTG 270
22 | CGTCCCAGAGCTGGTCCACC TGCAGTCCGGCATAGATCGCTAATTCTGTG 271
23 | CAGGCAGTTTCCCTATGGAGAGAGCTCCGGCATAGATCGCTAATTCTGTG 272
24 | ATACAAATGAATCATGGAGAAATCTTCCGGCATAGATCGCTAATTCTGTG 273
25 | ACCTGCTGTGTCGAGAATATCCAAGTCCTCCTACACTACGATGAGGCGTG 274
26 | CCGGGCCCTGGGCGGTGGCARCGGCTCCTCCTACACTACGATGAGGCGTG 275
27 | CATGGGTTTGGTGACCTGGCCCTTGTCCTCCTACACTACGATGAGGCGTG 276
28 | GTTGTAGGTGGCACCTCTGGTGAGGTCCTCCTACACTACGATGAGGCGTG 277
29 | TTTCCAATGCTCAGCTAGACAATGATCGCAACGGCAGCGITCAATGTTAT 278
30 | GCTICCTICCGAGACCCCTTACGAGATCGCAACGGCAGCGTTCAATGTTAT 279
31 | AAAAACCTTCACAACGACCAGGCCTTCGCAACGGCAGCGTTCAATGTTAT 280
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# SEQUENCE (5' to 3" NO:
32 | GAACAGCCGCAAGTTTGAGT TTGAATCGCAACGGCAGCGTTCAATGTTAT 281
33 | AAAAGTGATGACAAAAACACTGTAATCCAGCGTTATAT TGCCGTAGTCTG 282
34 | TAGATACACCAATAAATTATAGTCTTCCAGCGTTATATTGCCGTAGTCTG 283
35 | GGCTGTATCGAGGGCAGGCGCTCCATCCAGCGTTATAT TGCCGTAGTCTG 284
36 | TTGCCAACACAGCCTCTGCTTCTTCTCCAGCGTTATAT TGCCGTAGTCTG 285
37 | CTGAATTCTATGAAAAGTAGGTICTTTCGGCGCTCACCGTAATAGTTACGT 286
38 | CTAAATTAGTGAAAAGAAAAATGTATCGGCGCTCACCGTAATAGT TACGT 287
39 | GGTAGGGGGTGTGCTTATAAGGTAATCGGCGCTCACCGTAATAGT TACGT 288
40 | CCCACATGGGGCCCATCAAACTCCGTCGGCGCTCACCGTAATAGTTACGT 289
41 | TTGCARAGACGGTGCTATGGACTGATCGTAGTTAAACAGCGGCTATCCAT 290
42 | CGTTGGTGATGTTGGCCCCGCTGGCTCGTAGTTAAACAGCGGCTATCCAT 291
43 | TATCTGTATAAATAAGAAAAAANGGTCGTAGTTAAACAGCGGCTATCCAT 292
44 | GTGCGAGGTAATCTAATCTCTTITTTTCGTAGTTAAACAGCGGCTATCCAT 293
45 | TGTGTATTCGCTCTATCCCACACTTTCTACCTTGCTCTGIGGAAGCCGAA 294
46 | TTATARAGGAAARAAAATACCGAAATCTACCTTGCTCTIGIGGAAGCCGAA 295
47 | TATAAAAAAGATAATGGAAAGGGATTCTACCTTGCTCTGTGGAAGCCGAA 296
48 | CATATAGTAAGTATTTAATT TATGCTCTACCTTGCTCTGTGGAAGCCGAA 297
49 | GACCTGTCAAAATAGAATGTGAGT TTCCGGTAAGT TCCAGAGCGCAGAGT 298
50 | CAATTCCATGCACTICTCATTICTGTCCGGTAAGTTCCAGAGCGCAGAGT 299
51 | GGACATGCTTCGTCGTCTGC TTGGTTCCGGTAAGTTCCAGAGCGCAGAGT 300
52 | CATGCTTCGTCGTCTGCTTGGTCACTCCGGTAAGT TCCAGAGCGCAGAGT 301
53 | AGACTGACCCTTTTTGGACT TCAGGTCATAGGACGACTTCGTCCAAGATC 302
54 | CGAGCCCACTGGGTGCATCC TGAGATCATAGGACGACTTCGTCCAAGATC 303
55 | TGCTACGGAGAAGTTGTTTAAGGGGTCATAGGACGACTTCGTCCAAGATC 304
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Assay 1D
# SEQUENCE (5' to 3" NO:
56 | ATGCCCATTCTTGGCTGCATCGTGATCATAGGACGACTTCGTCCAAGATC 305
57 | GGTTGTCTGAGAGAGAGCTTCTTGTTCTGTATAGAGGTCTTCATGCAAAC 306
58 | AAAACTGCCAGGAACAATACACAACTCTGTATAGAGGTCTTCATGCAAAC 307
59 | TCGTGTGGCTCCTTCTTTGC TATAGTCTGTATAGAGGTCTTCATGCAAAC 308
60 | TCAGATTGGTGAGCTCCCATCTGTTTCTGTATAGAGGTCTTCATGCAAAC 309
61 | GGCTGTGCCACTGCIGGGGAAGGCCTCAGTACAGGCCATGGACCTTTCAG 310
62 | AAGCCACAAGATTACAAGAAACGGCTCAGTACAGGCCATGGACCTTTICAG 311
63 | CCTCCAAGGATGTACTGCAGTACAGTCAGTACAGGCCATGGACCTTTCAG 312
64 | AAAAATGATCATGCCAAGAAGCCTATCAGTACAGGCCATGGACCTTTCAG 313
65 | TTACTTTTICITCTCTTGATGIGCAATCGGATCCTGGCTGCATCGATACAA 314
66 | TCACTTTCTAAGAACTTCTTTATGGTCGGATCCTGGCTGCATCGATACAA 315
67 | TAAAAAGATAGAATCTGAAAGTAAATCGGATCCTGGCTGCATCGATACAA 316
68 | AAAAAGGAACTGAGATAAAACCAGGTCGGATCCTGGCTGCATCGATACAA 317
69 | AAACGGCCACTGCAGACTTCACCGATCCGGCATAGATCGCTAATTCTGTG 318
70 | ACAACAGTARAATCACCTATGAGACTCCGGCATAGATCGCTAATTCTGTG 319
71 | AAAAGACAACATTCTCTATT TTAGGTCCGGCATAGATCGCTAATTCTGTG 320
72 | AACCTGCCATATAAATCTAAGATCTTCCGGCATAGATCGCTAATTCTGTG 321
73 | TGCGCACCACATCAATCACTTCCCATCCTCCTACACTACGATGAGGCGTG 322
74 | AAGCCGTTGGCTGGAGACACCTATTTCCTCCTACACTACGATGAGGCGTG 323
75 | AGAAGATGAAAGCCGAAGATACCAGTCCTCCTACACTACGATGAGGCGTG 324
76 | CATTGACTCAGATCTCTCAATCCATTCCTCCTACACTACGATGAGGCGTG 325
77 | CAGTTCAGCAAGGGGTCATAGACAATCGCAACGGCAGCGTITCAATGTTAT 326
78 | AATCTGGATGGCTTTCACCCCCTCCTCGCARCGGCAGCGTTCAATGTTAT 327
79 | GGCCTTGTCAATGCACTAGAAGAGATCGCAACGGCAGCGTTCAATGTTAT 328
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# SEQUENCE (5' to 3" NO:
80 | ARARACTGARAATGGACAAGAGGTCATCGCAACGGCAGCGTTCAATGTTAT 329
81 | TCGTCCAGGGACGCCAAGACACAGTTCCAGCGTTATATTGCCGTAGTCTG 330
82 | AACTAAAACAAMACGATGACAAATTTCCAGCGTTATATTGCCGTAGTCTG 331
83 | TGAGCAGATAGCCTCCCACCACACGTCCAGCGTTATATTGCCGTAGTCTG 332
84 | GAATGTCCTGTGTCAAACAGAGTACTCCAGCGTTATATTGCCGTAGTCTG 333
85 | GAGCTCGCGGCCATAGCGCTGTGC TTCGGCGCTCACCGTAATAGT TACGT 334
86 | TTGAAGATGAAACAAGACCTGCTAATCGGCGCTCACCGTAATAGT TACGT 335
87 | AAAAACATCCACTCTGCCTCGAATCTCGGCGCTCACCGTAATAGTTACGT 336
88 | TAGAAGCCTTATTCACTAAAATTCATCGGCGCTCACCGTAATAGT TACGT 337
89 | ARARAAAGAAARAGATTCAGGTAAGTCGTAGTTAAACAGCGGCTATCCAT 338
90 | AAAACAACTAGAAAATGATACAAGATCGTAGTTAAACAGCGGCTATCCAT 339
91 | CCGAAATTTACCGCATGGAGGAAGTTCGTAGTTAAACAGCGGCTATCCAT 340
92 | GCAGGTAGCGGGACTGTCGGGTGGGTCGTAGTTARACAGCGGCTATCCAT 341
93 | GTACAGCATCACACCCACGC TGAGATCTACCTTGCTCTGTGGARAGCCGAA 342
94 | CTARATAAAACAAAGCAGCCAAARATCTACCTTGCTCTGIGGAAGCCGAA 343
95 | CCTCATGAGGATCACTGGCCAGTAATCTACCTTGCTCTGTGGAAGCCGAA 344
96 | GTCTTATATAAGTAATTTAAAAAAATCTACCTTGCTCTGTGGAAGCCGAA 345

Step 1. Pooling of synthesized oligos.

All of the oligos from each of the 6 plates were pooled into separate, labeled pools of
100 uM oligos, resulting in a pool of 96 variant templates, a pool of 96 consensus templates, a
pool of consensus plus variant 5'ligation oligos for templates 1-48, a pool of consensus plus
variant 5'ligation oligos for templates 49-96, and a pool of 3'common ligation oligos for
templates 1-48§, and a pool of 3' common ligation oligos for templates 49-96.

100 pl of the Ligation oligos were diluted to a stock solution of 0.5 uM =5 nM in each

ligation oligo.
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The pooled templates were diluted to a working concentration of 100 pM.
Step 2. Kinase treatment of the 3' common ligation oligo pools.

The 3’ common ligation oligo pools (from plate 2 and plate 5) were kinased as follows:

A 100 pl reaction of 1 pM pooled commeon oligos = 10 pl of 10 uM 3' oligos = 100 pmoles

of termini (optimal molarity of ends in a 100 pl kinase reaction).

The kinase reaction was carried out as follows:
10 pul 10X T4 kinase buffer (New England Biolabs, Ipswich, MA)

10 ul 10 mM ATP
10 ul of 10 uM 3' common ligation oligo pool

70 ul H,O

100 pl total volume, mix, add 2 pl T4 kinase (New England Biolabs, Ipswich, MA), mix

and incubate at 37°C for 30 minutes, then incubate at 65°C for 20 minutes.

The kinase reaction was then diluted by adding 300 ul of H,O to a 400 pl mixture of

250 nM 3' common ligation primer that was 5 nM in each primer.

Step 3. The Ligation-Dependent Genotyping Assays were carried out as follows:
For each assay, the ligation mixture contains
96 consensus templates with 500 pM ligation oligos (high) (assays 1-48)
96 variant templates with 500 pM ligation oligos (high) (assays 1-48)
No template control with 500 pM ligation oligos (high) (assays 1-48)
96 consensus templates with 100 pM ligation oligos (low) (assays 1-48)
96 variant templates with 100 pM ligation oligos (low) (assays 1-48)
No template control with 100 pM ligation oligos (low) (assays 1-48)
96 consensus templates with 500 pM ligation oligos (high) (assays 49-96)
96 variant templates with 500 pM ligation oligos (high) (assays 49-96)
Calu6 gDNA library with 500 pM ligation oligos (high) (assays 1-48)
. Calu6 gDNA library with 500 pM ligation oligos (high) (assays 49-96)

o 0NN e WD

—_ =
)

. Calu6 enriched (E1) library* with 500 pM ligation oligos (high) (assays 1-48)
. Calu6 enriched (E1) library* with 500 pM ligation oligos (high) (assays 49-96)

[a—
\®]
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* The Calu6 enriched (E1) library is a pool of PCR Products from a Calu6 gDNA library
that was enriched with a single round of solution-based capture for the Maxwell 139 gene set

followed by PCR amplification, as described above.

For each genotyping ligation reaction, the following reagents were combined:

50 ul H,O

20 ul target DNA (100 pM synthetic templates, or DNA samples: Calu6 gDNA (85 ng/ul);
or Calu6 E1 (75 ng/ul))

10 pl ¢high) or 2 pl (low) of 500 nM 5' ligation oligo pool (consensus and variant)

10 pl ¢high) or 2 pl (Ilow) of 250 nM kinased, 3' common oligo pool

10 pl of 10X Taq DNA ligase buffer (New England Biolabs, MA)

1 pl SM NaCl

100 pl total volume, mix and add 2 ul Taq DNA ligase (New England Biolabs)

The ligation mixture was then incubated in a thermal cycler across the following
temperatures:

95°C for 5 minutes;

75°C for 15 minutes;

70°C for 15 minutes;

65°C for 30 minutes;

60°C for 45 minutes;

55°C for 30 minutes;

50°C for 15 minutes;

45°C for 15 minutes;

4°C rest.

The ligation reactions were diluted to 1 ml with 900 ul of TEzero.

To measure the performance of the ligation-dependent genotyping assay, the following
6 ligation reactions were carried out on synthetic templates (all using high concentration (500 pM)
ligation oligos), followed by qPCR analysis of each ligation reaction on a universal 384 well
qPCR plate.

Templates: consensus templates, variant templates, no template control, Calu6 genomic

DNA, and Calu6 enriched (E1) library.
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Ligation Oligo pools: pool of 5' consensus and variant ligation oligos for assays 1-48 plus

3'common ligation primers for assays 1-48; pool of 5' consensus and variant ligation oligos for
assays 49-96, plus 3' common ligation oligos for assays 49-96.

Therefore, for each set of SNVs of interest (e.g., assays 1-48, represent 48 different
potential SNVs), a total of 5 ligation reactions were carried out:

L. ligation oligo pool (5'consensus, 5'variant, and 3'common) plus synthetic

consensus templates; and

2. ligation oligo pool (5' consensus, 5' variant, and 3' common) plus synthetic variant
templates;

3. ligation oligo pool (5'consensus, 5'variant, and 3'common) plus no template
control.

4. ligation oligo pool (5' consensus, 5' variant, and 3' common) plus Calu6 genomic
DNA.

5. ligation oligo pool (5' consensus, 5' variant, and 3' common) plus Calu6 enriched

(E1) library.

Each ligation reaction was then plated onto a separate prepared universal qPCR plate and
assayed, providing a set of qPCR results for ligation reaction #1 consensus template (QPCR
plate 1), #2 variant template (QPCR plate 2), #3 no template (QPCR plate 3), #4 Calu6 gDNA
(plate 9), and #5 Calu6 E1 library (plate 11).

Step 4: Quantitative PCR (gPCR):

Manufacture of Universal Assay Plate

The assay plates were prepared for quantitative PCR (qQPCR) assays using the PCR primers
as described in Example 2:

Briefly described, 35 mls of 2X SYBR master mix (ABI) was combined with 10 mls of
H>O. 450 ul of the mixture was aliquoted into each well of a 96 well assay plate. 55 ul of the "C"

(reverse) primers (10 pM) were added to the wells along the columns of the assay plate, and 55 pl
of the "R" (forward) primers (10 uM) were added to the wells along the rows of the assay plate, as
shown above in TABLE 6. The reagents were mixed, then 8 ul per well was aliquoted in
quadruplicate into a 384 gqPCR plate, in order to carry out 4 identical reactions for each qPCR

primer pair.
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Quantitative PCR Assay:
120 pl aliquots of each diluted genotyping ligation reaction were distributed into 8 wells of
the 384 well qPCR plate. Then, 2 ul aliquots were dispensed into all wells of the prepared 384
well gPCR plate (4 x 96). The samples were mixed, and the qPCR assay was run on an ABI 7900

instrument set on SYBR detection channel.

gPCR Results of Ligation-Dependent Genotyping Assay

As a measurement of assay performance, the average raw Ct data from each of the qPCR
assays was first determined across four wells of each quadruplicate for assays 1-96 (high primer
input). The results of the ligation with consensus templates (plates 1 and 4) or variant templates
(plates 2 and 5) were measured against a no template control (plates 3 and 6), to obtain a set of

raw Ct data (data not shown).

Dynamic Range of the Ligation-dependent Genotyping Assays

In order to determine the dynamic range of each assay for a SNV position, from the raw Ct
data, the Ct spread between consensus and variant ligation assays using consensus templates (e.g.,
plate 1) was determined. Then, the Ct spreads for variant versus consensus ligation assays when
variant templates were measured (e.g., plate 2) was calculated. The sum of the Ct spreads for
plate 1 and plate 2 were calculated, which represents the complete dynamic range of the assay.

For example, for assay #1, the Ct spread between consensus and variant ligation assays
using a consensus template (Ct(var)-Ct(cons) = 3. The Ct spread for variant versus consensus
ligation assays when variant template was measured (Ct(cons)-Ct(var) =2. The sum of the Ct
spreads (3+2 = 5) represents the complete dynamic range of assay #1.

It was determined that the sum of the Ct spreads for plate 1 (consensus template) and
plate 2 (variant template) was > 5 Cts for all but two of assays (assay #15 and #17), which is a
very tractable Ct spread. Significantly, when the same analysis was performed on ligation
reactions using a lower concentration of ligation oligos (100 pM), every single assay registered a
dynamic range greater than 5 Cts (data not shown). The average dynamic range for the ligation-
dependent genotyping assays carried out with high ligation oligo concentration (500 pM oligos)
was 9.1 Cts, whereas the average dynamic range for the ligation-dependent genotyping assays

carried out with low ligation oligo concentration (100 pM oligos) was 10.4 Cts. These results
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demonstrate that the use of ligation oligos in the range of 100 pM improves assay performance by
proving a greater dynamic range.

Scoring Scheme for Genotyping

The ligation-dependent genotyping assay results generated using the synthetic template for
the consensus and variant versions of the target sequence were then used to generate a calibrating
"truth," or "reference" value for the Ct values that are expected from a test sample (diploid) that
contains a homozygous consensus (con/con), heterozygous (con/var), or homozygous variant
(var/var) for a particular polymorphic site of interest (e.g., SNV or SNP), as follows.

If the actual test sample contains a diploid homozygous consensus sequence (con/con) at
the polymorphic locus of interest, then on average Ct(var) > Ct(cons) and the term [Ct(var)-
Ct(cons)] is expected to return a positive integer value.

If the actual test sample contains a diploid heterozygote sequence (con/var) at the
polymorphic locus of interest, then on average, Ct(var) = Ct(cons) and the term [Ct(var)-Ct(cons)]
is expected to return a value near zero.

If the actual test sample contains a diploid homozygous variant sequence (var/var) at the
polymorphic locus of interest, then on average, Ct(var) < Ct(cons) and the term [Ct(var)-Ct(cons)]
is expected to return a negative integer value.

The calibrating consensus and variant synthetic templates are scored as follows:

® Value homozygous consensus base = [Ct(var) - Ct(cons)] for consensus template
measurements.

® Value heterozygous = Ct(var) for variant template - Ct(cons) for consensus
template.

® Value homozygous variant base = [Ct(var) - Ct(cons)] for variant template,

The above scoring matrix was applied to the ligation-dependent genotyping assays using
synthetic templates, and the results are shown below in TABLE 10, Column 2. The key
observation is that all ligation-dependent genotyping assays 1-96, with the exception of assays 15
and 26, returned discrete integer values for each of the three genetic states. Importantly, it is noted
that assays 15 and 26 did return discrete integer values when repeated with the more dilute ligation

oligos (100 pmol) (data not shown).
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TABLE 10: QPCR ASSAY RESULTS OF LIGATION-DEPENDENT GENOTYPING

Scoring Matrix Test Sample:
Assay # | (based on synthetic template assays): | E1 Calu6 DNA Ct Value
1 homo-cons: 3 0
hetero: 0 (hetero)
homo-var: -2
2 homo-cons: 9 -3
hetero: 1 (homo-var)
homo-var: -3
3 homo-cons: 5 -1
hetero: 1 (homo-var)
homo-var: -2
4 homo-cons: 6 -4
hetero: 1 (homo-var)
homo-var: -3
5 homo-cons: 6 2
hetero: 1 (hetero)
homo-var: -2
6 homo-cons: 9 -5
hetero: 1 (homo-var)
homo-var: -3
7 homo-cons: 9 2
hetero: 1 (homo-var)
homo-var: -5
8 homo-cons: 5 2
hetero: 1 (homo-var)
homo-var: -2
9 homo-cons: 7 1
hetero: 3 (homo-var)
homo-var: 0
10 homo-cons: 9 -3
hetero: 2 (homo-var)
homo-var: -2
11 homo-cons: 11 -3
hetero: 1 (homo-var)
homo-var: -3
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Scoring Matrix Test Sample:
Assay # | (based on synthetic template assays): [ E1 Calu6 DNA Ct Value
12 homo-cons: 7 0
hetero: 0 (hetero)
homo-var: -4
13 homo-cons: 8 -3
hetero: O (homo-var)
homo-var: -4
14 homo-cons: 4 -1
hetero: 1 (homo-var)
homo-var: -1
15 homo-cons: O -3
hetero: 0 (homo-var)
homo-var: -3
16 homo-cons: 4 -5
hetero: 1 (homo-var)
homo-var: -4
17 homo-cons: 2 -1
hetero: 0 (homo-var)
homo-var: -2
18 homo-cons: 3 -3
hetero: 1 (homo-var)
homo-var: -3
19 homo-cons: 6 2
hetero: 1 (hetero)
homo-var: -3
20 homo-cons: 8 0
hetero: 1 (hetero)
homo-var: -3
21 homo-cons: 7 -5
hetero: 1 (homo-var)
homo-var: -5
22 homo-cons: 5 2
hetero: 1 (homo-var)
homo-var: -2
23 homo-cons: 7 0
hetero: 0 (hetero)
homo-var: -4
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Scoring Matrix Test Sample:
Assay # | (based on synthetic template assays): [ E1 Calu6 DNA Ct Value
24 homo-cons: 4 2
hetero: 1 (homo-var)
homo-var: -3
25 homo-cons: 8 0
hetero: 1 (hetero)
homo-var: -3
26 homo-cons: 9 1
hetero: 4 (hetero)
homo-var: 4
27 homo-cons: 8 -3 (homo-var)
hetero: 2
homo-var: -2
28 homo-cons: 5 -2 (homo-var)
hetero: 1
homo-var: -2
29 homo-cons: 6 2
hetero: 2 (hetero)
homo-var: -2
30 homo-cons: 4 1
hetero: 1 (hetero)
homo-var: -2
31 homo-cons: 8 11
hetero: 0 (homo-cons)
homo-var: -3
32 homo-cons: 7 8
hetero: 1 (homo-cons)
homo-var: -1
33 homo-cons: 6 8
hetero: 1 (homo-cons)
homo-var: -2
34 homo-cons: 9 9
hetero: 2 (homo-cons)
homo-var: -2
35 homo-cons: 1 -3
hetero: -1 (hetero-var)
homo-var: -4
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Scoring Matrix Test Sample:
Assay # | (based on synthetic template assays): [ E1 Calu6 DNA Ct Value
36 homo-cons: 7 -2
hetero: 1 (hetero-var)
homo-var: -2
37 homo-cons: 4 0
hetero: 1 (hetero)
homo-var: -3
38 homo-cons: 5 6
hetero: 1 (homo-cons)
homo-var: -3
39 homo-cons: 4 -4
hetero: 0 (homo-var)
homo-var: -4
40 homo-cons: 7 8
hetero: 1 (homo-cons)
homo-var: -2
41 homo-cons: 4 3
hetero: 1 (homo-cons)
homo-var: -1
42 homo-cons: 7 8
hetero: 1 (homo-cons)
homo-var: -3
43 homo-cons: 9 10
hetero: 1 (homo-cons)
homo-var: -4
44 homo-cons: 10 11
hetero: 0 (homo-cons)
homo-var: -5
45 homo-cons: 5 5
hetero: 0 (homo-cons)
homo-var: -6
46 homo-cons: 9 9
hetero: 1 (homo-cons)
homo-var: -4
47 homo-cons: 11 12
hetero: 1 (homo-cons)
homo-var: -2
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Scoring Matrix Test Sample:
Assay # | (based on synthetic template assays): [ E1 Calu6 DNA Ct Value
48 homo-cons: 10 14
hetero: 2 (homo-cons)
homo-var: -2
49 homo-cons: 5 1
hetero: 0 (hetero)
homo-var: -4
50 homo-cons: 6 6
hetero: 2 (homo-cons)
homo-var: -5
51 homo-cons: 6 6
hetero: 0 (homo-cons)
homo-var: -4
52 homo-cons: 5 5
hetero: 0 (homo-cons)
homo-var: -4
53 homo-cons: 11 13
hetero: 2 (homo-cons)
homo-var: -1
54 homo-cons: 6 -3
hetero: O (homo-var)
homo-var: -3
55 homo-cons: 3 3
hetero: 0 (homo-cons)
homo-var: -5
56 homo-cons: 6 0
hetero: 0 (hetero)
homo-var: -4
57 homo-cons: 6 1
hetero: 1 (hetero)
homo-var: -3
58 homo-cons: 7 8
hetero: 2 (homo-cons)
homo-var: -3
59 homo-cons: 5 1
hetero: 0 (hetero)
homo-var: -6
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Assay #

Scoring Matrix

(based on synthetic template assays):

Test Sample:
E1 Calu6 DNA Ct Value

60

homo-cons: 6
hetero: 1

homo-var: -6

7

(homo-cons)

61

homo-cons: 5
hetero: 1

homo-var: -5

5

(homo-cons)

62

homo-cons: 4
hetero: 1

homo-var: -3

6

(homo-cons)

63

homo-cons: 5
hetero: O

homo-var: -5

5

(homo-cons)

64

homo-cons: 6
hetero: 1

homo-var: -6

7

(homo-cons)

65

homo-cons: 3
hetero: O

homo-var: -5

3

(homo-cons)

66

homo-cons: 5
hetero: 2

homo-var: -6

i

(homo-cons)

67

homo-cons: 6
hetero: O

homo-var: -6

6

(homo-cons)

68

homo-cons: 6
hetero: 1

homo-var: -6

7

(homo-cons)

69

homo-cons: 6
hetero: 1

homo-var: -6

7

(homo-cons)

70

homo-cons: 6
hetero: 2

homo-var: -6

7

(homo-cons)

71

homo-cons: 6
hetero: O

homo-var: -5

8

(homo-cons)
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Assay #

Scoring Matrix

(based on synthetic template assays):

Test Sample:
E1 Calu6 DNA Ct Value

72

homo-cons: 6
hetero: O

homo-var: -6

8

(homo-cons)

73

homo-cons: 5
hetero: O

homo-var: -4

6

(homo-cons)

74

homo-cons: 7
hetero: 1

homo-var: -4

7

(homo-cons)

75

homo-cons: 5
hetero: O

homo-var: -5

8

(homo-cons)

76

homo-cons: 6
hetero: O

homo-var: -4

7

(homo-cons)

77

homo-cons: 4
hetero: 1

homo-var: -6

4

(homo-cons)

78

homo-cons: 4
hetero: 1

homo-var: -5

4

(homo-cons)

79

homo-cons: 6
hetero: O

homo-var: -5

8

(homo-cons)

80

homo-cons: 6
hetero: 1

homo-var: -5

8

(homo-cons)

81

homo-cons: 4
hetero: 0

homo-var: -6

5

(homo-cons)

82

homo-cons: 6
hetero: 1

homo-var: -9

6

(homo-cons)

83

homo-cons: 5
hetero: 3

homo-var: -3

5

(homo-cons)
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Assay #

Scoring Matrix

(based on synthetic template assays):

Test Sample:
E1 Calu6 DNA Ct Value

84

homo-cons: 3
hetero: O

homo-var: -5

2

(homo-cons)

85

homo-cons: 5
hetero: 1

homo-var: -3

3

(homo-cons)

86

homo-cons: 5
hetero: 1

homo-var: -4

6

(homo-cons)

87

homo-cons: 3
hetero: O

homo-var: -7

4

(homo-cons)

88

homo-cons: 5
hetero: O

homo-var: -5

6

(homo-cons)

89

homo-cons: 7
hetero: 1

homo-var: -4

7

(homo-cons)

90

homo-cons: 8
hetero: 1

homo-var: 4

7

(homo-cons)

91

homo-cons: 6
hetero: O

homo-var: -5

7

(homo-cons)

92

homo-cons: 6
hetero: 1

homo-var: -5

6

(homo-cons)

93

homo-cons: 3
hetero: 0

homo-var: -5

2

(homo-cons)

94

homo-cons: 9
hetero: 2

homo-var: -5

11

(homo-cons)

95

homo-cons: 7
hetero: O

homo-var: -5

7

(homo-cons)
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Scoring Matrix Test Sample:

Assay # | (based on synthetic template assays): [ E1 Calu6 DNA Ct Value

96 homo-cons: 6 6
hetero: 1 (homo-cons)

homo-var: -5

Genotyping of Calu6 test samples

There were two samples tested that were derived from Calu6 gDNA. The first was
genomic DNA (gDNA), and the second was a population of PCR products that were generated
from a library made from Calu6 gDNA (E1 Calu6 DNA) which was enriched for the Maxwell 139
set of genes by solution-based capture, as described above.

In an initial experiment, genomic DNA gave little signal above background when tested in
the ligation-dependent genotyping assay. For example, the average decrease in Ct (corresponding
to an increase in signal) for Calu6 gDNA versus background for 96 assays (plate 9 versus plate 3)
was 1.3 Cts (data not shown). However, it is noted that the 96 assays with Calu6 gDNA were
carried out with a high concentration (500 pM) of ligation oligos. As described above, it was
determined in experiments with the synthetic templates that reducing the primer concentration to
100 pM increased the dynamic range, thereby improving the sensitivity of the assay (i.e., increased
signal-to-noise ratio). Such improved sensitivity with a lower concentration of ligation oligos may
allow for genotyping of gDNA using the ligation-dependent assay.

For the enriched (E1) Calu6 DNA test samples, the average decrease in Ct (corresponding
to an increase in signal) was S5 Cts, as shown in TABLE 10, Column 3, which was adequate
sensitivity for genotyping. As shown in TABLE 10, assignments of homozygous consensus
alleles (con/con), heterozygous alleles (var/con), or homozygous variant alleles (var/var) for the
E1 Calu6 DNA samples at each of the 96 polymorphic loci of interest were made by comparing
the experimental values obtained from the E1 Calu6 DNA to the "truth set” shown as the "scoring
matrix" in Column 2 of TABLE 10, based on the genotyping assays carried out using the synthetic
templates. Genotypes were then assigned to the test samples based on the closest pairing between
the experimental value and the scoring matrix.

TABLE 11 provides a comparison of the results of the ligation-dependent genotyping
assay shown in TABLE 10 with the genotype initially determined from massive parallel
sequencing. Assays 1 to 96 correspond to 96 distinct putative SNV that were initially detected as

potential polymorphic loci during massively parallel sequencing. The list of 96 assays is sorted by
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highest (assay #1) to lowest (assay #96) confidence levels, with known database SNPs dominating
the top portion of the list. In the situations where the polymorphic locus of interest corresponded
to a SNP that is present in the dbSNP (http://www.ncbi.nlm.nih.gov/projects/SNP/) or COSMIC
(http://www.sanger.ac.uk/genetics/CGP/cosmic/), the corresponding SNP reference number is

provided in Column 2. A "0" value in Column 2 means that the potential polymorphic loci was

not present in the dbSNP or COSMIC.
TABLE 11: LIGATION DEPENDENT GENOTYPING ASSAY RESULTS

Target sequence: | Initial Sequencing Scoring Matrix Comparison of
dbSNP or call (massively (based on ligation method to
Assay | COSMIC parallel sequence synthetic Test Sample: sequence method
# reference number | platform) template assays): | E1 Calu6 DNA [ (confirm, differs)
1 rs6537825 homo-var homo-cons: 3 0 (hetero) D
hetero: 0
homo-var: -2
2 rsl052576 homo—-var homo-cons: 9 -3 C
hetero: 1 (homo-var)
homo-var: -3
3 rs2308941 homo-var homo-cons: 5 -1 C
hetero: 1 (homo-var)
homo-var: -2
4 rs2230804 homo-var homo-cons: 6 -4 C
hetero: 1 (homo-var)
homo-var: -3
5 rs1799939 hetero homo-cons: 6 2 C
hetero: 1 (hetero)
homo-var: -2
6 rs144848 homo-var homo-cons: 9 -5 C
hetero: 1 (homo-var)
homo-var: -3
7 rs1058808 homo-var homo-cons: 9 2 C
hetero: 1 (homo-var)
homo-var: -5
8 rs4986764 homo-var homo-cons: 5 -2 C
hetero: 1 (homo-var)
homo-var: -2
9 rs6504459 homo-var homo-cons: 7 1 C
hetero: 3 (homo-var)
homo-var: 0
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Target sequence: | Initial Sequencing Scoring Matrix Comparison of
dbSNP or call (massively (bascd on ligation method to

Assay | COSMIC parallel sequence synthetic Test Sample: sequence method

# reference number | platform) template assays): | E1 Calu6 DNA [ (confirm, differs)

10 Cosmic homo-var homo-cons: 9 -3 C
hetero: 2 (homo-var)
homo-var: -2

11 rs1042522 homo-var homo-cons: 11 -3 C
hetero: 1 (homo-var)
homo-var: -3

12 rs2229571 homo-var homo-cons: 7 0 D
hetero: O (hetero)
homo-var: -4

13 rs2577301 homo-var homo-cons: 8 -3 C
hetero: O (homo-var)
homo-var: -4

14 rsl1670283 homo-var homo-cons: 4 -1 C
hetero: 1 (homo-var)
homo-var: -1

15 rs753381 homo-var homo-cons: 0 -3 C
hetero: 0 (homo-var)
homo-var: -3

16 rs235768 homo-var homo-cons: 4 -5 C
hetero: 1 (homo-var)
homo-var: -4

17 rs20551 homo-var homo-cons: 2 -1 C
hetero: O (homo-var)
homo-var: -2

18 rs376618 homo-var homo-cons: 3 -3 C
hetero: 1 (homo-var)
homo-var: -3

19 rs2854746 hetero homo-cons: 6 2 C
hetero: 1 (hetero)
homo-var: -3

20 rs1073123 homo-var homo-cons: 8 0 D
hetero: 1 (hetero)
homo-var: -3

21 rs682632 homo-var homo-cons: 7 -5 C
hetero: 1 (homo-var)
homo-var: -5
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Target sequence: | Initial Sequencing Scoring Matrix Comparison of
dbSNP or call (massively (bascd on ligation method to

Assay | COSMIC parallel sequence synthetic Test Sample: sequence method

# reference number | platform) template assays): | E1 Calu6 DNA [ (confirm, differs)

22 rs1052571 homo-var homo-cons: 5 2 C
hetero: 1 (homo-var)
homo-var: -2

23 rs35093491 hetero homo-cons: 7 0 C
hetero: O (hctero)
homo-var: -4

24 rsl801516 homo-var homo-cons: 4 -2 C
hetero: 1 (homo-var)
homo-var: -3

25 Cosmic hetero homo-cons: 8 0 C
hetero: 1 (hetero)
homo-var: -3

26 rs1805097 homo-var homo-cons: 9 1 D
hetero: 4 (hetero)
homo-var: 4

27 rs2240308 homo-var homo-cons: 8 -3 (homo-var) C
hetero: 2
homo-var: -2

28 rsl250209 homo-var homo-cons: 5 -2 (homo-var) C
hetero: 1
homo-var: -2

29 0 hetero homo-cons: 6 2 C
hetero: 2 (hetero)
homo-var: -2

30 rs2228246 hetero homo-cons: 4 1 (hetero) C
hetero: 1
homo-var: -2

31 0 hetero homo-cons: 8 11 D
hetero: O (homo-cons)
homo-var: -3

32 0 hetero homo-cons: 7 8 D
hetero: 1 (homo-cons)
homo-var: -1

33 0 hetero homo-cons: 6 8 D
hetero: 1 (homo-cons)
homo-var: -2
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Target sequence: | Initial Sequencing Scoring Matrix Comparison of
dbSNP or call (massively (bascd on ligation method to

Assay | COSMIC parallel sequence synthetic Test Sample: sequence method

# reference number | platform) template assays): | E1 Calu6 DNA [ (confirm, differs)

34 0 hetero homo-cons: 9 9 D
hetero: 2 (homo-cons)
homo-var: -2

35 rs351855 homo-var homo-cons: 1 -3 (hetero-var) |C
hetero: -1
homo-var: -4

36 0 homo-var homo-cons: 7 -2 (hetero-var) |C
hetero: 1
homo-var: -2

37 rs529038 hetero homo-cons: 4 0 C
hetero: 1 (hetero)
homo-var: -3

38 0 homo-var homo-cons: 5 6 D
hetero: 1 (homo-cons)
homo-var: -3

39 rs502209 homo-var homo-cons: 4 -4 (homo-var) C
hetero: O
homo-var: -4

40 0 homo-var homo-cons: 7 8 D
hetero: 1 (homo-cons)
homo-var: -2

41 0 hetero homo-cons: 4 3 D
hetero: 1 (homo-cons)
homo-var: -1

42 0 hetero homo-cons: 7 8 D
hetero: 1 (homo-cons)
homo-var: -3

43 0 hetero homo-cons: 9 10 D
hetero: 1 (homo-cons)
homo-var: -4

44 0 hetero homo-cons: 10 11 D
hetero: O (homo-cons)
homo-var: -5

45 0 homo-var homo-cons: 5 5 D
hetero: 0 (homo-cons)
homo-var: -6
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Target sequence: | Initial Sequencing Scoring Matrix Comparison of
dbSNP or call (massively (bascd on ligation method to

Assay | COSMIC parallel sequence synthetic Test Sample: sequence method

# reference number | platform) template assays): | E1 Calu6 DNA [ (confirm, differs)

46 rs1046984 hetero homo-cons: 9 9 D
hetero: 1 (homo-cons)
homo-var: -4

47 0 hetero homo-cons: 11 12 D
hetero: 1 (homo-cons)
homo-var: -2

48 0 hetero homo-cons: 10 14 D
hetero: 2 (homo-cons)
homo-var: -2

49 rs7190823 hetero homo-cons: 5 1 (hetero) D
hetero: 0
homo-var: -4

50 0 hetero homo-cons: 6 6 D
hetero: 2 (homo-cons)
homo-var: -5

51 0 hetero homo-cons: 6 6 D
hetero: 0 (homo-cons)
homo-var: -4

52 0 hetero homo-cons: 5 5 D
hetero: 0 (homo-cons)
homo-var: -4

53 0 hetero homo-cons: 11 13 D
hetero: 2 (homo-cons)
homo-var: -1

54 rs243383 homo-var homo-cons: 6 -3 (homo-var) D
hetero: O
homo-var: -3

55 0 hetero homo-cons: 3 3 D
hetero: O (homo-cons)
homo-var: -5

56 rs2070094 hetero homo-cons: 6 0 D
hetero: O (hetero)
homo-var: -4

57 rs17449032 hetero homo-cons: 6 1 D
hetero: 1 (hetero)
homo-var: -3
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Target sequence: | Initial Sequencing Scoring Matrix Comparison of
dbSNP or call (massively (bascd on ligation method to

Assay | COSMIC parallel sequence synthetic Test Sample: sequence method

# reference number | platform) template assays): | E1 Calu6 DNA [ (confirm, differs)

58 0 hetero homo-cons: 7 8 D
hetero: 2 (homo-cons)
homo-var: -3

59 rs1881421 homo-var homo-cons: 5 1 D
hetero: O (hctero)
homo-var: -6

60 0 hetero homo-cons: 6 7 D
hetero: 1 (homo-cons)
homo-var: -6

61 0 hetero homo-cons: 5 5 D
hetero: 1 (homo-cons)
homo-var: -5

62 0 homo-var homo-cons: 4 6 D
hetero: 1 (homo-cons)
homo-var: -3

63 0 hetero homo-cons: 5 5 D
hetero: 0 (homo-cons)
homo-var: -5

64 0 hetero homo-cons: 6 7 D
hetero: 1 (homo-cons)
homo-var: -6

65 0 hetero homo-cons: 3 3 D
hetero: O (homo-cons)
homo-var: -5

66 0 homo-var homo-cons: 5 5 D
hetero: 2 (homo-cons)
homo-var: -6

67 0 homo-var homo-cons: 6 6 D
hetero: O (homo-cons)
homo-var: -6

68 0 hetero homo-cons: 6 7 D
hetero: 1 (homo-cons)
homo-var: -6

69 0 hetero homo-cons: 6 7 D
hetero: 1 (homo-cons)
homo-var: -6

IDT Exhibit 1020.2568




WO 2010/129937 96 PCT/US2010/034145
Target sequence: | Initial Sequencing Scoring Matrix Comparison of
dbSNP or call (massively (bascd on ligation method to

Assay | COSMIC parallel sequence synthetic Test Sample: sequence method

# reference number | platform) template assays): | E1 Calu6 DNA [ (confirm, differs)

70 0 hetero homo-cons: 6 7 D
hetero: 2 (homo-cons)
homo-var: -6

71 0 hetero homo-cons: 6 8 D
hetero: O (homo-cons)
homo-var: -5

72 0 hetero homo-cons: 6 8 D
hetero: O (homo-cons)
homo-var: -6

73 0 hetero homo-cons: 5 6 D
hetero: O (homo-cons)
homo-var: -4

74 0 hetero homo-cons: 7 7 D
hetero: 1 (homo-cons)
homo-var: -4

75 0 hetero homo-cons: 5 8 D
hetero: 0 (homo-cons)
homo-var: -5

76 0 homo-var homo-cons: 6 7 D
hetero: 0 (homo-cons)
homo-var: -4

77 0 hetero homo-cons: 4 4 D
hetero: 1 (homo-cons)
homo-var: -6

78 0 homo-var homo-cons: 4 4 D
hetero: 1 (homo-cons)
homo-var: -5

79 0 hetero homo-cons: 6 8 D
hetero: O (homo-cons)
homo-var: -5

80 0 hetero homo-cons: 6 8 D
hetero: 1 (homo-cons)
homo-var: -5

81 0 hetero homo-cons: 4 5 D
hetero: 0 (homo-cons)
homo-var: -6
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Target sequence: | Initial Sequencing Scoring Matrix Comparison of
dbSNP or call (massively (bascd on ligation method to

Assay | COSMIC parallel sequence synthetic Test Sample: sequence method

# reference number | platform) template assays): | E1 Calu6 DNA [ (confirm, differs)

82 0 hetero homo-cons: 6 6 D
hetero: 1 (homo-cons)
homo-var: -9

83 0 hetero homo-cons: 5 5 D
hetero: 3 (homo-cons)
homo-var: -3

84 0 hetero homo-cons: 3 2 D
hetero: O (homo-cons)
homo-var: -5

85 0 hetero homo-cons: 5 3 D
hetero: 1 (homo-cons)
homo-var: -3

86 0 hetero homo-cons: 5 6 D
hetero: 1 (homo-cons)
homo-var: -4

87 0 hetero homo-cons: 3 4 D
hetero: 0 (homo-cons)
homo-var: -7

88 0 hetero homo-cons: 5 6 D
hetero: 0 (homo-cons)
homo-var: -5

89 0 hetero homo-cons: 7 7 D
hetero: 1 (homo-cons)
homo-var: -4

90 0 hetero homo-cons: 8 7 D
hetero: 1 (homo-cons)
homo-var: -4

91 0 hetero homo-cons: 6 7 D
hetero: O (homo-cons)
homo-var: -5

92 0 hetero homo-cons: 6 6 D
hetero: 1 (homo-cons)
homo-var: -5

93 0 hetero homo-cons: 3 2 D
hetero: 0 (homo-cons)
homo-var: -5
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Target sequence: | Initial Sequencing Scoring Matrix Comparison of
dbSNP or call (massively (bascd on ligation method to

Assay | COSMIC parallel sequence synthetic Test Sample: sequence method
# reference number | platform) template assays): | E1 Calu6 DNA [ (confirm, differs)
o4 0 hetero homo-cons: 9 11 D

hetero: 2 (homo-cons)

homo-var: -5
95 0 hetero homo-cons: 7 7 D

hetero: O (homo-cons)

homo-var: -5
96 0 hetero homo-cons: 6 6 D

hetero: 1 (homo-cons)

homo-var: -5

As shown above in TABLE 11, all but one dbSNP call and both of the COSMIC SNP calls
were validated by the ligation-dependent genotyping assay. Also, in most cases (31/36 = 86%), the
heterozygous versus homozygous assignment from the ligation-dependent genotyping assay agreed
with the results from sequence analysis. Two novel missense alleles identified by sequencing
were validated in the ligation-dependent genotyping assay. All the other sequencing calls that
indicated a potential SNV that were tested in the ligation-dependent genotyping assay proved to be
false.

Conclusion: This Example demonstrates that the ligation-dependent genotyping assay can
be successfully multiplexed in a single reaction tube and read out on a universal PCR matrix. The
use of reference consensus and reference variant templates in a multiplex ligation assay allows for
a simple scoring scheme for genotyping a test sample that is amenable to high throughput
automation and analysis. The results described in Example 1 and in this Example demonstrate the
successful genotyping of 144 of 144 SNV loci of interest, a 100% conversion rate (i.e., the
percentage of designed assays that produce meaningful results).

As further described in this Example, it was determined that the use of lower
concentrations of ligation primers (e.g., about 100 pM) reduce the background signal in the gPCR
assay that was observed at high concentrations of ligation primers (e.g., about 500 pM). A 5-fold
decrease in input ligation primer concentration (at fixed template) decreased signal by only
1.5 Cts, but decreased background signal by 3 Cts in real time qPCR measurements. This

improved signal at decreased ligation oligo concentration indicates that it will be possible to
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multiplex hundreds of genotyping assays in a single reaction without compromising assay readout
accuracy.

Taken together, the results described herein form the basis for an inexpensive and very
high throughput two-step sequence validation/genotyping system. In step one, ligation oligos
(potentially 1000 or more at once) are mixed with a sample, annealed and ligated in a single
reaction mixture. In step two, the ligation mixture is distributed across a universal PCR
"decoding" matrix, which can be dispensed into one or more multi-well assay plates and stored in
a freezer prior to use, as described in Examples 2 and 4. The magnitude of the qPCR signal is
indicative of the underlying genotype at a given SNV position of interest. As demonstrated
herein, the ligation-dependent assay can distinguish between heterozygous and homozygous states

in a diploid genome.

EXAMPLE 4

This Example describes the manufacture of a 576 feature matrix of detection primers (also
referred to as a "universal PCR decoding matrix"), which can be pre-made and stored in a freezer,
for decoding a multiplex assay, such as a multiplex ligation-dependent genotyping assay for
genotyping a test sample at a plurality of SNV positions of interest.

Rationale:

As described in Example 2, an important element of the universal PCR decoding matrix is
that the last (i.e., penultimate) two or three 3' bases of the PCR primers are chosen to reduce and
preferably eliminate primer-dimer formation, and the remaining bases are specificity tags chosen
to provide a unique address at an intersection position (also referred to as a "feature"), in the
matrix, such as a particular well on a multi-well assay plate. The universal PCR decoding matrix
may be disposed into one or more multi-well assay plates.

This Example describes the manufacture of a 576 feature matrix of detection primers
(universal PCR decoding matrix), that has minimal primer-dimer background due to the fact that
the last three 3' bases of the PCR primers were chosen to avoid primer-dimer formation. The
576 feature matrix was dispensed into a total of six 384-well assay plates, wherein each plate
contained 96 primer pairs (i.e., features) in adjacent quadruplicate wells, and stored in a freezer for

use in decoding a multiplex PCR assay.
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PCR Primer Matrix Design

The goal of this Example was to design a larger matrix of minimally interacting primer
pairs to manufacture a 576 feature matrix of detection primer pairs. A combined bioinformatic
and empirical approach was used to create the 576 feature primer matrix that has minimal primer-
dimer background and therefore the greatest possible measurement dynamic range for genotyping
assays.

Since A residues and C residues cannot base pair with themselves or with C or A,
respectively, these sequences were used as trinucleotides on the 3' ends of primers as the basis of a
minimally interactive, non-primer-dimer forming primer matrix. Specifically, one set of
36 potential primers was designed to end in "ACA," and a second set of 36 primers was designed
to end in "CAC". Both primer sets were composed entirely of 25 nucleotide sequences. The
22 nucleotide "address" portions of each primer that are located at the 5" end of each primer were
screened from a computationally selected randomized list of 22 nt sequences that were specified to
contain at least four of each A, C, G, or T DNA residues. Each candidate 22 nt sequence was
screened for "GTG" and "TGT" sequences within 9 nt of the 3' end of the 22 nt sequence, and
those terminal 9 nt sequences containing these trinucleotides were eliminated. The rationale for
this screening step is that the terminal "ACA" can pair with "TGT" and the terminal "CAC" can
pair with "GTG". Hence by eliminating potential 22 nt address sequences that possess 9 nt
terminal "GTG" or "TGT" sequences, the probability of spurious primer-dimer formation is further
reduced.

As shown in FIGURE 3C, each forward PCR primer 600 has a 5' region 602 that binds to a
primer binding region 302, 403 in the 5' tail of a 5' ligation oligo 300, 400, and a region 606 at the
3'end having a sequence selected to inhibit primer-dimer interactions with the reverse PCR
primer 700. In this Example, the forward PCR primers 600 are located in rows in the primer
matrix, and the "ACA" series was arbitrarily chosen to occupy these row positions. Similarly, as
shown in FIGURE 3C, each reverse PCR primer 700 has a 5'region 702 that binds to a primer
binding region 502 in the 3'tail of a 3'ligation oligo, and a region 706 at the 3'end having a
sequence selected to inhibit primer-dimer interactions with the forward PCR primer 600. In this
Example, the reverse PCR primers 700 are located in columns in the primer matrix, and the
"CAC" series was arbitrarily chosen to represent the column primers.

The 36 primer sequences in the "ACA" row series were designed as the forward primer

set 600 to bind to the 5' tail region 302, 402 on the ligation products 200, 250.
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The 36 primer sequences in the "CAC" column series were designed as the reverse primer
set 700 to bind to the 3' common tail region 502 on the ligation products 200, 250.

The set of 36 "column" primers ("CAC" series) and 36 "row" primers ("ACA" series) was
empirically tested in a complete "all-by-all" matrix for the formation of primer dimers, as follows.

The primers were synthesized by MWG/Operon (Huntsville, Alabama), diluted to a
working stock concentration of 10 uM, and 4 pl of "row" primers and 4 pl of "column" primers
were added in rows and columns, respectively, to a 96 well plate that contained 42 pl of PCR mix
in each well. The PCR mix was composed of 25 ul of 2X Power SYBR master mix (Applied
Biosystems, Foster City, CA) and 17 ul of water. The entire matrix collection of 36 row primers
and 36 column primers occupied fifteen 96 well plates. For each 96 well plate, ten microliters of
PCR mix from each unique well was aliquoted in quadruplicate to 384 well optical PCR plates
(Applied Biosystems) and these were run for 40 cycles under standard SYBR green PCR cycling
conditions on an ABI7900 qPCR instrument (Applied Biosystems).

Results:

Each set of quadruplicate wells was analyzed for the average Ct value with the goal of
identifying a primer matrix where all Cts are 35 or higher. While certain addresses in the 36 by 36
primer matrix had Cts lower than this, by eliminating 12 of the "CAC" column primers and 12 of
the "ACA" row primers, a matrix where all primer pairs yield background Cts > 35 was identified,

as shown in TABLE 12 and TABLE 13.

TABLE 12: SET OF 24 ROW "ACA" AND 24 COLUMN "CAC" PRIMERS

Reference No. | Sequence (5' to 3") SEQ ID NO:
CAC1 5' TTATCCCGAGAATTCAGACAGTCAC 3 346
CAC3 5' CACGGGAGTTIGATCCTGGTTTTCAC 3' 347
CAC4 5' TATAGCCGCTTAAGTCTACACTCAC 3' 348
CACS 5' GTTICGTAGCGTCCTIGGAGTATCAC 3' 349
CAC6 5" AAAATGTTCTATATGACCGTTCCAC 3' 350
CACS 5' ATCAAGAGTTTAGCACTTCGCGCAC 3 351
CACY 5' GGCGATGATAGATTCCCCTCGTCAC 3 352
CAC13 5' TATGCGCTGGCAACATCGACACCAC 3' 353
CACL4 5' CAGAGATCATCCGAAGGCTTCTCAC 3 354
CACL6 5' ATTATGAGACTCCCCGACGTCCCAC 3 355
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CAC18 5' TGTGATCGACGGCCTTTCAAATCAC 3 356
CAC19 5' AACCCAACTCTGGCAAGCGITACAC 3 357
CAC20 5' GCGAAGGATTIGCTGACTTAAGCAC 3' 358
cACz1 5" ATATTCATGTGCAAAAGCCTCCCAC 3' 359
CAC24 5' CGTAACCCCAGACATAGGCCTTCAC 3 360
CAC25 5' CTGAAAGCGGTCGACTAACGGGCAC 3 361
CAC28 5' AATTGGCGTATACGGCCCCARAGCAC 3 362
CAC29 5' CGTCTCAACTTAAGCCAGCCGACAC 3' 363
CAC30 5' AATAGCCCGGCTTTATACGCTGCAC 3 364
caC31 5' CGCTTGCGACCTCTTAAAACGTCAC 3 365
CAC32 5' GTCATACATAACTCTTGAGATCCAC 3 366
CAC33 5" TCGATCGCTTCAGACTATTTCGCAC 3' 367
CAC34 5' ACGATGGTTTGTTTCAGGAAACCAC 3 368
CAC35 5' ACACACTTCCAGGCGATGGAAACAC 3 369
ACAL 5' AACCGCTACAAGGCGGGGCACCACA 3' 370
ACA2 5' ACCAAACCTAGTAGCGCTATCCACA 3 371
ACA3 5' TGCAGGACCAGAGAATTCGAATACA 3' 372
ACA6 5' ACTCAACATCGGCATCGGGCCTACA 3 373
ACA7 5' ATTTCTACAAACGCTCGCCACAACA 3 374
ACAS 5' AARAATCCAAGTTTTAGGCGTTACA 3' 375
ACAY 5' TCTATCTATGGCCATGGTCTAAACA 3 376
ACAL0 5' GATTGCGCGGTAATAGCGCCCTACA 3' 377
ACAL2 5' TCTTACGTGATGATATGGCAACACA 3' 378
ACAL3 5' TCCCCTAGCACCCTAGGGTATGACA 3' 379
ACALl7 5' TAAGTATTCCATGCACCCCTAAACA 3 380
ACAL9 5' CCTTACCTCGTAACTAACTAAGACA 3' 381
ACA21 5' TCTGGACAAGATTAGCTTACCAACA 3 382
ACA22 5' TAACCGATACGTACGAGAGGCAACA 3 383
ACA24 5' CCTGGACGAGGATTGACTCTACACA 3 384
ACA25 5' TTCGGTTAGGTCCTACCGTACAACA 3 385
ACAZ26 5' ATTCGAACGCTATCGAAAGGTTACA 3 386
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ACAZ27 5' AAGGATTGAGTCACATGGCGCAACA 3° 387
ACA28 5' TCAGCTAAGCCCTTATGATCCGACA 3' 388
ACA29 5' CATAAGCGAGTCATACTGACGAACA 3' 389
ACA30 5' CGAATGGATCAGTAACTCGAGAACA 3' 390
ACA31 5' GAAAGCAGGCAGGCCACTGACTACA 3 391
ACA32 5' TAGAARCTCGACCAGAGGAGCTACA 3 392
ACA33 5' GCTATCGGGGAATCCGCATCACACA 3°' 393

TABLE 13: ASSAY RESULTS OF PCR PRIMER MATRIX
FOR THE PRESENCE OF PRIMER DIMERS.
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ACA7 |40 |40 |40 |40 [40 |40 |40 [40 (40 |40 |40 |40 |40 |40 (40 (40 |40 (40 (40 (40 (40 |40 |40 [40

ACA8 |40 |40 |40 |40 [40 |40 |40 |40 (40 |40 |40 |40 |40 |40 (40 (40 |40 (40 (40 (40 (40 |40 |40 [40

ACA9 |40 |40 |40 |40 |40 |40 (40 (40 (40 |40 |40 (40 |40 |40 |40 |40 (40 (40 |40 |40 |40 |39 |40 |40

ACA10|40 (40 (40 |40 (40 |40 |40 (40 |40 |40 (40 (40 |40 |40 |40 |40 |40 (40 |40 (40 [40 |40 |39 (40

ACA12|40 (40 (40 |40 (40 |40 |39 (40 |40 |40 (40 (40 |40 |39 |40 |40 |40 |40 |40 (40 [40 |40 |40 (40

ACA13|40 (40 (40 |40 (40 |40 |40 (40 |40 |40 (40 (40 |40 |40 |40 |40 |40 (40 |40 (40 [40 |40 [40 (40

ACAL17|40 (40 (40 40 (40 |40 |40 (40 |40 |40 (40 (40 |40 |40 |40 |40 |40 (40 |40 (40 [40 |40 |39 |40

ACAL9|40 |40 |40 |40 [40 |40 |40 |40 (40 |40 |40 |40 |40 |40 (39 (40 |40 (40 (40 (40 (40 |40 |40 [40

ACA21|40 (40 (40 |40 (40 |40 |40 (40 |40 |40 (40 (40 |40 |40 |40 |40 |40 (40 |40 (40 [40 |40 [40 (40

ACA22(40 |40 (40 (40 (40 |38 |40 |40 |40 |40 (40 |40 (40 (40 (40 |40 [40 |40 (39 (40 |40 |40 [40 |40

ACA24140 (40 |40 |40 (40 |40 |40 |40 (40 |40 |40 |40 |40 |40 (40 (40 |40 (40 (40 (40 (40 |40 |40 |40

ACA25|40 |40 |40 |40 (40 |40 (40 |40 |40 |40 |40 |40 [40 |40 |40 |40 |40 |40 (40 |40 |40 |40 [40 |40

ACA26|40 |40 |40 |40 |40 [40 |40 |40 |40 |40 |40 (40 |40 |40 |40 (39 |40 |40 (40 |40 |40 |40 |40 |40

ACA27|40 |40 |40 |40 (40 |40 |40 |40 (40 |40 |40 |40 |40 |40 (40 (40 |40 (40 (40 (40 (40 |36 |40 [40

ACA28|39 |40 |40 |40 (40 |40 |40 |40 (40 |40 |40 |40 |40 |40 (40 (39 |40 (40 (40 (40 (40 |40 |40 |40

ACA29|40 (40 |40 |40 |40 |40 |40 |40 (40 |40 |40 |40 |40 |40 (40 (40 |40 (40 (40 (40 (40 |40 |40 |40

ACA30|40 (40 (40 |40 (39 |40 |40 (40 |40 |39 (40 (40 |40 |40 |40 |40 |40 (40 |40 (40 [40 |40 [40 (40

ACA31|40 |40 |40 |40 |40 |40 |40 |40 (40 |40 |40 |40 |40 |40 (40 (40 |40 (40 (40 (40 (40 |40 |40 [40

ACA32|40 (40 (40 |40 (40 |39 |40 (40 |40 |40 (40 (40 |40 |40 |40 |39 |40 (40 |40 (40 [39 |40 [40 (40

ACA33|40 |40 |40 |40 [40 |40 |40 |40 (40 |40 [40 |40 |40 |40 (40 (40 |40 (40 (40 (40 (33 |40 |40 [40
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As shown above in TABLE 13, a matrix of 24 "CAC" column primers and 24 "ACA" row
primers was identified where all primer pairs yielded a background level of Cts > 35.

As demonstrated in this Example, by using the described combined informatic and
empirical approach, a set of 24 "CAC" column primers (SEQ ID NOS:346-369) and 24 "ACA"
row primers (SEQ ID NOS:370-393) have been identified that fulfill the criterion of being a
minimally interactive, low primer dimer forming matrix. The complete set of primers that
comprise this matrix are shown in TABLE 12.

The universal PCR decoding matrix containing 24 column primers and 24 row primers
(576 features) was dispensed into a total of six 384 well assay plates, wherein each plate contained
96 primer pairs (features) in adjacent quadruplicate wells. The assay plates containing the
universal PCR decoding matrix were stored in a freezer for use in decoding a multiplex PCR assay

as described herein.

EXAMPLE 5

This Example describes a method of ligation-dependent genotyping using separate
annealing and ligation steps, and various other assay modifications that result in improved assay
performance.

Rationale:

This Example describes a series of experiments that were carried out to determine the
effect of various assay modifications on the performance of the ligation-dependant genotyping
assay, including the use of separate annealing and ligation reaction conditions, the effect of
different monovalent cations (e.g., Na+, K+, NH4+) on ligation efficiencies, the effect of ligation
temperature, the effect of different ligases (TAQ or T4 DNA ligase), and the effect of ligase
enzyme concentration and the length of ligation.

Methods:

A set of eight genotyping assays were designed to measure 8 SNV positions of interest
under the various assay conditions as follows:

1. Preparation of Reagents for Ligation-Dependent Genotyping Assays

Synthetic Templates: The synthetic templates corresponding to the wild-type (consensus)
allele, and the variant allele for each of the 8 SNV positions is provided in TABLE 14 (reverse

complement sequences are shown). The length of each synthetic template is 51 nucleotides, with
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the polymorphic site (shown as underlined) located in the center of the template (.e.,
25 nucleotides on either side of the SNV position of interest).

Ligation Oligonucleotides: Each assay described in this Example was carried out with two
different 5' allele-specific ligation oligos 300, 400 and one common, phosphorylated 3'ligation
oligo 500 (e.g., as illustrated in FIGURE 2).

The 5'ligation oligos 300, 400 for assaying the 8 SNV positions of interest, shown in
TABLE 15, were designed to have a total length of 51 nucleotides, with a 25 nt first primer
binding tail region 302, 402 (underlined) at the 5" most end, a 25 nt region of complementarity to
the target template 304, 404, and a one nucleotide 3'allele-specific region 306, 406 shown as
underlined in bold.

The 3' common phosphorylated [P] ligation oligos 500 for assaying the 8 SNV positions of
interest, also shown in TABLE 15, were designed to have a total length of 50 nucleotides, with a
5' target-specific binding region 504 of 25 nucleotides selected to hybridize immediately 3' of the
SNV position of interest, and a region 502 at the 3' end that contains a second PCR primer binding

region that is 25 nucleotides (underlined).

TABLE 14: SYNTHETIC TEMPLATES
(REVERSE COMPLEMENT SEQUENCE IS SHOWN)

SNV | Ref. Template | Sequence (5' to 3') SEQ
# # ID
NO:
1 Cls consensus CTGGGGGTAACTGTGCCTATTCGAGGGGTCCCTATGGGACTTGGGGTCCTC 394
1 VTS5 variant CTGGGGGTAACTGTGCCTATTCGAG&GGTCCCTATGGGACTTGGGGTCCTC 395
2 CT6 consensus GTGCTGGCTTTGCTGGAGCTGGCGC&GCAGGACCACGGTGCTCTGGACTGC 396
2 VT6 variant GTGCTGGCTTT GCTGGAGCTGGCGCEGCAGGACCACGGT GCTCTGGACTGC 397
3 CcT7 consensus TCCAGCACTCT GTCATGAGGCTGTAEATTCTGGGTGGGCAGTCTTCAGAGC 308
3 VT7 variant TCCAGCACTCT GTCATGAGGCTGTAEATTCTGGGTGGGCAGTCTTCAGAGC 399
4 CT8 consensus CAACATCGACTTTGGCGAGCCCGGGGCCCGCCTGTCGCCGCCCGCGCCTCC 400
4 VT8 variant CAACATCGACTTTGGCGAGCCCGGGCCCCGCCTGTCGCCGCCCGCGCCTCC 401
5 CT13 consensus GCGAGTATTACTGCTACTCGAAATGCAAAAGCCACTCCAAGGCTCCGGAAA 402
5 VT13 variant GCGAGTATTACTGCTACTCGAAATGAAAAAGCCACTCCAAGGCTCCGGAAA 403
6 CT14 consensus | CCAAATCGACTTACTCCTTTGCAGACAGAAACAGCCTCCTTGGACAAGGAT 404
6 VTi4 variant CCAAATCGACTTACTCCTTTGCAGATAGAAACAGCCTCCTTGGACAAGGAT 405
7 CT15 consensus TCTCAGGATGCACCCAGTGGGCTCGAGGTCAGGGTGGCCTTGCCGGTGTCC 406
7 VT15 variant TCTCAGGATGCACCCAGTGGGCTCGCGGTCAGGGTGGCCTTGCCGGTGTCC 407
8 CT16 consensus CCTCACCAGAGGTGCCACCTACAACGTCATAGTGGAGGCACTGAAAGACCA 408
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SNV | Ref. Template | Sequence (5' to 3') SEQ
# # D
NO:
g VT16 variant CCTCACCAGAGGTGCCACCTACAAC&TCATAGTGGAGGCACTGAAAGACCA 409
TABLE 15: 5' AND 3' LIGATION OLIGONUCLEOTIDES
Ref # Template] Sequence (5' to 3') SEQ
Target ID
NO:
5' Ligation Olios
FCsS CTS AACCGCTACAAGGCGGGGCACCACAGAGGACCCCAAGTCCCATAGGGACCE 410
FVSs VTS5 ACCAAACCTAGTAGCGCTATCCACAGAGGACCCCAAGTCCCATAGGGACCE 411
FC6 CTo6 TGCAGGACCAGAGAATTCGAATACAGCAGTCCAGAGCACCGTGGTCCTGCE 412
Fve VvVTe ACTCAACATCGGCATCGGGCCTACAGCAGTCCAGAGCACCGTGGTCCTGCC | 413
FC7 CT7 ATTTCTACAAACGCTCGCCACAACAGCTCTGAAGACTGCCCACCCAGAATG 414
FV7 VT7 AAAAATCCAAGTTTTAGGCGTTACAGCTCTGAAGACTGCCCACCCAGAATE 415
FC8 CT8 TCTATCTATGGCCATGGTCTAAACAGGAGGCGCGGGCGGCGACAGGCGGGE 416
FV8 VT8 GATTGCGCGGTAATAGCGCCCTACAGGAGGCGCGGGCGGCGACAGGCGGGE 417
FC13 CT13 AACCGCTACAAGGCGGGGCACCACATTTCCGGAGCCTTGGAGTGGCTTTTG 418
FV13 VTI13 ACCAAACCTAGTAGCGCTATCCACATTTCCGGAGCCTTGGAGTGGCTTTTE 419
FC14 CT14 TGCAGGACCAGAGAATTCGAATACAATCCTTGTCCAAGGAGGCTGTTTCTE 420
I'vVi4 VTi14 ACTCAACATCGGCATCGGGCCTACAATCCTTGTCCAAGGAGGCTGTTTCTA 421
T'C15 CT15 ATTTCTACAAACGCTCGCCACAACAGGACACCGGCAAGGCCACCCTGACCT 422
FV1s5 VTI15 AAAAATCCAAGTTTTAGGCGTTACAGGACACCGGCAAGGCCACCCTGACCG 423
FCl6 CT16 TCTATCTATGGCCATGGTCTAAACATGGTCTTTCAGTGCCTCCACTATGAE 424
FV16 VTI16 GATTGCGCGGTAATAGCGCCCTACATGGTCTTTCAGTGCCTCCACTATGAE 425
3' Ligation Oligos (5'to 3"
CP5 CTs [P]CTCGAATAGGCACAGTTACCCCCAGGTGAAAACCAGGATCAACTCCCG 426
VTS5 e}
CP6 CTo [P]GCGCCAGCTCCAGCAAAGCCAGCACGTGAAAACCAGGATCAACTCCCG 427
VT6 TG
CP7 CcT7 [P]TACAGCCTCATGACAGAGTGCTGGAGTGARAACCAGGATCAACTCCCG 428
vT7 TG
CP8 CT8 [PICCCGGGCTCGCCAAAGTCGATGTTGGTGAAAACCAGGATCAACTCCCG 429
VT8 TG
CP13 CT13 [P]ICATTTCGAGTAGCAGTAATACTCGCGTGATACTCCAGGACGCTACGAA 430
VT13 AC
CP14 CT14 [P]TCTGCAAAGGAGTAAGTCGATTTIGGGTGATACTCCAGGACGCTACGAA 431
VT14 | AC
CP15 CT15 [P]CGAGCCCACTGGGTGCATCCTGAGAGTGATACTCCAGGACGCTACGAA 432
VTI15 AC
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Ref # Template] Sequence (5' to 3') SEQ
Target 1D
NO:
CP16 CT16 [P]GTTGTAGGTGGCACCTCTGGTGAGGGTGATACTCCAGGACGCTACGAA 433
VT16 aC
2. Pooling the Template Oligos

For each target SNV position of interest to be assayed, a set of control oligonucleotides

were synthesized to generate double-stranded synthetic consensus and variant templates, with the
5  reverse complement template sequences shown in TABLE 14.

Template oligonucleotides (sense and anti-sense template oligonucleotides) were mixed in
two separate pools of 8 templates, resulting in a first pool containing 8 synthetic templates
containing the consensus alleles for the 8§ SNV positions of interest, and a second pool containing
8 synthetic templates containing the variant alleles for the 8 SNV positions of interest, and each

10 pool was diluted to 10 pM.

3. Pooling the ligation oligos

The consensus and variant 5'ligation oligos were combined and diluted to 500 nM
(31.25 nM in each individual sequence).

The 3'common ligation primers were kinased in a 100 ul reaction containing a 1 uM

15  mixture of primers (62.5 nM in each sequence), 1X kinase buffer (New England Biolabs, Ipswich,
MA), 1 mM ATP, and 20 U of T4 polynucleotide kinase. The reaction mixture was incubated at
37°C for 30 minutes and 65°C for 20 minutes. The kinased 3' common ligation primers were then
diluted to a final working concentration of 250 nM.

4. Quantitative PCT Assay (qPCR)

20 gPCR primers were synthesized as shown below in TABLE 16.

TABLE 16: QPCR PRIMERS

Ref No | Sequence (5' to 3") SEQ ID NO:
CAC3 | cACGGGAGTTGATCCTGGTTTTCAC 347
CACS5 | GITICGTAGCGTCCTGGAGTATCAC 349
ACA1l | AACCGCTACAAGGCGGGGCACCACA 370
ACA2 | ACCAAACCTAGTAGCGCTATCCACA 371
ACA3 | TGCAGGACCAGAGAATTCGAATACA 372
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Ref No | Sequence (5' to 3') SEQ ID NO:
ACA6 | ACTCAACATCGGCATCGGGCCTACA 373
ACA7 | ATTTCTACAAACGCTCGCCACAACA 374
ACAS8 | AAARATCCAAGTTTTAGGCGTTACA 375
ACA9 | TCTATCTATGGCCATGGTCTAAACA 376
ACA10 | GATTGCGCGGTAATAGCGCCCTACA 377

The qPCR primers were used in qPCR assays at a final concentration of 800 nM in each
primer.
The qPCR assay plates used in each experiment described in this Example were configured
5 to test 8 consensus assays and 8 variant assays (16 total), across six different experimental
conditions, in an assay plate format shown below in TABLE 17.

TABLE 17: qPCR ASSAY PLATE FORMAT

[@) Q (@) @) @) (@) @ (@) (@) (@) (@) @
2 > = > b =
@) @) ) @] @) ) ®! @) @) (@) ) P!
w v w wn w wn w i w [ W w
ACAl |1 1 2 2 3 3 4 4 5 5 6 6
ACA2 |1 1 2 2 3 3 4 4 5 5 6 6
ACA3 |1 1 2 2 3 3 4 4 5 5 6 6
ACAG6 |1 1 2 2 3 3 4 4 5 5 6 6
ACA7 |1 1 2 2 3 3 4 4 5 5 6 6
ACAS |1 1 2 2 3 3 4 4 5 5 6 6
ACA9 |1 1 2 2 3 3 4 4 5 5 6
ACA10 |1 1 2 2 3 3 4 4 5 5 6

Note: each number (1-6) indicates a different assay condition that was tested.

10 Although 96 wells are shown in the assay plate format depicted above in TABLE 17, it
will be understood that each of the 96 positions represents a quadruplicate set of assay wells in a
384 well PCR plate.
Each gqPCR assay was carried out in quadruplicate, with 10 ul of SYBR green PCR
reaction mix (5 ul of 2X power SYBR master mix, Applied Biosystems, Foster City CA), 1.4 ul
15 H»O, 0.8 ul of 10 uM row and column primers and 2 pl of template (e.g., 2 ul of a genotyping

assay reaction). The genotyping assay reactions are described below.
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S. Annealing and Ligation Reactions

A. Determination of the effect of different monovalent cations Nat, K+, and NH,*, on

ligation efficiencies.

Methods:

A coupled annealing/ligation reaction was performed in which different monovalent
cationic salts were added to stimulate annealing of the genotyping primers to the complementary
genotyping targets.

Stock solutions of 2.5 M KCI, 2.5 M NIH4CI, and 2.5 M NaCl were prepared.

Genotyping Reactions:

Consensus synthetic templates or no template controls were assayed using 5'ligation
oligos (consensus and variant) primer pools.

For each genotyping ligation reaction, the following reagents were combined:

75 ul H,O

10 pl of 10 pM consensus synthetic template or water (no template control)

2 pl of 500 nM combined 5'consensus and variant primer pools (each individual query
oligo was present in the final genotyping mix at a final concentration of 625 pM)

2 ul of 250 nM 3' kinased common primer pool (each individual query oligo was present in
the final genotyping mix at a final concentration of 625 pM)

10 pl of 10X Taq DNA ligase buffer (New England Biolabs, Ipswich, MA (NEB))

2ulof2.5 MNaCl or 2.5 M KCl or 2.5 M NH,CI

100 pl total volume. 2 ul ligase enzyme (40 U/ul Taqg DNA ligase, NEB) was added and
the ligation mixture was then incubated in a thermal cycler across the following temperatures:

95°C for 5 minutes;

75°C for 15 minutes;

70°C for 15 minutes;

65°C for 30 minutes;

60°C for 45 minutes;

55°C for 30 minutes;

50°C for 15 minutes;

45°C for 15 minutes;

4°C rest.
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The ligation reactions were diluted to 1 ml with 900 ul of TEzero (10 mM Tris pH 7.6,
0.1 mM EDTA) and 2 ul of each ligation reaction was assayed in quadruplicate qPCR reactions as

described above in Section 4.

Results:

The average raw Ct data from each of the qPCR assays was first determined across four
wells of each quadruplicate assay. The results of the ligation with consensus templates were
measured against a no template control to obtain a set of raw Ct data (data not shown). The
scoring scheme of genotyping was then applied to the Ct data as described in Example 3.

Table 18 below shows the Ct(variant) - Ct(consensus) assay results for each of the eight

assays under the three salt conditions tested (NaCl, KCl and NH4Cl), and the average

Ct(consensus), Ct(variant), and Ct(background) for each monovalent cation.

TABLE 18: CONSENSUS TEMPLATE GENOTYPING CALLS FOR SNV POSITIONS 1-8
AND AVERAGE CTS FROM ASSAYS CARRIED OUT
USING THE THREE DIFFERENT MONOVALENT CATIONS.

NaCl monovalent cation | KCl monovalent cation | NH4Cl monovalent cation
Ct(var)-Ct(cons) Ct(var)-Ct(cons) Ct(var)-Ct(cons)
SNV 1 2 SNV 1 1 SNV 1 1
SNV 2 4 SNV 2 4 SNV 2 4
SNV 3 2 SNV 3 2 SNV 3 2
SNV 4 5 SNV 4 5 SNV 4 5
SNV 5 3 SNV 5 2 SNV 5 1
SNV 6 6 SNV 6 5 SNV 6 3
SNV 7 1 SNV 7 2 SNV 7 1
SNV 8 5 SNV 8 4 SNV 8 3
Average Ct | 24 Average Ct 25 Average Ct 25
(cons) (cons) (cons)
Average Ct | 28 Average Ct 28 Average Ct 27
(var) (var) (var)
Average Ct | 31 Average Ct 31 Average Ct 32
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NaCl monovalent cation | KCl monovalent cation | NH4Cl monovalent cation

Ct(var)-Ct(cons) Ct(var)-Ct(cons) Ct(var)-Ct(cons)
(bgd) (bgd) (bgd)

As shown above in TABLE 18, optimal assay performance is observed with NaCl,
however there are relatively minor differences between the three cations tested. This result was

unexpected because according to Takahashi et al., J. Biol Chem. 259(16):10041-10047 (1984),

Nat inhibits Taq DNA ligase activity, while K+ and NH,* stimulate enzyme activity.

B. Determination of the effect of separating the annealing and ligation steps, with

either (1) a shorter annealing time, (2)different ligation enzymes, (3) various ligation

temperatures, or (4) various ligation concentrations, on the performance of the ligation-dependent

genotyping assay

Rationale: The genotyping assays described in Examples 1 and 3 above were carried out
with coupled annealing/ligation reactions in which the oligonucleotide reagents were added in the
presence of thermostable ligase and subjected to conditions that allowed hybridization of the query
oligonucleotides to the target templates. The following experiments were carried out to determine
whether the annealing of the query oligonucleotides to the target template and subsequent ligation
reaction in separate steps would improve the performance of the genotyping assay, and to test the
effect of a shorter annealing time, different ligation enzymes, various ligation temperatures, and
various ligase concentrations, on the performance of the genotyping assay.

Methods:

Annealing of templates and assay oligos was carried out as follows for each genotyping
assay:

10 pl of 10 pM synthetic template (consensus or variant)

2 ul of 500 nM 5' consensus and variant ligation primers

2 ul of 250 nM kinased 3' common ligation primers

2 ul of 5 M NaCl

16 ul total (Note: the NaCl concentration in this annealing reaction is twice the

concentration used in the monovalent comparison experiment described above)
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The annealing mixtures were incubated in a thermal cycler across the following

temperatures for the following time periods:

1. Standard protocol (total: 170 minutes)

95°C for 5 minutes;
75°C for 15 minutes;
70°C for 15 minutes;
65°C for 30 minutes;
60°C for 45 minutes;
55°C for 30 minutes;
50°C for 15 minutes;
45°C for 15 minutes;
4°C rest.

2. Rapid annealing protocol (total: 65 min
95°C for 5 minutes;

75°C for 15 minutes;

70°C for 15 minutes;

65°C for 30 minutes;

4°C rest.

Ligations:
1. Tag DNA ligase Reactions

A ligation mix "cocktail” was prepared containing:

10 pl of 10X Taq DNA ligase buffer (NEB)
72 ul of H,O
2 ul of Tag DNA ligase (40 U/ul, NEB)

84 ul total, which was added to each annealed reaction mixture (16 ul) for a total volume

of 100 ul in each ligation reaction. For the Taq DNA ligase reactions, ligations were performed at
37°C, 45°C, 55°C, and 65°C for 30 minutes.
For the rapid annealing protocol described above, follow on ligation with Taq DNA ligase

was performed at 45°C for 30 minutes.
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2, T4 DNA ligase Reuctions
A ligation mix "cocktail” was prepared containing:
10 pl of 10X T4 DNA ligase buffer (NEB)
72 ul of H,O

2 ul of T4 DNA ligase (400 U/ul (NEB))

84 ul total, which was added to each annealed reaction mixture (16 ul) for a total volume
of 100 pl in each ligation reaction.

For the T4 DNA ligase reactions, ligations were performed at 25°C, 30°C, and 37°C for
30 minutes.

Following the ligation reaction incubations at the indicated temperatures, each of the
100 pl ligation mixtures was diluted with 900 pl of TEzero (10 mM Tris pH 7.6, 0.1 mM EDTA)
and 2 pl was assayed in quadruplicate by SYBR green qPCR as described above in Section 4.

Results:

The average raw Ct data from each of the qPCR assays was first determined across four
wells of each quadruplicate assay. The results of the ligation with consensus templates were
measured against a no template control to obtain a set of raw Ct data (data not shown). The
scoring scheme of genotyping was then applied to the Ct data as described in Example 3.

TABLES 19 to 22 below show the genotyping results for all of the genotyping assays
described in this Example.

"HC" stands for "homozygous consensus" genotyping calls, and is calculated as the
Ct(variant)-Ct(consensus) for reactions with the consensus templates.

"HET" stands for "heterozygous" genotyping calls, and is calculated as the Ct(variant) for
the variant template minus the Ct(consensus) for the consensus template.

"HV" stands for "homozygous wvariant” genotyping calls, and is calculated as the
Ct(variant) - Ct(consensus) for reactions with the variant templates.

The symbol "A" represents the overall dynamic range of each assay set, which is calculated
as the absolute value of "HC" - "HV."

The average values across the eight assays are shown for each condition in bold at the

bottom of each table.
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TABLE 19: HISTORICAL DATA (COUPLED ANNEALING/LIGATION REACTION WITH
TAQ DNA LIGASE AS DESCRIBED IN EXAMPLE 3)

HC HET |HV A
SNV 1 1 -2 -5 6
SNV 2 6 -2 -5 11
SNV 3 2 0 -6 8
SNV 4 4 1 -6 10
SNV 5 3 -2 -9 12
SNV 6 5 1 -2 7
SNV 7 2 -1 -4 6
SNV 8 5 0 -3 8
Average 3 -1 -5 9

TABLE 20: T4 DNA LIGASE REACTIONS AT 25°C, 30°C AND 37°C
(SEPARATE ANNEALING, LIGATION STEPS)

25°C ligation 30°C ligation 37°C ligation
HC | HET | HV A HC | HET | HV | A | HC | HET | HV A
SNV 1 3 1 2 4 3 1 -2 5 3 0 -2 5
SNV 2 2 0 2 4 2 0 2 4 2 0 2 4
SNV 3 2 0 -3 5 2 0 -3 5 2 0 -3 5
SNV 4 3 2 -3 6 3 2 -3 6 4 2 -3 7
SNV 5 -1 -1 -4 3 0 -1 -4 4 1 -1 -3 4
SNV 6 3 1 -1 4 4 1 -1 4 4 1 -1 5
SNV 7 3 2 2 1 3 2 1 2 3 1 0 3
SNV 8 4 1 2 6 4 1 -2 6 4 1 -3 6
Average | 2 1 -2 4 3 1 -2 5 3 0 -2 5

TABLE 21: TAQ DNA LIGASE REACTIONS AT 37°C, 55°C AND 65°C
(SEPARATE ANNEALING, LIGATION STEPS)

37°C ligation 55°C ligation 65°C ligation
HC | HET | HV A HC | HET HV A HC | HET HV A
SNV 1 6 0 -8 14 7 0 -8 14 6 0 -8 14
SNV 2 5 -1 -5 11 |o 0 -6 12 6 0 -5 11
SNV 3 2 1 -6 8 2 1 -7 9 3 1 -6 8

IDT Exhibit 1020.2587



10

WO 2010/129937 115 PCT/US2010/034145

37°C ligation 55°C ligation 65°C ligation

HC | HET | HV A HC | HET | HV A HC | HET | HV A
SNV 4 7 2 -4 11 8 2 -4 12 7 2 -4 11
SNV 5 7 -1 -11 18 7 -1 -12 19 7 -10 18
SNV 6 6 0 -5 12 |7 0 -6 13 7 0 -6 13
SNV 7 2 -1 -6 8 2 -1 -7 9 2 -1 -6 8
SNV § 7 1 -8 15 7 1 -8 15 7 1 -7 14
Average | 5 0 -7 12 ) 0 -7 13 6 0 -7 12

TABLE 22: TAQ DNA LIGASE REACTIONS AT 45°C AFTER RAPID ANNEALING
(65 MINUTES) OR AFTER STANDARD ANNEALING (170 MINUTES)
(SEPARATE ANNEALING, LIGATION STEPS)

45°C ligation after 45°C ligation after rapid
standard annealing annealing
HC HET | HV | A | HC HET| HV | A

SNV 7 0 -7 14 |6 0 -8 14
SNV2 16 -1 -6 12 |6 -1 -5 11
SNV3 12 1 -5 7 2 1 -6 8
SNV4 18 2 -3 11 7 1 -4 11
SNVS |7 -1 -11 |18 |6 -1 -11 | 17
SNV6 18 0 -5 12 |7 0 -5 12
SNVT 12 -1 -7 9 2 -1 -7 9
SNV8 |8 -8 15 |6 1 -8 14
Average | @ 0 -6 12 |5 0 -7 12

Discussion of Results:

Based on the results shown above in TABLES 19 and 20, the ligation-dependent
genotyping assays carried out with T4 DNA ligase do not perform as well as those carried out with
Taq DNA ligase. It is noted that the greater the Ct spreads between measurements of consensus
versus variant genotypes, the better the accuracy in assigning genotypes. In this regard, the
dynamic ranges of Taq ligated assays was far greater (i.e., average A value of 9) as compared to
the dynamic range of the T4 DNA ligase assays (i.e., average A value of 4 to 5). It was

determined, based on analysis of the raw Ct values, that the reason for this difference in dynamic
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range is due to the fact that T4 ligase has a tendency to ligate mismatched oligos, therefore the
background in the T4 ligase based assay is worse than in the Taq ligase based assay.

Importantly, as shown above in TABLES 19, 21, and 22, it was observed that the
genotyping assays carried out with an annealing reaction followed by separate Taq DNA ligase
reaction performed better than the coupled annealing/ligation assays with Taqg DNA ligase at all
ligation temperatures tested. For example, the average dynamic range of the coupled
annealing/ligation genotyping assay with Taq DNA ligase had a dynamic range A value of 9,
whereas the average dynamic range of the uncoupled assay (i.e., separate annealing and ligation
steps) with Taqg DNA ligase was increased (e.g., 37°C = A value of 12; 45°C = A value of 12;
55°C = A value of 13; and 65°C = A value of 12). Also, the distance between each of the
genotyping calls (HC, HET, HV) was greater for the uncoupled Tag DNA ligase assays (e.g.,
average value for 37°C assay of 5, 0, -7, respectively), as compared to the distance between each
genotyping call for the coupled Tag DNA ligase assays (e.g., average value of 3, 1, -5,
respectively).

As shown in TABLES 20 and 21, the genotyping assays carried out with Taq DNA ligase
under the various ligation temperatures tested in an uncoupled genotyping assay appear to be more
or less equivalent. Therefore, a 45°C ligation temperature with Taq DNA ligase in an uncoupled
annealing and ligation reaction was chosen for future experiments.

TABLE 22 shows the results of the comparison of a rapid annealing time (65 minutes
total) to a standard annealing time (170 minutes) in an uncoupled genotyping assay with the
ligation step carried out with Taq DNA ligase at 45°C. As shown in TABLE 22, the results are
more or less equivalent, with the same dynamic range (A value of 12), and a good distance
between each genotyping call (HC, HET, HV) for the rapid annealing assay (i.e., average value
of 5, 0, -7, respectively), as compared to the distance between each genotyping call for the assay
with the longer annealing time (i.e., average value of 6, 0, -6 respectively). These results
demonstrate that oligonucleotide annealing times can be shortened from 170 minutes to 65
minutes or less, and the shorter annealing times were used in all subsequent experiments.

Therefore, based on the above results, it was concluded that the decoupled annealing and
ligation reaction generally improved the results of the genotyping assays as compared to the
coupled annealing/ligation reaction. In particular, it was observed that the optimal conditions for
the ligation-dependent genotyping assay involved a rapid annealing step (approximately

60 minutes), followed by ligation with Taq DNA ligase at 45°C.
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C. Determination of the effect of ligase enzyme concentration and incubation time on

the performance of the ligation-dependent genotyping assay

In this series of experiments, the variables of Taq DNA ligase enzyme concentration and
time of ligation were measured with respect to the genotyping assay performance. In order to
determine the minimum ligase concentration required and the influence of time on ligation
efficiency, the set of eight SNV query oligos described above in TABLE 15 were assayed against
the consensus templates shown in TABLE 14 in a first experiment and the same query reagents
were assayed in a second experiment with the variant templates shown in TABLE 14. The

genotyping assays were carried out with the rapid annealing protocol followed by ligation with

Taq DNA ligase at 45°C.

Annealing Reaction

For each assay reaction, the following reagents were combined:
10 pl of 10 pM pooled templates (variant or consensus)

2 ul of 500 nM pooled consensus and variant 5' ligation primers
2 ul of 250 nM kinased 3' common ligation primers

2 ul of 5 M NaCl

16 pl total volume

Annealing temperatures:

The rapid annealing protocol was carried out as follows:
95°C for 5 minutes;

75°C for 15 minutes;

70°C for 15 minutes;

65°C for 30 minutes;

4°C rest.

Tag DNA Ligation Reactions

A ligation mix "cocktail" was prepared containing:
10 pl of 10X Taq DNA ligase buffer (NEB)
74 ul of H,O

2ul, 1yl 0.5ul, 0.1 ul, or0.02 ul of Tag DNA ligase (40 U/ul, NEB)
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85 pl total, which was added to each annealed reaction mixture (16 ul) for a total volume
of 100 pl in each ligation reaction.
The ligation reactions were incubated at 45°C for 30 minutes, 20 minutes, 10 minutes,
5 minutes, or 1 minute. The ligation reactions were terminated by the addition of 900 ul of TE,
5 and 2 pl of each ligation reaction was assayed in quadruplicate 10 ul gqPCR reactions as described
above in Section 4.
Results:
The average raw Ct data from each of the qPCR assays was first determined across four
wells of each quadruplicate assays. The results of the ligation with consensus templates were
10 measured against a no template control to obtain a set of raw Ct data (data not shown). The
scoring scheme of genotyping was then applied to the Ct data as described in Example 3. The

results are shown below in TABLE 23 and TABLE 24.

TABLE 23: RESULTS OF THE LIGATION REACTIONS CARRIED OUT WITH VARIOUS
15 TIME AND ENZYME CONCENTRATIONS ON THE PERFORMANCE OF THE
GENOTYPING ASSAYS USING THE CONSENSUS TEMPLATES. UNLESS OTHERWISE
INDICATED, VALUES
SHOWN ARE (CT(VARIANT)-CT(CONSENSUS).

30 min ligation 20 min ligation 10 min ligation 5 min ligation
ligase 2ul 1ul 0.5ul | 2pl 1ul 0.5ul | 2ul 1ul 0.5ul | 2ul 1ul 0.5ul
SNV 1 8 9 9 8 9 8 7 9 8 8 9 8
SNV 2 7 6 7 6 6 5 6 6 6 6 6 6
SNV 3 2 2 2 2 2 2 2 2 2 2 2 3
SNV 4 8 7 7 8 7 8 7 7 7 7 8 8
SNV S 8 8 9 8 7 7 7 7 7 7 8 8
SNV 6 9 8 8 8 8 8 8 8 9 9 7 8
SNV 7 2 3 3 2 2 2 2 3 3 2 2 3
SNV 8 7 7 7 7 6 6 7 6 7 6 7 7
Average 25 25 25 25 25 26 25 26 26 25 26 27
Ct (cons)

Average 31 31 32 31 31 31 31 32 32 31 32 33
Ct (var)

Average 6 6 6 6 6 6 6 6 6 6 6 6
Ct (var)-

Ct(cons)
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TABLE 24: RESULTS OF THE LIGATION REACTIONS CARRIED OUT WITH VARIOUS
TIME AND ENZYME CONCENTRATIONS ON THE PERFORMANCE OF THE
GENOTYPING ASSAYS USING THE VARIANT TEMPLATES.

UNLESS OTHERWISE INDICATED, VALUES SHOWN ARE (CT(CONSENSUS)-

CT(VARIANT).

5 min ligation 1 min ligation
ligase 0.5ul | 0.1pl | 0.02ul 0.5ul | 0.1pl 0.02ul
SNV 1 8 7 7 8 8 7
SNV 2 5 4 2 5 5 4
SNV 3 6 8 5 7 6 6
SNV 4 5 5 6 4 4 3
SNV 5 9 9 8 10 8 8
SNV 6 5 6 8 5 7 7
SNV 7 8 7 6 7 7 5
SNV 8 9 8 11 9 7 7
Average 26 28 31 26 28 31
Ct (var)

Average 33 35 37 33 35 36
Ct (cons)

Average 7 7 7 7 6 6
Ct

(cons)-

Ct(var)

Discussion of Results:

As shown above in TABLE 23 and TABLE 24, the results of the genotyping assay with a

ligation reaction carried out for 5 minutes is about equivalent to the results of the genotyping assay

with a ligation reaction carried out for longer periods of time (i.e., 10, 20, or 30 minutes), both in

terms of Ct(variant)-Ct(consensus) differences and with respect to the absolute Ct values for

cognate versus mismatched templates.

As further shown in TABLE 23 and TABLE 24, low concentrations (0.5 il to 1 pl of

40 U/ul) of Taq DNA ligase appear adequate for driving ligation to the same levels as observed

with greater amounts of Tag DNA ligase enzyme.

Therefore, based on the above results, it was determined that the optimal conditions for the

100 pl ligation reaction in the ligation-dependent genotyping assay includes the use of a rapid
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annealing step (approximately 60 minutes), followed by ligation with Taq DNA ligase at a
concentration of from about 0.5 pl to about 1.0 pl of 40 U/ul for 5 minutes at 45°C.

EXAMPLE 6
This Example describes the manufacture of a 576-feature matrix of minimally interacting

pairs of detection primers (also referred to as a "universal PCR decoding matrix") for use in
decoding a multiplex assay, such as a multiplex ligation-dependent genotyping assay for
genotyping a test sample at a plurality of SNV positions of interest.

PCR Primer Matrix Design

The goal of this Example was to design a matrix of minimally interacting primer pairs to
manufacture a 576-feature matrix of detection primer pairs.

Rationale:

Since adenine residues cannot base pair with cytosine residues, these sequences were used
as trinucleotides on the 3'ends of primers as the basis of a minimally interactive, non-primer-
dimer forming primer matrix. Specifically, one set of 36 potential primers was designed to end in
"CCC," and a second set of 36 primers was designed to end in "AAA™ at each of their 3' ends.

Candidate 25 mer PCR primer sequences were chosen in the following way.

First, a 10,000 list of random 22-mer DNA sequences was generated. The only criterion
was that these sequences were required to have at least four of each type of DNA base (A, G, C,
T).

A list of 200 of the 10,000 sequences were chosen at random and screened for the presence
of either "TTT" or "GGG" in the 3' terminal 6 nucleotides, which were then removed from the list
of candidate primers. The rationale for removal of these primers is that "TTT" can pair with
"AAA" and "GGG" can pair with "CCC," therefore, primers with these 3'terminal sequences
would be susceptible to primer-dimer formation. Approximately 15% of the randomly selected
sequences were removed from the list of candidate PCR primers via this filtering process, leaving
a total of 170 candidate sequences.

72 of the 170 remaining candidate sequences were randomly chosen as the candidate PCR
primer sequences. The 3'terminal sequence of "CCC" was added to the first set of 36 of these
sequences ("row primers"), and the 3' terminal sequence of "AAA" was added to the second set of
36 of these sequences ("column primers"), thereby creating a 36 by 36 primer matrix, as shown

below in TABLE 25.
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TABLE 25: SET OF 36 "CCC" AND 36 "AAA" PRIMERS

Reference | Sequence (5' to 3") SEQ ID | Used in
Number NO: final matrix
AAAl GATCTGGCTAGGTGCCACAACAAAA 434 +
ARA2 GACATGCTAACCACGTTGCAGGAAA 435 +
AAA3 GACCTCGTARAAGGGGGTATAGAAA 436 -
AAA4 AAAATACCATCTTGGCCATTATAAA 437 +
AAAS GAGTGACTGCAACTAAAATGCTAAA 438

AARG TGTATCAGAGGATTGCGTTCGAAAA 439

AAA7 GTTCGGGGATACATTCTGAGTAAAA 440 -
AARS TGCAACTAGATTGAGGCCTCTAAAR 441 +
ARARO CTATATGTAGGGGCTCTAACCGAAA 442 -
AAALQ CATCTGCTGCGTTTGGAATACGAAA 443 +
AAALL ATACCAGCCGGCTGATGATCGTAAA 444 +
AAAL2 AGCCACTCTGTAGCACTGATGGAAA 445 +
AAAL3 TACCCTAGTIIGGCAGTTCATCGARA 446 +
AAAL4 ATAATAGTCGCTGGTATGGTACAAA 447 +
AAALS ATTTGGAACACCGCAGCTCGGTAAA 448 +
AAALG GACCCCGTGCACGGATGCATGAAAA 449 +
AAAL7 GTCGGGCAGCACCCAAGTTCTGARA 450 +
AAALS AGCTGTGGTTAAGGATAGTTCGAAA 451 +
AAAL9 AGTGCAAATTCGACACTTGACGAAA 452 +
AAA20 GGCCCTCCTTATTAAACATCCGAAA 453 +
ARAA21 ACTCACTCTGGGCAGACGCAGAAAR 454 -
AAA22 TTCGGGCGTICTGAAGACCTGTAAA 455 -
AAA23 CCGGGGGAGTCATTGTATTACGAAA 456 -
AAA24 GTAGACCGTAGCGAACACCGGAAAA 457 +
AAA25 AGTCTCGGTTCCGCATGCGTCGARR 458 -
AAAZ6 CATACCGTCAACTAATATTCTCAAA 459 +
ARA27 GTGGGATGGAGTCCACGAAATTAAA 460 +
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Reference | Sequence (5' to 3") SEQ ID | Used in
Number NO: final matrix
AAA2S TTGGAGTTTAGCGACACGCATTAAR 461 +
AAAZY ATCTATCTTGAACCCGGGCGATAAA 462 +
AAA30 GGCACTCGGGTCTTATCCGTTGAAA 463 -
ARAA3L GCTTATACGCAACTGTGTCTGGAAA 464 -
AAA32 CAAAAGAGGTTGTCGTAGCTCGAAA 465
AAA33 GIGGATIGTCCAGGTTAACTCAAAARRA 466
AAA34 AAGGTGCTTGAGCCATGGGATCAAA 467 -
AAA3S GTAACTTCATACACTCCACATTAAA 468
ARA36 TTTCGTGCAAGTCAACAATTGAAAA 469
cccl GCATGAGGCCCTGATGCAGTGACCC 470
ccez AACGGTGATGTCGTCAAAGATTCCC 471 -
cce3 CAGACATCTCCTAGCGAGTCAGCCC 472 -
ccea ATTGGTGTCTCCCCGAGCTGTACCC 473 +
CCes TCGCCATATCGTACCGATGTCTCCC 474 -
ccee CGTAGACTAACCGACTCATCGACCC 475 +
cce7 ACTGACCGTTTAAGGGTCCAAGCCC 476 +
cces TACGTTCACCATCGTCAATAGGCCC 477 +
CCCo GTCGCCACGAACGCTGAAGAAGCCC 478 +
CcCClo GCTGCACGTTGTCTCACAGCTTCCC 479 -
ccell GCTACGCGTCCTCCAATATGCGCCC 480 +
ccel2 GAGTAGGGTAATACGTTCTACACCC 481 -
ccola GAACCCTTTAGCTCCACAATTGCCC 482 -
cccla AATAACGCATGCGTTATCCCACCCC 483 +
ccels AATGATCAACGAACGTCGCTGGCCC 484 +
ccele TATAGCAATGAGGGCCAGTGATCCC 485 +
cccl7 TAGCTAAGCTTGTGCTAGATTACCC 486 +
cccls ACGGCGTCAGTTGTAAGGATATCCC 487 +
ccel9 TATGATAACCCACTTCCAAGTTCCC 488 -
cce20 CCATAACCTTAGTATGTAGTCGCCC 489 +
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Reference | Sequence (5' to 3") SEQ ID | Used in
Number NO: final matrix
cce2l CGTCTGTGGCAATAACGCTTCACCC 490 +
ccez2 TATGCTTCCIGGAGC TGCAAGCCCC 491 +
ccez3 CGGCATTCTGAACAACTATATGCCC 492 +
cce24 CGCATCTGCACGTAAAACGGCGCCC 493 -

ccez2s TCAGGGCTACGCGACCTCGTACCCC 494

CCce26 ATGCCGAGATTCGAATATCGGACCC 495

cce27 CCAAATTCCGCGGGCCTTGAACCCC 496 +
ccezs ACTTGCGTACCCATACATGTATCCC 497 -

ccezo TAGAAGCGCGAAGTATAGGATGCCC 498 -

CcCcc30 TAGTACCGGCAATTCCTTGTTGCCC 499 +
cce3l AACCACGAGTCGTCACTGACCGCCC 500 +
cceaz GTAAATGGTCTAGAGGTITACGGCCC 501 -

ccess CGICGGATTGTGCTATGTAAAACCC 502 +
ccc34 GACAGTTCATCTACACATTGCACCC 503 +
ccess AAGGGARCCGGCACGAATCAGTCCC 504 +
cce36 TCATTGCTAGCACCTACCAGACCCC 505 -

Screening for minimally interacting primers for use in the 24 x 24 primer matrix

The 72 candidate PCR primers shown above in TABLE 25 were screened as described
below in order to identify a subset of 24 column primers and 24 row primers that would
collectively define a primer matrix with low levels of primer-dimer formation.

The 72 candidate PCR primers for use in a primer matrix were resuspended to a working
concentration of 10 uM in water. A grid of 36 by 36 wells containing PCR master mix was
prepared by aliquoting 25 pl of 2X power SYBR master mix (Applied Biosystems, Foster City,
CA) and 17 pl of water in each well of a set of 384 well optical PCR plates as follows.

4 ul of column primers ("AAA":SEQ ID NOS:434-469) were added to each well along
each column and 4 pl of row primers ("CCC":SEQ ID NOS:470-505) were added to each well
along each row. Following mixing, four 10 ul aliquots from each well were distributed in
quadruplicate into 384 optical PCR plates as shown below in TABLE 26 and analyzed for gPCR
using 40 cycles on an ABI 7900 gPCR instrument following the standard cycling protocol. The
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average Ct of each set of quadruplicate wells was then calculated and wells with Ct values of less
than 38 were identified (as shown in bold in TABLE 26) as wells in which primer pairs were able
to interact to form detectable PCR products at unacceptably low Cts. The primer pairs with Ct
values > 38 are indicated with a "+" symbol, indicating that the primer pairs are useful for

inclusion in the final matrix.
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TABLE 27: FINAL CONFIGURATION OF 24 X 24 PRIMER MATRIX"

"+" symbol indicates Ct value is 38 or higher
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As indicated above in TABLE 27, the final 24 primer by 24 primer matrix used for the

qPCR amplification of the ligation-dependent genotyping assay carries no primer pairs that
produced a Ct value of less than 38, and therefore all the primer pairs contained in this primer
matrix are minimally interacting primer pairs suitable for use in the genotyping assays described

herein.
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The 24 by 24 primer grid provides 576 unique primer pairs (i.e., features) that can be used
to perform consensus versus variant genotyping assays on 288 putative SNV positions
(288 consensus plus 288 variant assays = 576 PCR reactions). Therefore, the matrix can be used

with sets of 288 assays, as demonstrated below in EXAMPLE 7.

EXAMPLE 7

This Example demonstrates the use of the 24 by 24 primer matrix described in Example 6
for use in the ligation-dependent genotyping assay for genotyping 799 putative SNV locations
identified during DNA sequencing of 14 Pichia pastoris yeast strains.

Rationale: High throughput sequencing of 14 Pichia pastoris yeast strains indicated that as
many as 799 SNVs that differed from the Pichia pastoris reference sequence may be present in
one or more strains that were examined. In order to further examine these putative SNV locations,
we generated 799 consensus and variant genotyping assays with synthetic consensus and variant
DNA templates.

Methods:

1. Preparation of assay oligos:

A set of 799 genotyping reagents was generated for the 799 SNV positions of interest,
including 5'ligation oligos (consensus and variant), 3' common ligation oligos and synthetic
consensus and variant templates for each SNV position of interest, using the same design criteria
as described above in Example 5 (oligo sequences not shown).

2. Pooling of oligos:

To perform the genotyping assays, the 799 genotyping oligos were divided into two sets of
288 assays and one set of the remaining 223 assays.

For each set of assays (i.e., the first set of 288 assays, the second set of 288 assays and the
third set of 223 assays), consensus and variant 5'ligation oligos were pooled and diluted to
500 nM (860 pM in each unique oligo).

Similarly, the common 3'ligation oligos for each set of assays was pooled, treated with
kinase to add a 5' terminal phosphate as described in Example 5, and diluted to a final working
concentration of 250 nM (860 pM in individual oligos).

Finally, for each set of assays, pools of 288 or 233 consensus template oligos, and pools

of 288 or 233 variant template oligos were pooled and diluted to 100 pM.
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3. Annealing

The ligation-dependent genotyping assays were performed by the decoupled annealing and

ligation method, as follows.

Annealing Reaction

For each assay reaction, the following reagents were combined:
10 pl of 100 pM pooled templates (variant or consensus)

10 pl of 500 nM pooled consensus and variant 5' ligation oligos
10 pl of 250 nM kinased 3' common ligation oligos

2 pulof 5 M NaCl

32 ul total volume

Annealing:

The rapid annealing protocol was carried out as follows:
95°C for 5 minutes;

75°C for 15 minutes;

70°C for 15 minutes;

65°C for 30 minutes;

25°C rest.

4, Ligation

For each assay, 68 pl of a ligation cocktail was added to the 32 ul annealed mixture, the

ligation cocktail containing:

10 pl of 10X Taq DNA ligase buffer (NEB)
57 ul of H,O

1 ul of 40 U/ul Tag DNA ligase (NEB)

100 pl total volume

Note: 3 different reaction mixtures were prepared, one for each assay: the first set of

288 assays, the second set of 288 assays and the third set of 223 assays.

The ligation mixtures were incubated at 45°C for 5 minutes and diluted to 1 ml with 900 ul

of TEzero (10 mM Tris pH 7.6, 0.1 mM EDTA). Six such identical reactions were run for each
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set of 288 consensus or 288 variant assays in order to provide enough material to assay on PCR
plates.
5. qPCR Assay
For the qPCR assay readout, 2 ul of the ligation mixture was assayed in a 10 pl reaction
volume containing 5 pl of 2X power SYBR master mix (Applied Biosystems, Foster City, CA),

1.4 nl H,O, 0.8 pl column matrix primer and 0.8 pl row matrix primer.

Each mixture was aliquoted in quadruplicate across a matrix of 24 by 24 separate PCR
reactions, as described in Example 6, which translated into 6 independent 384 well optical PCR
plates per set of 288 genotyping assays.

The PCR plates were run on an Applied Biosystems 7900 qPCR instrument according to
the manufacturer's instructions.

Results:

The average Cts across quadruplicate wells were calculated for each consensus and variant
pair of the 799 SNV assay set. It was determined that all of the assays involving the column
primer AAA29 (SEQ ID NO:461: 5’ATCTATCTTGAACCCGGGCGATAAA 3') yielded Ct values greater
than 35, whereas the standard genotyping Ct readout was below 30 for all the other primer pairs.
This indicated that the AAA29 primer (SEQ ID NO:461) does not support robust PCR
amplification, and therefore all the assays (32 total assays) using this primer SEQ ID NO:461 were
not evaluated further. To avoid inclusion of poor performing primers such as the AAA29 primer,
in the future, matrix primer screening, as described in Example 6, will also include a positive test
against synthetic templates for functional PCR amplification performance. In the present example,
a 36 x 36 matrix of primers was screened, using the methods described in Example 6, and it was
determined that only about 5 to 6 row primers and 5 to 6 column primers were poor performers
(i.e., high background, low Cts). In the process of choosing primers from this screen for use in the
24 x 24 matrix, many primers were excluded that would fit the criteria of good performers. One of
these good but previously excluded primers was substituted for primer SEQ ID NO:461 in the
matrix and the assay worked well with the substituted primer (data not shown).

For the remaining 767 assays, the Ct(variant)-Ct(consensus) = A consensus for consensus
templates and the Ct(consensus)-Ct(variant) = A variant for variant templates was calculated. The
performance of the ligation-dependent genotyping assay was evaluated based on the sum of A
consensus + A variant. It was empirically determined that if the sum of A consensus + A variant is

greater than 3, then genotyping calls can be made with confidence in diploid organisms. This was
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established in separate experiments by genotyping of two inbred mouse strains and their F1
progeny at known SNPs. In this system, the parental strains were uniformly homozygous and the
progeny were uniformly heterozygous at every SNP location. A survey of 576 independent SNP
assays in this system revealed the greatest accuracy when only the genotyping assays were
considered that had a A consensus + A variant value of greater than 3 (data not shown).

For haploid organisms such as P. pastoris, the genotyping results are expected to be even
more accurate, because only two genotypes are possible (consensus or variant), in contrast to the
case in diploid species where three genotypes are possible (consensus, variant, or heterozygote).
Hence, in haploid organisms, the expected genotype will only be consensus or variant, and not
potentially a heterozygous blend of the two as is found in a diploid organism such as a human.
Therefore, for haploid organisms, the value of Ct(variant) - Ct(consensus) is predicted to resemble
either A consensus or -A variant.

The A consensus + A variant values for all 767 functional assays were calculated. Of
these, 730 (95%) had values greater than or equal to 3, indicating that the genotyping calls can be
made with confidence. Of the 37 failed assays (values below 3), it is interesting to note that 19 of
them shared overlapping DNA sequences in two groups of 7 assays and 12 assays, respectively.
Subsequent in-house comparisons of two independently generated draft genome sequences of
Pichia pastoris revealed almost perfect identity except in these regions, where the assembled
sequences disagreed. While not wishing to be bound by any particular theory, this suggests that
these regions are generally difficult to sequence and that the sequences that were genotyped may
not exist in P. pastoris. If the DNA sequences of the genotyping primers do not match those of
the target region, then the genotyping assays would be expected to fail. The remaining 18 failed
assays occurred across unrelated sequence groups.

In summary, this Example demonstrates that of the 767 ligation-dependent genotyping
assays carried out that were designed to query random SNVs, 95% of the assays returned useful
data. This percent of discovered SNVs that can be assayed in a particular technology platform
with high confidence, otherwise referred to as "conversion rate" in the genotyping field, is very
high and comparable to other commercially available platforms such as the Affymetrix SNP array
or the Illumina Bead array.

Unlike commercially available genotyping solutions, which are fixed and can only monitor
known SNPS, the ligation-dependent genotyping assays described herein combine the advantages

of a highly successful conversion rate and the flexibility to monitor novel single-nucleotide
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variants. The ligation-dependent genotyping assays as described herein are therefore a unique,
low cost solution to the validation of putative sequence variants that are suggested by high-

throughput resequencing technologies.

While the preferred embodiment of the invention has been illustrated and described, it will
be appreciated that various changes can be made therein without departing from the spirit and

scope of the invention.
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What is claimed:

1. A method of determining the genotype of a test sample at one or more polymorphic loci
of interest, the method comprising:

a) contacting, in a reaction mixture, one or more set(s) of query oligonucleotides with
the test sample having one or more polymorphic loci of interest within one or more
target nucleic acid region(s) of interest, wherein each set of query oligonucleotides
comprises:

(i) at least one 5' ligation oligonucleotide having, from the 5" to 3’ end, a
first PCR primer binding region, a target-specific binding region
selected to hybridize 5'of a polymorphic locus of interest, and a
3'region chosen to hybridize to either a consensus or variant nucleotide
sequence at the polymorphic loci of interest; and
(ii) a phosphorylated 3'ligation oligonucleotide having, from the 5'to
3'end, a target-specific binding region selected to hybridize 3’ of the
polymorphic loci of interest and a second PCR primer binding region;
under conditions that allow hybridization between the one or more set(s) of query
oligonucleotides and the target nucleic acid region(s) of interest such that the 5’
ligation oligonucleotides and the phosphorylated 3’ ligation oligonucleotides
hybridize adjacent to each other on the target nucleic acid region(s) of interest;

b) contacting the reaction mixture of step (a) with a DNA ligase under conditions
suitable to ligate the 5" ligation oligonucleotides and the adjacent 3' phosphorylated
ligation oligonucleotides, thereby generating a plurality of ligation products
indicative of the genotype of the test sample at the one or more polymorphic loci
of interest; and

c) measuring the amount of the plurality of ligation products in the reaction mixture

of step (b).

2. The method of Claim 1, further comprising the step of comparing the amount of plurality
of ligation products measured according to step (c) with at least one reference standard
that is indicative of the presence or absence of the consensus or variant nucleotide at each

polymorphic loci of interest.
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The method of Claim 1, wherein in the reaction mixture of step a) the test sample is
contacted with the one or more set(s) of query oligonucleotides and the DNA ligase under
conditions that allow hybridization between the one or more set(s) of query
oligonucleotides and the target nucleic acid region(s) of interest and to allow the query
oligonucleotides to hybridize adjacent to each other on the target nucleic acid region of
interest, and to allow ligation of the 5’ ligation oligonucleotide and the adjacent
3' phosphorylated ligation oligonucleotides, thereby generating a plurality of ligation

products, so as to couple hybridization and ligation in the reaction mixture.
The method of Claim 1, wherein the test sample comprises a haploid or diploid genome.

The method of Claim 1, wherein the test sample comprises non-amplified target nucleic

acid region(s) of interest.

The method of Claim 1, wherein each set of query oligonucleotides according to step (a)
comprises a pair of allele-specific 5' ligation oligonucleotides for each polymorphic loci
of interest, the pair comprising (i) a first 5' ligation oligonucleotide comprising a 3' region
chosen to hybridize to a consensus nucleotide sequence at the polymorphic loci of
interest and (ii) a second 5'ligation oligonucleotide comprising a 3'region chosen to

hybridize to a variant nucleotide sequence at the polymorphic loci of interest.

The method of Claim 1, wherein the 5' ligation oligonucleotides comprise the first PCR

primer binding region having different nucleotide sequences.

The method of Claim 1, wherein step (a) comprises contacting, in the single reaction
mixture, the test sample with at least 10 sets of query oligonucleotides for genotyping at

least 10 different polymorphic loci positions of interest.
The method of Claim 1, wherein the DNA ligase is thermostable.

The method of Claim 1, wherein the measuring in step (c) comprises amplifying the
plurality of ligation products with one or more pair(s) of detection primers, each detection
primer pair having (i) a forward PCR primer that binds to the first PCR primer binding
region in the 5'ligation oligonucleotide and (ii) a reverse PCR primer that binds to the

second PCR primer binding region in the 3' ligation oligonucleotide.
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The method of Claim 1, wherein the measuring in step (¢) comprises amplifying the
plurality ligation products with: (i) a first pair of detection primers having a forward PCR
primer that binds to the PCR binding region of the 5' ligation oligonucleotide comprising
the consensus binding region; and with (ii) a second pair of detection primers comprising
a forward PCR primer that binds to the PCR binding region of the 5'ligation

oligonucleotide comprising the variant binding region.

The method of claim 10, wherein the penultimate 2 or 3 nucleotides at the 3° end of the
first pair or second pair of detection primers are selected to reduce primer-dimer
formation by selecting 2 or 3 nucleotide that reduce annealing between the first and
second pair of detection primers or that reduce self-annealing of the first and second pair

of detection primers.

The method of claim 1, wherein the measuring in step (c) comprises measuring

fluorescence.

The method of claim 1, wherein the measuring in step (c) includes contacting the ligation

product with a dye that intercalates double-stranded DNA.

The method of claim 10, wherein the one or more pair(s) of detection primers comprise a

fluorescent label.

The method of claim 11, wherein the first or second pair of detection primers comprise a

fluorescent label.

The method of Claim 1, wherein the test sample is enriched for the one or more target

region(s) of interest prior to the contacting of step (a).

The method of Claim 1, wherein the query oligonucleotides each have a length of about

40 nucleotides to about 200 nucleotides.

The method of Claim 1, wherein the target-specific binding region of the query
oligonucleotides have a length of about 10 nucleotides to about 150 nucleotides in length.
A method of genotyping a test sample at one or more single nucleotide variant(s) (SNVs)
position(s) of interest, the method comprising: for each SNV position of interest,

a) contacting in three separate reaction mixtures:
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(1) a synthetic template comprising the target region of interest having a
consensus nucleotide at the SNV position of interest;
(ii) a synthetic template comprising the target region of interest having a
variant nucleotide at the SNV position of interest; and
(iii) a test sample comprising the target region of interest comprising the
SNV position of interest to be genotyped;
with one or more set(s) of SNV query oligonucleotides, each set comprising (i) a
pair of allele-specific 5'ligation oligonucleotides, the pair comprising a first
5'ligation oligonucleotide comprising, from the 5'to 3'end, a first PCR primer
binding region, a target-specific binding region selected to hybridize 5' of the SNV
nucleotide position of interest, and a 3' region chosen to hybridize to the consensus
nucleotide sequence at the SNV position of interest and a second 5'ligation
oligonucleotide comprising, from the 5 to 3'end, a first PCR primer binding
region, a target-specific binding region selected to hybridize 5'of the SNV
nucleotide position of interest, and a 3'region chosen to hybridize to the variant
nucleotide sequence at the SNV position of interest and (ii) a phosphorylated
3'ligation oligonucleotide comprising from the 5'to 3'end, a target-specific
binding region selected to hybridize 3' of the SNV position of interest and a second
PCR primer binding region, under conditions that allow hybridization between the
one or more sets of SNV query oligonucleotides and the target regions of interest
having the consensus nucleotide, the variant nucleotide, and the SNV position of
interest, such that the 5 ligation oligonucleotides and the phosphorylated 3’
ligation oligonucleotides hybridize adjacent to each other on the target region of
interest;
contacting the three separate reaction mixtures of step (a) with a DNA ligase under
conditions suitable to ligate the 5'ligation oligonucleotides and the adjacent
3' phosphorylated ligation oligonucleotides, thereby generating three separate
mixtures each having a plurality of ligation products; and
measuring the amount of the plurality of ligation products in each of the three

separate mixtures of step (b).

The method of Claim 20, wherein in at least one of the three separate reaction mixtures

the of step a) the test sample is contacted with the one or more set(s) of query
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oligonucleotides and the DNA ligase under conditions that allow hybridization between
the one or more set(s) of query oligonucleotides and the target nucleic acid region(s) of
interest to allow the query oligonucleotides to hybridize adjacent to each other on the
target nucleic acid region of interest, and to allow ligation of the 5’ Iligation
oligonucleotide and the adjacent 3' phosphorylated ligation oligonucleotides, thereby

generating a plurality of ligation products.
The method of Claim 20, wherein the test sample comprises a haploid or diploid genome.

The method of Claim 20, wherein the test sample comprises a non-amplified target region

of interest.

The method of Claim 20, wherein the first 5' ligation oligonucleotides comprise the first

PCR primer binding regions having different nucleotide sequences.

The method of Claim 20, wherein step (a) comprises contacting the test sample with at
least 10 sets of SNV query oligonucleotides for genotyping at least 10 different SNV

positions of interest.
The method of Claim 20, wherein the DNA ligase is thermostable,

The method of Claim 20, wherein the measuring in step (c) comprises amplifying the
plurality ligation products with (i) a set of detection primers comprising forward PCR
primers that bind to the first PCR binding region of the first 5' ligation oligonucleotide
comprising the consensus binding region, (ii) a set of detection primers comprising
forward PCR primers that bind to the first PCR binding region of the second 5'ligation
oligonucleotide comprising the variant binding region, and (iii) a set of detection primers
comprising reverse PCR primers that bind to the second PCR primer binding region in

the 3’ ligation oligonucleotide.

The method of claim 27, wherein the penultimate 2 or 3 nucleotides at the 3’ end of the
forward or reverse PCR primers are selected to reduce primer-dimer formation by
selecting 2 or 3 nucleotide that reduce annealing between the first and second pair of
detection primers or that reduce self-annealing of the first and second pair of detection

primers.
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The method of claim 20, wherein the measuring in step (c) comprises measuring

fluorescence.

The method of claim 20, wherein the measuring in step (c) comprises contacting the

plurality of ligation products with a dye that intercalates double-stranded DNA.

The method of claim 27, wherein the forward PCR primer or the reverse PCR primer

comprises a fluorescent label.

The method of Claim 20, wherein the test sample is enriched for the one or more target

region(s) of interest prior to the contacting in step (a).

The method of Claim 20, wherein the SNV query oligonucleotides have a length of about

40 nucleotides to about 200 nucleotides.

The method of Claim 20, wherein the target-specific binding region of the SNV query
oligonucleotides have a length of about 10 nucleotides to about 150 nucleotides in length.
A two-dimensional nucleic acid matrix comprising forward and reverse primer pairs and
ligation products distributed into positionally addressable wells, wherein the wells
include:
a) the forward PCR primers each having
(i) a 5 region that hybridizes to a 5° primer binding region of a target
nucleic acid molecule of interest and
(i1) a 3'region selected to avoid primer-dimer formation with the reverse
primer
b) the reverse PCR primers each having
(i) a 5’ region that hybridizes to a 3’ primer binding region of the target
nucleic acid molecule of interest and
(ii) a 3’ region selected to avoid primer-dimer formation with the forward
primer; and
c) ligation products generated by annealing the target nucleic acid molecule of
interest with
(1) a 5'ligation oligonucleotide having from the 5'to 3'end, the reverse

PCR primer binding region, a target-specific binding region selected to
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hybridize 5' of a polymorphic locus of interest, and a 3' region chosen
to hybridize to either a consensus or variant nucleotide sequence at the
polymorphic locus of interest and

(ii) an adjacent phosphorylated 3' ligation oligonucleotide having from the
5'to 3'end, a target-specific binding region selected to hybridize 3' of
the polymorphic locus of interest and a forward PCR primer binding
region and

(iii) ligating the  5'ligation oligonucleotides and the adjacent
3' phosphorylated ligation oligonucleotides so as to generate the

ligation products.

The matrix of Claim 35, wherein the 5’ ligation oligonucleotides comprise the reverse

PCR primer binding region having different sequences.

The matrix of Claim 35, wherein the penultimate 2 or 3 nucleotides of the 3' region in the
forward and reverse PCR primers are selected to reduce primer-dimer formation by
selecting 2 or 3 nucleotide that reduce annealing between the first and second pair of
detection primers or that reduce self-annealing of the first and second pair of detection

primers.

The matrix of Claim 37, wherein the 3'region selected to avoid primer-dimer formation
in the forward PCR primers comprises the nucleotide sequence "CT" and the 3'region
selected to avoid primer-dimer formation in the reverse primers comprises the nucleotide

sequence "GA."

The matrix of Claim 37, wherein the 3' region selected to avoid primer-dimer formation
in the forward PCR primers comprises the nucleotide sequence "ACA" and the 3' region
selected to avoid primer-dimer formation in the reverse primers comprises of the

nucleotide sequence "CAC."

The matrix of Claim 37, wherein the 3' region selected to avoid primer-dimer formation

excludes "TTT" and "GGG" sequences.

The matrix of Claim 37, wherein the 3' region selected to avoid primer-dimer formation

in the forward PCR primer comprises a terminal sequence of "CCC" and the 3' region
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selected to avoid primer-dimer formation in the reverse PCR primer comprises a terminal

sequence of terminal sequence of "AAA".

The matrix of Claim 37, wherein the 3' region selected to avoid primer-dimer formation
in the forward PCR primer comprises a terminal sequence of "AAA" and the 3' region
selected to avoid primer-dimer formation in the reverse PCR primer comprises a terminal

sequence of terminal sequence of "CCC".

The matrix of Claim 37, wherein the last nine nucleotides of the forward and reverse PCR

primer sequences are selected to exclude the sequence "ACA" or "T'GT."

The matrix of Claim 35, wherein the total length of the forward and reverse PCR primers

comprises about 15 to 35 nucleotides.

The matrix of Claim 35, wherein the 3' region selected to avoid primer-dimer formation

in the forward and reverse PCR primers comprises 6 nucleotides.

The matrix of Claim 35, further comprising an enzyme reaction mixture for PCR
amplification.

A kit for genotyping a test sample at one or more polymorphic loci of interest, the kit
comprising:

a) at least one set of query oligonucleotides for genotyping a polymorphic loci of
interest, the set including: (i) at least one 5' ligation oligonucleotide having, from
the 5' to 3' end, a first PCR primer binding region, a target-specific binding region
selected to hybridize 5' of the polymorphic loci of interest, and a 3' region chosen
to hybridize to either a consensus or variant nucleotide sequence at the
polymorphic loci of interest, and (ii) a phosphorylated 3' ligation oligonucleotide
having, from the 5'to 3' end, a target-specific binding region selected to hybridize
3" of the polymorphic loci of interest and a second PCR primer binding region; and

b) one or more pair(s) of detection primers, each detection primer pair having (i) a
forward PCR primer that binds to the first PCR primer binding region in the
5'ligation oligonucleotide and (ii) a reverse PCR primer that binds to the second

PCR primer binding region in the 3' ligation oligonucleotide.
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The kit of Claim 47, wherein the 5’ ligation oligonucleotide comprises the 5° PCR primer

binding region having different nucleotide sequences.

The kit of Claim 47, wherein the forward and reverse PCR primers comprise penultimate
2 or 3 nucleotides at the 3’ end that are selected to reduce primer-dimer formation by
selecting 2 or 3 nucleotide that reduce annealing between the first and second pair of
detection primers or that reduce self-annealing of the first and second pair of detection

primers.
The kit of Claim 47, further comprising a DNA ligase.
The kit of Claim 50, wherein the ligase is thermostable.

The kit of Claim 47, further comprising at least one nucleic acid sample having a
consensus nucleotide sequence or a variant nucleotide sequence at the polymorphic locus

of interest.

The kit of Claim 47, wherein the one or more pair(s) of detection primers are disposed in

a multi-well container.
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MULTI-PRIMER AMPLIFICATION METHOD FOR
BARCODING OF TARGET NUCLEIC ACIDS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of prior U.S. provisional application
no. 61/166,181, filed April 2, 2009; prior U.S. provisional application no. 61/166,105,
filed April 2, 2009; prior U.S. provisional application no. 61/186,327, filed June 11,
2009; and prior U.S. provisional application no. 61/305,907, filed February 18, 2010,

which are all hereby incorporated by reference in their entireties.

FIELD OF THE INVENTION

[0002] The present invention relates gencrally to the arca of high-throughput
assays for detection and/ or sequencing of particular target nucleic acids. In certain
embodiments, the present invention provides amplification methods in which
nucleotide tag(s) and a barcode nucleotide sequence are added to target nucleotide

sequencces.

BACKGROUND OF THE INVENTION

[0003] The ability to detect specific nucleic acid sequences in a sample has
resulted in new approaches in diagnostic and predictive medicine, environmental,
food and agricultural monitoring, molecular biology research, and many other fields.
In addition, new sequencing methodologies provide the means for rapid high-

throughput nucleic acid sequencing.

[0004] Additional methods, especially methods that facilitate analysis of many
targets and/or the analysis of many samples simultaneously across a broad range of

concentrations in a sample would be of great benefit.

[0005] Microfluidic devices can be used for analytical, preparative, metering,
and other manipulative functions on a scale not imagined until recently. The
advantages of microfluidic devices include conservation of precious reagents and
samples, high density and throughput of sample analysis or synthesis, fluidic
precision and accuracy at a level scarcely visible to the unaided eye, and a space

reduction accompanying the replacement of counterpart equipment operating at the

-1-
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macrofluidic scale. Associated with the reduction in size and the increased density of
microfluidic devices is increased complexity and higher engineering and fabrication

costs associated with increasingly intricate device architecture.

[0006] Recently, there have been concerted efforts to develop and
manufacture microfluidic systems to perform various chemical and biochemical
analyses and syntheses. Additionally, microfluidic devices have the potential to be
adapted for use with automated systems, thereby providing the additional benefits of
further cost reductions and decreased operator errors because of the reduction in
human involvement. Microfluidic devices have been proposed for use in a variety of
applications, including, for instance, capillary electrophoresis, gas chromatography,

and cell separations.

[0007] However, realization of these benefits has often been thwarted because
of various complications associated with the microfluidic devices that have thus far
been manufactured. For instance, many of the current microfluidic devices are
manufactured from silica-based substrates, which are difficult and complicated to
machine. As a result, many devices made from such materials are fragile.
Furthcrmorc, transport of fluid through many cxisting microfluidic devices requircs
regulation of complicated electrical fields to transport fluids in a controlled fashion

through the device.

[0008] Thus, in vicw of the forcgoing bencfits that can be achicved with
microfluidic devices but the current limitations of existing devices, there remains a
need for microfluidic devices designed for use in conducting a variety of chemical
and biochemical analyses. Because of its importance in modern biochemistry, there is
a particular need for devices that can be utilized to conduct a variety of nucleic acid
amplification reactions, while having sufficient versatility for use in other types of

analyses as well.

[06009] Devices with the ability to conduct nucleic acid amplifications would
have diverse utilities. For example, such devices could be used as an analytical tool
to determine whether a particular target nucleic acid of interest is present or absent in
a sample. Thus, the devices could be utilized to test for the presence of particular
pathogens (e.g., viruses, bacteria, or fungi), and for identification purposes (e.g.,

paternity and forensic applications). Such devices could also be utilized to detect or
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characterize specific nucleic acids previously correlated with particular diseases or
genetic disorders. When used as analytical tools, the devices could also be utilized to
conduct genotyping analyses and gene expression analyses (e.g., differential gene
expression studies). Alternatively, the devices can be used in a preparative fashion to
amplify sufficient nucleic acid for further analysis such as sequencing of amplified
product, cell-typing, DNA fingerprinting, and the like. Amplified products can also
be used in various genetic engineering applications, such as insertion into a vector that

can then be used to transform cells for the production of a desired protein product.

[0010] Despite these advances in microfluidic design and use, it would be
useful to reduce the complexity of microfluidic chips and simplify their operation.
Additionally, a need exists for an increased ability to recover reaction products from
microfluidic devices. Thus, there is a need in the art for improved methods and

systems related to microfluidic devices.

SUMMARY OF THE INVENTION

[0011] In certain embodiments, the invention provides a method for
amplifying, tagging, and barcoding a plurality of target nucleic acids in a plurality of
samples. The method entails preparing an amplification mixture for each target

nucleic acid. Each amplification mixture includes:
a forward primer comprising a target-specific portion;

a reverse primer comprising a target-specific portion, wherein the
forward primer additionally comprises a first nucleotide tag and/or the reverse primer

additionally comprises a second nucleotide tag; and

at least one barcode primer including a barcode nucleotide sequence
and a first and/or second nucleotide tag-specific portion, wherein the barcode primer

is in excess of the forward and/or reverse primer(s).

Each amplification mixture is subjected to amplification to produce a plurality of
target amplicons, wherein each target amplicon includes a tagged target nucleotide
sequence, with first and/or second nucleotide tags flanking the target nucleotide
sequence, and at least one barcode nucleotide sequence at the 5 or 3° end of the target

amplicon.
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[0012] In specific embodiments, the forward primer additionally includes a
first nucleotide tag. If desired, the reverse primer can additionally include a second

nucleotide tag.

[0013] In certain embodiments of the tagging/barcoding method, the
concentration of the barcode primer in the amplification mixtures is at least 4-fold the
concentration of the forward and/or reverse primer(s). In variations of such
embodiments, the concentration of the barcode primer in the amplification mixtures is

at least 50-fold the concentration of the forward and/or reverse primer(s).

[0014] In particular embodiments of the barcoding/tagging method, the first
and/or second nucleotide tags and/or the barcode nucleotide sequence are sclected so
as to avoid substantial annealing to the target nucleic acids. In illustrative
embodiments, the barcode nucleotide sequence identifies a particular sample. Where
the barcode primer includes a barcode nucleotide sequence and a first nucleotide tag-
specific portion, in certain embodiments, a plurality of forward primers include the
same first nucleotide tag. For, example, where multiple targets are to be amplified in
different samples, the set of forward primers corresponding to the set of targets can all

havc the samc first nuclcotidc tag.

[0015] In particular cmbodiments of the barcoding/tagging mcthod, the
forward and reverse primers for each target are initially combined separately from the
sample, and cach barcodc primer is initially combincd with its corresponding sample.
For example, where T targets are to be amplified in S samples, T and S being integers
greater than one, the method can additionally include preparing SxT amplification
mixtures wherein the initially combined forward and reverse primers are added to the

initially combined samples and barcode primers.

[06016] In certain embodiments of the barcoding/tagging method, the
amplification is carried out for at least 3 cycles to introduce the first and second
nucleotide tags and the barcode nucleotide sequence. In variations of these
embodiments, the amplification is carried out for between 5 and 50 cycles. In
particular embodiments, the amplification is carried out for a sufficient number of

cycles to normalize target amplicon copy number across targets and across samples.

[0017] In certain embodiments of the barcoding/tagging method, at least 50

percent of the target amplicons produced upon amplification are present at greater

4
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than 50 percent of the average number of copies of target amplicons and less than 2-

fold the average number of copies of target amplicons.

[0018] In other embodiments, the invention provides a method in which
barcoding is, optionally, omitted and the target nucleotide sequences are tagged after
amplification. This method entails amplifying a plurality of target nucleic acids,
typically, in a plurality of samples. An amplification mixture is prepared for each

target nucleic acid, wherein each amplification mixture includes:
a forward primer including a target-specific sequence; and
a reverse primer including a target-specific sequence;

Each amplification mixture is subjected to amplification to produce a plurality of
target nucleotide sequences. The target nucleotide sequences are then tagged (e.g., by
ligation of nucleotide tags unto one or both ends of the target nucleotide sequences) to
produce a plurality of target amplicons. Each target amplicon includes first and/or
second nucleotide tags flanking the target nucleotide sequence. In particular
embodiments, at least 50 percent of the target amplicons are present at greater than 50
percent of the average number of copies of target amplicons and less than 2-fold the

average number of copies of target amplicons.

[0019] In certain embodiments of the amplification methods described herein,
at least 70 percent of the target amplicons are present at greater than 50 percent of the
average number of copies of target amplicons and less than 2-fold the average number
of copies of target amplicons. In illustrative embodiments, at least 90 percent of the
target amplicons are present at greater than 50 percent of the average number of
copies of target amplicons and less than 2-fold the average number of copies of target

amplicons.

[0020] In various embodiments, the average length of the target amplicons is
at least 25 bases, 50 bases, 100 bases, 200 bases, 500 bases, and 750 bases. Longer
average lengths, such as 1 kilobase or more are also possible, as, for example, when
amplification is carried out by long-range PCR. In such embodiments, amplification
may yield target amplicons wherein at least 70 percent of the target amplicons are
present at greater than 50 percent of the average number of copies of target amplicons

and less than 2-fold the average number of copies of target amplicons.
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[0021] An advantage of the methods described herein is that amplification can
(but need not) be carried out in small reaction volumes. In particular embodiments,
the volume of the amplification mixtures is in the range of about 1 picoliter to about
50 nanoliters. In certain embodiments, the volume of the amplification mixtures is in

the range of about 5 picoliters to about 25 nanoliters.

[0022] The methods described herein can, optionally, include recovering the
target amplicons from the amplification mixtures. In certain embodiments, the target
amplicons are recovered in a volume and/or copy number that varies less than about
50% among the recovered target amplicons. The recovered amplicons can be
employed for further amplification and/or analysis (e.g., DNA sequencing). In some
embodiments, at least one target amplicon can be subjected to amplification using
primers specific for the first and second nucleotide tags to produce a target amplicon

lacking the barcode nucleotide sequence, if such is desired.

[0023] In particular embodiments of the methods described herein, the target
nucleic acids include genomic DNA. In variations of these embodiments, the
genomic DNA can be DNA intended for DNA sequencing, ¢.g., automated DNA

scquencing

[0024] In certain ecmbodiments, onc or more of the forward primer, reverse
primer, and barcode primer can include at least one additional primer binding site.
For cxample, if a barcode primer is cmployed, the barcodc primer can includc at lcast
a first additional primer binding site upstream of the barcode nucleotide sequence,
which is upstream of the first nucleotide tag. In such an embodiment, the reverse
primer can include at least a second additional primer binding site downstream of the
second nucleotide tag. In particular embodiments, where the target nucleotide
sequences are to be sequenced by automated DNA sequencing, the first and second
additional primer binding sites are capable of being bound by DNA sequencing

primers.

[0025] If a barcode primer is not employed, and the target nucleotide
sequences are tagged after amplification, the first and second nucleotide tags can be

capable of being bound by DNA sequencing primers.

[0026] Thus, the methods described herein can, optionally, include subjecting

at least one target amplicon to DNA sequencing.

_6-
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[0027] In certain embodiments, the method can, optionally, include
quantifying the amount of target amplicons in the amplification mixtures. This step
may be carried out, for example, prior to automated DNA sequencing. In particular
embodiments, quantification includes recovering the target amplicons and subjecting
them to digital amplification. Digital amplification includes, in particular

embodiments,

distributing the preamplified target amplicons into discrete reaction
mixtures, wherein each reaction mixture, on average, includes no more than one

amplicon per reaction mixture; and
subjecting the reaction mixtures to amplification.

Quantification in digital amplification may be carried out by real-time PCR and/or

endpoint PCR.

[0028] The amplification methods described herein can, optionally, include
determining the amount of each target nucleic acid present in each sample. In certain
embodiments, the methods can be performed in determining the copy numbers of the
target nucleic acids in each sample. In particular embodiments, the methods can be
performed in determining the genotypes at loci corresponding to the target nucleic
acids. In other embodiments, the methods can be performed in determining the

cxpression levels of the target nucleic acids.

[0029] In particular embodiments, the present invention relates to microfluidic
devices. More particularly, the present invention relates to a microfluidic device that
provides for recovery of reaction products. Merely by way of example, the method
and apparatus has been applied to a PCR sample preparation system used to prepare
libraries for next generation sequencing. However, it would be recognized that the

invention has a much broader range of applicability.

[0030] According to an embodiment of the present invention, a microfluidic
device is provided. The microfluidic device includes a plurality of first input lines
and a plurality of second input lines. The microfluidic device also includes a plurality
of sets of first chambers and a plurality of sets of second chambers. Each set of first
chambers is in fluid communication with one of the plurality of first input lines and
each set of second chambers is in fluid communication with one of the plurality of

second input lines. The microfluidic device further includes a plurality of first pump

_7-

IDT Exhibit 1020.2634



WO 2010/115154'C PCT/US2010/029854

10

15

30

elements in fluid communication with a first portion of the plurality of second input
lines and a plurality of second pump elements in fluid communication with a second

portion of the plurality of second input lines.

[0031] According to another embodiment of the present invention, a method
of operating a microfluidic device having an assay chamber, a sample chamber, and a
harvesting port is provided. The method includes closing a fluid line between the
assay chamber and the sample chamber, flowing a sample into the sample chamber
via a sample input line, and flowing an assay into the assay chamber via an assay
input line. The method also includes opening the fluid line between the assay
chamber and the sample chamber, combining at least a portion of the sample and at
least a portion of the assay to form a mixture, and reacting the mixture to form a
reaction product. The method further includes closing the fluid line between the assay
chamber and the sample chamber, flowing a harvesting reagent from the harvesting
port to the sample chamber, and removing the reaction product from the microfluidic

device.

[0032] According to a particular embodiment of the present invention, a
mcthod of preparing reaction products is provided. The mcethod includces providing M
samples and providing N assays. The method also includes mixing the M samples
and N assays to form MxN pairwisc combinations. Each of thc MxN pairwisc
combinations are contained in a closed volume. The method further includes forming
MxN reaction products from the MxN pairwise combinations and recovering the

MxN reaction products.

[0033] Many benefits are achieved by way of the present invention over
conventional techniques. For example, embodiments of the present invention provide
for mixing and reaction of MxN samples and assays followed by recovery of the
reaction products in sample-by-sample pools. Additionally, dilation pumping is
utilized to remove substantially all of the reaction products from the microfluidic
device, providing uniformity between the various reaction product pools. Utilizing
the systems and methods described herein, the time and labor required to prepare
libraries is reduced in comparison with conventional techniques. These and other
embodiments of the invention along with many of its advantages and features are

described in more detail in conjunction with the text below and attached figures.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0034] The invention may be understood by reference to the following
description taken in conjunction with the accompanying drawings that illustrate

certain specific embodiments of the present invention.

[6035] Figurc 1 depicts an illustrative matrix-type microfluidic device in plan
View.
[0036] Figure 2 is a simplified perspective illustration of a carrier and a

microfluidic device that permits recovery of reaction products.

[06037] Figurc 3 is a simplificd schematic diagram of a microfluidic device

that permits reccovery of reaction products.

[0038] Figure 4 is a simplified schematic diagram of several unit cells of the

microfluidic device illustrated in Fig. 3.

[0039] Figurc 5A is simplificd schematic diagram of a microfluidic device

that permits rccovery of reaction products.

[0040] Figure 5B is a simplified schematic diagram of portions of the

microfluidic device illustrated in Fig. 5A.

[0041] Figurc 6 is a simplificd schematic diagram of scvceral unit cells of the

microfluidic device illustrated in Fig. 5A.

[0042] Figure 7 is a simplified flowchart of a method of operating a

microfluidic device that permits recovery of reaction products.

[0043] Figurcs 8A-8D arc simplificd schematic diagrams illustrating fluid
flow through unit cells of a microfluidic device that permits recovery of reaction

products during operation.

[0044] Figures 9A-9D are simplified schematic diagrams illustrating fluid
flow through a microfluidic device that permits recovery of reaction products during

operation.

[0045] Figure 10 illustrates an embodiment of a 3-primer amplification

method for barcoding target nucleic acids prior to sequencing.

[0046] Figure 11 shows a photograph of the gel described in Example 1. The

lanes are as follows: (2) molecular markers, (4) sample amplified with 454 tails; (5)

~9_
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sample (NTC) amplified with 454 tails; (7) sample amplified with A5 primer pair; (8)
sample (NTC) amplified with A5 primer pair; (10) sample amplified with 3 primers;
and (11) sample (NTC) amplified with 3 primers.

[0047] Figure 12 shows gel-view clectropherograms obtained from 4 Agilent
1K Biolanalyzer chips for each of the individual samples run on the Access Array IFC
(Integrated Fluidic Circuit) in Example 4. Each column in the figure shows the size
distribution of DNA products in each sample. All samples produce similar

distributions of products

[0048] Figure 13A-13B shows results from Example 4. A) Predicted sizes of
all PCR products for this set of target specific primers. B) Electropherogram of one
of the sample pools obtained from the Access Array IFC. Distribution of product size
within a single product pool. All products fall within the predicted size range shown

in (B).

[0049] Figure 14A-14C shows results from Example 4. A) Number of
sequences counted per barcode on the 454 sequence run. Upper horizontal line
represents 2x average number of counts per barcode. Lower horizontal line represents
50% of average number of counts per barcode. B) Number of sequences counted per
amplicon. Each point on thc plot represents the number of times the scquence for an
individual chamber on the Access Array IFC were measured on the sequencer.
Triangular points represent PCR reactions with greater than 2x the average
representation. Dark grey points represent PCR reactions with less than 0.5x the
average representation. C) Frequency distribution of amplicon representation. The
dark grey line represents the number of amplicons present at a given representation.
The light grey line represents the number of reads that would be measured at a given
coverage (e.g. 98% at 20x coverage). Percentage of amplicons within 2-fold of

average: 95.8%; percentage of amplicons within 5-fold of average: 99.7%.

[06050] Figure 15A-15B shows an example of a multi-primer reaction set-up
using 4 outer primers with different combinations of primer binding site and
nucleotide tags. (Example 5.) A) Two forward barcode primers (454B-BC-Tag8,
454A-BC-Tag8 and two reverse barcode primers (454A-BC-Tag5, 454B-BC-TagR)
are combined with one inner primer pair (Tag8-TSF and Tag5-TSR). B) The two
major PCR products formed from this PCR reaction. PCR products containing 454-A

10 -
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Tag® and 454A-Tag5 at each end or 454B-Tag8® and 454B-Tag5 at each end do not
produce significant PCR products due to PCR suppression

[0051] Figure 16A-16B shows the representation of each of the primer
sequences in cach of the samples for each of the amplicons in Figure 15B. The
number of sequences counted per amplicon were normalized to the average number of
counts per amplicon within a sample. The normalized counts for an individual
amplicon were summed between the A and B emulsions (A) for Tag5 amplicons in
Emulsion A plus Tag 8 amplicons in Emulsion B and (B) for Tag5 amplicons in
Emulsion B plus Tag 8 amplicons in Emulsion A. The middle dark grey line
represents the average representation of each amplicon. The upper light grey line
represents 2x average coverage. The lower light grey line represents 50% of average

representation.

[0052] Figure 17 shows the results from Example 6: Successful amplication
of a PCR product using the 4-primer strategy designed for use on the Illumina GA 11

sequencer. The barcode primers listed in Table 14 are labelled as Outer Short.

[0053] Figure 18 shows results from Example 8: PCR reactions of three pools
of 10 sets of PCR primers (A, B, C) when the PCR reactions were run for template-
specific primers only and in 4-primer mode. The presence of higher molcecular weight

products in the 4-primer strategy demonstrates successful 4-primer assembly.

[0054] Figure 19 shows results from Example 8: Changing the ratio of inner
and outer primers impacts yield in multiplex 4-primer PCR using inner and outer

primers.

DETAILED DESCRIPTION

[0055] In certain embodiments, the present invention provides amplification
methods in which nucleotide tag(s) and a barcode nucleotide sequence are added to
target nucleotide sequences. The added sequences can then serve as primer and/or
probe-binding sites. The barcode nucleotide sequence can encode information, such
as, ¢.g., samplc origin, about the target nucleotide scquence to which it is attached.
Tagging and/or barcoding target nucleotide sequences can increase the number of

samplcs that can be analyzed for onc or multiple targets in a single assay, whilc
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minimizing increases in assay cost. The methods are particularly well-suited for

increasing the efficiency of assays performed on microfluidic devices.

[0056] In particular embodiments, the methods are used to prepare nucleic
acids for DNA sequencing by, e.g., adding binding sites for DNA sequencing primers,
optionally followed by sample calibration for DNA sequencing. In specific,
illustrative embodiments, the method can be employed to add binding sites for DNA
sequencing primers in a microfluidic device that permits recovery of reaction
products. In illustrative devices of this type, dilation pumping can utilized to remove
substantially all of the reaction products from the microfluidic device, providing
uniformity between the various reaction product pools. Thus, it is possible to produce
pools of barcoded reaction products that are uniform with respect to volume and copy
number. In various embodiments, the volume and/or copy number uniformity is such
that the variability, with respect to volume and/or copy number, of each pool
recovered from the device is less than about 100 percent, less than about 90 percent,
less than about 80 percent, less than about 70 percent, less than about 60 percent, less
than about 50 percent, less than about 40 percent, less than about 30 percent, less than
about 20 percent, less than about 17 percent, or less than about 15, 12, 10,9, 8,7, 6, 5,
4.5,4,3.5,3,2.5,2,1.5, 1, or 0.5 percent. Those of skill in the art appreciate that the
volume and/or copy number variability may fall within any range bounded by any of
these values (e.g., about 2 to about 7 percent). In an illustrative embodiment, the
volume samples recovered from a microfluidic device vary by no more than
approximately 10%. Standard pipetting error is on the order of between 5 and 10%.
Thus, the observed variability in volumes is largely attributable to pipetting error.
Utilizing the systems and methods described herein, the time and labor required to

prepare sequencing libraries is reduced in comparison with conventional techniques.

[0057] It is understood that the invention is not limited to the particular
methodology, protocols, and reagents, etc., described herein, as these can be varied by
the skilled artisan. It is also understood that the terminology used herein is used for
the purpose of describing particular illustrative embodiments only, and is not intended
to limit the scope of the invention. It also noted that as used herein and in the
appended claims, the singular forms “a,” “an,” and “the” include the plural reference

unless the context clearly dictates otherwise. Thus, for example, a reference to “a
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cell” is a reference to one or more cells and equivalents thereof known to those skilled

in the art.

[0058] The embodiments of the invention and the various features and
advantageous details thereof are explained more fully with reference to the non-
limiting embodiments and examples that are described and/or illustrated in the
accompanying drawings and detailed in the following description. It should be noted
that the features illustrated in the drawings are not necessarily drawn to scale, and
features of one embodiment may be employed with other embodiments as the skilled
artisan would recognize, even if not explicitly stated herein. Descriptions of well-
known components and processing techniques may be omitted so as to not

unnecessarily obscure the embodiments of the invention.

Definitions

[0059] Terms used in the claims and specification are defined as set forth
below unless otherwise specified. These terms are defined specifically for clarity, but
all of the definitions are consistent with how a skilled artisan would understand these

terms.

[0060] The term “‘adjacent,” when used herein to refer two nucleotide
sequences in a nucleic acid, can refer to nucleotide sequences separated by 0 to about
20 nucleotides, more specifically, in a range of about 1 to about 10 nucleotides, or

sequences that directly abut one another.

[0061] The term “nucleic acid” refers to a nucleotide polymer, and unless
otherwise limited, includes known analogs of natural nucleotides that can function in

a similar manner (e.g., hybridize) to naturally occurring nucleotides.

[0062] The term nucleic acid includes any form of DNA or RNA, including,
for example, genomic DNA; complementary DNA (cDNA), which is a DNA
representation of mRNA, usually obtained by reverse transcription of messenger RNA
(mRNA) or by amplification; DNA molecules produced synthetically or by
amplification; and mRNA.

[0063] The term nucleic acid encompasses double- or triple-stranded nucleic

acids, as well as single-stranded molecules. In double- or triple-stranded nucleic
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acids, the nucleic acid strands need not be coextensive (i.e, a double-stranded nucleic

acid need not be double-stranded along the entire length of both strands).

[0064] The term nucleic acid also encompasses any chemical modification
thereof, such as by methylation and/or by capping. Nucleic acid modifications can
include addition of chemical groups that incorporate additional charge, polarizability,
hydrogen bonding, electrostatic interaction, and functionality to the individual nucleic
acid bases or to the nucleic acid as a whole. Such modifications may include base
modifications such as 2’-position sugar modifications, 5-position pyrimidine
modifications, 8-position purine modifications, modifications at cytosine exocyclic
amines, substitutions of 5-bromo-uracil, backbone modifications, unusual base pairing

combinations such as the isobases isocytidine and isoguanidine, and the like.

[0065] More particularly, in certain embodiments, nucleic acids, can include
polydeoxyribonucleotides (containing 2-deoxy-D-ribose), polyribonucleotides
(containing D-ribose), and any other type of nucleic acid that is an N- or C-glycoside
of a purine or pyrimidine base, as well as other polymers containing nonnucleotidic
backbones, for example, polyamide (e.g., peptide nucleic acids (PNAs)) and
polymorpholino (commcreially available from the Anti-Virals, Inc., Corvallis,
Oregon, as Neugene) polymers, and other synthetic sequence-specific nucleic acid
polymecrs providing that the polymers contain nuclcobascs in a configuration which
allows for base pairing and base stacking, such as is found in DNA and RNA. The
term nucleic acid also encompasses linked nucleic acids (LNAs), which are described
in U.S. Patent Nos. 6,794,499, 6,670,461, 6,262,490, and 6,770,748, which are

incorporated herein by reference in their entirety for their disclosure of LNAsS.

[0066] The nucleic acid(s) can be derived from a completely chemical
synthesis process, such as a solid phase-mediated chemical synthesis, from a
biological source, such as through isolation from any species that produces nucleic
acid, or from processes that involve the manipulation of nucleic acids by molecular
biology tools, such as DNA replication, PCR amplification, reverse transcription, or

from a combination of those processes.

[0067] The term “‘target nucleic acids” is used herein to refer to particular

nucleic acids to be detected in the methods of the invention.
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[0068] As used herein the term “target nucleotide sequence” refers to a
molecule that includes the nucleotide sequence of a target nucleic acid, such as, for
example, the amplification product obtained by amplifying a target nucleic acid or the

c¢cDNA produced upon reverse transcription of an RNA target nucleic acid.

[0069] As used herein, the term “complementary” refers to the capacity for
precise pairing between two nucleotides. l.e., if a nucleotide at a given position of a
nucleic acid is capable of hydrogen bonding with a nucleotide of another nucleic acid,
then the two nucleic acids are considered to be complementary to one another at that
position. Complementarity between two single-stranded nucleic acid molecules may
be “partial,” in which only some of the nucleotides bind, or it may be complete when
total complementarity exists between the single-stranded molecules. The degree of
complementarity between nucleic acid strands has significant effects on the efficiency

and strength of hybridization between nucleic acid strands.

[0070] “Specific hybridization” refers to the binding of a nucleic acid to a
target nucleotide sequence in the absence of substantial binding to other nucleotide
sequences present in the hybridization mixture under defined stringency conditions.
Thosc of skill in the art rccognize that relaxing the stringency of the hybridization

conditions allows sequence mismatches to be tolerated.

[0071] In particular embodiments, hybridizations are carried out under
stringent hybridization conditions. The phrasc “stringent hybridization conditions”
generally refers to a temperature in a range from about 5°C to about 20°C or 25°C
below than the melting temperature (T,,) for a specific sequence at a defined ionic
strength and pH. As used herein, the Ty, is the temperature at which a population of
double-stranded nucleic acid molecules becomes half-dissociated into single strands.
Methods for calculating the Ty, of nucleic acids are well known in the art (see, e.g.,
Berger and Kimmel (1987) METHODS IN ENZYMOLOGY, VOL.152: GUIDE TO
MOLECULAR CLONING TECHNIQUES, San Diego: Academic Press, Inc. and
Sambrook et al. (1989) MOLECULAR CLONING: A LABORATORY MANUAL,
2ND ED., VOLS. 1-3, Cold Spring Harbor Laboratory), both incorporated herein by
reference). As indicated by standard references, a simple estimate of the Ty, value
may be calculated by the equation: T, =81.5+0.41(% G+C), when a nucleic acid is in
aqueous solution at 1 M NaCl (see, ¢.g., Anderson and Young, Quantitative Filter

Hybridization in NUCLEIC ACID HYBRIDIZATION (1985)). The melting
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temperature of a hybrid (and thus the conditions for stringent hybridization) is
affected by various factors such as the length and nature (DNA, RNA, base
composition) of the primer or probe and nature of the target nucleic acid (DNA, RNA,
base composition, present in solution or immobilized, and the like), as well as the
concentration of salts and other components (¢.g., the presence or absence of
formamide, dextran sulfate, polyethylene glycol). The effects of these factors are well
known and are discussed in standard references in the art. Illustrative stringent
conditions suitable for achieving specific hybridization of most sequences are: a

temperature of at least about 60°C and a salt concentration of about 0.2 molar at pH7.

[0072] The term ““oligonucleotide™ is used to refer to a nucleic acid that is
relatively short, generally shorter than 200 nucleotides, more particularly, shorter than
100 nucleotides, most particularly, shorter than 50 nucleotides. Typically,

oligonucleotides are single-stranded DNA molecules.

[0073] The term “‘primer” refers to an oligonucleotide that is capable of
hybridizing (also termed “annealing”) with a nucleic acid and serving as an initiation
site for nucleotide (RNA or DNA) polymerization under appropriate conditions (i.e.,
in the presence of four different nucleoside triphosphates and an agent for
polymerization, such as DNA or RNA polymerase or reverse transcriptase) in an
appropriate buffer and at a suitable temperature. The appropriate length of a primer
depends on the intended use of the primer, but primers are typically at least 7
nucleotides long and, more typically range from 10 to 30 nucleotides, or even more
typically from 15 to 30 nucleotides, in length. Other primers can be somewhat longer,
e.g., 30 to 50 nucleotides long. In this context, “primer length” refers to the portion of
an oligonucleotide or nucleic acid that hybridizes to a complementary “target”
sequence and primes nucleotide synthesis. Short primer molecules generally require
cooler temperatures to form sufficiently stable hybrid complexes with the template. A
primer need not reflect the exact sequence of the template but must be sufficiently
complementary to hybridize with a template. The term “primer site’ or “primer
binding site” refers to the segment of the target nucleic acid to which a primer

hybridizes.

[0074] A primer is said to anneal to another nucleic acid if the primer, or a
portion thereof, hybridizes to a nucleotide sequence within the nucleic acid. The

statement that a primer hybridizes to a particular nucleotide sequence is not intended
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to imply that the primer hybridizes either completely or exclusively to that nucleotide
sequence. For example, in certain embodiments, amplification primers used herein
are said to “anneal to a nucleotide tag.” This description encompasses primers that
anneal wholly to the nucleotide tag, as well as primers that anneal partially to the
nucleotide tag and partially to an adjacent nucleotide sequence, e.g., a target
nucleotide sequence. Such hybrid primers can increase the specificity of the

amplification reaction.

[0075] As used herein, the selection of primers “so as to avoid substantial
annealing to the target nucleic acids” means that primers are selected so that the
majority of the amplicons detected after amplification are “full-length” in the sense
that they result from priming at the expected sites at each end of the target nucleic
acid, as opposed to amplicons resulting from priming within the target nucleic acid,
which produces shorter-than-expected amplicons. In various embodiments, primers
are sclected to that at least 55%, at least 60%, at least 65%, at least 70%, at lcast 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% are full-length.

[06076] The term ““primer pair” refers to a sct of primers including a 5°
“upstream primer” or “forward primer” that hybridizes with the complement of the 5’
cnd of thc DNA scquencce to be amplificd and a 3” “downstrcam primer” or “‘rcversc
primer’”’ that hybridizes with the 3” end of the sequence to be amplified. As will be
recognized by those of skill in the art, the terms “upstream” and “downstream” or
“forward” and “‘reverse” are not intended to be limiting, but rather provide illustrative

orientation in particular embodiments.

[0077] A “probe” is a nucleic acid capable of binding to a target nucleic acid
of complementary sequence through one or more types of chemical bonds, generally
through complementary base pairing, usually through hydrogen bond formation, thus
forming a duplex structure. The probe binds or hybridizes to a “probe binding site.”
The probe can be labeled with a detectable label to permit facile detection of the
probe, particularly once the probe has hybridized to its complementary target.
Alternatively, however, the probe may be unlabeled, but may be detectable by
specific binding with a ligand that is labeled, either directly or indirectly. Probes can
vary significantly in size. Generally, probes are at least 7 to 15 nucleotides in length.

Other probes are at least 20, 30, or 40 nucleotides long. Still other probes are
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somewhat longer, being at least 50, 60, 70, 80, or 90 nucleotides long. Yet other
probes are longer still, and are at least 100, 150, 200 or more nucleotides long. Probes
can also be of any length that is within any range bounded by any of the above values

(c.g., 15-20 nucleotides in length).

[0078] The primer or probe can be perfectly complementary to the target
nucleic acid sequence or can be less than perfectly complementary. In certain
embodiments, the primer has at least 65% identity to the complement of the target
nucleic acid sequence over a sequence of at least 7 nucleotides, more typically over a
sequence in the range of 10-30 nucleotides, and often over a sequence of at least 14-
25 nucleotides, and more often has at least 75% identity, at least 85% identity, at least
90% identity, or at least 95%, 96%, 97%. 98%, or 99% identity. It will be understood
that certain bases (e.g., the 3” base of a primer) are generally desirably perfectly
complementary to corresponding bases of the target nucleic acid sequence. Primer
and probes typically anneal to the target sequence under stringent hybridization

conditions.

[0079] The term “nucleotide tag” is used herein to refer to a predetermined
nuclcotide scquence that is added to a target nuclcotide scquence. The nuclcotide tag
can encode an item of information about the target nucleotide sequence, such the
identity of the target nuclcotide scquence or the identity of the samplc from which the
target nucleotide sequence was derived. In certain embodiments, such information
may be encoded in one or more nucleotide tags, e.g., a combination of two nucleotide
tags, one on either end of a target nucleotide sequence, can encode the identity of the

target nucleotide sequence.

[0080] As used herein the term “barcode primer” refers to a primer that
includes a specific barcode nucleotide sequence that encodes information about the
amplicon produced when the barcode primer is employed in an amplification reaction.
For example, a different barcode primer can be employed to amplify one or more
target sequences from each of a number of different samples, such that the barcode

nucleotide sequence indicates the sample origin of the resulting amplicons.

[0081] As used herein, the term “encoding reaction” refers to reaction in
which at least one nucleotide tag is added to a target nucleotide sequence. Nucleotide

tags can be added, for example, by an “encoding PCR” in which the at least one
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primer comprises a target-specific portion and a nucleotide tag located on the 5° end
of the target-specific portion, and a second primer that comprises only a target-
specific portion or a target-specific portion and a nucleotide tag located on the 5° end
of the target-specific portion. For illustrative examples of PCR protocols applicable
to encoding PCR, see pending WO Application US03/37808 as well as U.S. Pat.
No0.6,605,451. Nucleotide tags can also be added by an “encoding ligation’ reaction
that can comprise a ligation reaction in which at least one primer comprises a target-
specific portion and nucleotide tag located on the 5° end of the target-specific portion,
and a second primer that comprises a target-specific portion only or a target-specific
portion and a nucleotide tag located on the 5° end of the target specific portion.
Illustrative encoding ligation reactions are described, for example, in U.S. Patent
Publication No. 2005/0260640, which is hereby incorporated by reference in its

cntircty, and in particular for ligation rcactions.

[0082] As used herein an “encoding reaction” produces a “tagged target
nucleotide sequence,” which includes a nucleotide tag linked to a target nucleotide

sequence.

[0083] As uscd herein with reference to a portion of a primer, the term “target-
specific” nucleotide sequence refers to a sequence that can specifically anncal to a
target nucleic acid or a target nuclcotide scquence under suitable anncaling

conditions.

[0084] As used herein with reference to a portion of a primer, the term
“nucleotide tag-specific nucleotide sequence™ refers to a sequence that can

specifically anneal to a nucleotide tag under suitable annealing conditions.

[0085] Amplification according to the present teachings encompasses any
means by which at least a part of at least one target nucleic acid is reproduced,
typically in a template-dependent manner, including without limitation, a broad range
of techniques for amplifying nucleic acid sequences, either linearly or exponentially.
Illustrative means for performing an amplifying step include ligase chain reaction
(LCR), ligase detection reaction (LDR), ligation followed by Q-replicase
amplification, PCR, primer extension, strand displacement amplification (SDA),
hyperbranched strand displacement amplification, multiple displacement

amplification (MDA), nucleic acid strand-based amplification (NASBA), two-step
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multiplexed amplifications, rolling circle amplification (RCA), and the like, including
multiplex versions and combinations thercof, for example but not limited to,
OLA/PCR, PCR/OLA, LDR/PCR, PCR/PCR/LDR, PCR/LDR, LCR/PCR, PCR/LCR
(also known as combined chain reaction--CCR), and the like. Descriptions of such
techniques can be found in, among other sources, Ausbel et al.; PCR Primer: A
Laboratory Manual, Diffenbach, Ed., Cold Spring Harbor Press (1995); The
Electronic Protocol Book, Chang Bioscience (2002); Msuih et al., J. Clin. Micro.
34:501-07 (1996); The Nucleic Acid Protocols Handbook, R. Rapley, ed., Humana
Press, Totowa, N.J. (2002); Abramson ¢t al., Curr Opin Biotechnol. 1993
Feb.;4(1):41-7, U.S. Pat. No. 6,027,998, U.S. Pat. No. 6,605,451, Barany ¢t al., PCT
Publication No. WO 97/31256; Wenz et al., PCT Publication No. WO 01/92579; Day
et al., Genomics, 29(1): 152-162 (1995), Ehrlich et al., Science 252:1643-50 (1991);
Innis ¢t al., PCR Protocols: A Guidc to Mcthods and Applications, Acadcmic Prcss
(1990); Favis et al., Nature Biotechnology 18:561-64 (2000); and Rabenau et al.,
Infection 28:97-102 (2000); Belgrader, Barany, and Lubin, Development of a
Multiplex Ligation Detection Reaction DNA Typing Assay, Sixth International
Symposium on Human Identification, 1995 (available on the world wide web at:
promega.com/geneticidproc/ussympéproc/blegrad.html- ); LCR Kit Instruction
Manual, Cat. #200520, Rev. #050002, Stratagene, 2002; Barany, Proc. Natl. Acad.
Sci. USA 88:188-93 (1991); Bi and Sambrook, Nucl. Acids Res. 25:2924-2951
(1997); Zirvi et al., Nucl. Acid Res. 27:e40i-viii (1999); Dean et al., Proc Natl Acad
Sci USA 99:5261-66 (2002); Barany and Gelfand, Gene 109:1-11 (1991); Walker et
al., Nucl. Acid Res. 20:1691-96 (1992); Polstra et al., BMC Inf. Dis. 2:18- (2002);
Lage et al., Genome Res. 2003 Feb.;13(2):294-307, and Landegren et al., Science
241:1077-80 (1988), Demidov, V., Expert Rev Mol Diagn. 2002 Nov.;2(6):542-8.,
Cook et al., J Microbiol Methods. 2003 May;53(2):165-74, Schweitzer et al., Curr
Opin Biotechnol. 2001 Feb.;12(1):21-7, U.S. Pat. No. 5,830,711, U.S. Pat. No.
6,027,889, U.S. Pat. No. 5,686,243, PCT Publication No. WO0056927A3, and PCT
Publication No. WO9803673A1.

[0086] In some embodiments, amplification comprises at least one cycle of
the sequential procedures of: annealing at least one primer with complementary or
substantially complementary sequences in at least one target nucleic acid;

synthcsizing at Icast onc strand of nuclcotidces in a templatc-dependent manncr using a
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polymerase; and denaturing the newly-formed nucleic acid duplex to separate the
strands. The cycle may or may not be repeated. Amplification can comprise

thermocycling or can be performed isothermally.

[0087] The term “qPCR” is used herein to refer to quantitative real-time
polymerase chain reaction (PCR), which is also known as “real-time PCR” or “kinetic

polymerase chain reaction.”

[0088] A “reagent” refers broadly to any agent used in a reaction, other than
the analyte (e.g., nucleic acid being analyzed). Illustrative reagents for a nucleic acid
amplification reaction include, but are not limited to, buffer, metal ions, polymerase,
reverse transcriptase, primers, template nucleic acid, nucleotides, labels, dyes,
nucleases, and the like. Reagents for enzyme reactions include, for example,

substrates, cofactors, buffer, metal ions, inhibitors, and activators.

[0089] The term “‘universal detection probe” is used herein to refer to any
probe that identifies the presence of an amplification product, regardless of the

identity of the target nucleotide sequence present in the product.

[0090] The term “universal qPCR probe” is used herein to refer to any such
probe that identifies the presence of an amplification product during qPCR. In
particular embodiments, nucleotide tags according to the invention can comprise a
nucleotide scquence to which a detection probe, such as a universal qPCR probe
binds. Where a tag is added to both ends of a target nucleotide sequence, cach tag
can, if desired, include a sequence recognized by a detection probe. The combination
of such sequences can encode information about the identity or sample source of the
tagged target nucleotide sequence. In other embodiments, one or more amplification
primers can comprise a nucleotide sequence to which a detection probe, such as a
universal qPCR probe binds. In this manner, one, two, or more probe binding sites
can be added to an amplification product during the amplification step of the methods
of the invention. Those of skill in the art recognize that the possibility of introducing
multiple probe binding sites during preamplification (if carried out) and amplification
facilitates multiplex detection, wherein two or more different amplification products

can be detected in a given amplification mixture or aliquot thereof.

[0091] The term ““universal detection probe” is also intended to encompass

primers labeled with a detectable label (e.g., a fluorescent label), as well as non-
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sequence-specific probes, such as DNA binding dyes, including double-stranded

DNA (dsDNA) dyes, such as SYBR Green.

[0092] The term “‘target-specific qPCR probe” is used herein to refer to a
qPCR probe that identifies the presence of an amplification product during qPCR,
based on hybridization of the qPCR probe to a target nucleotide sequence present in

the product.

[0093] “Hydrolysis probes” are generally described in U.S. Patent No.
5,210,015, which is incorporated herein by reference in its entirety for its description
of hydrolysis probes. Hydrolysis probes take advantage of the 5’-nuclease activity
present in the thermostable Taq polymerase enzyme typically used in the PCR
reaction (TagMan® probe technology, Applied Biosystems, Foster City CA). The
hydrolysis probe is labeled with a fluorescent detector dye such as fluorescin, and an
acceptor dye or quencher. In general, the fluorescent dye is covalently attached to the
5’ end of the probe and the quencher is attached to the 3° end of the probe, and when
the probe is intact, the fluorescence of the detector dye is quenched by fluorescence
resonance energy transfer (FRET). The probe anneals downstream of one of the
primers that defines onc end of the targcet nucleic acid in a PCR recaction. Using the
polymerase activity of the Taq enzyme, amplification of the target nucleic acid is
dirccted by onc primer that is upstrcam of the probe and a sccond primer that is
downstream of the probe but anncals to the opposite strand of the target nucleic acid.
As the upstream primer is extended, the Taq polymerase reaches the region where the
labeled probe is annealed, recognizes the probe-template hybrid as a substrate, and
hydrolyzes phosphodiester bonds of the probe. The hydrolysis reaction irrevocably
releases the quenching effect of the quencher dye on the reporter dye, thus resulting in
increasing detector fluorescence with each successive PCR cycle. In particular,
hydrolysis probes suitable for use in the invention can be capable of detecting 8-mer
or 9-mer motifs that are common in the human and other genomes and/or
transcriptomes and can have a high T, of about 70°C enabled by the use of linked
nucleic acid (LNA) analogs.

[0094] The term ““label,” as used herein, refers to any atom or molecule that
can be used to provide a detectable and/or quantifiable signal. In particular, the label
can be attached, directly or indirectly, to a nucleic acid or protein. Suitable labels that

can be attached to probes include, but are not limited to, radioisotopes, fluorophores,

22

IDT Exhibit 1020.2649



WO 2010/115154'C PCT/US2010/029854

10

15

30

chromophores, mass labels, electron dense particles, magnetic particles, spin labels,
molecules that emit chemiluminescence, clectrochemically active molecules,

enzymes, cofactors, and enzyme substrates.

[06095] The term “dye,” as used herein, generally refers to any organic or
inorganic molecule that absorbs electromagnetic radiation at a wavelength greater

than or equal 340 nm.

[0096] The term ““fluorescent dye,” as used herein, generally refers to any dye
that emits electromagnetic radiation of longer wavelength by a fluorescent mechanism
upon irradiation by a source of electromagnetic radiation, such as a lamp, a

photodiode, or a laser.

[0097] The term “‘elastomer” has the general meaning used in the art. Thus,
for example, Allcock et al. (Contemporary Polymer Chemistry, 2nd Ed.) describes
elastomers in general as polymers existing at a temperature between their glass
transition temperature and liquefaction temperature. Elastomeric materials exhibit
elastic properties because the polymer chains readily undergo torsional motion to
permit uncoiling of the backbone chains in response to a force, with the backbone
chains recoiling to assume the prior shape in the absence of the force. In general,
clastomers deform when force is applicd, but then return to their original shape when

the force is removed.

[0098] A “polymorphic marker” or “polymorphic site” is a locus at which
nucleotide sequence divergence occurs. lllustrative markers have at least two alleles,
each occurring at frequency of greater than 1%, and more typically greater than 10%
or 20% of a sclected population. A polymorphic site may be as small as one base
pair. Polymorphic markers include restriction fragment length polymorphism
(RFLPs), variable number of tandem repeats (VNTR’s), hypervariable regions,
minisatellites, dinucleotide repeats, trinucleotide repeats, tetranucleotide repeats,
simple sequence repeats, deletions, and insertion elements such as Alu. The first
identified allelic form is arbitrarily designated as the reference form and other allelic
forms are designated as alternative or variant alleles. The allelic form occurring most
frequently in a selected population is sometimes referred to as the wildtype form.
Diploid organisms may be homozygous or heterozygous for allelic forms. A diallelic

polymorphism has two forms. A triallelic polymorphism has three forms.
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[0099] A “single nucleotide polymorphism’ (SNP) occurs at a polymorphic
site occupied by a single nucleotide, which is the site of variation between allelic
sequences. The site is usually preceded by and followed by highly conserved
sequences of the allele (e.g., sequences that vary in less than 1/100 or 1/1000
members of the populations). A SNP usually arises due to substitution of one
nucleotide for another at the polymorphic site. A transition is the replacement of one
purine by another purine or one pyrimidine by another pyrimidine. A transversion is
the replacement of a purine by a pyrimidine or vice versa. SINPs can also arise from a

deletion of a nucleotide or an insertion of a nucleotide relative to a reference allele.

Amplification Methods

In General

[0100] In particular embodiments, the invention provides an amplification
method for introducing a plurality (e.g., at least three) of selected nucleotide
sequences into one or more target nucleic acid(s). The method entails amplifying a
plurality of target nucleic acids, typically, in a plurality of samples. In illustrative
embodiments, the same set of target nucleic acids can be amplified in each of two or
more different samples. The samples can differ from one another in any way, ¢.g., the
samples can be from different tissues, subjects, environmental sources, etc. At least
three primers can be used to amplify each target nucleic acid, namely: forward and
reverse amplification primers, each primer including a target-specific portion and one
or both primers including a nuclcotidc tag. The target-spccific portions can
specifically anneal to a target under suitable annealing conditions. The nucleotide tag
for the forward primer can have a scquence that is the same as, or different from, the
nuclcotide tag for the reversc primer. Gencerally, the nucleotide tags arc 5° of the
target-specific portions. The third primer is a barcode primer comprising a barcode
nucleotide sequence and a first and/or second nucleotide tag-specific portion. The
barcode nucleotide sequence is a sequence selected to encode information about the
amplicon produced when the barcode primer is employed in an amplification reaction.
The tag-specific portion can specifically anneal to the one or both nucleotide tags in
the forward and reverse primers. The barcode primer is generally 5” of the tag-

specific portion.
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[0101] The barcode primer is typically present in the amplification mixture in
excess of the forward and/or reverse primer(s). More specifically, if the barcode
primer anneals to the nucleotide tag in the forward primer, the barcode primer is
generally present in excess of the forward primer. If the barcode primer anneals to the
nucleotide tag in the reverse primer, the barcode primer is generally present in excess
of the reverse primer. In each instance the third primer in the amplification mixture,
i.e., the reverse primer or the forward primer, respectively, can be present, in
illustrative embodiments, at a concentration approximately similar to that of the
barcode primer. Generally the barcode primer is present in substantial excess. For
example, the concentration of the barcode primer in the amplification mixtures can be
at least 2-fold, at lcast 4-fold, at least 5-fold, at least 10-fold, at least 15-fold, at least
20-fold, at least 25-fold, at least 30-fold, at least 35-fold, at least 40-fold, at least 45-
fold, at lcast 50-fold, at [cast 100-fold, at Icast 500-fold, at lcast 103-fold, at Icast 5
x10°-fold, at least 10*-fold, at least 5 x10*-fold, at least 10°-fold, at least 5 x10°-fold,
at lcast 10°-fold, or highcr, rclative to the concentration of the forward and/or reverse
primer(s). In addition, the concentration excess of the barcode primer can fall within
any range having any of the above values as endpoints (e.g., 2-fold to 10°-fold). In
illustrative embodiments, where the barcode primer has a tag-specific portion that is
specific for the nucleotide tag on the forward primer, the forward primer can be
present in picomolar to nanomolar concentrations, ¢.g., about 5 pM to 500 nM, about
5 pM to 100 nM, about 5 pM to 50 nM, about 5 pM to 10 nM, about 5 pM to 5 nM,
about 10 pM to 1 nM, about 50 pM to about 500 pM, about 100 pM or any other
range having any of these values as endpoints (e.g., 10 pM to 50 pM). Suitable,
illustrative concentrations of barcode primer that could be used on combination with
any of these concentrations of forward primer include about 10 nM to about 10 uM,
about 25 nM to about 7.5 uM, about 50 nM to about 5 uM, about 75 nM to about 2.5
uM, about 100 nM to about 1 uM, about 250 nM to about 750 nM, about 500 nM or
any other range having any of these values as endpoints (e.g., 100 nM to 500 nM). In
amplification reactions using such concentrations of forward and barcode primers, the
reverse primer have a concentration on the same order as the barcode primer (e.g.

within about 10-fold, within about 5-fold, or equal).

[0102] Each amplification mixture can be subjected to amplification to

producc target amplicons comprising tagged target nuclcotide scquences, cach
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comprising first and second nucleotide tags flanking the target nucleotide sequence,
and at least one barcode nucleotide sequence at the 5” or 3 end of the target amplicon
(relative to one strand of the target amplicon). In certain embodiments, the first and
second nucleotide tags and/or the barcode nucleotide sequence are selected so as to
avoid substantial annealing to the target nucleic acids. In such embodiments, the
tagged target nucleotide sequences can include molecules having the following
elements: 5°-(barcode nucleotide sequence)-(first nucleotide tag from the forward
primer)-(target nucleotide sequence)-(second nucleotide tag sequence from the
reverse primer)-3’ or 5°-( first nucleotide tag from the forward primer)-(target
nucleotide sequence)-( second nucleotide tag sequence from the reverse primer) -

(barcode nucleotide sequence)-3°.

[0103] In illustrative embodiments, the barcode nucleotide sequence identifies
a particular sample. Thus, for example, a set of T target nucleic acids can be
amplified in each of S samples, where S and T are integers, typically greater than one.
In such embodiments, amplification can be performed separately for each sample,
wherein the same set of forward and reverse primers is used for each sample and the
set of forward and reverse primers has at least one nucleotide tag that is common to
all primers in the set. A different barcode primer can be used for each sample,
wherein the bar code primers have different barcode nucleotide sequences, but the
same tag-specific portion that can anneal to the common nucleotide tag. This
embodiment has the advantage of reducing the number of different primers that would
need to be synthesized to encode sample origin in amplicons produced for a plurality
of target sequences. Alternatively, different sets of forward and reverse primers can
be employed for each sample, wherein each set has a nucleotide tag that is different
from the primers in the other set, and different barcode primers are used for each
sample, wherein the barcode primers have different barcode nucleotide sequences and
different tag-specific portions. In either case, the amplification produces a set of T

amplicons from each sample that bear sample-specific barcodes.

[0104] In embodiments, wherein the same set of forward and reverse primers
is used for each sample, the forward and reverse primers for each target can be
initially combined separately from the sample, and each barcode primer can be
initially combined with its corresponding sample. Aliquots of the initially combined

forward and reverse primers can then be added to aliquots of the initially combined
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sample and barcode primer to produce ST amplification mixtures. These
amplification mixtures can be formed in any article that can be subjected to conditions
suitable for amplification. For example, the amplification mixtures can be formed in,
or distributed into, separate compartments of a microfluidic device prior to
amplification. Suitable microfluidic devices include, in illustrative embodiments,

matrix-type microfluidic devices, such as those described below.

[0105] Any amplification method can be employed to produce amplicons
from the amplification mixtures. In illustrative embodiments, PCR is employed. The
amplification is generally carried out for at least three cycles to introduce the first and
second nucleotide tags and the barcode nucleotide sequence. In various
embodiments, amplification is carried out for 5, 10, 15, 20, 25, 30, 35, 40, 45, or 50
cycles, or for any number of cycles falling within a range having any of these values
as endpoints (e.g. 5-10 cycles). In particular embodiments, amplification is carried
out for a sufficient number of cycles to normalize target amplicon copy number across
targets and across samples (e.g., 15, 20, 25, 30, 35, 40, 45, or 50 cycles, or for any

number of cycles falling within a range having any of these values as endpoints).

[0106] Particular cmbodiments of the above-described mcethod provide
substantially uniform amplification, yiclding a plurality of target amplicons wherein
thc majority of amplicons arc present at a level relatively closc to the average copy
number calculated for the plurality of target amplicons. Thus, in various
embodiments, at least 50, at least 55, at least 60, at least 65, at least 70, at least 75, at
least 80, at least 85, at least 90, at least 91, at least 92, at least 93, at least 94, at least
95, at least 96, at least 97, at least 98, or at least 99 percent of the target amplicons are
present at greater than 50 percent of the average number of copies of target amplicons

and less than 2-fold the average number of copies of target amplicons.

[0107] The invention also provides, in certain embodiments, a method for
amplifying a plurality of target nucleotides in which barcoding is, optionally, omitted
and the target nucleotide sequences are tagged after amplification. More specifically,
the invention provides a method for amplifying a plurality of target nucleic acids,
typically, in a plurality of samples, that entails preparing an amplification mixture for
each target nucleic acid. Each amplification mixture includes a forward primer
including a target-specific sequence and a reverse primer including a target-specific

sequence. The amplification mixtures are subjected to amplification to produce a
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plurality of target nucleotide sequences. The target nucleotide sequences are then
tagged to produce a plurality of target amplicons, each including first and/or second
nucleotide tags flanking the target nucleotide sequence. This method produces a
plurality of target amplicons, wherein at least 50 percent of the target amplicons are
present at greater than 50 percent of the average number of copies of target amplicons
and less than 2-fold the average number of copies of target amplicons. In various
embodiments of this method at least 55, at least 60, at least 65, at least 70, at least 75,
at least 80, at least 85, at least 90, at least 91, at least 92, at least 93, at least 94, at
least 95, at lcast 96, at least 97, at least 98, or at least 99 percent of the target
amplicons are present at greater than 50 percent of the average number of copies of
target amplicons and less than 2-fold the average number of copies of target

amplicons.

[0108] In various embodiments, the target nucleotide sequence amplified can
be, e.g., 25 bases, 50 bases, 100 bases, 200 bases, 500 bases, or 750 bases. In certain
embodiments of the above-described methods, a long-range amplification method,
such as long-range PCR can be employed to produce amplicons from the
amplification mixtures. Long-range PCR permits the amplification of target
nucleotide sequences ranging from one or a few kilobases (kb) to over 50 kb. In
various embodiments, the target nucleotide sequences that are amplified by long-
range PCR are at least about 1, 2, 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 15, 20, 25, 30,
35, 40, 45, or 50 kb in length. Target nucleotide sequences can also fall within any
range having any of these values as endpoints (e.g., 25 bases to 100 bases or 5-15 kb).
The use of long-range PCR in the above-described methods can, in some
embodiments, yield a plurality of target amplicons wherein at least 50, at least 55, at
least 60, at least 65, or at least 70 percent of the target amplicons are present at greater
than 50 percent of the average number of copies of target amplicons and less than 2-

fold the average number of copies of target amplicons.

[0109] Long-range PCR is well known in the art. See, e.g., Cheng S, Fockler
C, Barnes WM, Higuchi R (June 1994). “Effective amplification of long targets from
cloned inserts and human genomic DNA”. Proc. Natl. Acad. Sci. U.S.A. 91 (12):
5695-9. Enzymes, protocols, and kits for long-range PCR that are suitable for use in
the methods described here are commercially available; examples include:

SequalPrep™ Long PCR Kit (Invitrogen, USA), PfuUltra® II Fusion HS DNA
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polymerase (Stratagene), Phusion® DNA polymerases, Phusion® Flash High Fidelity
PCR Master Mix (Finnzymes).

[0110] In certain embodiments, the target amplicons can be recovered from
the amplification mixtures. For example, a matrix-type microfluidic device that is
adapted to permit recovery of the contents of each reaction chamber (see below) can
be employed for the amplification to generate the target amplicons. In variations of
these embodiments, the target amplicons can be subjected to further amplification
and/or analysis. For example, one or more target amplicon(s) can be subjected to
amplification using primers specific for the first and second nucleotide tags to
produce a target amplicon lacking the barcode nucleotide sequence. In certain
embodiments, the amount of target amplicons produced in the amplification mixtures

can be quantified during amplication, e.g., by quantitative real-time PCR, or after.

[0111] In particular embodiments, the above-described amplification methods
are employed to produce amplicons suitable for automated DNA sequencing. In
particular, the ability of the methods to provide substantially uniform amplification, as
described above, of target nucleotide sequences is helpful in preparing DNA
scquencing librarics having good coverage. In the context of automated DNA
sequencing, the term “‘coverage” refers to the number of times the sequence is
mcasurcd upon scquencing. A DNA scquencing library that has substantially uniform
coverage can yield sequence data where the coverage is also substantially uniform.
Thus, in various embodiments, upon performing automated sequencing of a plurality
of target amplicons prepared as described herein, the sequences of at least 50 percent
of the target amplicons are present at greater than 50 percent of the average number of
copies of target amplicon sequences and less than 2-fold the average number of copies
of target amplicon sequences. In various embodiments of this method at least 55, at
least 60, at least 65, at least 70, at least 75, at least 80, at least 85, at least 90, at least
91, at least 92, at least 93, at least 94, at least 95, at least 96, at least 97, at least 98, or
at least 99 percent of the target amplicon sequences are present at greater than 50
percent of the average number of copies of target amplicon sequences and less than 2-

fold the average number of copies of target amplicon sequences.
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Preparation of Nucleic Acids for DNA Sequencing

[0112] Many current DNA sequencing techniques rely on “sequencing by
synthesis.” These techniques entail library creation, massively parallel PCR
amplification of library molecules, and sequencing. Library creation starts with
conversion of sample nucleic acids to appropriately sized fragments, ligation of
adaptor sequences onto the ends of the fragments, and selection for molecules
properly appended with adaptors. The presence of the adaptor sequences on the ends
of the library molecules enables amplification of random-sequence inserts. The
above-described methods for tagging nucleotide sequences can be substituted for

ligation, to introduce adaptor sequences, as described in greater detail below.

[0113] In particular embodiments, the number of library DNA molecules
produced in the massively parallel PCR step 1s low enough that the chance of two
molecules associating with the same substrate, e.g. the same bead (in 454 DNA
sequencing) or the same surface patch (in Solexa DNA sequencing) is low, but high
enough so that the yield of amplified sequences is sufficient to provide a high
throughput. As discussed further below, after suitable adaptor sequences are
introduced, digital PCR can be employed to calibrate the number of library DNA

molecules prior to sequencing by synthesis.

Addition of DNA Sequencing Primers to Nucleic Acids

[0114] The DNA to be sequenced can be any type of DNA. In particular
embodiments, the DNA is genomic DNA from an organism. In variations of such
embodiments, total genomic DNA obtained from a sample taken from an organism or

from a DNA library is prepared for sequencing.

[0115] As dcescribed above, at Icast three primers arc cmployed to preparc the
DNA for sequencing: forward, reverse, and barcode primers. However, one or more
of the forward primer, reverse primer, and barcode primer includes at least one
additional primer binding site. In specific embodiments, the barcode primer includes
at least a first additional primer binding site upstream of the barcode nucleotide
sequence, which is upstream of the first nucleotide tag-specific portion. In certain
embodiments, two of the forward primer, reverse primer, and barcode primer include
at least one additional primer binding site (i.e, such that the amplicon produced upon

amplification includes the nucleotide tag sequences, the barcode nucleotide sequence,
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and the two additional binding sites). For example, if the barcode primer includes a
first additional primer binding site upstream of the barcode nucleotide sequence, in
specific embodiments, the reverse primer can include at least a second additional
primer binding site downstream of the second nucleotide tag. Amplification then
yields a molecule having the following elements: 5°-(first additional primer binding
site)-(barcode nucleotide sequence)-(first nucleotide tag from the forward primer)-
(target nucleotide sequence)-(second nucleotide tag from the reverse primer)-(second
additional primer binding site)-3’. In specific embodiments, the first and second
additional primer binding sites are capable of being bound by DNA sequencing
primers, to facilitate sequencing of the entire amplicon, including the barcode, which

can, as discussed above, indicate sample origin.

[0116] In some embodiments, more than three primers can be employed to
add desired elements to a target nucleotide sequence. For example, four primers can
be employed to produce molecules having the same five elements discussed above,
plus an optional additional barcode e.g., 5’-(first additional primer binding site)-
(barcode nucleotide sequence)-(first nucleotide tag from the forward primer)-(target
nucleotide sequence)-(second nucleotide tag from the reverse primer)-(additional
barcode nucleotide sequence)-(second additional primer binding site)-3°. In an
illustrative four-primer embodiment, the forward primer includes a target-specific
portion and first nucleotide tag, and the reverse primer includes a target-specific
portion and a second nucleotide tag. Together, these two primers constitute the “inner
primers.” The remaining two primers are the “outer primers,” which anneal to the
first and second nucleotide tags present in the inner primers. One outer primer is the
barcode primer, which can contain at least a first additional primer binding site
upstream of the barcode nucleotide sequence, which is upstream of the first nucleotide
tag-specific portion (i.c., the same barcode primer discussed in the previous
paragraph). The second outer primer can include a second tag-specific portion, an
additional barcode nucleotide sequence and, downstream of this, a second additional

primer binding site.

[0117] Amplification to incorporate elements from more than three primers
can be carried out in one or multiple amplification reactions. For example, a four-
primer amplification can be carried out in one amplification reaction, in which all four

primers are present. Allernatively, a four-primer amplification can be carried out,
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e.g., in two amplification reactions: one to incorporate the inner primers and a
separate amplification reaction to incorporate the outer primers. Where all four
primers are present in one amplification reaction, the outer primers are generally
present in the reaction mixture in excess. The relative concentration values give
above for the barcode primer relative to the forward and/or reverse primers also apply
to the relative concentrations of the outer primers relative to inner primers in a one-

step, four-primer amplification reaction.

[0118] In an illustrative embodiment of the four-primer amplification reaction,
each of the outer primers contains a unique barcode. For example, one barcode
primer would be constructed of the elements 5°-(first additional primer binding site)-
(first barcode nucleotide sequence)-(first nucleotide tag)-3°, and the second barcode
primer would be constructed of the elements 5’-(second additional primer binding
site)-(second barcode nucleotide sequence)-(second nucleotide tag)-3°. In this
embodiment, a number (J) of first barcode primers can be combined with a number

(K) of second barcode primers to create JxK unique amplification products.

[0119] In a further illustrative embodiment of the invention, more than four
primers can be combined in a singlc rcaction to append different combinations of
additional primer binding sites, barcode sequences, and nucleotide tags. For example,
outer barcodc primers containing the following clements: 5°-(first additional primer
binding site)-(first barcode nucleotide sequence)-(first nucleotide tag)-3°, 5’-(first
additional primer binding site)-(first barcode nucleotide sequence)-(second nucleotide
tag)-3’, 5’-(second additional primer binding site)-(first barcode nucleotide
sequence)-(first nucleotide tag)-3°, 5’-(second additional primer binding site)-(first
barcode nucleotide sequence)-(second nucleotide tag)-3°, can be combined with inner
target-specific primers as described above to produce amplification product pools
containing all combinations of the barcode primers with the desired amplicon

sequence.

[0120] In other illustrative embodiments of the invention, outer barcode
primers in any of the combinations described above, or other combinations that would
be obvious to one of skill in the art, can be combined with more than one pair of
target primer sequences bearing the same first and second nucleotide tag sequences.
For example, inner primers containing up to ten different target-specific forward

primer sequences combined with the same first nucleotide tag and up to ten different
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target-specific reverse primer sequences combined with the same second nucleotide
tag can be combined with the up to 2 or up to 4 outer barcode primers to generate
multiple amplification products as described above. In various embodiments, at least
10, at least 20, at least 50, at least 100, at least 200, at least 500, at least 1000, at least
2000, at least 5000 or at least 10000 different target-specific primer pairs bearing the
same first nucleotide tag and second nucleotide tag would be combined with the up to

2 or up to 4 outer barcode primers to generate multiple amplification products.

[0121] The methods of the invention can include subjecting at least one target
amplicon to DNA sequencing using any available DNA sequencing method. In
particular embodiments, a plurality of target amplicons is sequenced using a high
throughput sequencing method. Such methods typically use an in vitro cloning step to
amplify individual DNA molecules. Emulsion PCR (emPCR) isolates individual
DNA molecules along with primer-coated beads in aqueous droplets within an oil
phase. PCR produces copies of the DNA molecule, which bind to primers on the
bead, followed by immobilization for later sequencing. emPCR is used in the
methods by Marguilis et al. (commercialized by 454 Life Sciences, Branford, CT),
Shendure and Porreca et al. (also known as “polony sequencing’) and SOLiD
sequencing, (Applied Biosystems Inc., Foster City, CA). See M. Margulies, et al.
(2005) “Genome sequencing in microfabricated high-density picolitre reactors”
Nature 437: 376-380; J. Shendure, et al. (2005) “Accurate Multiplex Polony
Sequencing of an Evolved Bacterial Genome” Science 309 (5741): 1728-1732. In
vitro clonal amplification can also be carried out by “bridge PCR,” where fragments
are amplified upon primers attached to a solid surface. Braslavsky et al. developed a
single-molecule method (commercialized by Helicos Biosciences Corp., Cambridge,
MA) that omits this amplification step, directly fixing DNA molecules to a surface. 1.
Braslavsky, et al. (2003) “Sequence information can be obtained from single DNA
molecules” Proceedings of the National Academy of Sciences of the United States of
America 100: 3960-3964.

[0122] DNA molecules that are physically bound to a surface can be
sequenced in parallel. “Sequencing by synthesis,” like dye-termination
electrophoretic sequencing, uses a DNA polymerase to determine the base sequence.
Reversible terminator methods (commercialized by I[llumina, Inc., San Diego, CA and

Helicos Biosciences Corp., Cambridge, MA) use reversible versions of dye-
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terminators, adding one nucleotide at a time, and detect fluorescence at each position
in real time, by repeated removal of the blocking group to allow polymerization of
another nucleotide. “Pyrosequencing” also uses DNA polymerization, adding one
nucleotide at a time and detecting and quantifying the number of nucleotides added to
a given location through the light emitted by the release of attached pyrophosphates
(commercialized by 454 Life Sciences, Branford, CT). See M. Ronaghi, ¢t al. (1996).
“Real-time DNA sequencing using detection of pyrophosphate release” Analytical
Biochemistry 242: 84-89.

Sample Preparation by Digital PCR

[0123] In some¢ cmbodiments, samplcs arc loaded into an amplification
device, for example, a PCR plate or a microfluidic device, at sample concentrations
containing on average less than one amplification template per well or chamber. Each
well or chamber in the device is prepared such that it contains suitable tagged target-
specific primers and a unique combination of forward and reverse barcode primers.
For example, one well can contain barcode primers containing the elements 5’-(first
additional primer binding site)-(first barcode sequence)-(first nucleotide tag)-3°, 5°-
(second additional primer binding site)-(second barcode sequence)-(second nucleotide
tag)-3’. A second well or chamber can contain barcode primers containing the
elements 5°-(first additional primer binding site)-(third barcode sequence)-(first
nucleotide tag)-3’, 5’-(second additional primer binding site)-(fourth barcode
sequence)-(second nucleotide tag)-3’. Amplification products produced in each well
would be labeled uniquely with the combinations of barcode sequences loaded into

these wells.

Sample Calibration by Digital PCR

[0124] In particular embodiments, the number of target amplicons produced,
e.g. from a DNA library, using the above-described methods can be calibrated using a
digital amplification method. The step is finds particular application in preparing
DNA for sequencing by synthesis. For discussions of “digital PCR” see, for example,
Vogelstein and Kinzler, 1999, Proc Natl Acad Sci USA 96:9236-41; McBride et al.,
U.S Patent Application Publication No. 20050252773, especially Example 5 (each of
these publications are hereby incorporated by reference in their entirety, and in

particular for their disclosures of digital amplification). Digital amplification methods
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can make use of certain-high-throughput devices suitable for digital PCR, such as
microfluidic devices typically including a large number and/or high density of small-
volume reaction sites (€.g2., nano-volume reaction sites or reaction chambers). In
illustrative embodiments, digital amplification is performed using a microfluidic
device, such as the Digital Array microfluidic devices described below. Digital
amplification can entail distributing or partitioning a sample among hundreds to
thousands of reaction mixtures disposed in a reaction/assay platform or microfluidic
device. In such embodiments, a limiting dilution of the sample is made across a large
number of separate amplification reactions such that most of the reactions have no
template molecules and give a negative amplification result. In counting the number
of positive amplification results, e.g, at the reaction endpoint, one is counting the
individual template molecules present in the input sample one-by-one. A major
advantagc of digital amplification is that thc quantification is indcpendent of
variations in the amplification efficiency — successful amplifications are counted as

onc¢ molccule, independent of the actual amount of product.

[0125] In certain embodiments, digital amplification can be carried out after
preamplification of sample nucleic acids. Typically, preamplification prior to digital
amplification is performed for a limited number of thermal cycles (¢.g., 5 cycles, or
10 cycles). In certain embodiments, the number of thermal cycles during
preamplification can range from about 4 to 15 thermal cycles, or about 4-10 thermal
cycles. In certain embodiments the number of thermal cycles canbe 3,4, 5,6, 7,8, 9,
10, 11, 12, 13, 14, 15, or more than 15. The above-described amplification to produce
adaptor sequence-containing amplicons for DNA sequencing can be substituted for

the typical preamplification step.

[0126] Digital amplication methods are described in U.S. Publication

No. 20090239308, published September 24, 2009, which is hereby incorporated by
reference in its entirety and, in particular, for its disclosure of digital amplification
methods and devices. Generally, in digital amplification, identical (or substantially
similar) amplification reactions are run on a nucleic acid sample, such as genomic
DNA. The number of individual reactions for a given nucleic acid sample may vary
from about 2 to over 1,000,000. Typically, the number of reactions performed on a
sample is about 100 or greater, more typically about 200 or greater, and even more

typically about 300 or grealer. Larger scale digital amplification can also be
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performed in which the number of reactions performed on a sample is about 500 or
greater, about 700 or greater, about 765 or greater, about 1,000 or greater, about 2,500
or greater, about 5,000 or greater, about 7,500 or greater, or about 10,0000r greater.
The number of reactions performed may also be significantly higher, such up to about
25,000, up to about 50,000, up to about 75,000, up to about 100,000, up to about
250,000, up to about 500,000, up to about 750,000, up to about 1,000,000, or even

greater than 1,000,000 assays per genomic sample.

[0127] In particular embodiments, the quantity of nucleic acid subjected to
digital amplification is generally selected such that, when distributed into discrete
reaction mixtures, each individual amplification reaction is expected to include one or
fewer amplifiable nucleic acids. One of skill in the art can determine the
concentration of target amplicon(s) produced as described above and calculate an
appropriate amount for use in digital amplification. More conveniently, a set of serial
dilutions of the target amplicon(s) can be tested. For example, a device that is
commercially available from Fluidigm Corp. as the 12.765 Digital Array microfluidic
device allows 12 different dilutions to be tested simultaneously. Optionally, a suitable
dilution can be determined by generating a linear regression plot. For the optimal
dilution, the line should be straight and pass through the origin. Subsequently the

concentration of the original samples can be calculated from the plot.

[0128] The appropriate quantity of target amplicon(s) can be distributed into
discrete locations or reaction wells or chambers such that each reaction includes, for
example, an average of no more than about one amplicon per volume. The target
amplicon(s) can be combined with reagents selected for quantitative or

nonquantitative amplification, prior to distribution or after.

[0129] Following distribution, the reaction mixtures are subjected to
amplification to identify those reaction mixtures that contained a target amplicon.
Any amplification method can be employed, but conveniently, PCR is used, e.g., real-
time PCR or endpoint PCR. This amplification can employ any primers capable of
amplifying the target amplicon(s). Thus, in particular embodiments, the primers can
be DNA sequencing primers that anneal to the primer binding sites introduced in the

previous amplification step.
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[0130] The concentration of any target amplicon (copies/uL) is correlated
with the number of positive (i.e., amplification product-containing) reaction mixtures.
See copending U.S. Application No. 12/170,414, entitled “Method and Apparatus for
Determining Copy Number Variation Using Digital PCR,” which is incorporated by
reference for all purposes, and, in particular, for analysis of digital PCR results. Also
see Dube et al., 2008, “Mathematical Analysis of Copy Number Variation in a DNA
Sample Using Digital PCR on a Nanofluidic Device” PLoS ONE 3(8): €2876.
doi:10.1371/journal pone.0002876, which is incorporated by reference for all

purposes and, in particular, for analysis of digital PCR results.

[0131] In an illustrative embodiment of sample calibration for DNA
sequencing by digital PCR, a PCR reaction mix containing roughly 100-360
amplicons per pl can be loaded onto a Digital Array microfluidic device, such as
Fluidigm Corporation’s (South San Francisco, CA) 12.765 Digital Array microfluidic
device, described below. The microfluidic chip has 12 panels and each panel contains
765 chambers. Replicate panels on the digital chip can be assayed in order to obtain
absolute quantification of the initial concentration of library. The diluted samples
having typical relative coefficients of variation (between replicates) within 9-12% (or
lower) can be used for sequencing. See. e.g., White III RA, Blainey PC, Fan CH,
Quake SR. “Digital PCR provides sensitive and absolute calibration for high
throughput sequencing” BMC Genomics 10:116 doi:10.1186/1471-2164-10-116.

Sample Nucleic Acids

[0132] Preparations of nucleic acids (“samples”) can be obtained from
biological sources and prepared using conventional methods known in the art. In
particular, DNA or RNA useful in the methods described herein can be extracted
and/or amplified from any source, including bacteria, protozoa, fungi, viruses,
organclles, as well higher organisms such as plants or animals, particularly mammals,
and more particularly humans. Suitable nucleic acids can also be obtained from
environmental sources (e.g., pond water), from man-made products (e.g., food), from
forensic samples, and the like. Nucleic acids can be extracted or amplified from cells,
bodily fluids (e.g., blood, a blood fraction, urine, etc.), or tissue samples by any of a
variety of standard techniques. Illustrative samples include samples of plasma, serum,

spinal fluid, lymph fluid, peritoneal fluid, pleural fluid, oral fluid, and external
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sections of the skin; samples from the respiratory, intestinal genital, and urinary tracts;
samples of tears, saliva, blood cells, stem cells, or tumors. For example, samples of
fetal DNA can be obtained from an embryo or from maternal blood. Samples can be
obtained from live or dead organisms or from in vitro cultures. Illustrative samples
can include single cells, paraffin-embedded tissue samples, and needle biopsies.
Nucleic acids useful in the invention can also be derived from one or more nucleic

acid libraries, including cDNA, cosmid, YAC, BAC, P1, PAC libraries, and the like.

[0133] Nucleic acids of interest can be isolated using methods well known in
the art, with the choice of a specific method depending on the source, the nature of
nucleic acid, and similar factors. The sample nucleic acids need not be in pure form,
but are typically sufficiently pure to allow the amplification steps of the methods of
the invention to be performed. Where the target nucleic acids are RNA, the RNA can
be reversed transcribed into cDNA by standard methods known in the art and as
described in Sambrook, J., Fritsch, E.F., and Maniatis, T., Molecular Cloning: A
Laboratory Manual. Cold Spring Harbor Laboratory Press, NY, Vol. 1, 2, 3 (1989),
for example. The cDNA can then be analyzed according to the methods of the

invention.

Target Nucleic Acids

[0134] Any target nucleic acid that can be tagged in an encoding reaction of
the invention (described herein) can be detected using the methods of the invention.
In typical embodiments, at least some nucleotide sequence information will be known
for the target nucleic acids. For example, if the encoding reaction employed is PCR,
sufficient sequence information is generally available for each end of a given target
nucleic acid to permit design of suitable amplification primers. In an alternative
embodiment, the target-specific sequences in primers could be replaced by random or

degencrate nucleotide sequences.

[0135] The targets can include, for example, nucleic acids associated with
pathogens, such as viruses, bacteria, protozoa, or fungi; RNAs, e.g., those for which
over- or under-expression is indicative of disease, those that are expressed in a tissue-
or developmental-specific manner; or those that are induced by particular stimuli;
genomic DNA, which can be analyzed for specific polymorphisms (such as SNPs),

alleles, or haplotypes, e.g., in genotyping. Of particular interest are genomic DNAs
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that are altered (e.g., amplified, deleted, and/or mutated) in genetic diseases or other
pathologies; sequences that are associated with desirable or undesirable traits; and/or
sequences that uniquely identify an individual (e.g., in forensic or paternity

determinations).

Primer Design

[0136] Primers suitable for nucleic acid amplification are sufficiently long to
prime the synthcesis of extension products in the presence of the agent for
polymerization. The exact length and composition of the primer will depend on many
factors, including, for cxamplc, tcmpcraturce of the anncaling rcaction, source and
composition of the primer, and where a probe is cmployed, proximity of the probe
annecaling site to the primer annealing site and ratio of primer:probe concentration.
For example, depending on the complexity of the target nucleic acid sequence, an
oligonucleotide primer typically contains in the range of about 15 to about 30
nucleotides, although it may contain more or fewer nucleotides. The primers should
be sufficiently complementary to selectively anneal to their respective strands and
form stable duplexes. One skilled in the art knows how to select appropriate primer

pairs to amplify the target nucleic acid of interest.

[0137] For example, PCR primers can be designed by using any commercially
available software or open source software, such as Primer3 (see, e.g., Rozen and
Skaletsky (2000) Meth. Mol. Biol., 132: 365-386; www .broad.mit.edu/node/1060, and
the like) or by accessing the Roche UPL website. The amplicon sequences are input
into the Primer3 program with the UPL probe sequences in brackets to ensure that the

Primer3 program will design primers on either side of the bracketed probe sequence.

[0138] Primers may be prepared by any suitable method, including, for
example, cloning and restriction of appropriate sequences or direct chemical synthesis
by methods such as the phosphotriester method of Narang et al. (1979) Meth.
Enzymol. 68: 90-99; the phosphodiester method of Brown et al. (1979) Meth.
Enzymol. 68: 109-151; the diethylphosphoramidite method of Beaucage er al. (1981)
Tetra. Lett., 22: 1859-1862; the solid support method of U.S. Patent No. 4,458,066

and the like, or can be provided from a commercial source.

-39 -

IDT Exhibit 1020.2666



WO 2010/115154'C PCT/US2010/029854

10

15

25

30

[0139] Primers may be purified by using a Sephadex column (Amersham
Biosciences, Inc., Piscataway, NJ) or other methods known to those skilled in the art.

Primer purification may improve the sensitivity of the methods of the invention.

Microfluidic Devices

[0140] In certain embodiments, any of the methods of the invention can be
carried out using a microfluidic device. In illustrative embodiments, the deviceis a
matrix-typc microfluidic device is onc that allows the simultancous combination of a
plurality of substrate solutions with reagent solutions in separate isolated reaction
chambcrs. It will be reccognized, that a substratc solution can comprisc onc or a
plurality of substratcs and a rcagent solution can comprisc onc or a plurality of
reagents. For example, the microfluidic device can allow the simultancous pair-wise
combination of a plurality of different amplification primers and samples. In certain
embodiments, the device is configured to contain a different combination of primers
and samples in each of the different chambers. In various embodiments, the number
of separate reaction chambers can be greater than 50, usually greater than 100, more
often greater than 500, even more often greater than 1000, and sometimes greater than

5000, or greater than 10,000.

[0141] In particular embodiments, the matrix-type microfluidic device is a
Dynamic Array (“DA”) microfluidic device, an example of which is shown in Fig. 1.
A DA microfluidic device is a matrix-type microfluidic device designed to isolate
pair-wise combinations of samples and reagents (e.g., amplification primers, detection
probes, etc.) and suited for carrying out qualitative and quantitative PCR reactions
including real-time quantitative PCR analysis. In some embodiments, the DA
microfluidic device is fabricated, at least in part, from an elastomer. DA microfluidic
devices are described in PCT publication WO05107938A2 (Thermal Reaction Device
and Method For Using The Same) and US Pat. Publication US20050252773A1, both
incorporated herein by reference in their entireties for their descriptions of DA
microfluidic devices. DA microfluidic devices may incorporate high-density matrix
designs that utilize fluid communication vias between layers of the microfluidic
device to weave control lines and fluid lines through the device and between layers.
By virtuc of fluid lincs in multiplc laycrs of an clastomcric block, high density

reaction cell arrangements are possible. Alternatively DA microfluidic devices may
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be designed so that all of the reagent and sample channels are in the same elastomeric

layer, with control channels in a different layer.

[0142] U.S. Patent Publication No. 2008/0223721 and PCT Publication

No. WO 05/107938A2 describe illustrative matrix-type devices that can be used to
practice the methods described herein. Figure 21 of the latter is reproduced as Fig. 1
and shows an illustrative matrix design having a first elastomeric layer 2110 (1st
layer) and a second elastomeric layer 2120 (2d layer) each having fluid channels
formed therein. For example, a reagent fluid channel in the first layer 2110 is
connected to a reagent fluid channel in the second layer 2120 through a via 2130,
while the second layer 2120 also has sample channels therein, the sample channels
and the reagent channels terminating in sample and reagent chambers 2180,
respectively. The sample and reagent chambers 2180 are in fluid communication with
each other through an interface channel 2150 that has an interface valve 2140
associated therewith to control fluid communication between each of the chambers
2180 of a reaction cell 2160. In use, the interface is first closed, then reagent is
introduced into the reagent channel from the reagent inlet and sample is introduced
into the sample channel through the sample inlet; containment valves 2170 are then
closed to isolate each reaction cell 2160 from other reaction cells 2160. Once the
reaction cells 2160 are isolated, the interface valve 2140 is opened to cause the
sample chamber and the reagent chamber to be in fluid communication with each
other so that a desired reaction may take place. It will be apparent from this (and the
description in WO 05/107938A2) that the DA microfluidic device may be used for

reacting M number of different samples with N number of different reagents.

[0143] Although the DA microfluidic devices described above in WO
05/107938 arc well suited for conducting the methods described herein, the invention
is not limited to any particular device or design. Any device that partitions a sample
and/or allows independent pair-wise combinations of reagents and sample may be
used. U.S. Patent Publication No. 20080108063 (which is hereby incorporated by
reference it its entirety) includes a diagram illustrating the 48.48 Dynamic Array IFC
(Integrated Fluidic Circuit), a commercially available device available from Fluidigm
Corp. (South San Francisco Calif.). It will be understood that other configurations are

possible and contemplated such as, for example, 48x96; 96x96; 30x120; etc.

41 -

IDT Exhibit 1020.2668



WO 2010/115154'C PCT/US2010/029854

10

15

30

[0144] In specific embodiments, the microfluidic device can be a Digital
Array microfluidic device, which is adapted to perform digital amplification. Such
devices can have integrated channels and valves that partition mixtures of sample and
reagents into nanolitre volume reaction chambers. In some embodiments, the Digital
Array microfluidic device is fabricated, at least in part, from an clastomer. Illustrative
Digital Array microfluidic devices are described in copending U.S. Applications
owned by Fluidigm, Inc., such as U.S. Application No. 12/170,414, entitled “Method
and Apparatus for Determining Copy Number Variation Using Digital PCR.” One
illustrative embodiment has 12 input ports corresponding to 12 separate sample inputs
to the device. The device can have 12 panels, and each of the 12 panels can contain
765 6 nL reaction chambers with a total volume of 4.59 pL per panel. Microfluidic
channels can connect the various reaction chambers on the panels to fluid sources.
Prcssurc can be applicd to an accumulator in ordcr to open and closc valves
connecting the reaction chambers to fluid sources. In illustrative embodiments, 12
inlcts can be provided for loading of thc samplc rcagent mixturc. 48 inlcts can be
used to provide a source for reagents, which are supplied to the biochip when pressure
is applied to accumulator. Additionally, two or more inlets can be provided to
provide hydration to the biochip. Hydration inlets are in fluid communication with
the device to facilitate the control of humidity associated with the reaction chambers.
As will be understood to one of skill in the art, some elastomeric materials that can
utilized in the fabrication of the device are gas permeable, allowing evaporated gases
or vapor from the reaction chambers to pass through the elastomeric material into the
surrounding atmosphere. In a particular embodiment, fluid lines located at peripheral
portions of the device provide a shield of hydration liquid, for example, a buffer or
master mix, at peripheral portions of the biochip surrounding the panels of reaction
chambers, thus reducing or preventing evaporation of liquids present in the reaction
chambers. Thus, humidity at peripheral portions of the device can be increased by
adding a volatile liquid, for example water, to hydration inlets. In a specific
embodiment, a first inlet is in fluid communication with the hydration fluid lines
surrounding the panels on a first side of the biochip and the second inlet is in fluid
communication with the hydration fluid lines surrounding the panels on the other side

of the biochip.
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