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METHODS AND COMPOSITIONS FOR REDUCING NON-SPECIFIC AMPLIFICATION

PRODUCTS
[0001]
[0002]
FIELD
[0003] The methods, compositions, systems and kits described herein relate to the amplification of

nucleotide sequences. In particular, the methods, compositions, systems and kits described herein relate
to the reduction of non-specific amplification products (e.g., primer-dimers) when amplifying multiple

different nucleotide regions, such as during multiplex PCR including next generation sequencing (NGS).

BACKGROUND
[0004] In a uniplex PCR reaction (hereinafter referred to as uniplex PCR), the reaction typically
contains template DNA, two primers flanking a single amplification site, a thermostable DNA
polymerase, dNTPs and buffer. The resulting amplification products, the amplicons, are usually the target
DNA fragment(s). The occasional non-specific amplification products are usually removed by fine-tuning
PCR conditions, such as the annealing temperature, magnesium concentration, or through more stringent
design of the primers.
[0005] Multiplex PCR refers to amplifying a plurality of target DNA fragments simultaneously in the
same tube or well. This involves placing more than one pair of primers together. In practical applications,
usually from tens to tens of thousands of different kinds of target DNA fragments are expected to be
amplified simultaneously in a single tube. Multiplex PCR provides extraordinary simplicity, throughput,
and economic advantages over uniplex PCR when different DNA fragments are needed to be amplified
together in a single tube. It is also frequently used when dealing with precious samples (e.g., clinical
samples).
[0006] Multiplex PCR already finds broad applications in detection and clinical diagnosis of genes

and microorganisms in humans, animals, crops and plants, in species authentication, and more recently, in
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sample and library preparation for next generation sequencing (including, but not limited to, de novo
sequencing and targeted re-sequencing). In gene testing and diagnosis, multiplex PCR is used in assays of
single nucleotide polymorphisms (SNPs), genotyping, copy number variation, epigenetics, gene
expression, and mutation and hybridization arrays.

[0007] Multiplex PCR typically requires placing together a large number of primers at certain
concentrations in the same volume. These primers accumulate to very high quantity, for example up to
micrograms, when a few thousand primers are used. A difficulty of multiplex PCR is that these primers
can anneal with each other, leading to the generation of enormous amounts of non-specific amplification
products. These non-specific amplification products usually make the target fragments undetectable, or
simply cancel out the production of the target fragments.

[0008] Current techniques for making multiplex PCR workable despite the problem of these large
amounts of primers and resulting background ‘noise’ may include specifically designing primers within
very narrow parameter ranges, and/or incorporating exotic markers (e.g., U.S. Patent Nos. 8,586,310 and
8,673,560, describe modification of primers by replacing thymidines with uredines so that the non-
specific products are predominantly formed from non-specific annealing of primers that have multiple
uridines interspersed along their length and can be specifically targeted on this basis.), the use of
oligonucleotides for preventing, or reducing, primer-dimer formation (see, e.g., W02015063154 A1), and
the use of tagged, target-specific primers that are blocked in combination with universal primers and a
strategy for specifically activating blocked primers (see, e.g., US20140329245). All of these techniques
have substantial drawbacks and limitations.

[0009] For example, methods for avoiding or reducing the formation of artifacts, such as primer-
dimers, during nucleic acid amplification that center around the primer design process and often utilize
dedicated software packages (e.g., DNAsoftwares's Visual OMP, MultiPLX, ABI's Primer Express, etc.)
to design primer pairs that are predicted to exhibit minimal interaction between the other primers in the
pool during amplification. Through the use of such software, primers can be designed to be as target-
specific or amplicon-specific as possible, and often are grouped into subsets to minimize primer-primer
interactions, primer-dimer formation and superamplicons. Stringent design parameters, however, limit the
number of amplicons that can be co-amplified simultaneously and in some cases may prevent the
amplification of some amplicons altogether. Other current methods require the use of multiple PCR
primer pools to segregate primers into non-overlapping pools to minimize or prevent primer artifacts
during the amplification step. Other methods include the use of multiple primer pools or single plex
reactions to enhance the overall yield of amplification product per reaction.

[00010]  Ina multiplex PCR reaction, each primer pair competes in the amplification reaction with
additional primer pairs for a finite amount of dNTPs, polymerase and other reagents. Primers may be
designed to be longer than in uniplex PCR (24-35 bases), with higher melting temperatures (65 °C or
higher) and a GC content of 50-60%, maintaining a similar melting temperature across all primers, and
avoiding complementary sequences and runs of three or more Gs or Cs at the 3’ end; the specificity of

each pair of primers is first validated in uniplex PCR to ensure a single target fragment is amplified; the

-2



10

15

20

25

30

35

CA 02976251 2017-08-09

WO 2016/130746 PCT/US2016/017454
concentration of primer pairs are titrated, usually from 50nM to 400nM to ensure uniformity of the yield;
primers are segregated into non-overlapping pools; optimal concentrations of ANTPS, magnesium and the
thermostable DNA polymerase are determined, which are usually higher than in uniplex PCR; and salt
concentration is also titrated to optimize the amplification specificity. With these parameters optimized,
usually 2-5 target fragments are successfully simultaneously amplified. Through further computer-aided
design of primers, methods of amplifying ~20 target fragments simultancously in the same tube have
been seen in the market. Due to the difficulty of mitigating or eliminating the non-specific products, only
tens of targets are currently amplified in routine diagnostic practices. These methods require careful
design of primers and PCR conditions, and fail to be used as standards for general diagnostic applications.
[00011] Numerous nested primers or similar strategies have been reported to extend the number of
targets to be amplified in multiplex PCR. These methods may or may not always alleviate non-specific
products generation. In addition, more primer layers, handling and cycling strategies are required in these
methods. Therefore these methods find limited usage.
[00012]  There is therefore a need for improved methods, compositions, systems, apparatuses and kits
that allow for the selective amplification of multiple target nucleic acid molecules within a population of
nucleic acid molecules while avoiding, or minimizing, the formation of artifacts (also referred to as non-
specific amplification products), including primer dimers. There is also a need for improved methods,
compositions, systems, apparatuses and kits that allow for the selective amplification of multiple target
nucleic acid molecules from a single nucleic acid sample, such as genomic DNA and/or formalin-fixed
paraffin embedded (FFPE) DNA while avoiding, or minimizing, the formation of artifacts. There is also a
need in the art for improved methods, compositions, systems and kits that allow for the simultaneous
amplification of thousands of target-specific nucleic acid molecules in a single reaction, which can be
used in any applicable downstream assay or analysis. The methods, compositions, systems and kits

described herein may address the problems and limitations discussed above.

SUMMARY OF THE DISCLOSURE
[00013]  In general, described herein are methods, compositions, systems and kits for reducing non-
specific amplification products from a template-dependent primer extension reaction. These methods,
compositions, systems and kits may be useful in any reaction in which a plurality of primers may be used
and may generate non-specific hybridization and/or amplification products, including so-called “primer
dimers”, For example, the methods, compositions, systems and kits described herein may be particularly
well suited for use with multiplexed PCR and next generation sequencing.
[00014]  The methods, compositions, systems and kits described herein arise from the novel and
unexpected finding that resolvases, and particularly T4 endonuclease VII and/or T7 endonuclease I may
be used to effectively and efficiently cleave non-specific amplification products, leaving the substantial
proportion of target-specific amplification products in the same reaction mixture during or after
amplification (e.g., multiplex amplification) in which an excess of a plurality of primer pairs (e.g., >10,

>100, >1000, >10,000, etc.) are used. Without being bound by any particular theory of operation, the
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methods, compositions, systems and kits described herein are unexpectedly effective because they target
aberrant sites (e.g., Holliday structures or junctions, branched DNAs, Y-structures, cruciforms,
hetereoduplex loops, bulky adducts, single-stranded overhangs, DNA mismatches, or non-perfectly-
matched DNAs). Such aberrant sites are a characteristic of the vast majority of non-specific amplification
products in multiplex amplification and, surprisingly, by targeting these aberrant sites, a multiplexed
amplification may be significantly cleaned while leaving a substantial percentage of target-specific
amplification products intact.

[00015]  For example, a method of reducing non-specific amplification products from a template-
dependent primer extension reaction may include: amplifying a plurality of target nucleic acids using a
plurality of pairs of target-specific primers wherein said amplifying generates a plurality of target-specific
amplification products and a plurality of non-specific amplification products; introducing a resolvase that
recognizes an aberrant DNA structure and cleaving said non-specific amplification products with the
resolvase to generate a plurality of cleaved non-specific amplification products while maintaining a
substantial proportion of said plurality of target-specific amplification products. Any appropriate
resolvase may be used. In particular, the resolvase may be one of: T4 endonuclease VII or T7
endonuclease . In some examples the resolvase is T4 endonuclease VII.

[00016] For example, a method of reducing non-specific amplification products from a template-
dependent primer extension reaction may include: amplifying a plurality of target nucleic acids using a
plurality of pairs of target-specific primers to form a mixture comprising a plurality of target-specific
amplification products and a plurality of non-specific amplification products; introducing a resolvase into
the mixture that recognizes an aberrant DNA structure and cleaving the plurality of non-specific
amplification products with the resolvase to generate a plurality of cleaved non-specific amplification
products while maintaining a substantial proportion of said plurality of target-specific amplification
products, wherein the resolvase is one of: T4 endonuclease VII or T7 endonuclease I; and removing the
cleaved non-specific amplification products, leaving the substantial proportion of said plurality of target-
specific amplification products.

[00017] A method of reducing non-specific amplification products from a template-dependent primer
extension reaction may include: amplifying a plurality of target nucleic acids using a plurality of pairs of
target-specific primers to form a mixture comprising a plurality of target-specific amplification products
and a plurality of non-specific amplification products; introducing T4 endonuclease VII into the mixture,
wherein the T4 endonuclease VII recognizes an aberrant DNA structure on the non-specific amplification
products; cleaving the plurality of non-specific amplification products with the T4 endonuclease VII to
generate a plurality of cleaved non-specific amplification products while maintaining more than 50% of
said plurality of target-specific amplification products; and removing the cleaved non-specific
amplification products, leaving the substantial proportion of said plurality of target-specific amplification
products.

[06618] In any of these methods, after amplification of the polynucleotides and cleavage with a

resolvase, a DNA ligase may be used to seal any nicks incurred on the specific targets (and non-
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consequently, the non-specific products), and one or more rounds of PCR may be performed to amplify
the targets. In such cases, the first plurality of pairs of target-specific primers may contain at least part of
the sequence of the second PCR primers.

[00019] For example, a method of reducing non-specific amplification products from a template-
dependent primer extension reaction may include: amplifying a plurality of target nucleic acids using a
plurality of pairs of target-specific primers to form a mixture comprising a plurality of target-specific
amplification products and a plurality of non-specific amplification products; introducing a resolvase into
the mixture that recognizes an aberrant DNA structure and cleaving the plurality of non-specific
amplification products with the resolvase to generate a plurality of cleaved non-specific amplification
products while maintaining a substantial proportion of said plurality of target-specific amplification
products, wherein the resolvase is one of: T4 endonuclease VII or T7 endonuclease I; removing the
cleaved non-specific amplification products, leaving the substantial proportion of said plurality of target-
specific amplification products; repairing nicks on the target-specific amplification products with a DNA
ligase; and re-amplifying the target-specific amplification products.

[00020] In any of these methods, the method may also include removing the cleaved non-specific
amplification products, leaving the substantial proportion of said plurality of target-specific amplification
products.

[00021]  Any of the methods described herein may include analyzing the target-specific amplification
products. Analyzing may include any appropriate method or technique, including but not limited to
sequencing, such as next-generation sequencing reaction.

[60022] Amplification may include any appropriate polynucieotide amplification technique, including
in particular a multiplex polymerase chain reaction (PCR).

[60023] In general, the target nucleic acids may comprise DNA or RNA, for example, genomic DNA
or cDNA.

[00024]  The target-specific primers may comprise any appropriate plurality of pairs, such as 10 pairs
or more (e.g., at least 10 pairs) of target-specific primers, between 10 pairs and 100,000 pairs, between 10
pairs and 1000 pairs, between 1,000 pairs to 100,000 paits, over 100,000 pairs of target-specific primers,
etc.

[00025] In any of the methods described herein, the resolvase recognizes an aberrant polynucleotide
(e.g., DNA) structure. In particular, the resolvase recognizes an aberrant polynucleotide structure
comprising at least one of Holliday structures or junctions, branched DNAs, Y-structures, cruciforms,
hetereoduplex loops, bulky adducts, single-stranded overhangs, DNA mismatches, or non-perfectly-
matched DNAs,

[00026]  Any of these methods may include performing end repair on the plurality of target-specific
amplification products and a plurality of non-specific amplification products, either before or after
introducing and/or treating with the resolvase. For example, any of the methods described herein may
include performing end repair on the plurality of target-specific amplification products and a plurality of

non-specific amplification products before introducing the resolvase.
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[00027]  Any of these methods may include ligating adapters to the substantial proportion of said
plurality of target-specific amplification products following the introduction of the resolvase. The
adapters may comprise at least three consecutive phosphorothioates.

[00028]  As mentioned, any of these methods may include cleaving said non-specific amplification
products with an exonuclease. For example, any of these methods may include cleaving said non-specific
amplification products with an exonuclease comprising at least one of lambda exonuclease or E. coli
exonuclease I after performing end-repair and adapter ligation on the plurality of target-specific
amplification products and a plurality of non-specific amplification products.

[00029]  The treatment with the resolvase may be performed at any appropriate conditions (e.g.,
resolvase concentration, treatment time, temperature, etc.). In general, cleaving said non-specific
amplification products with the resolvase may include exposing the non-specific amplification products
and the plurality of target-specific amplification products to between about 0.2 Units (U) and 1000 U of
one or more resolvase for between about 0.5 minutes and 60 minutes (e.g., 0.5 minutes for 30 minutés, 20
minutes, 15 minutes, etc.) at between 10 °C and 40°C (e.g., more particularly between 16°C and 37°C).
[00030] Inany of the methods described herein the resolvase treatment may be titrated so that a
predetermined substantial proportion of said plurality of target-specific amplification products is
maintained in the mixture. The substantial proportion of the plurality of target-specific amplification
products may comprise 30% or more (and/or greater than 30%), 40% or more (and/or greater than 40%),
50% or more (and/or greater than 50%), 60% or more (and/or greater than 60%), 70% or more (and/or
greater than 70%), 80% or more (and/or greater than 80%), 90% or more (and/or greater than 90%), 95%
or more (and/or greater than 95%) of the plurality of target-specific amplification products. Thus, the
resolvase reaction may be performed, but stopped to prevent substantial cleavage of the target-specific
amplification product. This may be adjusted by adjusting the resolvase treatment conditions as discussed
above (e.g., about 0.2 Units (U) and 1000 U of one or more resolvase for between about 0.5 minutes and
60 minutes, e.g., 0.5 minutes for 30 minutes, 20 minutes, 15 minutes, etc., at between 10 °C and 40°C,
e.g., more particularly between 16°C and 37°C). The appropriate resclvase buffer conditions may be
used as described herein,

[00031]  Also described herein are kits for performing any of the methods described herein. For
example, a kit for a template-dependent primer extension reaction that selectively removes non-specific
amplification products may include: a polymerase; a plurality of target-specific primer pairs; an
amplification buffer; a resolvase buffer; at least one resolvase that recognizes and cuts a polynucleotide
having an aberrant DNA structure; and instructions for use of said kit for removing non-specific
amplification products from an amplification reaction following amplification using the resolvase. Any
of these kits may include at least one nucleic acid adapter, including at least one nucleic acid adapter
comprising at least three phosphorothioates.

[00032] As mentioned above, the target-specific primers in the kit may comprise at least 10 pairs of
target-specific primers (10 or more, 100 or more, 1000 or more 10,000 or more, between 10 and 100,000,

between 10 and 10,000, between 10 and 1000, between 100 and 100,000, between 100 and 10,000,
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between 100 and 1000, between 1000 and 100,000, between 1000 and 10,000, etc.). For example, the kit
may include about 1,000 to about 100,000 target-specific primers. In some variations, the kit includes
over 100,000 target-specific primers.

[00033] The kit may include any appropriate resolvase that recognizes an aberrant polynucleotide
(e.g., DNA) structure, such as an aberrant polynucleotide structure comprising at least one of Holliday
structures or junctions, branched DNAs, Y-structures, cruciforms, hetereoduplex loops, bulky adducts,
single-stranded overhangs, DNA mismatches, or non-perfectly-matched DNAs. For example, the
resolvase may be T4 endonuclease VII.

[00034]  Any of the kits described herein may also include one or more exonuclease for cleaving the
non-specific amplification products. For example, a kit may include an exonuclease for cleaving the non-
specific amplification products wherein the exonuclease comprises lambda exonuclease or E. coli
exonuclease .

[00035]  Also described herein are methods of reducing non-specific amplification products from a
template-dependent primer extension reaction that include the steps of: amplifying a plurality of target
nucleic acids using a plurality of pairs of target-specific primers to form a mixture comprising a plurality
of target-specific amplification products and a plurality of non-specific amplification products;
introducing the mixture to a protein that recognizes and binds a polynucleotide having an aberrant DNA
structure to remove said non-specific amplification products while maintaining a substantial proportion of
the plurality of target-specific amplification products, wherein said aberrant DNA structure comprises at
least one of Holliday structures or junctions, branched DNAs, Y-structures, cruciforms, hetereoduplex
loops, bulky adducts, single-stranded overhangs, DNA mismatches, or non-perfectly-matched DNAs.
[00036] In particular, the protein that recognizes and binds a polynucleotide having an aberrant DNA
structure may be MutS. In general, the protein that recognizes and binds a polynucleotide having an
aberrant DNA structure may be linked to a substrate. As detailed herein, an enzyme that is used to absorb
but not cleave the non-specific amplification products can be any MutS from different species, or human
endonuclease V. A preferred enzyme is MutS from E.coli, or a mixture of MutS from E.coli and T.
aquaticus, and human endonuclease V.

[00037]  As mentioned above, any of the methods described herein may include analyzing the target-
specific amplification products, for example by sequencing (e.g., next-generation sequencing reaction).
[00038]  In general amplification may include performing a multiplex polymerase chain reaction
(PCR). The target nucleic acids may comprise DNA and/or RNA. The target nucleic acids are genomic
DNA or ¢cDNA. Any appropriate number of target-specific primers may be used (e.g., greater than 10,
100, 1000, 10,000, 100,000, etc.).

[00039]  As mentioned, any of the methods described herein may also include performing end repair
on the plurality of target-specific amplification products and a plurality of non-specific amplification
products before introducing the protein that recognizes and binds a polynucleotide having an aberrant
DNA structure. Any of these methods may include ligating adapters to the substantial proportion of said

plurality of target-specific amplification products following the introduction of the protein that recognizes
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and binds a polynucleotide having an aberrant DNA structure. The adapters may include at least three
consecutive phosphorothioates.
[00040]  The step of introducing a protein that recognizes and binds a polynucleotide having an
aberrant DNA structure may include incubating the non-specific amplification products and the plurality
of target-specific amplification products for any appropriate time and incubation conditions, such as
between about 0.5 minutes and 60 minutes (e.g., 0.5 min and 40 min, 0.5 min and 30 min, 0.5 min and 20
min, etc.) at between about 10°C and 40°C 9 (e.g. between 15°CC and 37°C, 20°C and 40°C, etc.).
[00041] The methods for reducing non-specific amplification products in an amplification reaction,
such as a multiplex PCR described herein can include any appropriate composition of an amplification
reaction, which can be any reaction which makes use of a plurality of DNA primers. Multiplex PCR
reaction can be any multiplex PCR known in the field. More specifically, the template can be DNA from
any source; any thermophilic DNA polymerase can be used, and without limitation, any functional pH,
salt concentration, additives, concentration of ANTPs, primers, and any number of primer pairs from 10 to
over 100,000 (or more) can be employed. Any functional number of ¢ycles of the amplification reaction
from 2 to over 30, depending on the number of primer pairs used can also be employed. In some
instances, non-specific amplification products generated from amplification reactions, such as in a
multiplex PCR, can be reduced from about 0% to about 50% of the total amount of amplification products
following the methods and/or using the kits, described herein and in greater detail below. As detailed
herein, an enzyme (“resolvase”) that is used to cleave the non-specific amplification products can be any
one from the defined aberrant DNA structure-specific enzymes. A preferred, but not limiting, enzyme is
T7 endonuclease I or T4 endonuclease VII.
[00042]  In general, a resolvase is an enzyme or collection of enzymes that recognizes an aberrant
DNA structure specifically and cuts at or near the aberrant DNA structure. Thus, a resolvase may be
referred to as an aberrant DNA structure-specific enzyme (generically referred to herein as a resolvase)
and may cleave the non-specific amplification products at or near the aberrant DNA structures on the
polynucleotide. The aberrant DNA structures may include at least one of Holliday structures or junctions,
branched DNAs, Y-structures, cruciforms, hetereoduplex loops, bulky adducts, single-stranded
overhangs, DNA mismatches, or other non-perfectly-matched DNAs. They may further include structures
comprising more than two strands of single-stranded DNA fragments. They may be aggregates of primers
or primer-template DNA with no significant base pairing. A preferred aberrant DNA structure-specific
enzyme is T7 endonuclease I or T4 endonuclease VII. Other enzymes that may be resolvase (or may be
used as part of a cocktail of enzymes acting as resolvases) may include: Holliday junction resotvases, Ser-
recombinases, Tyr-recombinases, Cre recombinases, Hin recombinase, Integrases, Recombinase A
(RecA), etc. One or more (e.g. combinations) of these may be used.
[00043]  As detailed herein, after enzymatic cleavage, the cleaved non-specific amplification products
can be either removed by purification (by any common purification method with size selection, such as
AMPure beads or column filtration) or, in the aiternative, not removed. Moreover, and as described

herein, nicks in the specific amplification products may be further filled, e.g., using any one of the
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following enzymes: 9°N™ DNA ligase, Taq DNA ligase, Tth DNA ligase, Tfi DNA ligase, Ampligase®,
etc. Afterwards, the specific amplification products can be further amplified by PCR, particularly when
nested primers are used in the amplification reaction.

[00044]  Further, after amplification and before the enzymatic cleavage, the amplification products can
be end repaired by methods known to those skilled in the art. Adapters can be added onto both ends of the
said end-repaired specific amplification products by ligation. The ligase used is a combination of T4
DNA ligase and one of the following: 9°NT™ DNA ligase, Taq DNA ligase, Tth DNA ligase, Tfi DNA
ligase, Ampligase®, etc. The adapters can contain at either 3’ or 5> end phosphorothioates, or biotin, or
other chemical groups or proteins that prevent the adapters from the digestion of exonucleases. After
ligation of the adapters, the cleaved non-specific amplification products can be further digested by
exonucleases known to those skilled in the art. Following digestion of the cleaved non-specific
amplification products with exonucleases, the adapter-ligated specific amplification products can be
further amplified by PCR.

[00045]  Thus, method of generating an amplification reaction having reduced non-specific
amplification products are disclosed and may include: providing a nucleic acid sample comprising at least
one target nucleic acid; amplifying at least one target nucleic acid using target-specific primers wherein
the amplifying generates a plurality of target-specific amplification products and a plurality of non-
specific amplification products; and introducing an aberrant DNA structure-specific enzyme for cleaving
the non-specific amplification products to generate a plurality of cleaved non-specific amplification
products while maintaining a substantial proportion of the plurality of target-specific amplification
products.

[00046]  As mentioned, any of these methods may further involve removing the cleaved non-specific
amplification products. The aberrant DNA structure-specific enzyme (resolvase) may cleave the non-
specific amplification products at aberrant DNA structures. The aberrant DNA structures may include at
least one of Holliday structures or junctions, branched DNAs, Y-structures, cruciforms, hetereoduplex
loops, bulky adducts, single-stranded overhangs, DNA mismatches, or other non-perfectly-matched
DNAs. They may further include structures comprising more than two strands of single-stranded DNA
fragments. They may be aggregates of primers or primer-template DNA with no significant base pairing,
A preferred aberrant DNA structure-specific enzyme is T7 endonuclease I or T4 endonuclease VII.
[00047]  The methods described herein may involve combining the cleaved non-specific amplification
products with an exonuclease. The exonuclease may be at least one of lambda exonuclease or E. coli
exonuclease 1. Further, the method may involve, prior to combining the cleaved non-specific
amplification products with the exonuclease, the target-specific amplification products being protected
from cleavage by the exonuclease. The protecting may involve ligating adapters to both ends of said
target-specific amplification products. The adapters may include at least three consecutive
phosphorothioates. Optionally, the at least three consecutive phosphorotioates will include three, four,

five, or six consecutive phosphorotioates, Further, the method may involve ligating which is performed
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by T4 DNA ligase. Further, the ligating may further involve at least one of 9°N™ DNA ligase, Taq DNA

ligase, Tth DNA ligase, Tfi DNA ligase, or Ampligase®.

[00048] As mentioned, kits for removing non-specific amplification products from an amplification
reaction are described. A kit may include at least one aberrant DNA structure-specific enzyme
(resolvase); a buffer; and instructions for use of the kit for removing non-specific amplification products
from said amplification reaction. The kit may include at least one nucleic acid adapter. The at least one
nucleic acid adapter may include at least three phosphorothioates. Further, the at least three
phosphorothioates may include three, four, five, or six phosphorothioates. The at least three
phosphorothioates may be consecutive. The kit may further include reagents to perform a multiplex
polymerase chain reaction (PCR), wherein the reagents include at least a buffer, INTPs, a DNA
polymerase, and, optionally, at least one pair of target-specific primers. The at least one pair of target-
specific primers may include at least 10 pairs of target-specific primers. Further, the kit may include at
least one exonuclease. The at least one exonuclease may include lambda exonuclease or E. coli
exonuclease 1.

[60049] A kit for removing non-specific amplification products from an amplification reaction may
include at least one DNA mismatch-binding protein; a buffer; and instructions for use of the kit for
removing non-specific amplification products from the amplification reaction, The DNA mismatch-
binding protein may be, e.g., MutS.

[00050]  Aberrant DNA structure-specific enzymes for use in reducing non-specific amplification
products in an amplification reaction are disclosed herein. The aberrant DNA structure-specific enzyme
may cleave the non-specific amplification products in the vicinity of the start of the aberrant DNA
structures or in the aberrant DNA structures. The aberrant DNA structures may include at least one of
Holliday structures or junctions, branched DNAs, Y-structures, cruciforms, hetereoduplex loops, bulky
adducts, single-stranded overhangs, DNA mismatches, or other non-perfectly-matched DNAs. They may
further include structures comprising more than two strands of single-stranded DNA fragments. They
may be aggregates of primers or primer-template DNA with no significant base pairing. The aberrant

DNA structure-specific enzyme may be T7 endonuclease I or T4 endonuclease VI.

BRIEF DESCRIPTION OF THE DRAWINGS
[00051]  The novel features of the invention are set forth with particularity in the claims that follow.
A better understanding of the features and advantages of the present invention will be obtained by
reference to the following detailed description that sets forth illustrative embodiments, in which the
principles of the invention are utilized, and the accompanying drawings of which:
[00052]  FIG. 1 schematically illustrates a method of the present disclosure to remove non-specific
products generated in multiplex PCR by cleaving non-specific amplification products having aberrant

polynucleotide structures.
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[00053] FIG. 2 shows another example of a method of the present disclosure to remove non-specific
products generated in multiplex amplification by absorption of non-specific amplification products having
aberrant polynucleotide structures.

[00054]  FIG. 3 illustrates another example of a method of the present disclosure to obtain target
polynucleotide amplification products from a multiplex amplification reaction.

[00055] FIG. 4 shows another potential method to obtain target DNA fragments from a multiplex
amplification reaction as described herein.

[00056] FIG. 5 illustrates an alternative method of the present disclosure to obtain target amplification
products from multiplex amplification reaction.

[00057] FIG. 6A is a graph showing the results of one example of titration of a resolvase (in this
example T4 endonuclease VII) at various treatment parameters (e.g., units of resolvase for 10 min at

37 °C).

[06058] FIG. 6B is a graph showing the remaining amount of non-specific amplification products in a
titration curve similar to that shown in FIG. 6A (where non-specific amplification products are referred to
as “primer-dimers”).

[00059] FIGS. 7A and 7B are graphs illustrating time courses of a resolvase (in this example, T4
endonuclease VII) at different treatment conditions (1 U, 5U, 10 U, at 37 °C) which may be used to find
the optimal condition to remove non-specific amplification products from a multiplexed amplification
reaction mixture.

[00060] FIG. 8A illustrates one example a multiplex amplification reaction showing a typical
background resulting from non-specific amplification products. In this example, the non-specific
amplification products overwhelm the desired specific amplification products (“targets™).

[00061]  FIG. 8B schematically illustrates the method of reducing non-specific amplification products
from a template-dependent primer extension reaction by treating with a Resolvase (e.g., T4 endonuclease
VII) to selectively remove the non-specific amplification products by cutting aberrant sites in the non-
specific amplification products.

[00062] FIGS. 8C and 8D show an example illustrating the effectiveness of the method of reducing
non-specific amplification products by treating with a resolvase to selectively remove the non-specific
amplification products; FIG. 8C shows the results before treatment with resolvase, and FIG, 8D shows the
results after treatment, illustrating the removal of non-specific amplification products generated in a
multiplex amplification reaction with 207 pairs of primers.

[00063] FIGS. 9A and 9B show another example of removal of non-specific amplification products
generated in multiplex amplification reaction with 207 pairs of long primers; FIG. 9A illustrates the
results before treatment with resolvase and FIG 9B shows the results after treatment and degradation of
non-specific amplification products.

[00064] FIGS. 10A-10F illustrate the use of various DNA polymerases with the methods described
herein for removing non-specific amplification products from multiplex amplification reaction (in this

example, using 207 pairs of primers).
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[00065] FIG. 11 is a graph illustrating the effect of increasing the overall concentration of primer
pairs on the overall yield of target amplicon showing that higher overall concentration resulted in higher
yields while still being effectively treated by the methods for removing the non-specific amplification
products as described herein. In this example, 207 pairs of primers were used.

[00066] FIG. 12 is a graph illustrating the effect of annealing and extension duration for multiplex
amplification (again using 207 pairs of primers) with the methods for removing the non-specific
amplification products as described herein.

[00067] FIG. 13 illustrates an example of the method for removing the non-specific amplification
products as described herein in a multiplex amplification reaction (PCR) involving 2915 pairs of primers.
J00068]  FIG. 14 is another example of the method for removing the non-specific amplification
products as described herein in a multiplex amplification reaction (e.g., PCR) involving 16000 pairs of
primers.

[60069] FIG. 15 illustrates an example of a multiplex amplification reaction with 207 pairs of primers
using formalin-fixed paraffin embedded (FFPE) DNA from human breast cancer.

[00070] FIG. 16 illustrates the results of a failed experimental example of multiplex amplification
using 207 pairs of phosphorylated primers as described below.

[00071]  FIG. 17 shows an example of the results of making a library (e.g., for sequencing) using
multiplex amplification and treatment with resolvase to remove non-specific amplification products as
described herein (in this example, using 207 pairs of primers).

[00072]  FIG. 18 illustrates another example of a method of making a library (e.g., for sequencing)
using multiplex amplification and treatment with resolvase to remove non-specific amplification products
as described herein (in this example, using 2915 pairs of primers).

[00073]  FIG. 19 illustrates another example of a method of method of making a library (e.g., for
sequencing) using mulliplex amplification and treatment with resolvase to remove non-specific
amplification products as described herein (in this example, using 207 pairs of primers).

[00074] FIG. 20 illustrates another example of a method of method of making a library (e.g., for
sequencing) using multiplex amplification and treatment with resolvase to remove non-specific
amplification products as described herein (in this example, using 207 pairs of long primers).

[00075] FIG. 21A schematically illustrates a method of making a library (e.g., for sequencing). FIG.
21B illustrates the results of a method such as the one shown in FIG. 21A for making a library using
multiplex amplification and treatment with resolvase to remove non-specific amplification products as
described herein using 16000 pairs of long primers.

[00076] FIG. 22 shows a table (also referred to herein as Table 1) illustrating the quality confirmation
based on sequencing from a library made using the method as described herein using multiplex
amplification and treatment with resolvase to remove non-specific amplification products (in this
example, using 207 pairs of primers).

[00077]  FIG. 23 is a table (referring to herein as Table 2) illustrating the quality confirmation based

on sequencing results from a library (generated with 207 pairs of long primers) of a method of using
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multiplex amplification and treatment with resolvase to remove non-specific amplification products as
described herein.

[00078] FIG. 24 is a table (referred to herein as Table 3) illustrating the quality confirmation based on
sequencing results from a library (generated with 16000 pairs of primers) of a method of using multiplex
amplification and treatment with resolvase to remove non-specific amplification products as described

herein.

DETAILED DESCRIPTION
[00079]  In general, described herein are methods, compositions, systems and kits that may be used to
amplify or improve amplification of target-specific amplification products by reducing non-specific
amplification products (e.g., primer-dimers) when amplifying multiple different nucleotide regions.
These methods, compositions, systems and kits typically include or include the use of one or more
resolvases that recognize and bind to and/or cut an aberrant DNA structure,
[00080] For example, the methods provided herein can be used for the improvement of multiplex
amplification (e.g., PCR) protocols or any other methods which involve a plurality of DNA primers or
oligonucleotides. More particularly, the methods provided herein can be used for reducing non-specific
amplification products in multiplex PCR protocols or any other methods which involve a plurality of
DNA primers or oligonucleotides. The methods disclosed herein provide for optimized protocols for
performing multiplex PCR reactions such that non-specific amplification products are removed and target
DNA amplicons are preserved. Overall, the methods can relate to improved methods of nucleic acid
library preparation.
[00081]  In one aspect, the methods provide for reducing non-specific amplification products from an
amplification reaction. The method can involve providing a nucleic acid sample comprising at least one
target nucleic acid. The nucleic acids can be RNA or DNA. The DNA can be genomic DNA or cDNA or
any combination thereof. The DNA can be single-stranded or double-stranded. The DNA can be derived
from a eukaryotic cell, an archaea cell, a bacterial cell, a mycobacterial cell, a bacteriophage, a DNA
virus, or an RNA virus, or converted from RNA. In some cases, the DNA can be derived from a
mammal. In some cases, the DNA can be derived from a human. The DNA can be unmodified, or can be
modified (e.g., methylated, glycosylated, etc.). The nucleic acids can be used in an amplification
reaction. The nucleic acids used in the amplification reaction can comprise at least one target nucleic acid
sequence. A target nucleic acid sequence generally refers to a nucleic acid sequence that is targeted and
enriched, for example, with target-specific primers, in a mixture of nucleic acids. The amplification
reaction can be any method involving hybridizing a plurality of DNA primers or oligonucleotides to their
corresponding targets. The amplification can be a polymerase chain reaction (PCR). In one example, the
amplification reaction is a multiplex PCR. In other examples, the amplification reactions can be
amplification by ligation extension, nested multiplex PCR, whole genome amplification, whole exon
amplification, or isothermal amplification reactions with more than one pair of oligonucleotides, etc.

Serving as one example, multiplex PCR provides for the simultaneous amplification of a plurality of
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target nucleic acids in a single vessel (i.¢., tube, well, vial, and the like) to generate a plurality of amplicons.
Multiplex PCR generally involves the use of a plurality of target-specific primer pairs that can selectively
enrich a plurality of target nucleic acids. The plurality of target-specific primer pairs can be from under 10
primer pairs to over 100,000 primer pairs. In one case, the plurality of target-specific primer pairs comprises
at least 10 pairs of target-specific primer pairs. In another case, the plurality of target-specific primer pairs
comprises from about 10 to about 100 primer pairs. In another case, the plurality of target-specific primer
pairs comprises from about 100 to about 1,000 primer pairs. In yet another case, the plurality of target-
specific primer pairs comprises from about 1,000 to about 100,000 primer pairs. In a further case, the
plurality of target-specific primer pairs comprises over 100,000 primer pairs.

[00082] Primers can comprise unmodified bases and/or phosphodiester bonds, or modified bases and/or
phosphodiester bonds, unprotected 5° ends, or protected 5° ends, 5° phosphorylated, or 5° unphosphorylated
ends. Primer pairs can be designed such that the amplicon length can be from under 100 to over 1000 base
pairs. Multiplex PCR reactions as envisioned in this disclosure can be performed by thermostable DNA
polymerases commonly used in PCR reactions. Thermostable DNA polymerases can be wild-type, can have
3’-5°,5°-3”, or both 3°-5" and 5°-3” exonuclease activity, or can be a mixture of thermostable polymerases
for higher fidelity, or can synthesize long amplicons, or have faster synthesizing rate. An example of a
suitable thermostable DNA polymerase can be Tag DNA polymerase. The thermal profile (temperature and
time) for the PCR can be optimized, the primer concentration can also be optimized to achieve the best
performance. Finally any additives that can promote optimal amplification of amplicons can be used. These
additives include, without limitation, dimethyl sulfoxide, betaine, formamide, Triton™ X-100, Tween™ 20,
Nonidet P-40, 4-methylmorpholine N-oxide, tetramethylammonium chloride, 7-deaza-2"-deoxyguanosine, L-
proline, bovine serum albumin, trehalose, and T4 gene 32 protein.

[00083] The methods described herein can involve amplifying a target nucleic acid using target-specific
primers wherein the amplifying step generates a plurality of target-specific amplification products and a
plurality of non-specific amplification products. Multiplex PCR reactions can generate a plurality of
amplification products comprising a plurality of target-specific amplification products and a plurality of non-
specific amplification products. In some cases, the plurality of target-specific amplification products may be
the most abundant amplification products in the amplification reaction

(i.e., greater than 50% of the amplification reaction products) and in other cases, the plurality of non-specific
amplification products may be the most abundant amplification products in the amplification reaction

(i.e., greater than 50% of the amplification reaction products) and in other cases, the plurality of non-specific
amplification products may be the most abundant amplification products in the amplification reaction. In
some cases, it may be desirable to remove or reduce the non-specific amplification products to generate an
amplification reaction having reduced non-specific amplification products (i.c., such that the target-specific
amplification products are the most abundant amplification product in the amplification reaction).

[00084] Non-specific amplification products are often an undesirable by-product of a multiplex PCR
reaction that can frustrate the ability to analyze target-specific amplification products in an amplification
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reaction. Formation of non-specific amplification products can be dependent upon the number of primer
pairs utilized in the multiplex PCR reaction. The formation of non-specific amplification products in an
amplification reaction can be a complex process that can be dependent upon a number of factors
including: the number of primer pairs used, the temperature of the reaction, the salt concentration in the
reaction, the length of the primers, the GC content of the primers, secondary structure formation, and
competition between primer-primer binding and primer-template binding. In the early cycles of multiplex
PCR, non-specific amplification products are first formed through partial annealing between primers, or
partial annealing between primer-template DNA, or by aggregation of primers and/or primer and template
DNA without significant base pairing. In these early stages of multiplex PCR, these non-specific
amplification products can contain regions of non-perfectly matched DNA as parts of their structures (i.e.
the partially annealed portions contain non-perfectly matched DNA structures, the newly synthesized
portions are perfectly matched double-stranded DNA). In the later cycles of multiplex PCR, these non-
perfectly matched regions become perfectly matched double-stranded DNA (i.e. the entire structures of
non-specific amplification products become perfectly base-paired double-stranded DNA).

[00085]  Surprisingly, the inventor has determined that within a limited number of PCR cycles (i.e., 8-
28 cycles), the non-specific amplification products can be reduced by treating the multiplex PCR products
with T4 endonuclease VII under conditions that favor cleaving aberrant DNA structures. T4
endonuclease VII and T7 endonuclease I, as well as others, belong to a group of enzymes that have a wide
spectrum of substrates. It has been reported in a series of publications that T4 endonuclease VII and T7
endonuclease I recognize a variety of aberrant DNA structures that deviate from the perfectly matched
double-stranded DNA, and cleave one or both strands of DNA within 1 — 10 bases of the start of the
aberrant DNA structure. These aberrant DNA structures include branched DNAs, Y-structures,
cruciforms, heteroduplex loops, bulky adducts, single stranded overhangs, mismatches, Holliday
structures or junctions, and other kinds of non-perfectly-matched DNAs. They may further include
structures comprising more than two strands of single-stranded DNA fragments. They may be aggregates
of primers or primer-template DNA with no significant base pairing. Surprisingly, the non-specific
amplification products formed in the first 8-28 cycles of multiplex PCR contain a variety of aberrant
double-stranded and single-stranded DNA structures that can be cleaved by the enzymes that have similar
activities with T4 endonuclease VII. Described herein are methods, compositions, systems and kits
whereby non-specific amplification products generated in the first 8-28 cycles of multiplex PCR can be
removed through cleavage withT4 endonuclease VII . These findings are of particular use to the methods
of this disclosure.

[00086] The methods as disclosed herein can further involve contacting the amplification reaction
with an enzyme for cleaving the non-specific amplification products thereby generating a plurality of
cleaved non-specific amplification products. As used herein, the term “contacting” equates with
introducing such enzyme to a pre-existing mixture as described herein. The methods of the present
disclosure can use a variety of enzymes that can recognize and cleave aberrant DNA structures. In some

cases, the enzymes useful to perform the methods as disclosed herein are aberrant DNA structure-specific
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enzymes. The term “aberrant DNA structure-specific enzyme” will be used herein to refer to an enzyme
that binds to and cleaves aberrant DNA structures. The plural form will be used herein to refer to enzymes
that bind to and cleave aberrant DNA structures. Aberrant DNA structure-specific enzymes will
generally have, but will not be limited to, at least one activity that makes at least one break or cleavage
event on either strand (i.e. sense or antisense) in the vicinity of or within an aberrant double-stranded
DNA structure in a stretch of at least two pairs of imperfectly matched (i.e., non-complementary) bases.
These aberrant DNA structure-specific enzymes can have a plurality of enzymatic activities that are not
limited to the cleavage of aberrant DNA structures. The aberrant DNA structure-specific enzyme can
cleave the phosphodiester bond of the DNA backbone resulting in a break or a nick in a single-strand of
the double-stranded DNA. The aberrant DNA structure-specific enzymes disclosed herein can recognize
a variety of aberrant DNA structures, including, without limitation, Holliday structures or junctions,
branched DNAs, Y-structures, cruciforms, heteroduplex loops, bulky adducts, single stranded overhangs,
mismatches, and other kinds of non-perfectly-matched DNAs. They may further include structures
comprising more than two strands of single-stranded DNA fragments. They may be aggregates of primers
or primer-template DNA with no significant base pairing. In some cases, the aberrant DNA structure-
specific enzyme can recognize a particular type of aberrant DNA structure. In other cases, the aberrant
DNA structure-specific enzyme can recognize more than one type of aberrant DNA structure. Methods
as provided herein can combine an aberrant DNA structure-specific enzyme that can recognize and cleave
aberrant DNA structures generated in an amplification reaction comprising a plurality of target-specific
amplification products and a plurality of non-specific amplification products. In some cases, the aberrant
DNA structure-specific enzyme can selectively cleave non-specific amplification products. In some
cases, the aberrant DNA structure-specific enzyme can cleave both non-specific amplification products
and target-specific amplification products. In some examples, the aberrant DNA structure-specific
enzyme can reduce the amount of non-specific amplification products in the amplification reaction
without reducing the amount of target-specific amplification products. In other examples, both non-
specific amplification products and target-specific amplification products can be reduced. In some cases,
the amplification reaction can be substantially free of non-specific amplification products. Substantially
free of non-specific amplification products can mean that the amount of non-specific amplification
products in the amplification reaction have been reduced by greater than 50%, 60%, 70%, $0%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, up to 100%.
[00087] Examples of aberrant DNA structure-specific enzymes that can be utilized to cleave the
aberrant DNA structures in the methods provided herein include, without limitation, bacteriophage
Holliday junction resolvase T7 endonuclease I from phage T7, or its homologs from phage T3, Ye03-12;
T4 endonuclease VII from phage T4, or its homologs from phage Ye03-12, L5, D29; Rap from phage
Lambda, A22 from poxvirus, or their homologs from phage P22, H-19B, 933W, 21, PS34, VT2-Sa, D3;
RuvC-like endonuclease from phage bIL66/67/70, or its homologs from phage sk1, ¢2, vML3, 712; RusA
from rlt, G44P from phage SPP1, or their homologs from phage Tuc, ul36, gle, 82, HK122/97, PVL,

TM4, A118; flap endonuclease (FEN), or its homologs from bacteria, archaea and eukaryotes;
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endonuclease V or its homologs from bacteria, archaca and eukaryotes including E.coli endonuclease V,
Thermotoga maritima endonuclease V; structure-specific endonucleases from bacteria, archaea and
eukarya, including RuvC, RecU, Hjc, Hje, Hjr, CCE1, YDC2, XPG class: GEN1/Yenl1, UvrC class:
Slx1-Six4, ERCC4 class: Xpf (Xpf-Erccl), Mus81 (MUS81-EME1/Mms4); mismatch repair enzymes
MutHLS from bacteria; single-strand specific nucleases from fungi and plants, these include S1 nuclease
from Aspergillus oryzae, P1 nucleases from Penicillium citrinum, mung bean nuclease, or the CEL
nuclease family (CEL 1 and SP1). Examples of enzymes that can be utilized to bind but not cleave the
aberrant DNA structures in the methods provided herein include, without limitation, MutS from bacteria
or human endonuclease V. In specific examples, the aberrant DNA structure-specific enzyme can be T7
endonuclease I or T4 endonuclease VII. It should be understood that essentially any aberrant DNA
structure-specific enzyme or its mutant that can perform the methods of the disclosure as described herein
is envisioned. More particularly, any aberrant DNA structure-specific enzyme or its mutant that can
cleave or bind aberrant DNA structures can be used.

[00088] In other methods of the disclosure, non-specific amplification products can be removed from
the amplification reaction without the cleavage of the aberrant DNA structures. In this case, the
amplification reaction comprising a plurality of target-specific amplification products and non-specific
amplification products can be contacted with a DNA mismatch-binding protein. Proteins of this type can
be enzymes involved in the DNA mismatch repair pathway, a system for recognizing and repairing DNA
mismatches during DNA synthesis or recombination. In these examples, the DNA mismatch-binding
protein can selectively bind DNA base pair mismatches (i.e., non-complementary base pairing), including
a stretch of unpaired bases, in a nucleic acid sample. In these examples, non-specific amplification
products can selectively bind to the DNA mismatch-binding protein, whereas target-specific amplification
products will not bind to the DNA mismatch-binding protein. DNA mismaich-binding proteins useful in
the methods described herein can be any DNA mismatch-binding protein that can recognize and bind to at
least one DNA mismatch in a nucleic acid sample. In one particular example, the DNA mismatch-
binding protein can be MutS. MutS can be derived from a bacterium, in some cases E. coli or T.
aquaticus. In some cases, the DNA mismatch-binding protein can be immobilized on a solid support. In
this example, the non-specific amplification products can be absorbed onto the solid support and removed
from the amplification reaction. Although particular examples have been disclosed, essentially any
substance that can selectively bind non-specific amplification products can be used.

[00089]  In some cases, the methods can involve removing the cleaved non-specific amplification
products from the amplification reaction. In other cases, the cleaved non-specific amplification products
are not removed. The cleaved non-specific products may be further digested into small oligonucleotides
and nucleotides by exonucleases. These include double-stranded-DNA-specific exonucleases and single-
stranded-DNA-specific exonucleases. In some cases, the exonucleases can be lambda exonuclease, E.
coli. exonuclease I, or a combination of the two, In this example, it may be desirable to protect the ends
of the target-specific amplification products from digestion with the exonuclease. In this case, the

exonuclease will digest the non-specific amplification products and not the target-specific amplification
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products. In one example, protecting the target-specification amplification products from digestion can
involve the ligation of adapters to the ends of the target-specific amplification products. These adapters can
have a plurality of consecutive phosphorothioates at the 3” end of the sense-strand. Phosphorothioates are
variants of normal DNA that are resistant to cleavage by nucleases. In some cases, the adapters may comprise
3,4, 5, 6, or more than 6 consecutive phosphorothioates at the 3” end of the sense-strand. In one example, the
adapters can be adapters used for making libraries for next-generation sequencing, as described in more detail
below. Adapters can further comprise barcodes or tags. The adapter-ligated target DNA fragments can be
further amplified by PCR. In some cases, the adapters are phosphorylated at the 5° end of the sense strand. In
some cases, the 3” end of the anti-sense strand of the adapter can have a thymine (T) overhang. In this
example, the T overhang of the adapter can be ligated to an end-repaired, A-tailed target-specific amplification
product.

[00090] In some cases, the amplification products described herein can be used to prepare libraries for
next-generation sequencing. Adapters useful for next-generation sequencing applications can be ligated to the
ends of target-specific amplification products, as described above. In some cases, the adapters can have a
plurality of consecutive phosphorothioates at the 3” end of the sense-strand. In some cases, the adapters may
comprise 3, 4, 5, 6, or more than 6 consecutive phosphorothioates at the 3” end of the sense-strand. The
adapters can be sequencing adapters useful on a next-generation sequencing platform (e.g., Illumina TruSeq™
adapters). For example, the methods of the invention are useful for next-generation sequencing by the
methods commercialized by Illumina, as described in U.S. Pat. Nos. 5,750,341

(Macevicz); 6,306,597 (Macevicz); and 5,969,119 (Macevicz).

Kits

[00091]  The present disclosure further provides for kits useful to practice the methods disclosed herein. In
one aspect, the disclosure provides a kit for performing a multiplex PCR reaction and for reducing non-
specific amplification products. In this example, the kit can comprise reagents suitable for use in a multiplex
PCR reaction, for example, without limitation, a buffer, INTPs, and a DNA polymerase (¢.g., Taqg DNA
polymerase). A plurality of primer pairs for use in the multiplex PCR reaction can be sold separately. In
some cases, the primer pairs are custom-made. In some cases, the primer pairs are selected by the customer.
In some cases, the primer pairs are target-specific primer pairs. In other cases, the primer pairs can be random
primer pairs. Primer pairs can comprise from 10 to over 100,000 primer pairs. The kit of this example can
further comprise an aberrant DNA structure-specific enzyme and a buffer suitable for reducing non-specific
amplification products (e.g., T4 endonuclease VII). The kit of this example can further comprise a DNA
polymerase (e.g., Taq DNA polymerase) and a pair of PCR primers to perform a second round of PCR.
[00092] In another case, the disclosure provides for a kit for preparing an adapter-ligated library for next-
generation sequencing. In this example, the kit can comprise any of the reagents disclosed above for
performing a multiplex PCR reaction and for reducing non-specific amplification products as well as

additional reagents for library preparation. Additional reagents for library preparation can comprise,
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without limitation, enzymes and buffers suitable for end repairing (e.g., Klenow polymerase and/or T4
DNA polymerase), enzymes and buffers suitable for phosphorylating the 5° ends of the amplification
products (e.g., T4 polynucleotide kinase), enzymes and buffers suitable for A-tailing (e.g., Tag DNA
polymerase), adapters, DNA ligases and buffers suitable for performing a ligation reaction, an
exonuclease (e.g., lambda exonuclease, exonuclease I), and PCR primers for amplifying adapter-ligated
nucleic acids. Adapters can be any adapters or combinations thereof as disclosed herein, including
adapters that comprise a plurality of phosphorothioates and/or adapters suitable for next-generation
sequencing. DNA ligases can comprise T4 DNA ligase and at least one additional ligase selected from
the group consisting of 9°N™ DNA ligase, Taq DNA ligase, Tth DNA ligase, Tfi DNA ligase, and
Ampligase®. PCR primers that are used for amplifying adapter-ligated nucleic acids can comprise a
sequence that anneals to at least a portion of the adapter sequence.

[00093] In another case, the disclosure provides for kits for performing a multiplex PCR reaction and
an alternative method for reducing non-specific amplification products. In this example, the kit can
comprise reagents suitable for use in a multiplex PCR reaction, for example, without limitation, a buffer,
dNTPs, and a DNA polymerase (e.g., Taqg DNA polymerase). A plurality of primer pairs for use in the
multiplex PCR reaction can be sold separately. In some cases, the primer pairs are custom-made. In
sorme cases, the primer pairs are selected by the customer. In some cases, the primer pairs are target-
specific primer pairs. In other cases, the primer pairs can be random primer pairs. Primer pairs can
comprise from 10 to over 100,000 primer pairs. The kit can further comprise a DNA-mismatch binding
protein, for example, MutS. In some cases, a solid support with MutS bound to the surface can be
provided in the kit. In other cases, MutS and the solid support can be provided separately with reagents
suitable for binding MutS to the solid support. The kit can further comprise any suitable wash buffers,
elution buffers, and the like suitable for performing the methods of the present disclosure.

[00094]  Particular reference will now be made to specific aspects and figures of the disclosure. Such
aspects 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 disclosure.

[00095] InFIG. 1, multiplex PCR is conducted with template DNA, primers, dNTPs and a
thermostable DNA polymerase. The number of pairs of primers can be any number from under 10 to over
100,000 in a single reaction in a single tube or well. The PCR products include target DNA fragments, i.e.
the amplicons, and various non-specific products containing aberrant DNA structures. The products are
contacted with T4 endonuclease VII, which makes double-stranded breaks in the vicinity of aberrant
DNA structures, while the target DNA fragments remain intact. The target DNA fragments are obtained,
with or without further purification to remove the cleaved non-specific products, and used in various
downstream applications. E. coli. exonuclease | may be used together with T4 endonuclease VII after
multiplex PCR to degrade single-stranded DNA into small oligonucleotides and nucleotides. The target
DNA fragment may be labeled with fluorescence or radioisotopes by nick translation and analyzed in
microarray, hybridization, or other techniques for detection and diagnosis. Further, the nicks in the target

DNA fragments can be filled with any one of the following enzymes: 9°N™ DNA ligase, Tag DNA
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ligase, Tth DNA ligase, Tfi DNA ligase, Ampligase®, etc. After filling the nicks, the DNA fragments

can be further amplified by PCR, provided that nested primers are used in the multiplex PCR.

[00096] In FIG. 1 the-schematic diagram of a procedure to remove non-specific amplification
products generated in multiplex PCR shows that after multiplex PCR, the non-specific amplification
products may be cut with a resolvase (in this example, T4 endonuclease VII) and optionally removed by
purification. The target amplicons may either be used in the subsequent step directly, or subjected to a
further round of PCR to either increase the yield or add additional sequences, such as adapters, and used
as libraries.

[00097] Alternatively or additionally, the protein (e.g., resolvase) that binds to the aberrations in the
polynucleotide may be used to bind to, and remove, rather than just cut, the non-specific binding
amplification products, For example, a resolvase or the aberration-binding portion of the resolvase may
be tethered to a solid phase substrate. FIG. 2 is a schematic diagram of a procedure to remove non-
specific amplification products generated in multiplex PCR. After multiplex PCR, the non-specific
amplification products are absorbed onto immobilized MutS or a combination of immobilized MutS from
different organisms, while the target DNA fragments are in the solution and separated from the non-
specific products. The immabilized MutS may be contained in a column or cartridge and from E. coli. or
Thermus aquaticus. The MutS includes one or more binding sites for binding to aberrations in a
polynucleotide.

[00098] In FIG. 2, a multiplex PCR is conducted with template DNA, primers, dNTPs and a
thermophilic DNA polymerase. The number of pairs of primers can be any number from under 10 to over
100,000 in a single reaction in a single tube or well. The PCR products include target DNA fragments, i.e.
the amplicons, and various non-specific products containing aberrant DNA structures. These PCR
products are contacted with immobilized MutS or a combination of immobilized MutS from different
organisms. The non-specific products are absorbed onto the immobilized proteins, while the target DNA
fragments are in the solution and separated from the non-specific products. As mentioned, the
immobilized MutS may be from E. coli. or Thermus aquaticus.

[00099]  Any of the methods described herein may be used to generate a library; the library may be
used for sequencing, for example. This is illustrated in FIGS. 3 and 21A. FIG. 3 is a schematic diagram
of a procedure to remove non-specific amplification products generated in multiplex PCR and a library
from the target amplicons. The procedure involves end repair of the ends of DNA fragments, cleavage of
the no-specific products, adapter ligation, removal of unligated adapters and further amplification of the
library.

[000100] In FIG. 3, a multiplex PCR is conducted with template DNA, unphosphorylated primers,
dNTPs and a thermostable DNA polymerase. The number of pairs of primers can be any number from
under 10 to over 100,000 in a single reaction in a single tube or well. The products include target DNA
fragments, i.e. the amplicons, and various non-specific products containing aberrant DNA structures.
After PCR, the products are end-repaired by T4 DNA polymerase to make blunt-ends, then by T4

Polynucleotide kinase to phosphorylate 5’-ends, then by Taq polymerase to add an A to 3’ ends ina
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buffer containing dATP. The products are then contacted with T4 endonuclease VII, which makes
double-stranded breaks at or near aberrant DNA structures, while the target DNA fragments remain
intact. Then the DNA mixture is ligated with adapters. The adapters contain three to six consecutive
phosphorothioates at the 3’ end of the sense-strand (indicated by *N3’ in FIG. 3). When the DNA mixture
is digested by E. coli exonuclease I and lambda exonuclease, the target DNA fragments are protected on
both sides by the adapters, while all other DNA fragments are degraded into small oligonucleotides and
nucleotides. The target DNA fragments can be used in various downstream-applications with, or without,
further purification to remove the debris of the non-specific products.
[000101] In more detail, the adapters are phosphorylated at the 5’ end of the sense-strand, The 3’ end
of the antisense-strand contains an extra T, which allows T-A ligation with end-repaired PCR products.
[000102] In further detail, the ligation reaction includes T4 DNA ligase, and one of the following DNA
ligases: 9°N™ DNA ligase, Taq DNA ligase, Tth DNA ligase, Tfi DNA ligase, Ampligase®, etc.
[000103] In further detail, after adapter-ligation and removal of non-specific products, the target DNA
fragments may be further amplified by PCR.
[000104] FIG. 4 is a schematic diagram of a prophetic procedure to remove non-specific amplification
products generated in multiplex PCR and a library from the target amplicons. In this procedure,
phosphorylated primers are used. The procedure involves end repair of the ends of DNA fragments,
cleavage of the no-specific products, adapter ligation, removal of unligated adapters and further
amplification of the library. In FIG. 4, phosphorylated primers are used in multiplex PCR. The PCR is
conducted with template DNA, phosphorylated primers, ANTPs and a thermostable DNA polymerase.
The number of pairs of primers can be any number from under 10 to over 100,000 in a single reaction in a
single tube or well. The products include target DNA fragments, i.e. the amplicons, and various non-
specific products containing aberrant structures. The products are contacted with T4 endonuclease VII,
which makes double-stranded breaks in the vicinity of aberrant DNA structures, while the target DNA
fragments remain intact. Then the DNA mixture is ligated with adapters. The adapters contain three to six
consecutive phosphorothioates at the 3° end of the sense-strand (indicated by *N3” in FIG. 4). When the
DNA mixture is digested by E. coli exonuclease I and lambda exonuclease, the target DNA fragments are
protected on both sides by the adapters, while all other DNA fragments are degraded into small
oligonucleotides and nucleotides. The target DNA fragments can be used in various downstream
applications with, or without, further purification to remove the debris of the non-specific products. In
more detail, the adapters may be phosphorylated at the 5° end of the sense-strand. The 3’ end of the
antisense-strand contains an extra T, which allows T-A ligation with PCR products. In further detail, the
ligation reaction may include T4 DNA ligase, and one of the following DNA ligases: 9°N™ DNA ligase,
Taq DNA ligase, Tth DNA ligase, Tfi DNA ligase, Ampligase®, etc. After adapter-ligation and removal
of non-specific products, the target DNA fragments may be further amplified by PCR.
[000105] FIG. 5 shows a schematic diagram of another variation of a procedure to remove non-specific
amplification products generated in multiplex PCR and a library from the target amplicons. In this

procedure, the unligated adapters are not removed by digestion. The procedure involves end repair of the
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ends of DNA fragments, cleavage of the no-specific products, adapter ligation and further amplification
of the library. In FIG. 5, a multiplex PCR is conducted with template DNA, unphosphorylated primers,
dNTPs and a thermostable DNA polymerase. The number of pairs of primers can be any number from
under 10 to over 100,000 in a single reaction in a single tube or well. The products include target DNA
fragments, i.e. the amplicons, and various non-specific products containing aberrant structures. The
products are end-repaired by T4 DNA polymerase to make blunt-ends, then by T4 Polynucleotide kinase
to phosphorylate 5’-ends, then by Taq polymerase to add an A to 3’ ends in a buffer containing dATP.
The products are then contacted with T4 endonuclease VII, which makes double-stranded breaks in the
vicinity of aberrant DNA structures, while the target DNA fragments remain intact. Then the DNA
mixture is ligated with adapters. The ligated target DNA fragments are further amplitied by PCR.
[000106] The adapters may be phosphorylated at the 5’ end of the sense-strand. The 3” end of the
antisense-strand contains an extra T, which allows T-A ligation with end-repaired PCR products. The
adapters do not contain phosphorothioates. The ligation reaction may include T4 DNA ligase, and one of
the following DNA ligases: 9°N™ DNA ligase, Taq DNA ligase, Tth DNA ligase, Tfi DNA ligase,
Ampligase®, etc.

EXAMPLES

[000107] The following examples are given for the purpose of illustrating various embodiments of the
invention and are not meant to limit the present invention in any fashion. The present examples, along
with the methods described herein are presently representative of preferred embodiments, are exemplary,
and are not intended as limitations on the scope of the invention. Changes therein and other uses which
are encompassed within the spirit of the invention as defined by the scope of the claims will occur to
those skilled in the art.

EXAMPLE 1

[000108] Example I is shown in FIG. 1, discussed briefly above, and shows a schematic diagram of
multiplex PCR with template DNA, primers, INTPs and a thermostable DNA polymerase.

EXAMPLE 2

[000109] Example 2 is shown in FIG. 2 discussed above, and is a method of multiplex PCR with
template DNA, primers, dNTPs and a thermophilic DNA polymerase..

EXAMPLE 3

[000110] Example, 3, shown in FIG. 3 discussed briefly above, is a method of multiplex PCR with
template DNA, unphosphorylated primers, dNTPs and a thermostable DNA polymerase.

EXAMPLE 4

[000111] Example 4, shown in FIG. 4 discussed briefly above, is a method of multiplex PCR with
phosphorylated primers used in multiplex PCR.

EXAMPLE 5
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[000112] Example 5, shown in FIG. 5 and discussed briefly above, is a schematic diagram of multiplex
PCR with template DNA, unphosphorylated primers, dNTPs and a thermostable DNA polymerase.
EXAMPLE 6: Optimization of Reaction Conditions
[000113] In any of the methods described herein, the resolvase conditions (concentration, buffer,
incubation/treatment time and/or temperature) may be determined. General parameters for the use of
resolvase to reduce non-specific amplification products from a template-dependent primer extension
reaction while maintaining a substantial proportion of said plurality of target-specific amplification
products are provided herein. For example, in general cleaving non-specific amplification products with
the resolvase while maintaining a substantial proportion of target-specific amplification products may
include exposing the non-specific amplification products and the plurality of target-specific amplification
products to between about 0.2 U and 1000 U of resolvase, for between 0.5 minutes and 60 minutes, at
between 16°C and 37°C. FIGS. 6A-7B illustrate the determining of such ranges. FIGS. 6A and 6B
illustrate titration of T4 endonuclease VII to find ranges of concentration that may be used to remove the
non-specific amplification products in a multiplex PCR involving 207 pairs of primers. The effect of T4
endonuclease VII was assayed by either the quantity of remaining target DNA or the quantity of
remaining primer-dimers. As described in greater detail below, a range of between about 0.5 and 20 (e.g.,
approximately 10 units) of T4 endonuclease VII was found sufficient. FIGS. 7A-7B show examples of
time courses of T4 endonuclease VII to find the optimal durations to remove the non-specific
amplification products in a multiplex PCR involving 207 pairs of primers. The effect of T4 endonuclease
VII was assayed by either the quantity of remaining target DNA, Between about 0.5 minutes and 20
minutes (e.g., 5 minutes) of incubation was found to be sufficient.

[000114] While there are many enzymes that may cut DNA in the vicinity of aberrant DNA structures
with various activity, 17 endonuclease I, T4 endonuclease VII and endonuclease V from E. coli and T.
maritima are commercially available. Both T7 endonuclease I and T4 endonuclease VII are reported to
have strong activities on various aberrant DNA structures. T7 endonuclease I produces 5’ protruding ends
of up to 6 nucleotides long while T4 endonuclease VII generating 3” protruding ends of the same length.
These two endonucleases also have strong activity on single stranded DNA. They are functionally
exchangeable. Endonuclease V is regarded as a DNA repair enzyme that recognizes deoxyinosine, a
deamination product of deoxyadenosine in DNA, and often called deoxyinosine 3" endonuclease.
Endonuclease V has weak activities on various aberrant DNA structures. All of these enzymes make
random nicks on double-stranded DNA. Upon prolonged incubation with large amount of enzyme,
double-stranded DNA will be gradually cut into small pieces of DNA fragments. For these reasons, T4
endonuclease VII was used in the following experiments, however other resolvases may be used and the
methods, kits and compositions described herein are not limited to T4 endonuclease VII.

[000115] To find the optimal concentration of T4 endonuclease VII, we performed multiplex PCR and
then used T4 endonuclease VII to treat the amplification products. The small DNA fragments were
removed through one round of purification with magnetic beads. The resulting DNA was assayed with a

high sensitivity chip of BioAnalyzer.
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[000116] The primer panel of fon AmpliSeq™ hotspot cancer panel v2 (Life Technologies, catalog
number 4475346) was used in multiplex PCR. This primer panel covers approximately 2,800 COSMIC
mutations from 50 oncogenes and tumor suppressor genes. [t has 207 primer pairs in one pool. The
multiplex PCR reactions were done in 10pl. The following components were added to each of a 0.2ml
thin wall PCR tube (Thomas Scientific, Snapstrip II natural 0.2m] PCR strip tube, catalog number
1228F73): 5l of the 2-fold concentrated primer pool, 1pl 10X PCR buffer (1X PCR buffer: S0 mM
TrisHCI, pH8.3, 50 mM KCI, 5 mM MgCI2, 0.8 mM dNTP each), 2ul Omni KlenTaq DNA polymerase
(4.2units/ul) (Enzymatics, P7500-LC-F), 1ul of 10ng/ul of human DNA (Coriell Institute, NA12878), and
1l distilled water.

[600117] The 0.2ml thin wall PCR tubes were capped with the attached caps, vortexed brief for 3
seconds and spun in a mini centrifuge (Pipette.com, MyFuge 12 place mini centrifuge, catalog number
C1012) for 3 seconds. No mineral oil was required to cover the PCR reaction mixture. The tubes were
placed in a thermos cycler (GeneAmp® PCR system 9700 96-well gold plated, Life Technologies,
catalog number 4314878). '

[000118] The PCR was initially held at 98°C for Zminutes, followed by 17 cycles of denaturing at 98°C
for 15 seconds and annealing and synthesizing at 60°C for 4min, After cycling, the reactions were held at
10°C until proceeding to the next step.

[000119] After PCR, the following components were added directly to the above reactions: 10ul 2X
Digestion buffer (50 mM Tris-HCI, pH 8.0, 15 mM MgCl2, 20mM beta mercaptoethanol), 1l T4
endonuclease VII (Affymetrix, part number 78300 50KU), 18ul distilled water. Reactions were incubated
at 37°C for 10min.

[000120] After the incubation, reaction was stopped with 1ul 0.5M EDTA, The DNA was purified
once with 1.6X MagSi-NGSprep beads. The paramagnetic beads were from Amsbio LLC (Amsbio LLC,
MagSi-NGSprep, catalog number MD61021). The MagSi-NGSprep beads were suspended thoroughly in
the container by vortexing, then 64ul of MagSi-NGSprep beads, representing 1.6-fold of the volume of
the amplified and combined amplicons, was added into the tube containing the amplified amplicons. The
tube was mixed by vortexing for 5 seconds and incubated at room temperature for 5 minutes. Then the
tube was spun in a mini centrifuge for 3 seconds, and placed on a magnetic rack to capture the beads for 2
minutes. The magnet inside magnetic rack was from KJ Magnetics (KJ Magnetics, catalog number
D4X0DIA-N52). Once the solution cleared, the supernatant was carefully pipetted out and discarded
without disturbing the bead pellet. Without removing the tube from the magnetic rack, 150ul freshly
made 70% ethanol was added into the tube. The tube was then rotated 180 degree on the magnet rack,
allowing the bead pellets to detach from one side of the inner wall of each tube, and pellet on the opposite
side. Once the solution cleared, the supernatant was carefully pipetted out and discarded without
disturbing the bead pellet. The beads were washed with 70% ethanol in this way for a total of 2 times.
After pipetting out the 70% ethanol in the final wash, the tube was spun in a mini centrifuge for 3
seconds. Any remaining ethanol droplets inside the tube were pipetted out without disturbing the bead

pellets. The bead pellets were air-dried for 3 minutes at room temperature on the magnet rack with tube
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cap open. Finally, the tube was removed from the magnetic rack and 40ul distilled water was added into
the tube. The tube was vortexed vigorously for 5 seconds to resuspend the beads into distilled water, spun
in a mini centrifuge for 3 seconds, and placed in the magnetic rack for 2 minutes. After the solution
cleared, the supernatant containing the eluted DNA fragments were transferred into a fresh tube. The
DNA fragments were purified with 1.6X MagSi-NGSprep beads by this method in a total of two times.
After the final purification, the DNA fragments were eluted in 5p1 distilled water, and assayed in the
following step.

[000121] The size, concentration and purity of the DNA fragments were assayed in a 2100
BioAnalyzer instrument (Agilent Technologies, catalog number G2938B). 1pl of the purified DNA
fragments obtained in the previous step was assayed with a high sensitivity DNA analysis kit (Agilent
Technologies, catalog number 5067-4626), according to the methods provided by the supplier. As
mentioned above, FIG. 6A shows the remaining target DNA treated by 0 — 200 units of T4 endonuclease
VII (also referred to as T4E7) in 10 min at 37°C. The remaining target DNA refers to the PCR products
with the expected sizes. We saw double-stranded DNA is degraded with higher concentrations of T4
endonuclease VII. This may also indicate that the non-specific products with similar sizes were removed
by the enzyme, leaving the target DNA behind.

[000122] FIG. 6B shows the remaining Primer-dimer by 0 — 200 units of T4E7 T4 endonulcease VII in
10min at 37C. The amount of non-specific amplification products was reduced. In addition, we saw the
sizes of non-specific amplification products were shifted smaller by assaying with BioAnalyzer,
indicating they were cut by T4 endonuclease VII at least once. These will facilitate the removal of these
fragments by further approaches such as selective digestion and/or a further round of polymerase chain
reaction.

[000123] Since the non-specific amplification products can be removed after being cut once, the above
results indicate that limited activity of T4 endonuclease VII is sufficient. This can preserve the target
DNA while removing nonspecific amplification products.

[000124] Multiplex PCR was done as described above. After PCR, the following components were
added directly to the above reactions: 10ul 2X Digestion buffer (50 mM Tris-HCI, pH 8.0, 15 mM
MgCl12, 20mM beta mercaptoethanol), Tpl T4 endonuclease VII (Affymetrix, part number 78300 S0KU),
18ul distilled water. The reactions were incubated at 37°C for various time periods. After incubation, the
reactions were stopped and DNA was purified and assayed in BioAnalyzer, as described in above.
[000125] In the first experiment, the effect of T4 endonuclease VII was assayed up to 20 minutes in 5
minute intervals (FIG. 7A). We saw gradual reduction of target DNA with low concentration (Sunits) of
T4 endonuclease VII, and sharp reduction of target DNA at 10 units of T4 endonuclease VII. In the
second experiment, the effect of T4 endonuclease VII was assayed up to 9 minutes in 1 minute intervals
(FIG. 7B). This titration found 10 units of T4 endonuclease VII in 5 min at 370C is sufficient to remove
the non-specific amplification products.

[000126] FIG. 8A illustrates an exemplary multiplex amplification reaction showing a typical

background resulting from non-specific amplification products. The target-specific amplification products
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in this example are virtually swamped out by the non-specific amplification products (“background
generated from multiplex PCR”) between the size markers, based on the graph showing the relative
florescent intensity (quantity in florescence units, FU) for size in base pairs (bp).
EXAMPLE 7
[000127] FIG. 8B, similar to the methods exemplified in FIGS. 1 and 3-5, illustrate the use of a
resolvase (such as T4 endonuclease VII) to reduce the non-specific amplification product and reveal the
target-specific amplification products in a multiplex amplification procedure. In FIG. 8B, the resolvase
targets the background, non-specific amplification products which are hypothesized to have one or more
aberrant polynucleotide structures, as shown (e.g., Holliday structures or junctions, branched DNAs, Y-
structures, cruciforms, hetereaduplex loops, bulky adducts, single-stranded overhangs, DNA mismatches,
or non-perfectly-matched DNAs).
[000128] FIGS. 8C and 8D illustrate a working example of this method. The primer panel of Ion
AmpliSeq™ hotspot cancer panel v2 (Life Technologies, catalog number 4475346) was used in multiplex
PCR. This primer panel covers approximately 2,800 COSMIC mutations from 50 oncogenes and tumor
suppressor genes. It has 207 primer pairs in one pool. The multiplex PCR reaction was done in 10ul.
The following components were added to each of a 0.2m1 thin wall PCR tube (Thosmas Scientific,
Snapstrip Il natural 0.2ml PCR strip tube, catalog number 1228F73): Sul of the 2-fold concentrated
primer pool, 1l 10X PCR buffer (1X PCR buffer: 50 mM TrisHC], pH8.3, 50 mM KCI, 5 mM MgCI2,
0.8 mM dNTP each), 2u] Omni KlenTag DNA polymerase (4.2units/ul) (Enzymatics, P7500-LC-F), 1ul
of 10ng/pl of human DNA (Coriell Institute, NA12878), and 1l distilled water.
[000129] The 0.2ml thin wall PCR tubes were capped with the attached caps, vortexed brief for 3
seconds and spun in a mini centrifuge (Pipette.com, MyFuge 12 place mini centrifuge, catalog number
C1012) for 3 seconds. No mineral oil was required to cover the PCR reaction mixture. The tubes were
placed in a thermos cycler (GeneAmp® PCR system 9700 96-well gold plated, Life Technologies,
catalog number 4314878),
[000130] The PCR was initially held at 98°C for 2minutes, followed by 15 cycles of denaturing at 98°C
for 15 seconds and annealing and synthesizing at 60°C for 4min. After cycling, the reactions were held at
10°C until proceeding to the next step.
[000131] After PCR, the following components were added directly to the above reactions: Oul 2X
Digestion buffer (50 mM Tris-HCI, pH 8.0, 15 mM MgCl2, 20mM beta mercaptoethanol), 1pl T4
endonuclease VIT (Affymetrix, part number 78300 50K U), 18ul distilled water. Reactions were incubated
at 37°C for 10min.
[000132] After the reaction, the DNA was purified once with 1.6X MagSi-NGSprep beads. The
paramagnetic beads were from Amsbio LLC (Amsbio LLC, MagSi-NGSprep, catalog number
MD61021). The MagSi-NGSprep beads were suspended thoroughly in the container by vortexing, then
64l of MagSi-NGSprep beads, representing 1.6-fold of the volume of the amplified and combined
amplicons, was added into the tube containing the amplified amplicons. The tube was mixed by vortexing

for 5 seconds and incubated at room temperature for 5 minutes. Then the tube was spun in a mini
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centrifuge for 3 seconds, and placed on a magnetic rack to capture the beads for 2 minutes. The magnet
inside magnetic rack was from KJ Magnetics (KJ Magnetics, catalog number D4X0DIA-N52). Once the
solution cleared, the supernatant was carefully pipetted out and discarded without disturbing the bead
pellet. Without removing the tube from the magnetic rack, 150p1 freshly made 70% ethanol was added
into the tube. The tube was then rotated 180 degree on the magnet rack, allowing the bead pellets to
detach from one side of the inner wall of each tube, and pellet on the opposite side. Once the solution
cleared, the supernatant was carefully pipetted out and discarded without disturbing the bead pellet. The
beads were washed with 70% ethanol in this way for a total of 2 times. After pipetting out the 70%
ethanol in the final wash, the tube was spun in a mini centrifuge for 3 seconds. Any remaining ethanol
droplets inside the tube were pipetted out without disturbing the bead pellets. The bead pellets were air-
dried for 3 minutes at room temperature on the magnet rack with tube cap open. Finally, the tube was
removed from the magnetic rack and 40pl distilled water was added into the tube. The tube was vortexed
vigorously for 5 seconds to resuspend the beads into distilled water, spun in a mini centrifuge for 3
seconds, and placed in the magnetic rack for 2 minutes. After the solution cleared, the supernatant
containing the eluted DNA fragments were transferred into a fresh tube. The DNA fragments were
purified with 1.6X MagSi-NGSprep beads by this method in a total of two times. After the final
purification, the DNA fragments were eluted in 5ul distilled water, and assayed in the following step.
[000133] The size, concentration and purity of the DNA fragments were assayed in a 2100
BioAnalyzer instrument (Agilent Technologies, catalog number G2938B). 1pl of the purified DNA
fragments obtained in the previous step was assayed with a high sensitivity DNA analysis kit (Agilent
Technologies, catalog number 5067-4626), according to the methods provided by the supplier. The results
are presented in FIGS. 8C and 8D. FIG. 8C shows the presence of target amplicons and non-specific
amplification products before digestion by T4 endonuclease VII. The non-specific amplification products
are from 200bp to over 2000bp. The peaks from 100bp to 200bp were target DNA fragments. FIG. 8D
shoes the effect after digestion with T4 endonuclease VII. The non-specific amplification products from
200bp to over 2000bp were removed by T4 endonuclease digestion and the subsequent purification.
[000134] EXAMPLE 8
[000135] A similar reduction in non-specific amplification products may be seen in a multiplex PCR
with 207 pairs of long primers, as shown in FIGS. 9A-9B. In this example, the primer panel was identical
to that of lon AmpliSeq™ hotspot cancer panel v2 (Life Technologies, catalog number 4475346), except
that S'CCTACACGACGCTCTTCCGATCT3’ was added to the 5> end of each forward primer, and
5TTCAGACGTGTGCTCTTCCGATCT3” was added to 3° end of each reverse primer. These “long”
primers allow easy addition of adapters onto amplicons by an additional round of PCR.

J000136] The methods of doing multiplex PCR and the subsequent treatments and assays were
identical to those in EXAMPLE 7, above. The results are presented in FIG. 9A-9B. FIG. 9A shows the
result of multiplex PCR with long primers before digestion with T4 endonuclease VII. FIG. 9B shows the
removal of non-specific amplification products through digestion with T4 endonuciease VIL.

EXAMPLE 9: Polymerase in multiplex PCR
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[000137] In general, any appropriate polymerase may be used to perform the amplification (multiplex
amplification) described herein. The methods, compositions and kits described herein are compatible
with a variety of enzymes. FIGS. 10A-10F illustrate the use of various polymerase enzymes in multiplex
PCR. In each example, multiplex PCR was done as described in EXAMPLE 6 above except that 5 units
of Platinum taq (FIG. 10A), Titanium taq (FIG. 10B), Omni Klen taq (FIG. 10C), Taq Klenow (FIG.
10D), KOD DNA polymerase (FIG. 10E) and Tfi DNA polymerase (FIG. 10F) were used in each
multiplex PCR reaction. After PCR, the following components were added directly to the above
reactions: 10pl 2X Digestion buffer (50 mM Tris-HCI, pH 8.0, 15 mM MgCI2, 20mM beta
mercaptoethanol), 1ul T4 endonuclease VII (Affymetrix, part number 78300 50KU), 18ul distilled water.
Reactions were incubated at 37°C for 5 minutes. After incubation, the reactions were stopped with 0.5 M
EDTA. The DNA was purified and assayed in BioAnalyzer, as described in EXAMPLE 6. The results
show that Platinum taq, Titanium tag and Omni Klen taq produced comparable yields of target amplicons,
while Taq Klenow, KOD DNA polymerase and Tfi DNA polymerase produced extraordinarily high
amounts non-specific amplification products. In this example, the Platinum taq, Titanium taq and Omni
Klen taq may be preferable for multiplex PCR.

EXAMPLE 10

[000138] The primer concentration in multiplex PCR may be titrated. In this example, Multiplex PCR
was done as described in EXAMPLE 6 except that 20, 30, 40, 50 nM of 207 pairs of primers were used in
each multiplex PCR reaction. After PCR, the following components were added directly to the above
reactions: 101 2X Digestion buffer (50 mM Tris-HC, pH 8.0, 15 mM MgC12, 20mM beta
mercaptoethanol), 1l T4 endonuclease VI (Affymetrix, part number 78300 50KU), 18ul distilled water.
Reactions were incubated at 37°C for 5 minutes. After incubation, the reactions were stopped with 0.5 M
EDTA. The DNA was purified and assayed in BioAnalyzer, as described in EXAMPLE 6. The results are
presented in FIG. 11. This experiment showed that high concentration of primers leads to higher yield of
the target amplicons.

EXAMPLE 11

[000139] The annealing and extension time of multiplex PCR may also be adjusted to optimize the
effects described herein, as shown in FIG. 12. In this example, Multiplex PCR was done as described in
EXAMPLE 6 except that 1, 2, 3minutes of annealing and extension time were used in each multiplex
PCR reaction. After PCR, the following components were added directly to the above reactions: 10ul 2X
Digestion buffer (50 mM Tris-HCI, pH 8.0, 15 mM MgCI2, 20mM beta mercaptoethanol), 1 ul T4
endonuclease VII (Affymetrix, part number 78300 S0KU), 18ul distilled water. Reactions were incubated
at 37°C for 5 minutes. After incubation, the reactions were stopped with 0.5 M EDTA. The DNA was
purified and assayed in BioAnalyzer, as described in EXAMPLE 6. The results are presented in FIG. 12,
This experiment showed that 1 minute of annealing and extension leads to higher yield of the target
amplicons.

EXAMPLE 12
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[000140] As mentioned above, a large number of primer pairs may be used in the methods described
herein and still result in substantial reduction of non-specific amplification products. For example, FIG.
13 illustrates the removal of non-specific amplification products in a multiplex PCR involving 2915 pairs
of primers.

[000141] The primer panel was Qiagen GeneRead DNAseq human breast cancer panel (Qiagen,
catalog number NGHS-001X-12). This panel covers 44 genes of 268621 target bases, with 2915 pairs of
primers, and divided in 4 pools, with each pool containing approximately 730 primer pairs. This panel
has reported coverage of 98.2% at 20X median sequencing depth, 96.8% specificity, 91% uniformity.
There is no uracil nucleotide or any other modification of bases in each primer of this panel. This primer
panel is in 2-fold concentrated. Therefore, 4 PCR reactions were performed with each of the 4 pools of
primers, and 50% of the total PCR volume in each reaction was each of the 4 pools.

[000142] Each of the multiplex PCR reactions was done in 10ul. The following components were
added to each of a 0.2ml thin wall PCR tube (Thomas Scientific, Snapstrip II natural 0.2ml PCR strip
tube, catalog number 1228F73): 5ul of the 2-fold concentrated primer pool, 1ul 10X PCR buffer (1X
PCR buffer: 50 mM TrisHCI, pH8.3, 50 mM KCIl, 5§ mM MgCl2, 0.8 mM dNTP each), 2p! Omni
KlenTaq DNA polymerase (4.2units/pl) (Enzymatics, P7500-LC-F), 1ul of 10ng/ul of human DNA
(Coriell Institute, NA12878), and 1pl distilled water. There were 4 multiplex PCR reactions for the
Qiagen GeneRead DNAseq human breast cancer panel.

[000143] The 0.2ml thin wall PCR tubes were capped with the attached caps, vortexed brief for 3
seconds and spun in a mini centrifuge (Pipette.com, MyFuge 12 place mini centrifuge, catalog number
C1012) for 3 seconds. No mineral oil was required to cover the PCR reaction mixture. The tubes were
placed in a thermos cycler (GeneAmp® PCR system 9700 96-well gold plated, Life Technologies,
catalog number 4314878). The following two temperature profiles were performed for each of the primer
panel.

[000144] For Qiagen GeneRead DNAseq human breast cancer panel, the PCR was initially held at
98°C for 2 minutes, followed by 15 cycles of denaturing at 98°C for 15 seconds and annealing and
synthesizing at 60°C for 4 minutes. After cycling, the reactions were held at 10°C until proceeding to the
next step.

[000145] Afier incubation, the reaction mixture proceeded directly to this step without changing buffer.
The following components were added directly to each of the above reactions: 40ul 2X Digestion buffer
(50 mM Tris-HCI, pH 8.0, 15 mM MgCl2, 20mM beta mercaptoethanol), 4l T4 endonuclease VII
(Affymetrix, part number 78300 50K U), 18ul distilled water. Reactions were incubated at 37°C for 5
minutes.

[000146] After the incubation, the reactions were stopped with 0.5M EDTA. The DNA was purified
once with 1.6X MagSi-NGSprep beads. The MagSi-NGSprep beads were suspended thoroughly in the
container by vortexing, 128ul of MagSi-NGSprep beads was added into each tube. These tubes were
mixed by vortexing for 5 seconds and incubated at room temperature for 5 minutes. Then the tubes were

spun in a mini centrifuge for 3 seconds, and placed on a magnetic rack to capture the beads for 2 minutes.
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Once the solution cleared, the supernatant was carefully pipetted out and discarded without disturbing the
bead pellet. Without removing the tubes from the magnetic rack, 150ul freshly made 70% ethanol was
added into each tube. The tubes were then rotated 180 degree on the magnet rack, allowing the bead
pellets to detach from one side of the inner wall of each tube, and pellet on the opposite side. Once the
solution cleared, the supernatants were carefully pipetted out and discarded without disturbing the bead
pellet. The beads were washed with 70% ethanol in this way for a total of 2 times. After pipetting out the
70% ethanol in the final wash, the tubes were spun in a mini centrifuge for 3 seconds. Any remaining
ethanol droplets inside the tubes were pipetted out without disturbing the bead pellets. The bead pellfets
were air-dried for 3 minutes at room temperature on the magnet rack with tube caps open. Finally, the
tubes were removed from the magnetic rack and 5pl distilled water was added into each tube. The tubes
were vortexed vigorously for 5 seconds to resuspend the beads into distilled water, spun in a mini
centrifuge for 3 seconds, and placed in the magnetic rack for 2 minutes. After the solution cleared, the
supernatants containing the eluted DNA fragments were transferred into fresh tubes, and assayed in the
following step.
[000147] The size, concentration and purity of the DNA fragments were assayed in a 2100
BioAnalyzer instrument (Agilent Technologies, catalog number G2938B). 1ui of the purified DNA
fragments obtained in the previous step was assayed with a high sensitivity DNA analysis kit (Agilent
Technologies, catalog number 5067-4626), according to the methods provided by the supplier. The results
are presented in FIG. 13.
EXAMPLE 13
[000148] FIG. 14 illustrates an example of removing no-specific amplification products in a multiplex
PCR involving 16000 pairs of primers. In this example, the primer panel was [on AmpliSeq™
comprehensive cancer panel (Life Technologies, catalog number 4477685). This primer panel covers all-
exons of 409 key tumor suppressor genes and oncogenes that are frequently mutated and cited in
scientific publications. This has 16000 primer pairs in 4 pools; each pool has approximately 4,000 primer
pairs, The lengths of the amplicons range from 125-175 base pairs, the target region covers approximately
1.73 million bases. When libraries was made with this panel and Life Technologies’ Ion AmpliSeq™
Library Kit 2.0, and sequenced in Life Technologies’ lon PGM™ system, this panel has reported
coverage of 94% at >20% median sequencing depth, with on target bases (bases mapped to target regions,
out of total mapped bases per run) of 97%. In multiplex PCR, each of the 4 primer pools requires 10ng of
human genomic DNA as template, total of 40ng to cover the entire panel. There is at least one uracil
nucleotide in each primer of this primer panel. This primer panel is in 2-fold concentrated. Therefore, 4
PCR reactions were performed with each of the 4 pools of primers.
[000149] Each of the multiplex PCR reactions was done in 10pl. The following components were
added to each of a 0.2ml thin wall PCR tube (Thomas Scientific, Snapstrip If natural 0.2m] PCR strip
tube, catalog number 1228F73): Sul of the 2-fold concentrated primer pool, 1ul 10X PCR buffer (1X
PCR buffer: 50 mM TrisHCl, pH8.3, 50 mM KCl, 5 mM MgCi2, 0.8 mM dNTP each), 2ul Omni
KlenTaq DNA polymerase (4 .2units/pl) (Enzymatics, P7500-LC-F), 1ul of 10ng/ul of human DNA
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(Coriell Institute, NA12878), and 1ul distilled water. There were 4 multiplex PCR reactions for the lon
AmpliSeq™ comprehensive cancer panel and 4 multiplex PCR reactions for the Qiagen GeneRead
DNAseq human breast cancer panel.

[000150] The 0.2mi thin wall PCR tubes were capped with the attached caps, vortexed brief for 3
seconds and spun in a mini centrifuge (Pipette.com, MyFuge 12 place mini centrifuge, catalog number
C1012) for 3 seconds. No mineral oil was required to cover the PCR reaction mixture. The tubes were
placed in a thermos cycler (GeneAmp® PCR system 9700 96-well gold plated, Life Technologies,
catalog number 4314878). The following two temperature profiles were performed for each of the primer
panel.

[000151] The PCR was initially held at 98°C for 2minutes, followed by 13 cycles of denaturing at 98°C
for 15 seconds and annealing and synthesizing at 60°C for 8 minutes. After cycling, the reactions were
held at 10°C until proceeding to the next step.

[000152] After incubation, the reaction mixture proceeded directly to this step without changing buffer.
The following components were added directly to each of the above reactions: 20ul 2X Digestion buffer
(50 mM Tris-HC], pH 8.0, 15 mM MgCI2, 20mM beta mercaptoethanol), 21 T4 endonuclease VII
(Affymetrix, part number 78300 50KU), 18ul distilled water. Reactions were incubated at 37°C for 5
minutes.

[000153] After the reaction, the DNA was purified once with 1.6X MagSi-NGSprep beads. The
MagSi-NGSprep beads were suspended thoroughly in the container by vortexing, 128pl of MagSi-
NGSprep beads was added into each tube. These tubes were mixed by vortexing for 5 seconds and
incubated at room temperature for 5 minutes. Then the tubes were spun in a mini centrifuge for 3 seconds,
and placed on a magnetic rack to capture the beads for 2 minutes, Once the solution cleared, the
supernatant was carefully pipetted out and discarded without disturbing the bead pellet. Without
removing the tubes from the magnetic rack, 150l freshly made 70% ethanol was added into each tube.
The tubes were then rotated 180 degree on the magnet rack, allowing the bead pellets to detach from one
side of the inner wall of each tube, and pellet on the opposite side. Once the solution cleared, the
supernatants were carefully pipetted out and discarded without disturbing the bead pellet. The beads were
washed with 70% ethanol in this way for a total of 2 times. After pipetting out the 70% ethanol in the
final wash, the tubes were spun in a mini centrifuge for 3 seconds. Any remaining ethanol droplets inside
the tubes were pipetted out without disturbing the bead pellets. The bead pellets were air-dried for 3
minutes at room temperature on the magnet rack with tube caps open. Finally, the tubes were removed
from the magnetic rack and 10pl distilled water was added into each tube. The tubes were vortexed
vigorously for 5 seconds to resuspend the beads into distilled water, spun in a mini centrifuge for 3
seconds, and placed in the magnetic rack for 2 minutes. After the solution cleared, the supernatants
containing the eluted DNA fragments were transferred into fresh tubes, and assayed in the following step.
[000154] The size, concentration and purity of the DNA fragments were assayed in a 2100
BioAnalyzer instrument (Agilent Technologies, catalog number G2938B). 1ul of the purified DNA

fragments obtained in the previous step was assayed with a high sensitivity DNA analysis kit (Agilent

-31 -



10

15

20

25

30

35

CA 02976251 2017-08-09

WO 2016/130746 PCT/US2016/017454
Technologies, catalog number 5067-4626), according to the methods provided by the supplier. The results
are presented in FIG. 14.

[000155] EXAMPLE 14

[000156} The methods described herein may be used even with very small and/or damaged DNA
template, including in particular for removal of non-specific amplification products in a multiplex PCR
with FFPE DNA as template. In this example, multiplex PCR was done as described in EXAMPLE 6
except that 10 ng FFPE DNA was used in each multiplex PCR reaction. After PCR, the following
components were added directly to the above reactions: 10ul 2X Digestion buffer (50 mM Tris-HCl, pH
8.0, 15 mM MgCl2, 20mM beta mercaptoethanol), 1ul T4 endonuclease VII (Affymetrix, part number
78300 50KU), 18ul distilled water. Reactions were incubated at 37°C for 5 minutes. After incubation, the
reactions were stopped with 0.5 M EDTA. The DNA was purified and assayed in BioAnalyzer, as
described in EXAMPLE 6. The results are presented in FIG. 15. This experiment showed that non-
specific amplification products were effectively removed from a multiplex PCR involving 207 pairs of
primers and 10ng of FFPA DNA.

EXAMPLE 1§

[000157] Multiplex PCR involving phosphorylated primers using the methods described herein was
attempted. The primer panel of [on AmpliSeq™ hotspot cancer panel v2 (Life Technologies, catalog
number 4475346) was phosphorylated at 5’ end by T4 polynucleotide kinase. The primers were then used
in a multiplex PCR reaction at 50 nM in 10pl. Multiplex PCR and the DNA purification thereafter were
done as described in EXAMPLE 8. The purified DNA was eluted from magnetic beads in 20pl distilled
water.

[000158] The DNA fragments were blunt-ended in total 40ul by adding to the previous purified DNA
solution, 4pl 10X Blunt end Buffer (1X blunt buffer: 50mM Tris-HCI (pH 7.6), 10mM MgC12, 10mM
beta mercaptoethanol, 1mM ATP, 0.4mM dNTP each), 12 units of T4 DNA polymerase (Molecular
Cloning laboratories, catalog number T4DP-100), 40 units of polynucleotide kinase (Molecular Cloning
laboratories, catalog number T4PK-100). The reaction mixture in each tube was first spun briefly for 3
second in a mini centrifuge to collect all droplets to the bottom of the tube, vortexed for 3 seconds, and
then spun for 3 seconds again to ensure uniformity of the reaction. The tubes were incubated at room
temperature for 10min.

[000159] After the reaction, the DNA was purified once with 1.6X MagSi-NGSprep beads as described
in EXAMPLE 8. The DNA was eluted from magnetic beads in 20ul distilled water.

[000160] The following components were added to the purified DNA solution: 4ul 10X A-tailing
buffer (1X A-tailing buffer: 50 mM TrisHCI, pH8.3, 50 mM KCI, 1.5 mM MgCl2), 0.5ul of 100mM
ATP, 1 pl of Omni KlenTaq DNA polymerase (4.2units/pl), and distilled water to 40ul. The reaction
mixture in each tube was first spun briefly for 3 second in a mini centrifuge to collect all droplets to the
bottom of the tube, vortexed for 3 seconds, and then spun for 3 seconds again to ensure uniformity of the

reaction. The tubes were incubated at 72°C for 10 minutes.

-32-



10

15

20

25

30

35

CA 02976251 2017-08-09

WO 2016/130746 PCT/US2016/017454
[000161] After incubation, the reaction mixture proceeded directly to this step without changing buffer.
The following components were added directly to each of the above reactions: 20ul 2X Digestion buffer
(50 mM Tris-HC], pH 8.0, 15 mM MgCl2, 20mM beta mercaptoethanol), 2ul T4 endonuclease VII
(Affymetrix, part number 78300 S0KU), 18ul distilled water. Reactions were incubated at 37°C for 5min.
[000162] After the reaction, the DNA was purified once with 1.6X MagSi-NGSprep beads as described
in EXAMPLE 8 and eluted in 10pl distilled water.

[000163] For adapter ligation, two oligo nucleotides were synthesized by Integrated DNA
Technologies. One oligo has the same nucleotide sequence with Illumina TruSeq universal adapter
(5'AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATC*T3"),
the other has the same sequence with TruSeq adapter index 1
(5'PGATCGGAAGAGCACACGTCTGAACTCCAGTCACATCACGATCTCGTATGCCGTCTTCT*G
*C*T*T*G3"), wherein * represents the phosphorothioate bond additionally added into the sequences. To
make the double-stranded adapter, the above oligos were mixed together at 10 uM each in 1X T4 DNA
ligase buffer (50 mM TrisHCI, pH7.5, 10 mM MgCI2, 1 mM ATP, 10 mM DTT) in a total of 100 plin a
0.2ml thin wall PCR tube. The tube was placed in a thermos cycler (GeneAmp® PCR system 9700 96-
well gold plated) and heated at 95°C for 2min, 75°C for 1min, 55°C for 1min, and held at 25°C until
proceeding into the next step.

[000164] The following components were added to the above DNA solution: 4ul T4 DNA ligase
buffer, 2ul 10uM adapter, 1ul T4 DNA ligase (New England BioLabs Inc., catalog number M02028), 1pl
9°NT DNA ligase (New England BioLabs Inc., catalog number M0238S), and distilled water to 40pl.
Incubate at 16°C, 15min, then 45°C, 15min.

[600165] The following components were added directly into the above reaction: 1ul of lambda
exonuclease (New England BioLabs Inc., catalog number M0262S), 1ul of E.coli Exonuclease I (New
England Biol .abs Inc., catalog number M02938S). The reactions were incubated at 37°C for Smin.
[000166] After the reaction, the DNA was purified once with 1.6X MagSi-NGSprep beads as described
in EXAMPLE 8 and eluted in 20p! distilled.

[000167] The DNA fragments obtained from the above step were further amplified by PCR for 5
cycles. The following components were added to the above DNA solution: 5ul of 10X PCR buffer, 2.5pul
of 10uM primer mix, 2ul of Omni KlenTaq polymerase (4.2units/ul), and distilled water to 50ul. The
PCR was carried out in a thermos cycler (GeneAmp® PCR system 9700 96-well gold plated) by
denaturing at 98°C for 2min, then 5 cycles of 98°C, 15sec, 58°C, 1min, and then hold at 100C until
proceeding into next step.

[000168] Primers used for PCR were: SAATGATACGGCGACCACCGAZ' and
5S'CAAGCAGAAGACGGCATACGAGATS3'. These oligos were synthesized by Integrated DNA
Technologies.

[000169] Finally, the DNA was purified once with 1.6X MagSi-NGSprep beads as described in
EXAMPLE 8 and eluted from magnetic beads in 20ul TE buffer.
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[000170] The size, concentration and purity of the libraries were assayed in a 2100 BioAnalyzer
instrument (Agilent Technologies, catalog number G2938B). 11l of each library obtained in the previous
step was assayed with a high sensitivity DNA analysis kit (Agilent Technologies, catalog number 5067~
4626), according to the methods provided by the supplier. The results are presented in FIG. 16. In this
example, no significant amount of target amplicons was produced after ligation and a second round of
PCR.

EXAMPLE 16

[000171] Making a library without removing unligated adapters was successfully performed using the
methods described herein, Multiplex PCR and the DNA purification thereafter were done as described in
EXAMPLE 8. The purified DNA was eluted from magnetic beads in 20pl distilled water.

[000172] The DNA fragments were blunt-ended in total 40ul by adding to the previous purified DNA
solution, 4ul 10X Blunt end Buffer (1X blunt buffer: 50mM Tris-HCl (pH 7.6), 10mM MgC12, 10mM
beta mercaptoethanol, ImM ATP, 0.4mM dNTP each), 12 units of T4 DNA polymerase (Molecular
Cloning laboratories, catalog number T4DP-100), 40 units of polynucleotide kinase (Molecular Cloning
laboratories, catalog number T4PK-100). The reaction mixture in each tube was first spun briefly for 3
second in a mini centrifuge to collect all droplets to the bottom of the tube, vortexed for 3 seconds, and
then spun for 3 seconds again to ensure uniformity of the reaction. The tubes were incubated at room
temperature for 10 minutes.

[000173] After the reaction, the DNA was purified once with 1.6X MagSi-NGSprep beads as described
in EXAMPLE 8. The DNA was eluted from magnetic beads in 20ul distilled water.

[0060174] The following components were added to the purified DNA solution: 4pl 10X A-tailing
buffer (1X A-tailing buffer: 50 mM TrisHCI, pH8.3, 50 mM KCl, 1.5 mM MgCI2), 0.5pl of 100mM
ATP, 1 pl of Omni KlenTaq DNA polymerase (4.2units/pl), and distilled water to 40ul. The reaction
mixture in each tube was first spun briefly for 3 second in a mini centrifuge to collect all droplets to the
bottom of the tube, vortexed for 3 seconds, and then spun for 3 seconds again to ensure uniformity of the
reaction. The tubes were incubated at 72°C for 10 minutes.

[000175] After incubation, the reaction mixture proceeded directly to this step without changing buffer.
The following components were added directly to each of the above reactions: 20pl 2X Digestion buffer
(50 mM Tris-HC], pH 8.0, 15 mM MgCIl2, 20mM beta mercaptoethanol), 2pl T4 endonuclease VII
(Affymetrix, part number 78300 50KU), 18ul distilled water. Reactions were incubated at 37°C for Smin.
[000176] After the reaction, the DNA was purified once with 1.6X MagSi-NGSprep beads as described
in EXAMPLE 8 and eluted in 10pl distilled water.

[000177] For adapter ligation, two oligo nucleotides were synthesized by Integrated DNA
Technologies. One oligo has the same nucleotide sequence with Illumina TruSeq universal adapter
(5'AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATC*T3Y),
the other has the same sequence with TruSeq adapter index 1
{(SPGATCGGAAGAGCACACGTCTGAACTCCAGTCACATCACGATCTCGTATGCCGTCTTCT*G
*C¥T*T*G3"), wherein * represents the phosphorothioate bond additionally added into the sequences. To
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make the double-stranded adapter, the above oligos were mixed together at 10 pM each in 1X T4 DNA
ligase buffer (50 mM TrisHCI, pH7.5, 10 mM MgCl2, | mM ATP, 10 mM DTT) in a total of 100 plina
0.2ml thin wall PCR tube. The tube was placed in a thermos cycler (GeneAmp® PCR system 9700 96-
well gold plated) and heated at 95°C for 2min, 75°C for 1min, 55°C for 1min, and held at 25°C until
proceeding into the next step.

[000178] The following components were added to the above DNA solution: 4pul T4 DNA ligase
buffer, 2ul 10uM adapter, 1l T4 DNA ligase (New England BioLabs Inc., catalog number M02028S), 1pl
9“N™ DNA ligase (New England BioLabs Inc., catalog number M0238S), and distilled water to 40pl.
Incubate at 16°C, 15 minutes, then 45°C, 15 minutes.

[000179] After the reaction, the DNA was purified once with 1.6X MagSi-NGSprep beads as described
in EXAMPLE 8 and eluted in 20pl distilled.

[000180] The DNA fragments obtained from the above step were further amplified by PCR for 5
cycles, The following components were added to the above DNA solution: Sul of 10X PCR buffer, 2.5ul
of 10uM primer mix, 2pl of Omni KlenTaq polymerase (4.2units/pl), and distilled water to 50ul. The
PCR was carried out in a thermos cycler (GeneAmp® PCR system 9700 96-well gold plated) by
denaturing at 98°C for 2 minutes, then 5 cycles of 98°C, 15sec, 58°C, 1 minutes, and then hold at 100C
until proceeding into next step.

[000181] Primers used for PCR were: 5AATGATACGGCGACCACCGAS3' and
S'CAAGCAGAAGACGGCATACGAGATS3'. These oligos were synthesized by Integrated DNA
Technologies.

[000182] Finally, the DNA was purified once with 1.6X MagSi-NGSprep beads as described in
EXAMPLE 8 and eluted from magnetic beads in 20ul TE buffer.

[000183] The size, concentration and purity of the libraries were assayed in a 2100 BioAnalyzer
instrument (Agilent Technologies, catalog number G2938B). 1l of each library obtained in the previous
step was assayed with a high sensitivity DNA analysis kit (Agilent Technologies, catalog number 5067-
4626), according to the methods provided by the supplier. The results are presented in FIG. 17. Some
non-specific products were present in the final library.

EXAMPLE 17

[000184] The methods described herein may be used to make a library. For example, FIG. 18
illustrates the results of the use of resolvase to remove non-specific amplification products in the
production of a library involving 2915 pairs of primers.

[000185] In this example, the primer panel Qiagen GeneRead DNAseq human breast cancer panel
(Qiagen, catalog number NGHS-001X-12), as described in EXAMPLE 8, was used test the workflow to
make a library. Multiplex PCR and the DNA purification thereafter were done as described in EXAMPLE
8. The purified DNA was eluted from magnetic beads in 20u! distilled water.

[000186] The DNA fragments were blunt-ended in total 40ul by adding to the previous purified DNA
solution, 4ul 10X Blunt end Buffer (1X blunt buffer: 50mM Tris-HC1 (pH 7.6), 10mM MgCI2, 10mM
beta mercaptoethanol, ImM ATP, 0.4mM dNTP each), 12 units of T4 DNA polymerase (Molecular

- 35-



10

15

20

25

30

35

CA 02976251 2017-08-09
WO 2016/130746 PCT/US2016/017454
Cloning laboratories, catalog number T4DP-100), 40 units of polynucleotide kinase (Molecular Cloning
laboratories, catalog number T4PK-100). The reaction mixture in each tube was first spun briefly for 3
second in a mini centrifuge to collect all droplets to the bottom of the tube, vortexed for 3 seconds, and
then spun for 3 seconds again to ensure uniformity of the reaction. The tubes were incubated at room
temperature for 10min.
[000187] After the reaction, the DNA was purified once with 1.6X MagSi-NGSprep beads as described
in EXAMPLE 8, The DNA was eluted from magnetic beads in 20ul distilled water.
[000188] The following components were added to the purified DNA solution: 4ul 10X A-tailing
buffer (1X A-tailing buffer: 50 mM TrisHCI, pH8.3, 50 mM KCl, 1.5 mM MgCl2), 0.5ul of 100mM
ATP, 1 pl of Omni KlenTag DNA polymerase (4.2units/pl), and distilled water to 40pl. The reaction
mixture in each tube was first spun briefly for 3 second in a mini centrifuge to collect all droplets to the
bottom of the tube, vortexed for 3 seconds, and then spun for 3 seconds again to ensure uniformity of the
reaction. The tubes were incubated at 72°C for 10 minutes.
[000189] After incubation, the reaction mixture proceeded directly to this step without changing buffer.
The following components were added directly to each of the above reactions: 20ul 2X Digestion buffer
(50 mM Tris-HCI, pH 8.0, 15 mM MgCl2, 20mM beta mercaptoethanol), 2ul T4 endonuclease VII
(Affymetrix, part number 78300 50KU), 18ul distilled water. Reactions were incubated at 37°C for 5
minutes.
[000190] After the reaction, the DNA was purified once with 1.6X MagSi-NGSprep beads as described
in EXAMPLE 8 and eluted in 10ul distilled water.
[000191] For adapter ligation, two oligo nucleotides were synthesized by Integrated DNA
Technologies. One oligo has the same nucleotide sequence with Illumina TruSeq universal adapter
(5'AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATC*T3'),
the other has the same sequence with TruSeq adapter index 1
(5PGATCGGAAGAGCACACGTCTGAACTCCAGTCACATCACGATCTCGTATGCCGTCTTCT*G
*C*T*T*G3"), wherein * represents the phosphorothioate bond additionally added into the sequences. To
make the double-stranded adapter, the above oligos were mixed together at 10 uM each in 1X T4 DNA
ligase buffer (50 mM TrisHCI, pH7.5, 10 mM MgC12, 1 mM ATP, 10 mM DTT) in a total of 100 plin a
0.2ml thin wall PCR tube. The tube was placed in a thermos cycler (GeneAmp® PCR system 9700 96-
well gold plated) and heated at 95°C for 2 minutes, 75°C for 1 minute, 55°C for 1 minute, and held at
25°C until proceeding into the next step.
[000192] The following components were added to the above DNA solution: 4l T4 DNA ligase
buffer, 2ul 10uM adapter, 1ul T4 DNA ligase (New England BioLabs Inc., catalog number M02028), 1pl
9°N™ DNA ligase (New England BioLabs Inc., catalog number M0238S), and distilled water to 40pl.
Incubate at 16°C, 15 minutes, then 45°C, 15 minute.
[000193] The following components were added directly into the above reaction: 1ul of lambda
exonuclease (New England BioLabs Inc., catalog number M02628S), 1ul of E.coli Exonuclease I (New

England BioLabs Inc., catalog number M0293S). The reactions were incubated at 37°C for Smin.
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[000194] After the reaction, the DNA was purified once with 1.6X MagSi-NGSprep beads as described
in EXAMPLE 8 and eluted in 20pl distilled.

[000195] The DNA fragments obtained from the above step were further amplified by PCR for 5
cycles, The following components were added to the above DNA solution: 5pl of 10X PCR buffer, 2.5l
of 10puM primer mix, 2u1l of Omni KlenTaq polymerase (4.2units/ul), and distilled water to 50ul. The
PCR was carried out in a thermos cycler (GeneAmp® PCR system 9700 96-well gold plated) by
denaturing at 98°C for 2min, then 5 cycles of 98°C, 15sec, 58°C, 1 minute, and then hold at 10°C until
proceeding into next step.

[000196] Primers used for PCR were: SAATGATACGGCGACCACCGA3' and
5'CAAGCAGAAGACGGCATACGAGATS3'. These oligos were synthesized by Integrated DNA

Technologies.

[000197] Finally, the DNA was purified once with 1.6X MagSi-NGSprep beads as described in
EXAMPLE 8 and eluted from magnetic beads in 20ul TE buffer,

[000198] The size, concentration and purity of the libraries were assayed in a 2100 BioAnalyzer
instrument (Agilent Technologies, catalog number G2938B). 1l of each library obtained in the previous
step was assayed with a high sensitivity DNA analysis kit (Agilent Technologies, catalog number 5067-
4626), according to the methods provided by the supplier. The results are presented in FIG. 18. In this
example, the target amplification products are shown by the peaks between 200-300 bp; very little
background remains following the resolvase treatment discussed above.

EXAMPLE 18

[000199] FIG. 19 illustrates another example of a library made with 207 pairs of primers, for
sequencing. In this example, the primer panel of lon AmpliSeq™ hotspot cancer panel v2 (Life
Technologies, catalog number 4475346) was used in multiplex PCR. This primer panel covers
approximately 2,800 COSMIC mutations from 50 oncogenes and tumar suppressor genes. It has 207
primer pairs in one pool. The multiplex PCR reaction was done in 10ul. The following components were
added to each of a 0.2m] thin wall PCR tube (Thomas Scientific, Snapstrip II natural 0.2m] PCR strip
tube, catalog number 1228F73): Sul of the 2-fold concentrated primer pool, 1ul 10X PCR buffer (1X
PCR buffer: 50 mM TrisHCI, pH8.3, 50 mM KCI, 5 mM MgCl2, 0.8 mM dNTP each), 2ul Omni
KlenTaq DNA polymerase (4.2units/pl) (Enzymatics, P7500-LC-F), 1pl of 10ng/pul of human DNA
(Coriell Institute, NA12878), and 1l distilled water.

[000200] The 0.2ml thin wall PCR tubes were capped with the attached caps, vortexed brief for 3
seconds and spun in a mini centrifuge (Pipette.com, MyFuge 12 place mini centrifuge, catalog number
C1012) for 3 seconds. No mineral oil was required to cover the PCR reaction mixture. The tubes were
placed in a thermos cycler (GeneAmp® PCR system 9700 96-well gold plated, Life Technologies,
catalog number 4314878).

[000201] The PCR was initially held at 98°C for 2 minutes, followed by 17 cycles of denaturing at
98°C for 15 seconds and annealing and synthesizing at 60°C for 4 minutes. After cycling, the reactions

were held at 10°C until proceeding to the next step.

-37-



10

15

20

25

30

35

CA 02976251 2017-08-09

WO 2016/130746 PCT/US2016/017454
[000202] After PCR, paramagnetic beads were used to absorb DNA, which was then washed with 70%
ethanol to remove proteins, dNTPs, salts, and part of PCR primers. The paramagnetic beads were from
Amsbio LLC (Amsbio LLC, MagSi-NGSprep, catalog number MD61021). The MagSi-NGSprep beads
were suspended thoroughly in the container by vortexing, then 64l of MagSi-NGSprep beads,
representing 1.6-fold of the volume of the amplified and combined amplicons, was added into each tube.,
These tubes were mixed by vortexing for 5 seconds and incubated at room temperature for S minutes.
Then the tubes were spun in a mini centrifuge for 3 seconds, and placed on a magnetic rack to capture the
beads for 2 minutes. The magnet inside magnetic rack was from KJ Magnetics (KJ Magnetics, catalog
number D4X0DIA-N52). Once the solution cleared, the supernatant was carefully pipetted out and
discarded without disturbing the bead pellet. Without removing the tubes from the magnetic rack, 150pl
freshly made 70% ethanol was added into each tube. The tubes were then rotated 180 degree on the
magnet rack, allowing the bead pellets to detach from one side of the inner wall of each tube, and peliet
on the opposite side. Once the solution cleared, the supernatants were carefully pipetted out and discarded
without disturbing the bead pellet. The beads were washed with 70% ethanol in this way for a total of 2
times. After pipetting out the 70% ethanol in the final wash, the tubes were spun in a mini centrifuge for 3
seconds. Any remaining ethanol droplets inside the tubes were pipetted out without disturbing the bead
pellets. The bead pellets were air-dried for 3 minutes at room temperature on the magnet rack with tube
caps open. Finally, the tubes were removed from the magnetic rack and 20pl distilled water was added
into each tube. The tubes were vortexed vigorously for 5 seconds to resuspend the beads into distilled
water, spun in a mini centrifuge for 3 seconds, and placed in the magnetic rack for 2 minutes. After the
solution cleared, the supernatants containing the eluted DNA fragments were transferred into fresh tubes,
respectively.

[000203] The DNA fragments were blunt-ended in total 40ul by adding to the previous purified DNA
solution, 4pl 10X Blunt end Buffer (1X blunt buffer: 50mM Tris-HCI (pH 7.6), 10mM MgCI2, 10mM
beta mercaptoethanol, ImM ATP, 0.4mM dNTP each), 12 units of T4 DNA polymerase (Molecular
Cloning laboratories, catalog number T4DP-100), 40 units of polynucleotide kinase (Molecular Cloning
laboratories, catalog number T4PK-~100). The reaction mixture in each tube was first spun briefly for 3
second in a mini centrifuge to collect all droplets to the bottom of the tube, vortexed for 3 seconds, and
then spun for 3 seconds again to ensure uniformity of the reaction. The tubes were incubated at room
temperature for 10 minutes.

[000204] After the reaction, the DNA was purified once with 1.6X MagSi-NGSprep beads. The
MagSi-NGSprep beads were suspended thoroughly in the container by vortexing, 64ul of MagSi-
NGSprep beads was added into each tube. These tubes were mixed by vortexing for 5 seconds and
incubated at room temperature for 5 minutes. Then the tubes were spun in a mini centrifuge for 3 seconds,
and placed on a magnetic rack to capture the beads for 2 minutes. Once the solution cleared, the
supernatant was carefully pipetted out and discarded without disturbing the bead pellet. Without
removing the tubes from the magnetic rack, 150ul freshly made 70% ethanol was added into each tube.

The tubes were then rotated 180 degree on the magnet rack, allowing the bead pellets to detach from one
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side of the inner wall of each tube, and pellet on the opposite side. Once the solution cleared, the
supernatants were carefully pipetted out and discarded without disturbing the bead pellet. The beads were
washed with 70% ethanol in this way for a total of 2 times. After pipetting out the 70% ethanol in the
final wash, the tubes were spun in a mini centrifuge for 3 seconds. Any remaining ethanol droplets inside
the tubes were pipetted out without disturbing the bead pellets. The bead pellets were air-dried for 3
minutes at room temperature on the magnet rack with tube caps open. Finally, the tubes were removed
from the magnetic rack and 20l distilled water was added into each tube. The tubes were vortexed
vigorously for 5 seconds to resuspend the beads into distilled water, spun in a mini centrifuge for 3
seconds, and placed in the magnetic rack for 2 minutes. After the solution cleared, the supernatants
containing the eluted DNA fragments were transferred into fresh tubes, respectively.

[000205] The following components were added to the purified DNA solution: 4pl 10X A-tailing
buffer (1X A-tailing buffer: 50 mM TrisHCI, pH8.3, 50 mM KCJ, 1.5 mM MgCI2), 0.5ul of 100mM
ATP, 1 pl of Omni KlenTaq DNA polymerase (4.2units/ul), and distilled water to 40ul. The reaction
mixture in each tube was first spun briefly for 3 second in a mini centrifuge to collect all droplets to the
bottom of the tube, vortexed for 3 seconds, and then spun for 3 seconds again to ensure uniformity of the
reaction. The tubes were incubated at 72°C for 10 minutes.

[000206] After incubation, the reaction mixture proceeded directly to this step without changing buffer.
The following components were added directly to each of the above reactions: 20l 2X Digestion buffer
(50 mM Tris-HCI, pH 8.0, 15 mM MgC12, 20mM beta mercaptoethanol), 2pu! T4 endonuclease VII
(Affymetrix, part number 78300 50KU), 18ul distilled water. Reactions were incubated at 37°C for 5
minutes.

[000207] After the reaction, the DNA was purified once with 1.6X MagSi-NGSprep beads. The
MagSi-NGSprep beads were suspended thoroughly in the container by vortexing, 12811 of MagSi-

NGSprep beads was added into each tube. These tubes were mixed by vortexing for 5 seconds and
incubated at room temperature for 5 minutes. Then the tubes were spun in a mini centrifuge for 3 seconds,
and placed on a magnetic rack to capture the beads for 2 minutes. Once the solution cleared, the
supernatant was carefully pipetted out and discarded without disturbing the bead pellet. Without
removing the tubes from the magnetic rack, 150ul freshly made 70% ethanol was added into each tube.
The tubes were then rotated 180 degree on the magnet rack, allowing the bead pellets to detach from one
side of the inner wall of each tube, and pellet on the opposite side. Once the solution cleared, the
supernatants were carefully pipetted out and discarded without disturbing the bead pellet. The beads were
washed with 70% ethano!l in this way for a total of 2 times. After pipetting out the 70% ethanol in the
final wash, the tubes were spun in a mini centrifuge for 3 seconds. Any remaining ethano] droplets inside
the tubes were pipetted out without disturbing the bead pellets. The bead pellets were air-dried for 3
minutes at room temperature on the magnet rack with tube caps open. Finally, the tubes were removed
from the magnetic rack and 10ul distilled water was added into each tube. The tubes were vortexed

vigorously for 5 seconds to resuspend the beads into distilled water, spun in a mini centrifuge for 3
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seconds, and placed in the magnetic rack for 2 minutes. After the solution cleared, the supernatants
containing the eluted DNA fragments were transferred into fresh tubes, respectively.

[000208] For ligation with adapters, two oligo nucleotides were synthesized by Integrated DNA
Technologies. One oligo has the same nucleotide sequence with Iflumina TruSeq universal adapter
(5'AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATC*T3Y),
the other has the same sequence with TruSeq adapter index 1
(5PGATCGGAAGAGCACACGTCTGAACTCCAGTCACATCACGATCTCGTATGCCGTCTTCT*G
*C*T*T*(G3"), wherein * represents the phosphorothioate bond additionally added into the sequences. To
make the double-stranded adapter, the above oligos were mixed together at 10 uM each in 1X T4 DNA
ligase buffer (50 mM TrisHCl, pH7.5, 10 mM MgCl12, 1 mM ATP, 10 mM DTT) in a total of 100 plina
0.2ml thin wall PCR tube. The tube was placed in a thermos cycler (GeneAmp® PCR system 9700 96-
well gold plated) and heated at 95°C for 2 minutes, 75°C for 1 minute, 55°C for 1 minute, and held at
25°C until proceeding into the next step.

[600209] The following components were added to the above DNA solution: 41l T4 DNA ligase
buffer, 2ul 10uM adapter, 1pl T4 DNA ligase (New England BioLabs Inc., catalog number M02028), 1ul
9°N™ DNA ligase (New England BioLabs Inc., catalog number M02388), and distilled water to 40pul.
Incubate at 16°C, 15 minutes, then 45°C, 15minutes.

[000210] The following components were added directly into the above reaction: 1ul of lambda
exonuclease (New England BioLabs Inc., catalog number M0262S), 1ul of E.coli Exonuclease I (New
England BioLabs Inc., catalog number M0293S). The reactions were incubated at 37°C for 5 minutes.
[000211] After the reaction, the DNA was purified once with 1.6X MagSi-NGSprep beads. The
MagSi-NGSprep beads were suspended thoroughly in the container by vortexing, 64ul of MagSi-
NGSprep beads was added into each tube. These tubes were mixed by vortexing for 5 seconds and
incubated at room temperature for 5 minutes. Then the tubes were spun in a mini centrifuge for 3 seconds,
and placed on a magnetic rack to capture the beads for 2 minutes. Once the solution cleared, the
supernatant was carefully pipetted out and discarded without disturbing the bead pellet. Without
removing the tubes from the magnetic rack, 150ul freshly made 70% ethanol was added into each tube.
The tubes were then rotated 180 degree on the magnet rack, allowing the bead pellets to detach from one
side of the inner wall of each tube, and pellet on the opposite side. Once the solution cleared, the
supernatants were carefully pipetted out and discarded without disturbing the bead pellet. The beads were
washed with 70% ethanol in this way for a total of 2 times. After pipetting out the 70% ethanol in the
final wash, the tubes were spun in a mini centrifuge for 3 seconds. Any remaining ethanol droplets inside
the tubes were pipetted out without disturbing the bead pellets. The bead pellets were air-dried for 3
minutes at room temperature on the magnet rack with tube caps open. Finally, the tubes were removed
from the magnetic rack and 20p! distilled water was added into each tube. The tubes were vortexed
vigorously for 5 seconds to resuspend the beads into distilled water, spun in a mini centrifuge for 3
seconds, and placed in the magnetic rack for 2 minutes. After the solution cleared, the supernatants

containing the eluted DNA fragments were transferred into fresh tubes, respectively.
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[000212] The DNA fragments obtained from the above step were further amplified by PCR for 5
cycles. The following components were added to the above DNA solution: Sul of 10X PCR buffer, 2.5ul
of 10uM primer mix, 2pl of Omni KlenTaq polymerase (4.2units/ul), and distilled water to 50ul. The
PCR was carried out in a thermos cycler (GeneAmp® PCR system 9700 96-well gold plated) by
denaturing at 98°C for 2 minutes, then 5 cycles of 98°C, 15 seconds, 58°C, 1 minute, and then hold at
10°C until proceeding into next step.

[000213] Primers used for PCR were: SAATGATACGGCGACCACCGA3' and
5'CAAGCAGAAGACGGCATACGAGATS3'. These oligos were synthesized by Integrated DNA
Technologies.

[000214] Afier the reaction, the DNA was purified once with 1.6X MagSi-NGSprep beads. The
MagSi-NGSprep beads were suspended thoroughly in the container by vortexing, 64ul of MagSi-
NGSprep beads was added into each tube. These tubes were mixed by vortexing for 5 seconds and
incubated at room temperature for 5 minutes. Then the tubes were spun in a mini centrifuge for 3 seconds,
and placed on a magnetic rack to capture the beads for 2 minutes. Once the solution cleared, the
supernatant was carefully pipetted out and discarded without disturbing the bead pellet. Without
removing the tubes from the magnetic rack, 150u! freshly made 70% ethanol was added into each tube.
The tubes were then rotated 180 degree on the magnet rack, allowing the bead pellets to detach from one
side of the inner wall of each tube, and pellet on the opposite side. Once the solution cleared, the
supernatants were carefully pipetted out and discarded without disturbing the bead pellet. The beads were
washed with 70% ethanol in this way for a total of 2 times. After pipetting out the 70% cthanol in the
final wash, the tubes were spun in a mini centrifuge for 3 seconds. Any remaining ethanol droplets inside
the tubes were pipetted out without disturbing the bead pellets. The bead pellets were air-dried for 3
minutes at room temperature on the magnet rack with tube caps open. Finally, the tubes were removed
from the magnetic rack and 20! distilled water was added into each tube. The tubes were vortexed
vigorously for 5 seconds to resuspend the beads into distilled water, spun in a mini centrifuge for 3
seconds, and placed in the magnetic rack for 2 minutes. After the solution cleared, the supernatants
containing the eluted DNA fragments were transferred into fresh tubes, respectively.

[000215] The size, concentration and purity of the libraries were assayed in a 2100 BioAnalyzer
instrument (Agilent Technologies, catalog number G2938B). 1l of each library obtained in the previous
step was assayed with a high sensitivity DNA analysis kit (Agilent Technologies, catalog number 5067-
4626), according to the methods provided by the supplier. The results are presented in FIG. 19, This
library was sequenced and analyzed by SeqMatic LLC (Fremont, CA 94539), the results were presented
in FIG. 22 (Table 1). This library had a major peak of 300 base pairs (e.g., between 200 and 400 bp).
Table 1 shows that the quality confirmation of the sequencing results of the library with 207 pairs of
primers. Highlight of the specifications are PCT_PF_UQ_READS_ALIGNED 99.46%,

PCT _AMPLIFIED BASES 95.63%, Percent amplicon at >=20% of mean 98.55%. The coverage
(PCT_TARGET BASES 2X-PCT_TARGET BASES_100X) showed an excellent (99.97-100%)
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coverage in this example, while the uniformity (percent amplicon at >=20% of mean of 98.55%) was
extremely high.

EXAMPLE 19

[000216] FIG. 20 shows another example of a library made as described herein, with 207 pairs of long
primers for sequencing. An analysis of this library is shown in the table (Table 2) in FIG. 23. In this
example, the primer panel was identical to that of fon AmpliSeq™ hotspot cancer panel v2 (Life
Technologies, catalog number 4475346), except that SSCCTACACGACGCTCTTCCGATCT?3’ was
added to the 5° end of each forward primer, and 5TTCAGACGTGTGCTCTTCCGATCT3’ was added to
5’ end of each reverse primer. These “long” primers allow easy addition of adapters onto amplicons by an
additional round of PCR. The multiplex PCR reaction was done in {0pl. The following components were
added to each of a 0.2ml thin wall PCR tube (Thosmas Scientific, Snapstrip 11 natural 0.2ml PCR strip
tube, catalog number 1228F73): 5ul of the 2-fold concentrated primer pool, 1l 10X PCR buffer (1X
PCR buffer: 50 mM TrisHCI, pH8.3, 50 mM KCl, 5 mM MgCl12, 0.8 mM dNTP each), 2u! Omni
KlenTaq DNA polymerase (4.2units/ul) (Enzymatics, P7500-LC-F), 1ul of 10ng/u! of human DNA
(Coriell Institute, NA12878), and 1ul distilled water.

[000217] The 0.2ml thin wall PCR tubes were capped with the attached caps, vortexed brief for 3

- seconds and spun in a mini centrifuge (Pipette.com, MyFuge 12 place mini centrifuge, catalog number

C1012) for 3 seconds. No mineral oil was required to cover the PCR reaction mixture. The tubes were
placed in a thermos cycler (GeneAmp® PCR system 9700 96-well gold plated, Life Technologies,
catalog number 4314878).

[000218] The PCR was initially held at 98°C for 2minutes, followed by 17 cycles of denaturing at 98°C
for 15 seconds and annealing and synthesizing at 60°C for 4min, After cycling, the reactions were held at
10°C until proceeding to the next step.

[000219] After PCR, paramagnetic heads were used to absorb DNA, which was then washed with 70%
ethanol to remove proteins, dNTPs, salts, and part of PCR primers. The paramagnetic beads were from
Amsbio LLC (Amsbio LL.C, MagSi-NGSprep, catalog number MD61021). The MagSi-NGSprep beads
were suspended thoroughly in the container by vortexing, then 64pl of MagSi-NGSprep beads,
representing 1.6-fold of the volume of the amplified and combined amplicons, was added into each tube.
These tubes were mixed by vortexing for 5 seconds and incubated at room temperature for 5 minutes.
Then the tubes were spun in a mini centrifuge for 3 seconds, and placed on a magnetic rack to capture the
beads for 2 minutes. The magnet inside magnetic rack was from KJ Magnetics (KJ Magnetics, catalog
number D4X0DIA-N52). Once the solution cleared, the supernatant was carefully pipetted out and
discarded without disturbing the bead pellet. Without removing the tubes from the magnetic rack, 150ul
freshly made 70% ethanol was added into each tube. The tubes were then rotated 180 degree on the
magnet rack, allowing the bead pellets to detach from one side of the inner wall of each tube, and pellet
on the opposite side. Once the solution cleared, the supernatants were carefully pipetted out and discarded
without disturbing the bead pellet. The beads were washed with 70% ethanol in this way for a total of 2

times. After pipetting out the 70% ethanol in the final wash, the tubes were spun in a mini centrifuge for 3
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seconds. Any remaining ethanol droplets inside the tubes were pipetted out without disturbing the bead
pellets. The bead pellets were air-dried for 3 minutes at room temperature on the magnet rack with tube
caps open. Finally, the tubes were removed from the magnetic rack‘and 20y distilled water was added
into each tube. The tubes were vortexed vigorously for 5 seconds to resuspend the beads into distilled
water, spun in a mini centrifuge for 3 seconds, and placed in the magnetic rack for 2 minutes. After the
solution cleared, the supernatants containing the eluted DNA fragments were transferred into fresh tubes,
respectively.

[000220] The following components were added directly to each of the above reactions: 20ul 2X
Digestion buffer (50 mM Tris-HCl, pH 8.0, 15 mM MgC12, 20mM beta mercaptoethanol), 2pl T4
endonuclease VII (Affymetrix, part number 78300 50KU), 18ul distilled water. Reactions were incubated
at 37°C for 5 minutes.

[000221] After the reaction, the DNA was purified once with 1.6X MagSi-NGSprep beads. The
MagSi-NGSprep beads were suspended thoroughly in the container by vortexing, 128l of MagSi-

NGSprep beads was added into each tube. These tubes were mixed by vortexing for 5 seconds and
incubated at room temperature for 5 minutes, Then the tubes were spun in a mini centrifuge for 3 seconds,
and placed on a magnetic rack to capture the beads for 2 minutes. Once the solution cleared, the
supernatant was carefully pipetted out and discarded without disturbing the bead pellet. Without
removing the tubes from the magnetic rack, 150ul freshly made 70% ethanol was added into each tube,
The tubes were then rotated 180 degree on the magnet rack, allowing the bead pellets to detach from one
side of the inner wall of each tube, and pellet on the opposite side. Once the solution cleared, the
supernatants were carefully pipetted out and discarded without disturbing the bead pellet. The beads were
washed with 70% ethanol in this way for a total of 2 times. After pipetting out the 70% ethanol in the
final wash, the tubes were spun in a mini centrifuge for 3 seconds. Any remaining ethanol droplets inside
the tubes were pipetted out without disturbing the bead pellets. The bead pellets were air-dried for 3
minutes at room temperature on the magnet rack with tube caps open. Finally, the tubes were removed
from the magnetic rack and 10ul distilled water was added into each tube. The tubes were vortexed
vigorously for 5 seconds to resuspend the beads into distilled water, spun in a mini centrifuge for 3
seconds, and placed in the magnetic rack for 2 minutes. After the solution cleared, the supernatants
containing the eluted DNA fragments were transferred into fresh tubes, respectively.

[000222] The DNA fragments obtained from the above step were further amplified by PCR for 5
cycles. The following components were added to the above DNA solution: Spl of 10X PCR buffer, 2.5ul
of 10uM primer mix, 2ul of Omni KlenTaq polymerase (4 2units/pl), and distilled water to 50ul. The
PCR was carried out in a thermos cycler (GeneAmp® PCR system 9700 96-well gold plated) by
denaturing at 98°C for 2min, then 5 cycles of 98°C, 15sec, 58°C, 1 minute, and then hold at 10°C until
proceeding into next step.

[000223] Primers used for PCR were: 3'
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTS and 5
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GATCGGAAGAGCACACGTCTGAACTCCAGTCACATCACGATCTCGTATGCCGTCTTCTGCTT
G3'. These oligos were synthesized by Integrated DNA Technologies.

[000224] The size, concentration and purity of the libraries were assayed in a 2100 BioAnalyzer
instrument (Agilent Technologies, catalog number G2938B). 1l of each library obtained in the previous
step was assayed with a high sensitivity DNA analysis kit (Agilent Technologies, catalog number 5067-
4626), according to the methods provided by the supplier. The results are presented in FIG. 20. This
library was sequenced and analyzed by SeqMatic LLC (Fremont, CA 94539), the results were presented
in Table 2 of FIG. 23. This library had a major peak of 300 base pairs (e.g., between 200-400). The
quality confirmation of the sequencing results of the library with 207 pairs of long primers shown in FIG.
23 shows highlight of the specifications including PCT_PF_UQ READS ALIGNED 99.62%,
PCT_AMPLIFIED BASES 98.94%, and a high uniformity (e.g., percent amplicon at >=20% of mean
97.52%).

EXAMPLE 20

[000225] FIG. 21A shows the results of another example of a library made as described herein
including treating with resolvase to reduce non-specific amplification products, in which the library was
made with 16000 pairs of primers for sequencing. Table 3 (FIG. 24) describes an analysis of this library.
[000226] The primer panel was lon AmpliSeq™ comprehensive cancer panel (Life Technologies,
catalog number 4477685). This primer panel covers all-exons of 409 key tumor suppressor genes and
oncogenes that are frequently mutated and cited in scientific publications. This has 16000 primer pairs in
4 pools; each pool has approximately 4,000 primer pairs. The lengths of the amplicons range from 125-
175 base pairs, the target region covers approximately 1.73 million bases. When libraries was made with
this panel and Life Technologies’ Ion AmpliSeq™ Library Kit 2.0, and sequenced in Life Technologies’
Ion PGM™ system, this panel has reported coverage of 94% at >20% median sequencing depth, with on
target bases (bases mapped to target regions, out of total mapped bases per run) of 97%. In multiplex
PCR, each of the 4 primer pools requires 10ng of human genomic DNA as template, total of 40ng to
cover the entire panel. There is at least one uracil nucleotide in each primer of this primer panel. This
primer panel is in 2-fold concentrated. Therefore, 4 PCR reactions were performed with each of the 4
pools of primer,

[000227] The multiplex PCR reaction was done in 10pl. The following components were added to
each of a 0.2ml thin wall PCR tube (Thosmas Scientific, Snapstrip II natural 0.2m! PCR strip tube,
catalog number 1228F73): Spl of the 2-fold concentrated primer pool, 1ul 10X PCR buffer (1X PCR
buffer: 50 mM TrisHCI, pH8.3, 50 mM KCl, 5 mM MgCi2, 0.8 mM dNTP each), 2ul Omni KlenTagq
DNA polymerase (4.2units/ul) (Enzymatics, P7500-LC-F), 1ul of 10ng/ul of human DNA (Coriell
Institute, NA12878), and 1pl distilled water, There were 4 multiplex PCR reactions for the Ion
AmpliSeq™ comprehensive cancer panel.

[000228] The 0.2m! thin wall PCR tubes were capped with the attached caps, vortexed brief for 3
seconds and spun in a mini centrifuge (Pipette.com, MyFuge 12 place mini centrifuge, catalog number

C1012) for 3 seconds. No mineral oil was required to cover the PCR reaction mixture. The tubes were
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placed in a thermos cycler (GeneAmp® PCR system 9700 96-well gold plated, Life Technologies,
catalog number 4314878). The following two temperature profiles were performed for each of the primer
panel.

[000229] The PCR was initially held at 98°C for 2minutes, followed by 13 cycles of denaturing at 98°C
for 15 seconds and annealing and synthesizing at 60°C for 8min. After cycling, the reactions were held at
10°C until proceeding to the next step.

[000230] After PCR, the 4 reactions representing the full primer panel of either Ion AmpliSeq™
Comprehensive Cancer Panel were combined, resulting in 1 tubes of 40ul amplified amplicon library.
Paramagnetic beads were used to absorb DNA, which was then washed with 70% ethanol to remove
proteins, dNTPs, salts, and part of PCR primers, The paramagnetic beads were from Amsbio LLC
(Amsbio LLC, MagSi-NGSprep, catalog number MD61021). The MagSi-NGSprep beads were suspended
thoroughly in the container by vortexing, then 64ul of MagSi-NGSprep beads, representing 1.6-fold of
the volume of the amplified and combined amplicons, was added into each tube. These tubes were mixed
by vortexing for 5 seconds and incubated at room temperature for 5 minutes. Then the tubes were spun in
a mini centrifuge for 3 seconds, and placed on a magnetic rack to capture the beads for 2 minutes. The
magnet inside magnetic rack was from KJ Magnetics (KJ Magnetics, catalog number D4X0DIA-NS2).
Once the solution cleared, the supernatant was carefully pipetted out and discarded without disturbing the
bead pellet. Without removing the tubes from the magnetic rack, 150ul freshly made 70% ethanol was
added into each tube. The tubes were then rotated 180 degree on the magnet rack, allowing the bead
pellets to detach from one side of the inner wall of each tube, and pellet on the opposite side. Once the
solution cleared, the supernatants were carefully pipetted out and discarded without disturbing the bead
pellet. The beads were washed with 70% ethanol in this way for a total of 2 times. After pipetting out the
70% ethanol in the final wash, the tubes were spun in a mini centrifuge for 3 seconds. Any remaining
ethanol droplets inside the tubes were pipetted out without disturbing the bead pellets. The bead pellets
were air-dried for 3 minutes at room temperature on the magnet rack with tube caps open. Finally, the
tubes were removed from the magnetic rack and 20ul distilled water was added into each tube. The tubes
were vortexed vigorously for 5 seconds to resuspend the beads into distilled water, spun in a mini
centrifuge for 3 seconds, and placed in the magnetic rack for 2 minutes. After the solution cleared, the
supernatants containing the eluted DNA fragments were transferred into fresh tubes, respectively.
[000231] The DNA fragments were blunt-ended in total 40ul by adding to the previous purified DNA
solution, 4pl 10X Blunt end Buffer (1X blunt buffer: 50mM Tris-HCI (pH 7.6), 10mM MgC12, 10mM
beta mercaptoethanol, ImM ATP, 0.4mM dNTP each), 12 units of T4 DNA polymerase (Molecular
Cloning laboratories, catalog number T4DP-100), 40 units of polynucleotide kinase (Molecular Cloning
laboratories, catalog number T4PK-100). The reaction mixture in each tube was first spun briefly for 3
second in a mini centrifuge to collect all droplets to the bottom of the tube, vortexed for 3 seconds, and
then spun for 3 seconds again to ensure uniformity of the reaction. The tubes were incubated at room

temperature for 10min.
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[000232] After the reaction, the DNA was purified once with 1.6X MagSi-NGSprep beads. The
MagSi-NGSprep beads were suspended thoroughly in the container by vortexing, 64ul of MagSi-
NGSprep beads was added into each tube. These tubes were mixed by vortexing for 5 seconds and
incubated at room temperature for 5 minutes. Then the tubes were spun in a mini centrifuge for 3 seconds,
and placed on a magnetic rack to capture the beads for 2 minutes. Once the solution cleared, the
supernatant was carefully pipetted out and discarded without disturbing the bead pellet. Without
removing the tubes from the magnetic rack, 150pl freshly made 70% ethanol was added into each tube.
The tubes were then rotated 180 degree on the magnet rack, allowing the bead pellets to detach from one
side of the inner wall of each tube, and pellet on the opposite side. Once the solution cleared, the
supernatants were carefully pipetted out and discarded without disturbing the bead pellet. The beads were
washed with 70% ethanol in this way for a total of 2 times. After pipetting out the 70% ethanol in the
final wash, the tubes were spun in a mini centrifuge for 3 seconds. Any remaining ethanol droplets inside
the tubes were pipetted out without disturbing the bead pellets. The bead pellets were air-dried for 3
minutes at room temperature on the magnet rack with tube caps open. Finally, the tubes were removed
from the magnetic rack and 20p! distilled water was added into each tube. The tubes were vortexed
vigorously for 5 seconds to resuspend the beads into distilled water, spun in a mini centrifuge for 3
seconds, and placed in the magnetic rack for 2 minutes. After the solution cleared, the supernatants
containing the eluted DNA fragments were transferred into fresh tubes, respectively.

[000233] The following components were added to the purified DNA solution: 4ul 10X A-tailing
buffer (1X A-tailing buffer: 50 mM TrisHCI, pH8.3, 50 mM KCI, 1.5 mM MgC12), 0.5ul of 100mM
ATP, 1 ul of Omni KlenTaq DNA polymerase (4.2units/ul), and distilled water to 40ul. The reaction
mixture in each tube was first spun briefly for 3 second in 2 mini centrifuge to collect all droplets to the
bottom of the tube, vortexed for 3 seconds, and then spun for 3 seconds again to ensure uniformity of the
reaction. The tubes were incubated at 72°C for 10 minutes.

[000234] After incubation, the reaction mixture proceeded directly to this step without changing buffer.
The following components were added directly to each of the above reactions: 20ul 2X Digestion buffer
(50 mM Tris-HCI, pH 8.0, 15 mM MgCI2, 20mM beta mercaptoethanol), 2pl T4 endonuclease VII
(Affymetrix, part number 78300 50KU), 18ul distilled water. Reactions were incubated at 37°C for 5
minutes.

[000235] After the reaction, the DNA was purified once with 1.6X MagSi-NGSprep beads. The
MagSi-NGSprep beads were suspended thoroughly in the container by vortexing, 1281 of MagSi-
NGSprep beads was added into each tube. These tubes were mixed by vortexing for 5 seconds and
incubated at room temperature for 5 minutes. Then the tubes were spun in a mini centrifuge for 3 seconds,
and placed on a magnetic rack to capture the beads for 2 minutes. Once the solution cleared, the
supernatant was carefully pipetted out and discarded without disturbing the bead pellet. Without
removing the tubes from the magnetic rack, 150pl freshly made 70% ethanol was added into each tube.
The tubes were then rotated 180 degree on the magnet rack, allowing the bead pellets to detach from one

side of the inner wall of each tube, and pellet on the opposite side. Once the solution cleared, the
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supernatants were carefully pipetted out and discarded without disturbing the bead pellet. The beads were
washed with 70% ethanol in this way for a total of 2 times. After pipetting out the 70% ethanol in the
final wash, the tubes were spun in a mini centrifuge for 3 seconds. Any remaining ethanol droplets inside
the tubes were pipetted out without disturbing the bead pellets. The bead pellets were air-dried for 3
minutes at room temperature on the magnet rack with tube caps open. Finally, the tubes were removed
from the magnetic rack and 10p1 distilled water was added into each tube. The tubes were vortexed
vigorously for 5 seconds to resuspend the beads into distilled water, spun in a mini centrifuge for 3
seconds, and placed in the magnetic rack for 2 minutes. After the solution cleared, the supernatants
containing the eluted DNA fragments were transferred into fresh tubes, respectively.

[000236] For ligation with adapters, two oligo nucleotides were synthesized by Integrated DNA

Technologies. One oligo has the same nucleotide sequence with Illumina TruSeq universal adapter
(5'AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATC*T3"),
the other has the same sequence with TruSeq adapter index |
(5'PGATCGGAAGAGCACACGTCTGAACTCCAGTCACATCACGATCTCGTATGCCGTCTTCT*G
*CH*T*T*G3'), wherein * represents the phosphorothioate bond additionally added into the sequences. To
make the double-stranded adapter, the above oligos were mixed together at 10 uM each in 1X T4 DNA
ligase buffer (50 mM TrisHCl, pH7.5, 10 mM MgC12, | mM ATP, 10 mM DTT) in atotal of 100 ulina
0.2ml thin wall PCR tube. The tube was placed in a thermos cycler (GeneAmp® PCR system 9700 96-
well gold plated) and heated at 95°C for 2 minutes, 75°C for 1 minute, 55°C for 1 minute, and held at
25°C until proceeding into the next step.

[600237] The following components were added to the above DNA solution: 4ui T4 DNA ligase
buffer, 2ul 10uM adapter, 1ul T4 DNA ligase (New England BioLabs Inc., catalog number M0202S), 1pl
9°N™ DNA ligase (New England BioLabs Inc., catalog number M02388), and distilled water to 40pl.

Incubate at 16°C, 15 minutes, then 45°C, 1 5minutes.

[000238] The following components were added directly into the above reaction: 1ul of lambda
exonuclease (New England BioLabs Inc., catalog number M02628), 1ul of E.coli Exonuclease I (New
England BioLabs Inc., catalog number M0293S). The reactions were incubated at 37°C for Smin
[000239] After the reaction, the DNA was purified once with 1.6X MagSi-NGSprep beads. The

MagSi-NGSprep beads were suspended thoroughly in the container by vortexing, 64ul of MagSi-
NGSprep beads was added into each tube, These tubes were mixed by vortexing for 5 seconds and
incubated at room temperature for 5 minutes. Then the tubes were spun in a mini centrifuge for 3 seconds,
and placed on a magnetic rack to capture the beads for 2 minutes. Once the solution cleared, the
supernatant was carefully pipetted out and discarded without disturbing the bead pellet. Without
removing the tubes from the magnetic rack, 150ul freshly made 70% ethanol was added into each tube.
The tubes were then rotated 180 degree on the magnet rack, allowing the bead pellets to detach from one
side of the inner wall of each tube, and pellet on the opposite side. Once the solution cleared, the
supernatants were carefully pipetted out and discarded without disturbing the bead pellet. The beads were

washed with 70% ethanol in this way for a total of 2 times. After pipetting out the 70% ethanol in the
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final wash, the tubes were spun in a mini centrifuge for 3 seconds. Any remaining ethanol droplets inside
the tubes were pipetted out without disturbing the bead pellets. The bead pellets were air-dried for 3
minutes at room temperature on the magnet rack with tube caps open. Finally, the tubes were removed
from the magnetic rack and 20u! distilled water was added into each tube. The tubes were vortexed
vigorously for 5 seconds to resuspend the beads into distilled water, spun in a mini centrifuge for 3
seconds, and placed in the magnetic rack for 2 minutes. After the solution cleared, the supernatants
containing the eluted DNA fragments were transferred into fresh tubes, respectively.
[000240] The DNA fragments obtained from the above step were further amplified by PCR for 5
cycles. The following components were added to the above DNA solution: Sul of 10X PCR buffer, 2.5ul
of 10uM primer mix, 2l of Omni KlenTaq polymerase (4.2units/pl), and distilled water to 50ul. The
PCR was carried out in a thermos cycler (GeneAmp® PCR system 9700 96-well gold plated) by
denaturing at 98°C for 2min, then 5 cycles of 98°C, 15 seconds, 58°C, 1 minute, and then hold at 10°C
until proceeding into next step.
[000241] Primers used for PCR were: SAATGATACGGCGACCACCGA3' and
5'CAAGCAGAAGACGGCATACGAGATS3'. These oligos were synthesized by Integrated DNA
Technologies.
[000242] After the reaction, the DNA was purified once with 1.6X MagS8i-NGSprep beads. The
MagSi-NGSprep beads were suspended thoroughly in the container by vortexing, 64ul of MagSi-
NGSprep beads was added into each tube. These tubes were mixed by vortexing for 5 seconds and
incubated at room temperature for 5 minutes. Then the tubes were spun in a mini centrifuge for 3 seconds,
and placed on a magnetic rack to capture the beads for 2 minutes, Once the solution cleared, the
supernatant was carefully pipetted out and discarded without disturbing the bead pellet. Without
removing the tubes from the magnetic rack, 150ul freshly made 70% ethanol was added into each tube.
The tubes were then rotated 180 degree on the magnet rack, allowing the bead pellets to detach from one
side of the inner wall of each tube, and pellet on the opposite side. Once the solution cleared, the
supernatants were carefully pipetted out and discarded without disturbing the bead pellet. The beads were
washed with 70% ethanol in this way for a total of 2 times. After pipetting out the 70% ethanol in the
final wash, the tubes were spun in a mini centrifuge for 3 seconds. Any remaining ethanol droplets inside
the tubes were pipetted out without disturbing the bead pellets. The bead pellets were air-dried for 3
minutes at room temperature on the magnet rack with tube caps open. Finally, the tubes were removed
from the magnetic rack and 20ul distilled water was added into each tube. The tubes were vortexed
vigorously for 5 seconds to resuspend the beads into distilled water, spun in a mini centrifuge for 3
seconds, and placed in the magnetic rack for 2 minutes. After the solution cleared, the supernatants
containing the eluted DNA fragments were transferred into fresh tubes, respectively.
[000243] The size, concentration and purity of the libraries were assayed in a 2100 BioAnalyzer
instrument (Agilent Technologies, catalog number G2938B). 1p1 of each library obtained in the previous
step was assayed with a high sensitivity DNA analysis kit (Agilent Technologies, catalog number 5067-
4626), according to the methods provided by the supplier. The results are presented in FIG. 21B. This
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library was sequenced and analyzed by SeqMatic LLC (Fremont, CA 94539), the results were presented
in Table 3 (FIG. 24). As outlined in FIG. 21A, the library (which may be used for next generation
sequencing) was made with 16000 pairs of primers and human genomic DNA (NA12878) by the methods
described in Example 3, and the final library shown in FIG. 21B. This library is the single peak of 300
base pairs (between 200-400 bp). As shown in Table 3 (FIG. 24), quality confirmation of the sequencing
results of this library made with 16000 pairs of primers results in both high coverage and uniformity (e.g.,
PCT PF_UQ READS_ALIGNED 98.18%, PCT_AMPLIFIED_BASES 99.39%, Percent amplicon at
>=20% of mean 95.20%).

[000244] Terminology used herein is for the purpose of describing particular embodiments only and is
not intended to be limiting of the invention. For example, as used herein, the singular forms "a", "an" and
"the" are intended to include the plural forms as well, unless the context clearly indicates otherwise. It
will be further understood that the terms "comprises" and/or "comprising," when used in this
specilication, specify the presence of stated features, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other features, steps, operations, elements,
components, and/or groups thereof. As used herein, the term "and/or" includes any and all combinations
of one or more of the associated listed items and may be abbreviated as "/".

[000245] Although the terms “first” and *“second” may be used herein to describe various
features/elements (including steps), these features/elements should not be limited by these terms, unless
the context indicates otherwise. These terms may be used to distinguish one feature/element from another
feature/element, Thus, a first feature/element discussed below could be termed a second feature/element,
and similarly, a second feature/element discussed below could be termed a first feature/element without
departing from the teachings of the present invention.

[000246] Throughout this specification and the claims which follow, unless the context requires
otherwise, the word “comprise”, and variations such as “comprises” and “comprising” means various
components can be co-jointly employed in the methods and articles (e.g., compositions and apparatuses
including device and methods). For example, the term “comprising” will be understood to imply the
inclusion of any stated elements or steps but not the exclusion of any other elements or steps.

[000247] As used herein in the specification and claims, including as used in the examples and unless
otherwise expressly specified, all numbers may be read as if prefaced by the word "about" or
“approximately,” even if the term does not expressly appear. The phrase “about” or “approximately” may
be used when describing magnitude and/or position to indicate that the value and/or position described is
within a reasonable expected range of values and/or positions. For example, a numeric value may have a
value that is +/- 0.1% of the stated value (or range of values), +/- 1% of the stated value (or range of
values), +/- 2% of the stated value (or range of values), +/- 5% of the stated value (or range of values), +/-
10% of the stated value (or range of values), etc. Any numerical values given herein should also be
understood to include about or approximately that value, unless the context indicates otherwise. For
example, if the value 10" is disclosed, then "about 10" is also disclosed. Any numerical range recited

herein is intended to include all sub-ranges subsumed therein. It is also understood that when a value is
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disclosed that "less than or equal to" the value, "greater than or equal to the value" and possible ranges
between values are also disclosed, as appropriately understood by the skilled artisan. For example, if the
value "X" is disclosed the "less than or equal to X" as well as "greater than or equal to X" (e.g., where X
is a numerical value) is also disclosed. It is also understood that the throughout the application, data is
provided in a number of different formats, and that this data, represents endpoints and starting points, and
ranges for any combination of the data points. For example, if a particular data point “10” and a particular
data point “15” are disclosed, it is understood that greater than, greater than or equal to, less than, less
than or equal to, and equal to 10 and 15 are considered disclosed as well as between 10 and 15. It is also
understood that each unit between two particular units are also disclosed. For example, if 10 and 15 are
disclosed, then 11, 12, 13, and 14 are also disclosed.

[000248] Although various illustrative embodiments are described above, any of a number of changes
may be made to various embodiments without departing from the scope of the invention as described by
the claims. For example, the order in which various described method steps are performed may often be
changed in alternative embodiments, and in other alternative embodiments one or more method steps may
be skipped altogether. Optional features of various device and system embodiments may be included in
some embodiments and not in others. Therefore, the foregoing description is provided primarily for
exemplary purposes and should not be interpreted to limit the scope of the invention as it is set forth in
the claims. '
[000249] The examples and illustrations included herein show, by way of illustration and not of
limitation, specific embodiments in which the subject matter may be practiced. As mentioned, other
embodiments may be utilized and derived there from, such that structural and logical substitutions and
changes may be made without departing from the scope of this disclosure. Such embodiments of the
inventive subject matter may be referred to herein individually or collectively by the term “invention”
merely for convenience and without intending to voluntarily limit the scope of this application to any
single invention or inventive concept, if more than one is, in fact, disclosed. Thus, although specific
embodiments have been illustrated and described herein, any arrangement calculated to achieve the same
purpose may be substituted for the specific embodiments shown. This disclosure is intended to cover any
and all adaptations or variations of various embodiments. Combinations of the above embodiments, and
other embodiments not specifically described herein, will be apparent to those of skill in the art upon

reviewing the above description.
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CLAIMS

‘What is claimed is:

1. A method of reducing non-specific amplification products from a template-dependent
primer extension reaction, the method comprising:

amplifying a plurality of target nucleic acids using a plurality of pairs of target-
specific primers wherein said amplifying generates a plurality of target-
specific amplification products and a plurality of non-specific amplification
products, wherein said plurality of pairs of target-specific primers comprise at
least 10 pairs of target-specific primers;

introducing a resolvase that recognizes an aberrant DNA structure and cleaving
said plurality of non-specific amplification products with the resolvase to
generate a plurality of cleaved non-specific amplification products while
maintaining a substantial proportion of 30% or more of said plurality of
target-specific amplification products, wherein the resolvase is one of: T4

endonuclease VII or T7 endonuclease 1.

2. The method of claim 1, further comprising removing the plurality of cleaved non-
specific amplification products, leaving the substantial proportion of said plurality of

target-specific amplification products.

3. The method of claim 1 or 2, further comprising analyzing the plurality of target-

specific amplification products.

4. The method of any one of claims 1 to 3, wherein amplifying comprises performing a

multiplex polymerase chain reaction (PCR).

5. The method of any one of claims 1 to 4, wherein said plurality of target nucleic acids
comprises DNA or RNA.
6. The method of any one of claims 1 to 4, wherein said plurality of target nucleic acids
is genomic DNA or cDNA.
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10.

11.

12.

13.

14.

15.

The method of any one of claims 1 to 6, wherein said plurality of pairs of target-

specific primers comprise between 10 pairs and 1000 pairs of target-specific primers.

The method of any one of claims 1 to 6, wherein said plurality of pairs of target-

specific primers comprise between 1,000 to 100,000 pairs of target-specific primers.

The method of any one of claims 1 to 6, wherein said plurality of pairs of target-

specific primers comprise over 100,000 pairs of target-specific primers.

The method of any one of claims 1 to 9, wherein said resolvase recognizes an
aberrant DNA structure comprising at least one of Holliday structures or junctions,
branched DNAs, Y-structures, cruciforms, hetereoduplex loops, bulky adducts,
single-stranded overhangs, DNA mismatches, or non-perfectly-matched DNAs.

The method of any one of claims 1 to 9, wherein the resolvase is T4 endonuclease

VIIL

The method of any one of claims 1 to 11, further comprising cleaving said plurality of

non-specific amplification products with an exonuclease.

The method of any one of claims 1 to 11, further comprising cleaving said plurality of
non-specific amplification products with an exonuclease comprising at least one of
lambda exonuclease or E. coli exonuclease I after performing end-repair on the
plurality of target-specific amplification products and the plurality of non-specific

amplification products.

The method of any one of claims 1 to 12, further comprising performing end repair on
the plurality of target-specific amplification products and the plurality of non-specific

amplification products.

The method of any one of claims 1 to 12, further comprising performing end repair on
the plurality of target-specific amplification products and the plurality of non-specific

amplification products before introducing the resolvase.
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16.

17.

18.

19.

20.

The method of any one of claims 1 to 15, further comprising ligating adapters to the
substantial proportion of said plurality of target-specific amplification products

following the introduction of the resolvase.

The method of claim 16, wherein said adapters comprise at least three consecutive

phosphorothioates.

The method of any one of claims 1 to 17, wherein cleaving said plurality of non-
specific amplification products with the resolvase comprises exposing the plurality of
non-specific amplification products and the plurality of target-specific amplification
products to between 0.2 U and 1000 U of resolvase for between 0.5 minutes and 60
minutes at between 16°C and 37°C.

The method of any one of claims 1 to 18, wherein the substantial proportion of said
plurality of target-specific amplification products comprises greater than 50% of the

plurality of target-specific amplification products.

A method of reducing non-specific amplification products from a template-dependent
primer extension reaction, the method comprising:
amplifying a plurality of target nucleic acids using a plurality of pairs of target-
specific primers to form a mixture comprising a plurality of target-specific
amplification products and a plurality of non-specific amplification products,
wherein said plurality of pairs of target-specific primers comprise at least 10
pairs of target-specific primers;
introducing a resolvase into the mixture that recognizes an aberrant DNA
structure and cleaving the plurality of non-specific amplification products
with the resolvase to generate a plurality of cleaved non-specific amplification
products while maintaining a substantial proportion of 30% or more of said
plurality of target-specific amplification products, wherein the resolvase is one
of: T4 endonuclease VII or T7 endonuclease I; and
removing the plurality of cleaved non-specific amplification products, leaving the
substantial proportion of said plurality of target-specific amplification

products.
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21. A method of reducing non-specific amplification products from a template-dependent
primer extension reaction, the method comprising:

amplifying a plurality of target nucleic acids using a plurality of pairs of target-
specific primers to form a mixture comprising a plurality of target-specific
amplification products and a plurality of non-specific amplification products,
wherein said plurality of pairs of target-specific primers comprise at least 10
pairs of target-specific primers;

introducing T4 endonuclease VII into the mixture, wherein the T4 endonuclease
VII recognizes an aberrant DNA structure on the plurality of non-specific
amplification products;

cleaving the plurality of non-specific amplification products with the T4
endonuclease VII to generate a plurality of cleaved non-specific amplification
products while maintaining more than 50% of said plurality of target-specific
amplification products; and

removing the plurality of cleaved non-specific amplification products, leaving the

more than 50% of said plurality of target-specific amplification products.

22. A method of reducing non-specific amplification products from a template-dependent
primer extension reaction, the method comprising:

amplifying a plurality of target nucleic acids using a plurality of pairs of target-
specific primers to form a mixture comprising a plurality of target-specific
amplification products and a plurality of non-specific amplification products,
wherein said plurality of pairs of target-specific primers comprise at least 10
pairs of target-specific primers;

introducing a resolvase into the mixture that recognizes an aberrant DNA
structure and cleaving the plurality of non-specific amplification products
with the resolvase to generate a plurality of cleaved non-specific amplification
products while maintaining a substantial proportion of 30% or more of said
plurality of target-specific amplification products, wherein the resolvase is one

of: T4 endonuclease VII or T7 endonuclease I,
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removing the plurality of cleaved non-specific amplification products, leaving the
substantial proportion of said plurality of target-specific amplification
products; and

re-amplifying the plurality of target-specific amplification products.

23.  The method of claim 22, further comprising repairing nicks on the plurality of target-
specific amplification products with a DNA ligase.
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QC specifications 1207 plex

GENOME_SIZE 3095693983
TARGET_TERRITORY 22027
TOTAL_READS 1775168
PF_READS | 1775168
 PF_BASES 259075294
PF_UNIQUE_READS 1775168
PCT_PF READS 1
PCT_PF_UQ_READS 1
PF_UQ_READS_ALIGNED 1765598
PF_SELECTED_PAIRS 841003
PF_SELECTED_UNIQUE_PAIRS 841003
PCT_PF_UQ_READS_ALIGNED 99.46%
PF_UQ_BASES_ALIGNED 256516961
ON_AMPLICON_BASES 244963005
| OFF_AMPLICON_ §A§ES 111202898
ON_TARGET_BASES 180783975
ON_TARGET_FROM_PAIR_BASES | 180228719
PCT_AMPLIFIED_BASES  95.63%
PCT_OFF_AMPLICON 4.37%
ON_AMPLICON_VS_SELECTED 99.86%
MEAN_AMPLICON_COVERAGE 7688
MEAN_TARGET_COVERAGE 8207
FOLD_ENRICHMENT 92777
ZERO_CVG_TARGETS_PCT 0
FOLD_80_BASE_PENALTY 1.6709
PCT_TARGET_BASES_2X 100.00%
PCT_TARGET_BASES_10X 100.00%
PCT_TARGET_BASES_20X 100.00%
PCT_TARGET_BASES_30X 100.00%
PCT_TARGET_BASES_40X 100.00%
PCT_TARGET_BASES_50X 100.00%
PCT_TARGET_BASES_100X 99.97%
AT_DROPOUT 3.51
' GC_DROPOUT 557
Percent amplicon at >=20% of mean | 98 55% ‘

FIG. 22
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QC specifications 207 plex long primers

GENOME_SIZE | 3095693983
TARGET_TERRITORY 22027
TOTAL_READS 1973434
_PF_READS 1973434
PF_BASES 286209162
PF_UNIQUE_READS 1973434
PCT_PF_READS 1
PCT_PF_UQ_READS 1
PF_UQ_READS_ALIGNED 1966028
PF_SELECTED_PAIRS 971600
'PF_SELECTED_UNIQUE_PAIRS 971600
PCT_PF_UQ_READS_ALIGNED 99.62%
PF_UQ_BASES_ALIGNED 1284260202
ON_AMPLICON_BASES 281224635
'NEAR_AMPLICON_BASES 26889
'OFF_AMPLICON_BASES 3008678
ON_TARGET_BASES 1206078511
ON_TARGET_FROM_PAIR_BASES 205803244
PCT_AMPLIFIED_BASES 98.94%
PCT_OFF_AMPLICON 1.06%
ON_AMPLICON_VS_SELECTED 99.99%
MEAN_AMPLICON_COVERAGE 8826
MEAN_TARGET_COVERAGE 9356
FOLD_ENRICHMENT 96116
ZERO_CVG_TARGETS_PCT 0
FOLD_80_BASE_PENALTY 1.4993
PCT_TARGET_BASES_2X © 100.00%
PCT_TARGET_BASES_10X 100.00%
PCT_TARGET_BASES_20X 1100.00%
PCT_TARGET_BASES_30X - 99.97%
PCT_TARGET_BASES_40X 99.97%
'PCT_TARGET_BASES_50X 99.97%
PCT_TARGET_BASES_100X 99.38%
AT_DROPOUT 3.6731
‘GC_DROPOUT | 4.6105
Percent ampircon at >=20% of mean 97.52%

FIG. 23
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QC specifications 4000 plex
GENOME_SIZE 3095693983
AMPLICON_TERRITORY 1688650
TARGET_TERRITORY 1688650
TOTAL_READS 6113730
PF_READS _
PF_BASES 6113730
PF_UNIQUE_ READS 6113730
PCT_PF_READS 100%
PCT_PF_UQ_READS 100%
PF_UQ_READS_ALIGNED
PF_SELECTED_PAIRS
PF_SELECTED_UNIQUE_PAIRS 6002474
PCT_PF_UQ_READS_ALIGNED 98.18%
PF UQ_BASES ALIGNED 890189928
ON_AMPUCON__BASES 792305883
NEAR_AMPLICON_BASES 92483794
OFF_AMPLICON_BASES 5400251
ON_TARGET_BASES 792305883
PCT_AMPLIFIED_ BASES ,99.39%
PCT_OFF_AMPLICON 0.61%
ON_AMPLICON_VS_SELECTED 89.55%
MEAN AM?LICON COVERAGE 469
MEAN TARGET COVERAGE 470
FOLD_ENRICHMENT 1632
ZERO_CVG_TARGETS_PCT 0.15%
FOLD_80_BASE_PENALTY 2.50
PCT_TARGET_BASES_2X 99.61%
PCT_TARGET_BASES_lOX 98.96%
PCT_TARGET_BASES_20X 98.20%
PCT_TARGET_BASES_30X 97.47%
(AT_DROPOUT 0.35
GC_DROPOUT - 3.93
Percent target at >=20% of mean 95.20%

FIG. 24
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