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DESCRIPTION

Description

INTRODUCTION

[0001] With the advent and adoption of massive parallel sequencing (such as next generation
sequencing), investigators interrogate a large swath of nucleic acid information from samples,
such as DNA or RNA samples. In many cases, investigating the entire genome or large
portions of it (exome sequencing) is cost-prohibitive, requires large-capacity sequencing, and
produces large amounts of data beyond what may be necessary for clinical settings.
Therefore, targeted sequencing for specific applications allows for a focused method to
interrogate relevant nucleic acid regions of interest. A prevalent application is targeted
sequencing for oncology, which provides specific mutational information from a biopsy sample
which may be used to guide treatment or monitor treatment response. For such applications,
nucleic acids are extracted from a sample, such as a biological sample, and enriched to
prepare DNA libraries for sequencing, wherein a library is a set of DNA molecules prepared
from a particular sample after the enrichment process. For efficient and cost-effective
enrichment, the enrichment of multiple targeted genomic sequences is performed in parallel
(multiplexed). Without multiplexing, a sample must undergo multiple enrichment steps, which
can be burdensome with samples of low quantity, not to mention the multiplied cost of
reagents, processing time, and reduced sample throughput.

[0002] WO 2019/140298 relates to a loopable primer, the split primer and spli-loopable primer
and uses thereof.

[0003] WO 2018/175399 relates to methods of target nucleic acid amplification though the use
of a universal hairpin primer and uses thereof.

[0004] WO 2016/138080 relates to methods for the detection, identification and quantification
of target nucleic acids in a sample using hairpin barcode primers to incorporate unique
barcodes into target nucleic acids in a PCR pre-amplification step.

[0005] The present disclosure provides an approach for simultaneous construction of targeted
sequencing libraries for multiple targeted genomic sequences within a single sample and
related advantages.

SUMMARY
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[0006] The invention is defined by the appended claims. The methods and compositions
described herein provide a method of library preparation and a composition suitable for nucleic
amplification by that method.

[0007] The hairpin primer may comprise:

1. (a) a target-specific primer sequence comprising a nucleotide sequence complementary
to a portion of the nucleotide sequence of the target nucleic acid;

2. (b) an adaptor sequence;

3. (¢) a lock sequence comprising a sequence complementary to the said target-specific
primer sequence;

wherein sequences (a) to (c) are arranged from the 3' end to the 5' end of the said hairpin
primer. The target-specific primer sequence (a) and complementary lock sequence (c) are
able to hybridize, thus allow the said hairpin primer to form a secondary hairpin structure. The
target- specific primer sequence and lock sequence, when hybridized, form the stem portion of
the said hairpin structure.

[0008] In some aspects of the hairpin primer, the adapter sequence comprises a universal
primer sequence.

[0009] In some aspects of the hairpin primer, the lock sequence is complementary to a portion,
or all, of the target-specific primer sequence.

[0010] In some aspects, the hairpin primer further comprises a gene-specific hairpin de-
stabilizer sequence located 5' to the target-specific primer sequence, wherein the gene-specific
hairpin de- stabilizer sequence comprises of at least one nucleotide that is non-complementary
to the sequence upstream of the portion of the target nucleic acid sequence complementary to
target- specific primer sequence.

[0011] In some aspects, the hairpin primer further comprises a semi-random sequence,
referred to herein as Molecular Identifier. The Molecular Identifier (M) sequence is located 5'
to the gene-specific hairpin de-stabilizer sequence. In an embodiment of the presently
disclosed hairpin primer, the M| sequence does not contain long GC (guanine and cytosine
bases) stretches. This serves to avoid, or reduce, mis-pairing with other GC-rich sequences at
the annealing temperature (discussed below). In some aspects, the M| sequence is a semi-
random 9-mer, and wherein positions 1, 4, and 7 are restricted to either ATP or TTP. In other
aspects, the Ml sequence is longer and may be in the range of about 9-15-mer.

[0012] In some aspects, the hairpin primer further comprises an adaptor hairpin de-stabilizer
sequence located 5' to the adaptor sequence, wherein the adaptor hairpin de-stabilizer
sequence comprises at least one nucleotide derived from the gene-specific portion of the
hairpin primer, wherein said one nucleotide is non-complementary to the first nucleotide of the
hairpin primer that does not participate in the hairpin stem.
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[0013] In some aspects, the hairpin primer further comprises a stem de-stabilizer sequence
located 5' to the lock sequence, wherein the stem de-stabilizer sequence comprises at least
one nucleotide which is non-complementary to the 3' portion of the target-specific primer
sequence of the hairpin primer.

[0014] In some aspects, the secondary hairpin structure of the hairpin primer as described in
any of the previous aspects is denatured at a temperature in the range of about 55-80°C. More
specifically, the secondary hairpin structure of the hairpin primer as described in any of the
previous aspects is denatured at a temperature in the range of about 62-72°C.

[0015] In some aspects, the secondary hairpin structure of the hairpin primer as described in
any of the previous aspects is denatured at a temperature of 62°C.

[0016] In some aspects, the secondary hairpin structure of the hairpin primer as described in
any of the previous aspects is denatured at a temperature of 72°C.

[0017] The present disclosure provides a method of amplifying target nucleic acid, the method
comprising the steps of:

1. (a) providing a single reaction mixture comprising:
(i) DNA sample;
(i) the hairpin primer of any one of claims 1-13;

(iii) a universal primer comprising all, or some, of the adaptor sequence of the hairpin
primer of (ii);

(iv) amplification reagents; and
(iv) a DNA polymerase;

2. (b) subjecting the sample DNA to DNA amplification wherein the hairpin primer anneals
to target sequences to allow for production of a target-specific amplification product; and

3. (¢) subjecting the target-specific amplification product of step (b) to DNA ampilification
wherein the universal primer anneals to the said amplification product to allow for
universal amplification of the products of step (b).

[0018] In some aspects of the method of amplifying target nucleic acid, the DNA sample is
derived from a biological sample, for example, genomic DNA

[0019] In some aspects of the method of amplifying target nucleic acid, the DNA polymerase is
selected from Taq DNA polymerase, Phusion polymerase, Platinum SuperFi, or Q5
polymerase. However, any polymerase which lack strand displacement activity is suitable for
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the presently described methods. In some aspects of the method of amplifying target nucleic
acid, the DNA amplification of step (b) is preceded by a DNA denaturing incubation. In some
aspects, the DNA denaturing incubation is performed at 98°C for two minutes.

[0020] In some aspects of the method of amplifying target nucleic acid, the DNA amplification
of step (b) comprises the steps of denaturing the DNA sample; annealing the hairpin primer
with the DNA to allow the formation of a DNA-primer hybrid; and incubating the DNA-primer
hybrid to allow the DNA polymerase to synthesize an amplification product. In some aspects,
the DNA amplification of step (b) is repeated at least two times.

[0021] In some aspects of the method of amplifying target nucleic acid, the annealing and DNA
synthesis steps of the DNA amplification of step (b) are performed at a temperature range of
about 55-80°C. In some aspects of the method of amplifying target nucleic acid, the annealing
and DNA synthesis steps of the DNA amplification of step (b) are performed at a temperature
range of about 62-72°C. In some aspects, the annealing and DNA synthesis steps of the DNA
amplification of step (b) are performed at a temperature of 62°C. In other aspects, the
annealing and DNA synthesis steps of the DNA amplification of step (b) are performed at a
temperature of 72°C.

[0022] In some aspects of the method of amplifying target nucleic acid, the DNA amplification
of step (c) comprises the steps of denaturing the DNA comprising amplification product of step
(b); annealing the universal primer with the amplification product to allow the formation of a
DNA-primer hybrid; and incubating the DNA-primer hybrid to allow the DNA polymerase to
synthesize a second amplification product. In some aspects, the DNA amplification of step (¢)
is repeated at least twenty times. In other aspects, the DNA amplification of step (c) is repeated
at least thirty times.

[0023] In some aspects of the method of amplifying target nucleic acid, the annealing and DNA
synthesis steps of the DNA amplification of step (c) are performed at a temperature lower than
the temperature used for the annealing and DNA synthesis steps of step (b).

[0024] In some aspects of the method of amplifying target nucleic acid, the temperature used
for the annealing and DNA synthesis steps of the DNA amplification of step (c) is lower than the
temperature required for the denaturation of the hairpin secondary structure of the hairpin
primer, thus preventing, or reducing the likelihood of, the hybridization of the hairpin primer to
the amplification products of step (b), sample DNA, or the universal primer sequence of the
universal primers.

[0025] In some aspects of the method of amplifying target nucleic acid, the annealing and DNA
synthesis steps of the DNA amplification of step (c¢) are performed at a temperature in the
range of about 55-62°C. In some some aspects of the method of amplifying target nucleic acid,
the annealing and DNA synthesis steps of the DNA amplification of step (c) are performed at a
temperature of 62°C.
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[0026] In some aspects of the method of amplifying target nucleic acid, the method of
amplifying target nucleic acid further comprises a transition DNA amplification step performed
after step (b) and before step (c). In some aspects, the transition DNA amplification step
comprises the steps of denaturing the DNA comprising the amplification product of step (b);
annealing the universal primer or the hairpin primer with the said amplification product to allow
the formation of a DNA-primer hybrid; and incubating the DNA-primer hybrid to allow the DNA
polymerase to synthesize an amplification product. In some aspects, the transition DNA
amplification step is repeated at least two times.

[0027] In some aspects of the method of amplifying target nucleic acid, the annealing and DNA
synthesis steps of the transition DNA amplification step are performed at a temperature lower
than the temperature used for the annealing and DNA synthesis steps of step (b), but higher
than the temperature used for the annealing and DNA synthesis steps of step (c).

[0028] In some aspects of the method of amplifying target nucleic acid, the annealing and DNA
synthesis steps of the transition DNA amplification step are performed at a temperature in the
range between the temperature used for the annealing and DNA synthesis steps of step (b),
and the temperature used for the annealing and DNA synthesis steps of step (c).

[0029] In some aspects of the method of amplifying target nucleic acid, the annealing and DNA
synthesis steps of the transition DNA amplification step are performed at a temperature in the
range between the temperature used for the annealing and DNA synthesis steps of step (b),
and the temperature used for the annealing and DNA synthesis steps of step (c), and wherein
the temperature of annealing and DNA synthesis steps of the transition DNA amplification step
drops gradually with every repeat. In some aspects, the likelihood of hybridization of the hairpin
primer to the amplification products of step (b) is reduced with every repeat. In some aspects,
the annealing and DNA synthesis steps of the transition DNA amplification step are performed
at the first repeat at a temperature of 72°C, at a second repeat at a temperature of 70°C, at a
third repeat at a temperature of 68°C, at a fourth repeat at a temperature of 66°C, at a fifth
repeat at a temperature of 64°C, and at a sixth repeat at a temperature of 62°C. The
amplification method described in the present paragraph is also known in the art as
"touchdown PCR".

[0030] In some aspects of the method of amplifying target nucleic acid, the universal primer
further comprises an application adaptor sequence. In some aspects, the application adaptor
sequence may be an indexing sequence, a barcode sequence, a tag for the ampilification
products detection, purification or quantification, or a sequencing adaptor for sequencing
applications. In some aspects of the method of amplifying target nucleic acid, the universal
primer for amplifying the amplification products is Universal 500.F, and the universal primer for
amplifying the amplification products reverse complement is Universal 700.R.

[0031] In any one of the aspects of the method of amplifying target nucleic acid, the
amplification products may be used to prepare a targeted sequencing library.
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[0032] In an aspect, provided herein is a method of amplifying a target nucleic acid molecule,
comprising: providing a sample comprising the target nucleic acid molecule and a hairpin
primer for amplifying the target nucleic acid molecule or reverse complement thereof, wherein
the hairpin primer comprises (i) a target-specific primer sequence comprising a nucleic acid
sequence complementary to a portion of a nucleic acid sequence of the target nucleic acid
molecule; (i) an adaptor sequence; (iii) a lock sequence comprising a nucleic acid sequence
complementary to the target-specific primer sequence; wherein (i) to (iii) are arranged from a
3' end to a 5' end of the hairpin primer; wherein the target-specific primer sequence and the
lock sequence are able to hybridize, thereby allowing the hairpin primer to form a hairpin
structure, and wherein the target-specific primer sequence and the lock sequence, when
hybridized, form a stem portion of the hairpin structure.

[0033] In some aspects, the portion of the nucleic acid sequence of the target nucleic acid
molecule hybridizes to the target-specific primer sequence of the hairpin primer.

[0034] In some aspects, the sample further comprises a universal primer comprising at least a
portion of the adaptor sequence of the hairpin primer.

[0035] In some aspects, the sample further comprises an amplification reagent. In some
aspects, the sample further comprises a DNA polymerase.

[0036] In some aspects, the method further comprises subjecting the sample to an
amplification condition, wherein the hairpin primer is extended using the target nucleic acid
sequence as a template to produce an amplification product.

[0037] In some aspects, the method further comprises subjecting the sample to an additional
amplification condition, wherein the universal primer anneals to the amplification product to

allow for universal amplification of the ampilification product.

[0038] In some aspects, the amplification condition comprises a temperature for performing an
annealing step and a DNA synthesis step in a range of about 55-80°C.

[0039] In some aspects, the amplification condition comprises a temperature for performing an
annealing step and a DNA synthesis step in a range of about 62-72°C.

[0040] In some aspects, the temperature is about 62°C.
[0041] In some aspects, the temperature is about 72°C.

[0042] In some aspects, the additional amplification condition comprises a temperature for an
annealing step and a DNA synthesis step in a range of about 50-80°C.

[0043] In some aspects, the additional amplification condition comprises a temperature for an
annealing step and a DNA synthesis step in a range of about 60-62°C.
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[0044] In some aspects, the temperature is 62°C.

[0045] In some aspects, the method further comprises subjecting the sample to a transition
amplification step performed after the amplification condition and before the additional
amplification condition.

[0046] In some aspects, the transition amplification condition comprises denaturing the
amplification product; annealing the universal primer or the hairpin primer with the ampilification
product to allow formation of an amplification product-primer hybrid; and incubating the
amplification product-primer hybrid to allow synthesis of an additional amplification product.

[0047] In as aspect, provided herein is a droplet comprising a target nucleic acid molecule and
a hairpin primer for amplifying the target nucleic acid molecule or reverse complement thereof,
wherein the hairpin primer comprises (i) a target-specific primer sequence comprising a nucleic
acid sequence complementary to a portion of a nucleic acid sequence of the target nucleic acid
molecule; (i) an adaptor sequence; (iii) a lock sequence comprising a nucleic acid sequence
complementary to the target-specific primer sequence; wherein (i) to (iii) are arranged from a
3' end to a 5' end of the hairpin primer; wherein the target-specific primer sequence and the
lock sequence are able to hybridize, thereby allowing the hairpin primer to form a hairpin
structure, and wherein the target-specific primer sequence and the lock sequence, when
hybridized, form a stem portion of the hairpin structure.

[0048] In some aspects, the droplet is a particle.
[0049] In some aspects, the particle is a bead.

[0050] In as aspect, provided herein is a method of amplifying a target nucleic acid molecule in
a droplet, comprising: generating a plurality of droplets, each droplet of the plurality comprising
a target nucleic acid and a hairpin primer, wherein the hairpin primer comprises (i) a target-
specific primer sequence comprising a nucleic acid sequence complementary to a portion of a
nucleic acid sequence of the target nucleic acid molecule; (i) an adaptor sequence; (iii) a lock
sequence comprising a nucleic acid sequence complementary to the target-specific primer
sequence; wherein (i) to (iii) are arranged from a 3' end to a 5' end of the hairpin primer;
wherein the target-specific primer sequence and the lock sequence are able to hybridize,
thereby allowing the hairpin primer to form a hairpin structure, and wherein the target-specific
primer sequence and the lock sequence, when hybridized, form a stem portion of the hairpin
structure.

[0051] In some aspects, the portion of the nucleic acid sequence of the target nucleic acid
molecule hybridizes to the target-specific primer sequence of the hairpin primer.

[0052] In some aspects, the droplet further comprises a universal primer comprising at least a
portion of the adaptor sequence of the hairpin primer.
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[0053] In some aspects, the droplet further comprises an amplification reagent.
[0054] In some aspects, the droplet further comprises a DNA polymerase.

[0055] In some aspects, the method further comprises subjecting the droplet to an
amplification condition, wherein the hairpin primer is extended using the target nucleic acid
sequence as a template to produce an amplification product.

[0056] In some aspects, the method further comprises subjecting the droplet to an additional
amplification condition, wherein the universal primer anneals to the amplification product to
allow for universal amplification of the ampilification product.

[0057] In some aspects, the amplification condition comprises a temperature for performing an
annealing step and a DNA synthesis step in a range of about 55-80°C. In some aspects, the
amplification condition comprises a temperature for performing an annealing step and a DNA
synthesis step in a range of about 62-72°C.

[0058] In some aspects, the temperature is about 62°C.
[0059] In some aspects, the temperature is about 72°C.

[0060] In some aspects, the additional amplification condition comprises a temperature for an
annealing step and a DNA synthesis step in a range of about 50-80°C.

[0061] In some aspects, the additional amplification condition comprises a temperature for an
annealing step and a DNA synthesis step in a range of about 60-62°C. In some aspects, the
temperature is 62°C.

[0062] In some aspects, the method further comprises subjecting the droplet to a transition
amplification step performed after the amplification condition and before the additional
amplification condition. In some aspects, the transition amplification condition comprises
denaturing the amplification product; annealing the universal primer or the hairpin primer with
the amplification product to allow formation of an amplification product-primer hybrid; and
incubating the amplification product-primer hybrid to allow synthesis of an additional
amplification product.

[0063] In some aspects, the droplet further comprises a particle. In some aspects, the particle
is a bead.
In some aspects, the droplet is generated by shaking, vortexing, or a microfluidic device.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0064] The invention may be best understood from the following detailed description when
read in conjunction with the accompanying drawings. Included in the drawings are the following
figures:

FIG. 1 is a schematic of a hairpin secondary structure of an embodiment of a hairpin primer,
depicting its nucleotide sequence ("G" represents guanine, "C" represents cytosine, "A"
represents adenine, and "T" represents thymine). Base pairing in the stem portion of the
hairpin structure is schematically shown by open (guanine-cytosine) and solid (adenine-
thymine) dots.

FIG. 2 is a schematic illustration depicting an embodiment of phases of thermal cycling
amplification reaction (such as PCR) using an embodiment of the hairpin and universal primers
of the present disclosure. Sample nucleic acids are depicted as two-dimensional elongated
bar- shaped forms, wherein the target sequences are depicted as thicker portions of the bars.
The sample DNA is featured in a denatured state wherein the 5' to 3' target strand (sense) is
marked "Template(+)", and its reverse complement (antisense) is marked "Template(-)". The
depicted hairpin primers comprise a target-specific primer sequence. In the forward hairpin
primer, which primes Template(-), the target-specific primer sequence is marked "GS-FWD",
while in the reverse hairpin primer, which prime Template (+), the target-specific primer
sequence is marked "GS-REV". The target-specific primer sequence hybridizes (base-pairs)
with complementary sequences (also referred to herein as "regions") of the target nucleic
acids, for example the box marked "GS-FWD" base-pairs with a sequence in Template(-). The
depicted forward hairpin primer also contains an Ml ("MIf'), adaptor ("Seq. primer I"), and lock
("GS-FWDs"). The depicted reverse hairpin primer also contains an MI ("MIr"), adaptor ("Seq.
primer 2"), and lock ("GS-REVs"). Arrows mark the direction of DNA synthesis. Amplicons (also
referred to herein as "amplification products”) created of Template(+) are marked "GS(+)",
while amplicons created of Template(-) are marked "GS(-)". Hairpin primers are also illustrated
in a secondary hairpin structure form, wherein the loop portion of the hairpin is represented by
a curved line (the loop comprises the M| and adaptor portions of the hairpin primer) which
connects the target- specific primer sequences and the locks which are illustrated forming the
stem structure of the hairpin by base-pairing. The universal primers illustrated contain
universal adaptors "SP2s" or "SPIs", which represent universal adaptor sequences comprising
all, or a portion, of the adaptor sequences of the hairpin primers used in the gene-specific
amplification phase of the same amplification reaction. Therefore, the universal primers can
hybridize with GS (+) and GS (-), and prime DNA synthesis. The universal primers are
illustrated containing also applications adaptors "i7" and "P7" or "PS" and "i5", which are useful
in later applications. The resulting amplification products illustrated in the "universal
amplification” phase include the target sequences of interest, Mis, adaptors, and application
adaptors.

FIG. 3 is a picture of an agarose gel featuring the amplification products of the method of
Example 1. Amplification of a portion of the GAPDH gene was performed using only target-
specific hairpin primers. At lower temperatures, the hairpin structure of the hairpin primers
prevents the hairpin primers from priming an amplification reaction. In the first five lanes after
the ladder, amplification took place without the presence of DMSO, wherein in subsequent
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lanes DMSO was included. The presence of DMSO helps denature the secondary hairpin
structure, especially when the annealing/extension steps are performed at 72°C.

FIG. 4 is a picture of an agarose gel featuring the amplification products of the method of
Example 2. Amplification reactions of a portion of the GAPDH gene was performed in two
buffer systems, Buffer | and Buffer 2. Amplification product is observed at all temperatures
used for the annealing/extension steps, except for 55°C, which is not high enough to denature
the hairpin secondary structure. The amount of amplification product is increased with an
increased annealing/extension temperature, indicating that the hairpins structures are only
partially denatured at 59°C, particularly in the second buffer system. At 67°C and 70°C, the
amplification product yield has improved over that of the reaction at 59°C (for both buffers).
The hairpins were designed such that their melting temperatures were 57°C (50% of molecules
denatured) and would therefore be fully denatured at 67°C and 70°C.

FIG. 5 is a picture of an agarose gel featuring the amplification products of the method of
Example 3 which describes an embodiment of the method for creating GAPDH-specific
sequencing libraries. PCR amplification was performed without the presence of universal
oligonucleotides in the reaction mixture, and in the presence of 0%, 1%, and 2% of DMSO (first
three lanes after the ladder). The next three lanes show the amplification products of similar
amplification reactions, however in these reactions universal oligos were also included in the
amplification reaction. When only the target-specific hairpin primers are present in the
amplification reaction, no product is detected in the completion of the reaction, indicating that
the GAPDH-specific amplicons are created, or greatly increased in quantity, by the presence of
universal primers.

DETAILED DESCRIPTION

[0065] The present disclosure provides methods of hairpin primer design and targeted
amplification thereof for creation of targeted sequencing libraries. Generally, the present
methods allow for simultaneous construction of targeted sequencing libraries for multiple
targeted nucleic acid sequences within a single sample. More specifically, the presently
disclosed methods generate efficient and targeted sequence amplification while avoiding non-
specific interaction of multiplex primers, avoiding non-specific amplification of sequences due
to random priming from short sequences or molecular "tags" (such as Molecular Identifiers
("MI") or barcodes sequences), and avoiding unintentional interactions between target specific
(also referred to herein as "gene specific") and universal primers during universal PCR
amplification.

[0066] Before the present invention is further described, it is to be understood that this
invention is not limited to particular embodiments described, as such may, of course, vary. It is
also to be understood that the terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to be limiting, since the scope of the present



DK/EP 4017989 T3

invention will be limited only by the appended claims.

[0067] Where a range of values is provided, it is understood that each intervening value, to the
tenth of the unit of the lower limit unless the context clearly dictates otherwise, between the
upper and lower limit of that range and any other stated or intervening value in that stated
range, is encompassed within the invention. The upper and lower limits of these smaller
ranges may independently be included in the smaller ranges, and are also encompassed
within the invention, subject to any specifically excluded limit in the stated range. Where the
stated range includes one or both of the limits, ranges excluding either or both of those
included limits are also included in the invention.

[0068] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or equivalent to those described herein
can be used in the practice or testing of the present invention, some potential and exemplary
methods and materials are now described. It must be noted that as used herein and in the
appended claims, the singular forms "a," "an," and "the" include plural referents unless the
context clearly dictates otherwise.

[0069] Thus, for example, reference to "a primer" includes a plurality of such primers, "target
nucleic acid” includes a plurality of such targets, and reference to "the nucleic acid" includes
reference to one or more nucleic acids and equivalents thereof known to those skilled in the
art, and so forth.

[0070] It is further noted that the claims may be drafted to exclude any element which may be
optional. As such, this statement is intended to serve as antecedent basis for use of such

exclusive terminology as "solely", "only" and the like in connection with the recitation of claim
elements, or the use of a "negative” limitation.

[0071] The publications discussed herein are provided solely for their disclosure prior to the
filing date of the present application. Further, the dates of publication provided may be different
from the actual publication dates which may need to be independently confirmed.

[0072] Any recited method can be carried out in the order of events recited or in any other
order which is logically possible. For example, described herein are a variety of additional
methods and applications, which may be performed in connection with the methods described
herein relating to the hairpin primer design for amplification of target nucleic acids.

Methods

[0073] The present invention describes methods for simultaneous (one tube reaction)
construction of targeted sequencing libraries for multiple targeted nucleic acid sequences
within a single nucleic acids sample (such as DNA sample). Targeted sequencing for specific
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applications allows for a focused method to interrogate relevant regions (such as DNA
sequences) of interest.

[0074] Targeted library preparation methods generally consist of two categories: hybrid
capture and amplification-based library preparation. Both methods first require selection of
target sequences using selective primers. The former method uses the specific (selective)
primers (also known as probes or "bait") to pull out the targeted regions from the rest of the
sample. The latter relies on polymerase chain reaction (PCR) to amplify the targeted regions
exponentially. With the hybrid capture approach, the isolated sequences also require adaptor
sequences to be appended for compatibility with next generation sequencing (massive parallel
sequencing). This is usually done via ligation or a separate amplification, adding additional
processing time to the library preparation. Hybrid capture methods usually require larger
sample quantities than amplification- based libraries with multiple, longer steps to prepare the
sample. Amplification reactions are shorter in duration with less input, but as PCR introduces
error, hybrid capture has a performance edge over amplification for very high multiplexing.
Therefore, reducing library preparation to a single, easy-setup amplification reaction drives
down the preparation time, reduces steps in which to introduce error, and increases
throughput for investigators with multiple samples.

For amplification-based, targeted library preparation, previous attempts to generate multiplex
sequencing libraries suffer from several limitations. To name some, to prepare large,
multiplexed libraries, large numbers of primers are pooled together. This often results in little to
no amplification product due to primer dimers from inter-primer interactions which can
completely overwhelm an amplification reaction because of their increased ampilification
efficiency (driven by the high concentration of primers and their generally shorter length), and
the number of potential inter-primer interactions increases significantly with targeting ever
increasing targets (multiplexing). Additionally, the amplification process itself introduces errors,
and then current sequencing technologies have error rates in the 1-2%. Intrinsic error in the
sequencing methodology can be overcome by the use of molecular identifiers (Mis) that can be
incorporated in the initial stage of PCR amplification to "tag" and identify library molecules that
correspond to a specific original molecule in the sample. Amplification and sequencing errors
are removed by collapsing library molecules with the same MI to create a "consensus,"
removing spurious events that are not present among the entire M| family and keeping variants
that are present. These "consensus reads” permit ultrasensitive detection of rare sequences -
particularly valuable when detecting rare events as in cancer detection from cell-free DNA or
samples with low tumor content. However, M| portions of oligos are inherently randomized
sequences, which contribute to mis-priming during amplification. Mis-priming comes in the form
of both primer dimers and amplification of non-targeted regions. The mis-priming not only
results in lower amplification efficiency for targeted regions but also lower sequencing
efficiency, as the amount of targeted product drops significantly.

[0075] Based on the issues described above, several technical challenges must be overcome
to achieve a simple, single-tube approach for ultrasensitive multiplex library construction:

1. 1. Avoid, or significantly reduce, non-specific interaction of multiplex primers.
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2. 2. Avoid, or significantly reduce, non-specific amplification of sequences, and/or primer
dimers, due to random priming from MI barcodes.

3. 3. Avoid, or significantly reduce, unintentional interactions between gene specific primers
and universal primers during universal PCR amplification.

[0076] As used herein, the terms "sample” or "biological sample" (these terms are used
interchangeably herein) encompass a variety of sample types obtained from a variety of
sources, generally the sample types contain biological material. For example, the term includes
biological samples obtained from a mammalian subject, e.g., a human subject, and biological
samples obtained from a food, water, or other environmental source, etc. The definition
encompasses blood and other liquid samples of biological origin, as well as solid tissue
samples such as a biopsy specimen or tissue cultures or cells derived therefrom and the
progeny thereof. The definition also includes samples that have been manipulated in any way
after their procurement, such as by treatment with reagents, solubilization, or enrichment for
certain components, such as polynucleotides. The term "Sample" encompasses a clinical
sample, and also includes cells in culture, cell supematants, cell lysates, cells, serum, plasma,
biological fluid, and tissue samples. "Sample" includes cells, e.g., bacterial cells or eukaryotic
cells; biological fluids such as blood, cerebrospinal fluid, semen, saliva, and the like; bile; bone
marrow; skin (e.g., skin biopsy); and antibodies obtained from an individual. Some non-limiting
examples of a sample include liquid biopsy targets such as circulating cells (tumor, fetal, or
stem), cellular components (e.g. nuclei), cell-free nucleic acids, extracellular vesicles, and
protein antigens which are being targeted for development of non-invasive diagnostics for a
variety of cancers. The term sample also includes biological targets indicative of disease such
as prokaryotes, fungi, and viruses.

[0077] The term "DNA sample" as used herein encompass any DNA derived, synthesized, or
reverse transcribed from a sample, or contained in a sample, and includes genomic DNA,
cDNA, microdissected chromosome DNA, yeast artificial chromosome (YAC) DNA, cosmid
DNA, phage DNA, Pl derived artificial chromosome (PAC) DNA, and bacterial artificial
chromosome (BAC) DNA In some aspects, the DNA sample nucleic acids may have been
manipulated using any method traditionally used in the art, such as, without limitation,
restriction, ligation, or cloning.

In some aspects, the sample comprises mammalian DNA, plant DNA, yeast DNA, viral DNA,
and prokaryotic DNA.

As described more fully herein, in various aspects the subject methods may be used to detect
and amplify a variety of components from such biological samples. Components of interest
include, but are not necessarily limited to, polynucleotides (e.g., DNA and/or RNA). Generally,
the terms "targeted sequences", "target regions", and "target nucleic acid/s" are used
interchangeably herein and encompasses any component of interest that may be present in a
sample DNA, such as for example, specific region/s, or specific sequence/s, of the sample DNA

[0078] The terms "Primer/s", or "oligonucleotide/s", as used herein refer to linear polymers of
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nucleotide monomers, and may be used interchangeably. Primers, or oligonucleotides, can
have any of a variety of structural configurations, e.g., be single stranded, double stranded, or
a combination of both, as well as having higher order intra- or intermolecular secondary/tertiary
structures, e.g., hairpins, loops, triple stranded regions, etc. The primers of the present
disclosure typically range in size from a few monomeric units, e.g. 5 to two hundred monomeric
units. In some aspects, the primers of the present disclosure typically range in size from fifty to
one hundred monomeric units. Whenever a primer, or oligonucleotide, is represented by a
sequence of letters (upper or lower case), such as "ATGCCTG," it will be understood that the
nucleotides are in 5' to 3' order from left to right and that "A" denotes deoxyadenosine, "C"
denotes deoxycytidine, "G" denotes deoxyguanosine, and "T" denotes deoxythymidine, "I"
denotes deoxyinosine, "U" denotes deoxyuridine, unless otherwise indicated or obvious from
context. Unless otherwise noted the terminology and atom numbering conventions will follow
those disclosed in Strachan and Read, Human Molecular Genetics 2 (Wiley-Liss, New York,
1999).

[0079] Accordingly, the terms "nucleotide sequence”, or "sequence”, refer to is a succession of
letters that indicate the order of nucleotides within linear polymers of DNA (using GACT), or
RNA (GACU) molecules. The nucleotide, or nucleic acid, sequence is generally the primary
structure of the DNA, or RNA, molecule.

Primers design

[0080] The present invention discloses a targeted, multiplexed, amplification method for
reproducible primer design. The presently disclosed amplification method employs two sets of
primers, target- specific primers and universal primers. The target-specific primers (also
referred to herein as" gene specific primers”, or "hairpin primers") of the present invention
comprise three critical components: a target-specific sequence to specifically hybridize with
genetic sequences of choice, an adaptor sequence to allow for universal amplification, and a
"lock” sequence which is comprises a portion, or all, of the target-specific sequence. Universal
primers comprise an adaptor sequence that binds to the adaptor sequence of the target-
specific amplification product and may also contain additional nucleotides, such as, but not
limited to, sequences usable for indexing and sequencing the amplified DNA sequences (also
referred to herein as amplification products or amplicons). In some some aspects, the
presently disclosed amplification method is performed as a one-tube reaction, wherein all the
amplification components, including the hairpin primers and universal primers, are present in
the reaction mix and are utilized in sequential steps of the amplification reaction based on the
method parameters, which will be further discussed below.

[0081] Generally, the hairpin primer nucleotide sequence, as described from the 3' end to the
5' end, may include some, or all, of the following nucleotide sequence elements:

1. a. Target-specific primer sequence: a sequence specific to the targeted region of the
sample nucleic acids designed by one with an ordinary skill in the art of PCR primer
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design. The target- specific nucleotide sequence allows for specific base-pairing with the
target nucleotide sequence.

2. b. Gene-specific hairpin de-stabilizer: an optional sequence comprising of at least one
nucleotide that is non-complementary to the sequence upstream of the portion of the
target nucleic acid sequence complementary to target-specific primer sequence to
prevent the introduction of complementary bases from the MI during amplification.

3. ¢. Molecular Identifier (MI) which comprises an optional sequence of semi-random, or
random, nucleotides.

4. d. Adaptor which comprises a nucleotide sequence which is used for hybridization with a
universal primer sequence for the purpose of universal amplification (e.g., amplifying all,
or most, of the nucleotide sequences which comprise one or more loci of a sequence
complementary to the universal primer sequence).

5. e. Adaptor hairpin de-stabilizer: an optional sequence comprising of at least | nucleotide
base derived from the gene-specific portion of the hairpin primer and that is non-
complementary to the base(s) immediately 5' of the bases that are participating in the
hairpin stem secondary structure of the gene-specific portion of the hairpin primer. Thus,
preventing the adaptor sequence from participating in the hairpin stem structure.

6. f. Lock: a sequence of nucleotides that is complementary to a portion, or all, of the
target- specific primer sequence portion of the hairpin primer. The lock sequence is able
to form the hairpin stem structure by hybridizing with the target-specific primer sequence
portion of the hairpin primer.

7. g. Stem de-stabilizer: an optional sequence comprising at least one nucleotide which is
non- complementary to the 3' portion of the target-specific primer sequence portion of
the hairpin pnmer.

[0082] An example of hairpin primers, designed to specifically target and amplify a portion of
the GAPDH gene is depicted in Table 1. Table | depicts forward hairpin primer,
GAPDH_9mer.F, and reverse hairpin primer, GAPDH_9mer.R. The target-specific primer
sequence and the lock sequence are underlined. Gene-specific hairpin de-stabilizer
sequences, adaptor hairpin de- stabilizer sequences, and stem de-stabilizer sequences are
depicted in bold. The Molecular Identifier sequences and the adaptor sequences are depicted
(these sequences are not underlined or in bold). The length of the target-specific primer
sequence, and accordingly the lock sequence, is determined by the amount of sequence
required to specifically target the nucleic acid of interest and the desired stability of the
secondary hairpin structure. In some aspects, the length of the target-specific primer sequence
is in the range of 5-30 nucleotides. In other aspects the length of the target-specific primer
sequence is in the range of 10-20 nucleotides.

In yet other aspects the length of the target-specific primer sequence is 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, or 20 nucleotides.

[0083] An example of the secondary hairpin structure of a hairpin primer is illustrated in FIG. 1.
The hairpin stem is formed by complementary base-pairing of the target-specific primer
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sequence and the lock sequence, which comprise target-specific nucleotide sequences. The
adenine-thymine base pairs are marked by blue dots, and the guanine-cytosine base pairs are
marked by red dots. Gene-specific hairpin de-stabilizer sequences, A-G on the 5' end and G-A
on the 3' end, are not part of the hairpin stem. The hairpin loop comprises some, or all, of the
other sequence elements of the hairpin primer, such as gene-specific hairpin de-stabilizer,
Molecular Identifier, adaptor, and/or Adaptor hairpin de-stabilizer.

[0084] Referring now to the universal primers, their nucleotide sequence, as described from
the 3' end to the 5' end, may include some, or all, of the following elements:

1. a. Universal adaptor: the universal adaptor sequence comprises all, or a portion, of the
adaptor sequence of the hairpin primer/s used in the same amplification reaction (e.g.,
PCR reaction).

2. b. Applications adaptor which is an oligonucleotide comprising nucleotide sequence
usable for any applicable amplification reaction products, or genomic library, application.
Such applications include, but are not limited to, indexing, barcoding, sequencing,
attaching a tag for amplification products' detection, purification or quantification, or
creating additional sequences for downstream applications such as next generation
sequencing.

[0085] An example of universal primers, designed to amplify the amplification products
(amplicons) of the hairpin primers of Table 1, is depicted in Table 1. Table 1 describes forward
universal primer, Universal 500.F, and reverse universal primer, Universal 700.R. In the
embodiment depicted in Table 1, Universal 500.F and Universal 700.R comprise universal
primer sequences, and lllumina Paired End Adapters. The Paired End Adapters generally
enable lllumina based applications, such as paired-end sequencing.

Table 1, comprising embodiments of hairpin and universal primers, is depicted below:

Oligonucl {Sequence (5'to 3")

eotide

GAPDH

9mer.F AG TGCAAAAGGAGTGAGG GG
ACACTCTTTCCCTACACGACGCTCTTCCGATCT WNNWNNWNN GA
GCAGGGCCTCACTCCTTTTGCAGA (SEQ ID NO: 1)

GAPDH

9mer.R CA ATGACAACGAATTTGGC AT
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT WNNWNNWNN
TG CCTGTTGCTGTAGCCAAATTCGTTGTCATAC (SEQ ID NO: 2)

Universal

500 F AATGATACGGCGACCACCGAGATCTACACNNNNNNNN
ACACTCTTTCCCTACACGACGCTCTTCCGATCT (SEQ ID NO: 3)
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Oligonucl {Sequence (5'to 3")
eotide

Universal
700.R CAAGCAGAAGACGGCATACGAGNNNNNNNNGTGTGACTGGAGTT

CAGACGTGTGCTCTTCCGATCT (SEQ ID NO: 4)

[0086] In the hairpin primers embodiment shown in Table 1, the MI nucleotide bases sequence
is represented by the letter sequence , wherein each letter represents a nucleotide base in a
semi-random 9mer. In this embodiment, N may be any nucleotide base, however positions 1,
4, and 7 (represented by the letter W) are restricted to either ATP or TTP. In other aspects, the
MI nucleotide bases sequence is represented by the letter sequence NWNNWNNWN or letter
sequence NNWNNWNNW, in these aspects, positions 2, 5 and 8 or positions 3, 6, and 9,
respectively, are restricted to either ATP or TTP. The underlined bases in the said embodiment
make up the hairpin stem structure, and the bases in between form the loop (as illustrated in
FIG. 1). Referring now to the universal primers' embodiment depicted in Table 1, the italicized
N's represent an 8mer nucleotide bases sequence, which may be used for example as an
indexing barcode, however this portion of the universal primer is not limited to

the use mentioned above, and may be longer or shorter in length depending on its intended
use. Indeed, universal primers with a shorter universal adaptor or a shorter indexing barcode
sequence are contemplated herein. In the embodiment shown in Table 1, the applications
adaptor sequences of the universal primers are PS and P7 flow cell sequence which are
designed for sequencing on an lllumina instrument.

[0087] The term "universal primer sequence” generally refers to a primer binding site, e.g., a
primer sequence that would be expected to hybridize (base-pair) to, and prime, one or more
loci of complementary sequence, if present, on any nucleic acid fragment.

[0088] The "barcode" or "barcode sequence” as referred to herein, are polynucleotide
sequences which are unique, i.e., distinguishable from other barcode sequences. The
sequences may be of any suitable length which is sufficient to distinguish the barcode
sequence from other barcode sequences. A barcode sequence may have a length of 5, 6, 7, 8,
9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 nucleotides, or more. In some
aspects, the barcodes are pre- defined and selected at random. The primers may be supplied
by any oligonucleotide synthesis supplier.

Hairpin primers and universal primers, and amplification method thereof

[0089] In some aspects, the hairpin and universal primers of the present invention are used for
preparing a target specific library from sample nucleic acids using an amplification-based
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reaction. In some aspects, the amplification reaction is a one-tube reaction (single reaction). In
some aspects, the amplification reaction is multiplexed (more than one target is selected).
Amplification, as used herein, generally refers to methods for creating copies of nucleic acids
by using thermal cycling to expose reactants to repeated cycles of heating and cooling, and to
permit different temperature-dependent reactions (e.g. by Polymerase chain reaction (PCR)).
As used herein, the sample nucleic acids may include any of a wide variety of nucleic acids,
including, e.g., DNA and RNA, and specifically including for example, genomic DNA, cDNA,
MRNA total RNA, and cDNA created from a mRNA or total RNA transcript. The sample nucleic
acid may be derived, or prepared, using methods known in the art, from any one of the
samples, or biological samples, of the instant disclosure.

[0090] In some aspects, the presently disclosed amplification reaction includes sample nucleic
acids, amplification reagents, the hairpin primers of the instant disclosure, the universal
primers of the instant disclosure, and a polymerase. The term "amplification reagents"
encompass without limitation dNTPs (mix of the nucleotides dATP, dCTP, dGTP and dTTP),
buffer/s, detergent/s, or solvent/s, as required. The polymerase used in the presently disclosed
amplification reaction method is generally a DNA polymerase, and may be selected from, but is
not limited to, Taqg DNA polymerase, Phusion polymerase, or Q5 polymerase.

In some aspects, the amplification method includes initial amplification cycles designed for
specific target amplification, and subsequent amplification cycles designed for uniform
amplification of the ampilification products from the said initial cycles. More specifically, the
target-specific primer sequence annealing/extension temperature, universal adaptor
annealing/extension temperature, and hairpin secondary structure denaturing temperature are
designed such that the hairpin stem is open during the initial annealing and DNA synthesis (the
term "DNA synthesis” is also referred to herein as "extension") cycles, but will be in the
secondary hairpin structure in the subsequent amplification cycles, in which universal
amplification takes place. In some aspects, the temperature difference between initial
amplification cycles designed specifically for target amplification, and subsequent ampilification
cycles designed for uniform amplification of the amplification products from the said initial
cycles, is in the range of about 0-20°C. In other aspects, the temperature difference between
initial amplification cycles designed specifically for target amplification, and subsequent
amplification cycles designed for uniform amplification of the amplification products from the
said initial cycles, is in the range of about 5-1 5°C. In yet other aspects, the temperature
difference between initial amplification cycles designed specifically for target amplification, and
subsequent amplification cycles designed for uniform amplification of the amplification products
from the said initial cycles, may be 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15°C. The precise
temperature difference depends on the length of the gene-specific primer sequence and the
universal adaptor sequence. In some aspects, the change of annealing/extension temperature
described-above will occur during the transition DNA amplification cycles which follows the
target specific DNA amplification cycles and precedes the universal DNA amplification cycles.

[0091] An embodiment of the present amplification method for one tube (one reaction)
amplification of target nucleic acids and targeted sequencing library creation thereof is
illustrated in FIG. 2. Thermal cycling with the target-specific hairpin primers and universal
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primers comprises the following steps:

1. A Gene-specific (also referred to herein as "target-specific") amplification: At least two
cycles of annealing/extension are performed with a temperature which is at, or above,
the denaturing temperature of the hairpin stem structure of the hairpin primers and
within the annealing range of the gene-specific primer sequence. After two cycles, full
amplicons are formed as a result of the amplification of the targeted sequences. Each
amplicon contains the same hairpin structures as the hairpin primers which primed its
synthesis. In some aspects, additional target-specific amplification cycles are performed
to improve amplification efficiency. For example, 3, 4, 5, 6, 7, 8, 9, or 10 target-specific
amplification cycles may be performed, as required.

2. B. Transition DNA amplification (in FIG. 2 marked "Transition"): In some aspects of the
Transition DNA amplification step, at least two cycles of DNA amplification are performed
at a lower annealing/extension temperature (or temperatures) than the gene-specific
annealing/extension temperature used in step A, but higher than the universal
amplification's annealing/extension temperature used in step C. In other aspects of the
Transition DNA amplification step, at least two cycles of annealing/extension are
performed at a temperature (or temperatures) which is in the range in between the
gene-specific annealing/extension temperature used in step A, and the universal
amplification's annealing/extension temperature used in step C. In any of the above-
mentioned aspects of the Transition DNA amplification step, the annealing/extension
temperature of the transition DNA amplification step may drop gradually with each cycle
of annealing/extension. During the transition phase, the hairpin secondary structures are
only partially open, which allows the universal adaptor sequence of the universal primers
to bind to the adaptor sequence of the amplicons produced in the target-specific
amplification step described in A The amplicons produced during the transition step will
no longer contain the lock sequences derived from the hairpin primers' amplification. In
some aspects, the amplicons produced at the transition step contain an applications
adaptor. In the embodiment illustrated in FIG. 2, the amplicons contain applications
adaptors which are the are lllumina sequencing adaptors i7 p7 and p5 i5. In some
aspects, the transition DNA amplification step comprises 2-15 cycles of DNA
amplification. In other aspects, the transition DNA amplification step comprises 2-10
cycles of DNA amplification. In yet other aspects, the transition DNA amplification step
comprises 2, 3,4,5,6,7, 8,9, or 10 cycles of DNA amplification.

3. C. Universal amplification: in some aspects of the universal amplification step,
annealing/extension is performed at a temperature lower than the annealing/extension
temperature of target-specific amplification step and the transition DNA amplification
steps. In some aspects of the universal amplification step, annealing/extension is
performed at a temperature equal to the temperature used during all, or some of, the
transition DNA amplification's annealing/extension cycles. Therefore, the secondary
hairpin structures of the hairpin primers and any amplicons from the target-specific
amplification are generally maintained in a secondary structure form. The universal
adaptor sequences, and optionally any applications adaptor sequences, of the universal
primers are allowed to hybridize (base-pair) with complementary sequences of the
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amplicons produced in the transition phase of step B, and prime universal amplification
of the said amplicons. The resulting amplification products (also referred to herein as
"targeted sequencing library") as exemplified in FIG.2, are sequences of interest which
contain at least an MI, universal adaptor sequence, and an application adaptor, and are
ready for processing and analysis.

As used herein, DNA amplification comprises the steps of denaturing the DNA sample,
annealing the hairpin primer with the DNA to allow the formation of a DNA-primer hybrid, and
incubating the DNA-primer hybrid to allow the DNA polymerase to synthesize an amplification
product. The steps of annealing the hairpin primer with the DNA to allow the formation of a
DNA-primer hybrid, and incubating the DNA-primer hybrid to allow the DNA polymerase to
synthesize an amplification product are generally referred to herein as "annealing/extension”.
Therefore, a certain number of DNA amplification cycles would mean the same number of
annealing/extension cycles, and vice versa.

[0092] In some aspects, the annealing/extension temperature of the target-specific
amplification step allows about 0-50% of the hairpin primers to retain their secondary hairpin
structure. In other aspects, the annealing/extension temperature of the target-specific
amplification step allows about 0-30% of the hairpin primers to retain their secondary hairpin
structure. In yet other aspects, the annealing/extension of the target-specific amplification step
allows about 0- 15% of the hairpin primers to retain their secondary hairpin structure. In yet
other aspects, the annealing/extension temperature of the target-specific amplification step
allows about 0%, 1%, 2%, 3%, 4%, 5%, 7%, 10%, 12%, or 15% of the hairpin primers to retain
their secondary hairpin structure.

[0093] In some aspects, the annealing/extension temperature of the transition DNA
amplification step allows about 50-100% of the hairpin primers to retain their secondary hairpin
structure. In other aspects, the annealing/extension temperature of the transition DNA
amplification step allows about 70-100% of the hairpin primers to retain their secondary hairpin
structure. In yet other aspects, the annealing/extension temperature of the transition DNA
amplification step allows about 85-100% of the hairpin primers to retain their secondary hairpin
structure. In yet other aspects, the annealing/extension temperature of the transition DNA
amplification step allows about 100%, 99%, 98%, 97%, 96%, 95%, 93%, 90%, or 85% of the
hairpin primers to retain their secondary hairpin structure.

[0094] In some aspects, the annealing/extension temperature of the universal amplification
step allows about 70-100% of the hairpin primers to retain their secondary hairpin structure. In
other aspects, the annealing/extension temperature of the universal amplification step allows
about 85-100% of the hairpin primers to retain their secondary hairpin structure. In yet other
aspects, the annealing/extension temperature of the universal amplification step allows about
100%, 99%, 98%, 97%, 96%, 95%, 93%, 90%, or 85% of the hairpin primers to retain their
secondary hairpin structure.

[0095] In some aspects, the presently described target nucleic acids amplification and targeted
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sequencing library creation thereof is multiplexed, e.g. more than one nucleic acid sequence is
targeted. In the aspects wherein the target nucleic acids amplification method is multiplexed, a
pair (forward and reverse) of target-specific hairpin primers is designed, as described above,
and synthesized for each target of interest, wherein each of the said pairs may comprise
unique identification sequences, such as Mis or barcodes sequences. In some aspects of
multiplexed target-specific DNA amplification, the sequences of harpin primers of the reaction
are generally designed so that the hairpin secondary structures thereof have similar
denaturation temperatures. In some aspects of multiplexed target-specific DNA amplification,
the universal primers are designed so that they can amplify all the amplicons from the gene-
specific amplification step, or alternatively each pair of universal primer may amplify amplicons
created by a specific pair of hairpin primers.

PCR Methods

[0096] A feature of certain methods as described herein is the use of a polymerase chain
reaction (PCR)- based assay to detect the presence of certain oligonucleotides and/or genes,
e.g., oncogene(s) present in cells. Examples of PCR-based assays of interest include, but are
not limited to, quantitative PCR (gqPCR), quantitative fluorescent PCR (QF-PCR), multiplex
fluorescent PCR (MF-PCR), digital droplet PCR (ddPCR) single cell PCR, PCR-RFLP/real time-
PCR-RFLP, hot start PCR, nested PCR, in situ polony PCR, in situ rolling circle amplification
(RCA), bridge PCR, picotiter PCR, emulsion PCR, and reverse transcriptase PCR (RT-PCR).
Other suitable amplification methods include the ligase chain reaction (LCR), transcription
amplification, self- sustained sequence replication, selective amplification of target
polynucleotide sequences, consensus sequence primed polymerase chain reaction (CP-PCR),
arbitrarily primed polymerase chain reaction (AP-PCR), degenerate oligonucleotide-primed
PCR (DOP- PCR) and nucleic acid based sequence amplification (NAB SA).

[0097] A PCR-based assay may be used to detect the presence of certain gene(s), such as
certain oncogene(s). In such assays, one or more primers specific to each gene of interest are
reacted with the genome of each cell. These primers have sequences specific to the particular
gene, so that they will only hybridize and initiate PCR when they are complementary to the
genome of the cell. If the gene of interest is present and the primer is a match, many copies of
the gene are created. To determine whether a particular gene is present, the PCR products
may be detected through an assay probing the liquid of the monodisperse droplet, such as by
staining the solution with an intercalating dye, like SybrGreen or ethidium bromide, hybridizing
the PCR products to a solid substrate, such as a bead (e.g., magnetic or fluorescent beads,
such as Luminex beads), or detecting them through an intermolecular reaction, such as FRET.
These dyes, beads, and the like are each example of a "detection component,” a term that is
used broadly and generically herein to refer to any component that is used to detect the
presence or absence of nucleic acid amplification products, e.g., PCR products.

Amplification methods and amplification environments thereof
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[0098] The methods disclosed herein can be performed in a variety of reaction volumes,
wherein a volume for the purposes of the present invention is, generally, a volume in which
reagents are entrained or otherwise releasably partitioned. In some aspects, the present
amplification methods are particularly well-suited to nanoliter-sized water-in-oil partitioned
reactions such as emulsions, microfluidically-generated droplets, or pre-templated instant
partitions (PIPs). The above-mentioned small reaction volumes, in combination with loading of
nucleic-acid targets based on Poisson statistics, results in the presence of O or | amplifiable
targets in each reaction on average. Further, partitioned reactions reduce the amount of
sample and assay reagents (such as dNTPs, buffer and polymerase) required for the
amplification reaction, and increase the sensitivity of the assay as compared to conventional
PCR assays.

[0099] The presently described methods are compatible with methods known in the art for
preparation of partitions. Such methods include a variety of approaches such as, without
limitation, shaking, vortexing, using microfluidic chips and/or associated devices, or the
introduction of microscale particles (sometimes referred to as beads) that template the
formation of uniform partitions (PIPs).

Particles/beads and partitions

[0100] The methods of the present disclosure may be used with any suitable amplification
environment including beads/particles, partitions, and combinations thereof.

[0101] In particular, beads/particles may provide a surface to which reagents are releasably
attached, or a volume in which reagents are entrained or otherwise releasably partitioned.
Non-limiting examples of such reagents include, e.g., enzymes, polypeptides, antibodies or
antibody fragments, labeling reagents, e.g., dyes, fluorophores, chromophores, etc., nucleic
acids, polynucleotides, oligonucleotides, and any combination of two or more of the foregoing.
In some cases, the beads may provide a surface upon which to synthesize or attach
oligonucleotide sequences. Various entities including oligonucleotides, barcode sequences,
primers, crosslinkers and the like may be associated with the outer surface of a bead. In the
case of porous beads, an entity may be associated with both the outer and inner surfaces of a
bead. The entities may be attached directly to the surface of a bead (e.g., via a covalent bond,
ionic bond, van der Waals interactions, etc.), may be attached to other oligonucleotide
sequences attached to the surface of a bead (e.g. adaptor or primers), may be diffused
throughout the interior of a bead and/or may be combined with a bead in a partition (e.g. fluidic
droplet). In some aspects, the oligonucleotides (such as primers) are covalently attached to
sites within the polymeric matrix of the bead and are therefore present within the interior and
exterior of the bead. In some cases, an entity such as a cell or nucleic acid is encapsulated
within a bead. Other entities including amplification reagents (e.g., PCR reagents, primers)
may also be diffused throughout the bead or chemically-linked within the interior (e.g., via
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pores, covalent attachment to polymeric matrix) of a bead.

[0102] In some aspects, the particles are used to prepare significantly uniform reaction (such
as amplification reaction according to the presently described methods) microenvironments.
Particles, or beads, may be porous or nonporous. Particle may include microcompartments,
which may contain additional components and/or reagents, e.g., additional components and/or
reagents that may be releasable into monodisperse droplets.

Example 1: Hairpin demonstration

[0103] In an embodiment of the present method, the hairpin secondary structure melt
(denaturing) temperatures are 4°C higher than the gene-specific amplification step
annealing/extension temperature. The target-specific primer sequences of the hairpin primers
are designed to amplify a 57lbp portion of the GAPDH gene (the primers sequence is
described in Table 1). Reactions are prepared using Ix Phusion GC buffer and Phusion
polymerase, 0.2mM dNTP, | Ong human genomic DNA or nuclease-free water, 400nM GAPDH
hairpin primers described in Table 1, and 3% DMSO or nuclease-free water. It is hypothesized,
that facilitating the relaxation of the hairpin, the presence of DMSO would result in more
efficient amplification than without its presence. Cycling (thermal cycling) is performed with all
the cycles at the same annealing/extension temperature without the presence of universal
primers: 98°C for 2 minutes followed by 30 cycles of 98°C for | minute and annealing/extension
at either 50°C, 56°C, 62°C, 68°C, or 72°C for 2 minutes. After cycling, the reactions are diluted
| :5in water and loaded on a 2% agarose E-GEL EX gel (FIG. 3).

[0104] The hairpin primers are designed so that the Target-specific primer sequence portions
of the primers are not available for amplification at lower annealing temperatures, but the
hairpin structure denatures with an increase in temperature. In the presence of DMSO, the
hairpin structure is more relaxed, resulting in more amplification product than in the reaction
without DMSO. The hairpin structures in the hairpin primers used largely remain undenatured
at temperatures below 72°C, even in the presence ofDMSO. At 72°C, the hairpin structure is
denatured, and the target-specific primer sequences can amplify the target of interest.

Example 2: Hairpin demonstration

[0105] In another embodiment of the experiment of Example 1, the same target-specific primer
sequences portion of the hairpin primers were kept, however the lower hairpin secondary
structure melt temperatures were designed by modifying the lock sequences. Amplification with
the hairpin primers was performed using two different buffers provided by the enzyme
(polymerase) manufacturer. Annealing/extension is performed at 55°C, 59°C, 63°C, 67°C, or
72°C for all cycles. Other than that, the design of the experiment is the same as described in
Example 1. After completion of cycling, the reactions were diluted | :5 in water and loaded on a
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2% agarose E-GEL EX gel (FIG. 4). As seen with the Example | set of GAPDH-specific primers,
the hairpin lock denaturing temperatures can be tailored to the buffer system, and as also seen
with Example | experiment, the locks can be fully engaged (maintain stem structure) below
specific temperatures to impede amplification using the hairpin primers. Resulting in less
product yield, Buffer 2 contains a different composition for PCR, causing the locks to be more
engaged at 59°C than Buffer 1. At 67°C and 70°C, the locks are open (denatured) in both
reactions (Buffer | and Buffer 2) to allow for similar amplification at both temperatures.

Example 3: Singleplex Library Construction

[0106] With the addition ofMis, sequencing primers (such as universal primers), and sample
indices (such as barcodes), the final expected library size for the GAPDH specific amplification
products according to the method of Example | is 725bp. One-tube amplifications are
performed using the hairpin and universal primers described in Table 1. Amplifications
reactions are prepared with hairpin primers only or both universal and hairpin primers. For
reactions with both sets of primers, reactions are prepared with 30ng of human genomic DNA
or nuclease-free water for no-template controls (NTC). Reactions include the following
components: Ix Fluent Biosciences high fidelity PCR buffer, GAPDH primers, universal primers,
0.2 mM dNTPs, DMSO, 0.5% Triton X-100, and Fluent Biosciences high fidelity polymerase.
Cycling conditions are as follows: 98°C for 2 minutes, 2 cycles of 98°C for | minute and 72°C
for 6 minutes, one cycle each of 98°C for | minute followed by 72°C, 70°C, 68°C, 66°C, 64°C,
or 62°C for 3 minutes (a decrease by 2°C for each cycle for six cycles), and 30 cycles of 98°C
for 30 seconds and 62°C for 90 seconds. After cycling, the reactions were diluted | :5 in water
and loaded on an 2% agarose E-GEL EX for viewing via gel electrophoresis (FIG. 5).
Generally, the 98°C for 2 minutes, 2 cycles of 98°C for | minute and 72°C for 6 minutes is an
embodiment of the gene- specific phase, the one cycle each of 98°C for | minute followed by
72°C, 70°C, 68°C, 66°C, 64°C, or 62°C for 3 minutes (a decrease by 2°C for each cycle for six
cycles) is an embodiment of the Transition phase, and the 30 cycles of 98°C for 30 seconds
and 62°C for 90 seconds is an embodiment of the Universal amplification phase.

[0107] The cycling conditions are structured such that the hairpins structures are denatured at
72°C, allowing the gene-specific portions to amplify from the template (human genomic DNA).
The products (amplicons) from the gene-specific phase amplification cycles contain hairpins;
therefore, the amplicons' hairpins need to be partially open for the universal primers to prime
them (annealing and allow DNA synthesis from the full amplicon to create the library). For that,
not only do the hairpin structures need to be partially denatured, during the transition phase,
but also the universal adaptors must be designed so to be able to anneal (base-pair), in the
same temperature range. During the transition phase, the temperature is dropped gradually to
fully close the hairpins, preventing the universal primers from binding to amplicons that include
the hairpin structure and are therefore not the fully constructed library.

[0108] As mentioned above, to demonstrate constructing the library in a one-tube (one-
reaction approach), PCR amplification was performed with and without the presence of the
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universal primers in the amplification reaction. In the first three lanes after the ladder (universal
primers not included) in FIG. 5, no product is observed on the gel. The gene-specific primers
are not able to engage (anneal) in later cycles (of the Transition and Universal amplification
phases) due to the presence of the hairpin secondary structure, inhibiting amplification. In
contrast, in the presence of universal primers (lanes 5-7), a product of the appropriate library
size (725bp) is observed on the gel. To note, the addition of DMSO increases the yield, mainly
by relaxing the secondary structure during the initial gene-specific cycles and again in the
transition cycles when the universal primers engage.

Example 4: Multiplex Demonstration

[0109] To demonstrate the present method with multiple targets, six pairs (a pair includes a
forward primer and a reverse primer, designed to amplify a specific portion of nucleic acid
sequence- for example, the primers GAPDH_9mer.F and GAPDH_9mer.R, both described in
Table I) of hairpin primers were designed using the design requirements detailed in the present
disclosure to generate six specific amplicons. Single-tube library amplifications reactions were
performed using the following: Ix Fluent Biosciences high fidelity PCR buffer, hairpin primers
(IDT), universal primers (IDT), 0.2 mM dNTPs (ThermoFisher, Cat# R0192), and Fluent
Biosciences high fidelity polymerase. Cycling conditions were performed as follows: 98°C for 2
minutes, 2 cycles of 98°C for | minute and 72°C for 6 minutes, one cycle each of 98°C for |
minute followed by 70°C, 68°C, 66°C, 64°C, or 62°C for 3 minutes, and 36 cycles of 98°C for
30 seconds and 62°C for 90 seconds.

[0110] Generally, the 98°C for 2 minutes, 2 cycles of 98°C for | minute and 72°C for 6 minutes
is an embodiment of the gene-specific phase, the one cycle each of 98°C for | minute followed
by 70°C, 68°C, 66°C, 64°C, or 62°C for 3 minutes is an embodiment of the Transition phase,
and the 36 cycles of 98°C for 30 seconds and 62°C for 90 seconds is an embodiment of the
Universal amplification phase.

[0111] To prepare libraries for sequencing, the amplification products are purified using a
magnetic bead cleanup, and the libraries are quantified using fluorescence. After cleanup, the
libraries are ready for sequencing. The overall process requires only one PCR amplification
and cleanup, resulting in a process time of about four hours from extracted DNA to
sequenceabile library.

[0112] Without limiting the foregoing description, certain non-limiting aspects of the disclosure
are provided below. As will be apparent to those of skill in the art upon reading this disclosure,
each of the individually numbered aspects may be used or combined with any of the preceding
or following individually numbered aspects. This is intended to provide support for all such
combinations of aspects and is not limited to combinations of aspects explicitly provided below:
Aspects of the disclosure provide a method of library preparation. The method includes
partitioning a mixture comprising a nucleic acid, a hairpin primer, and a polymerase into a
plurality of partitions, wherein the hairpin primer comprises a hairpin structure that inhibits non-
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specific interactions with the hairpin primer; annealing, within one of the partitions, the hairpin
primer to the nucleic acid; and performing an amplification reaction to extend the annealed
hairpin primer with the polymerase, thereby creating an amplicon. The method may further
include performing a second amplification reaction with a universal primer that includes a
targeting sequence complementary to a portion of the amplicon. Preferably the partitions are
aqueous droplets surrounded by oil within a tube. The partitioning, the amplification reaction,
and the second amplification reaction may be performed within the tube and without lysing or
releasing contents from the droplets. In some aspects, the partitioning is achieved by vortexing
the tube. The mixture may further include a plurality of beads that template the formation of the
droplets. In certain aspects, the amplification reaction is performed at a first temperature and
the second amplification reaction is performed at a second temperature lower than the first
temperature and lower than a third temperature at which the hairpin structure denatures. In
certain aspects, the first temperature is in the range of about 50-70 degrees C and the second
temperature is in the range of about 55-80 degrees C. In some aspects, the universal primer
further comprises one or more of an indexing sequence, a barcode sequence, and a
sequencing adaptor. The hairpin primer may include a molecular identifier sequence. In some
aspects, the hairpin structure inhibits non-specific amplification of sequences by random
priming via the molecular identifier sequence. The partitions may comprise pipetted emulsions
or microfluidically-generated droplets. In some aspects, the mixture further comprises a
universal primer, the universal primer comprising a molecular identifier sequence and a
priming sequence that is complementary to a portion of the amplicon. Preferably the hairpin
structure of the hairpin primer prevents non-specific priming via the molecular identifier
sequence.

[0113] Aspects provide hairpin primer for amplifying a target nucleic acid or reverse
complement thereof, the hairpin primer comprising: (a) a target-specific primer sequence
comprising a nucleotide sequence complementary to a portion of the nucleotide sequence of
the target nucleic acid; (b) an adaptor sequence; (c) a lock sequence comprising a sequence
complementary to the said target-specific primer sequence; wherein sequences (a) to (c) are
arranged from the 3' end to the 5' end of the said hairpin primer;

wherein the said target-specific primer sequence and complementary lock sequence are able
to hybridize, thus allowing the said hairpin primer to form a secondary hairpin structure; and,
wherein the target-specific primer sequence and lock sequence, when hybridized, form the
stem portion of the said hairpin structure. The adapter sequence may comprises a universal
primer sequence. The lock sequence may be complementary to a portion, or all, of the target-
specific primer sequence. The hairpin primer may include a gene-specific hairpin de-stabilizer
sequence located 5' to the target-specific primer sequence, wherein the gene-specific hairpin
de- stabilizer sequence comprises of at least one nucleotide that is non-complementary to the
sequence upstream of the portion of the target nucleic acid sequence complementary to
target- specific primer sequence. The hairpin primer may further include a Molecular Identifier
(MI) sequence located 5' to the gene-specific hairpin de-stabilizer sequence. The Ml sequence
may be a semi-random N-mer (N may be e.g., an integer between 4 and 20, preferably
between 6 and 12); wherein the said Nmer optionally comprises three pre-determined
sequence positions in which the nucleotide bases are restricted to either ATP or TTP; and,
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wherein the said pre-determined sequence positions are selected from sequence positions 1,
4, and 7, sequence positions 2, 5, and 8, or sequence positions 3, 6, and 9.

[0114] The hairpin primer may include an adaptor hairpin de-stabilizer sequence located 5' to
the adaptor sequence, wherein the adaptor hairpin de-stabilizer sequence comprises at least
one nucleotide derived from the gene-specific portion of the hairpin primer, wherein said one
nucleotide is non-complementary to the first nucleotide of the hairpin primer that does not
participate in the hairpin stem.

[0115] The hairpin primer may optionally include a stem de-stabilizer sequence located 5' to
the lock sequence, wherein the stem de-stabilizer sequence comprises at least one nucleotide
which is non-complementary to the 3' portion of the target-specific primer sequence of the
hairpin primer. In some aspects, the secondary hairpin structure is denatured at a temperature
in the range of about 55-80°C or the secondary hairpin structure is denatured at a temperature
in the range of about 62-72°C, e.g., the secondary hairpin structure is denatured at a
temperature of 62°C. Optionally, the secondary hairpin structure is denatured at a temperature
of 72°C.

[0116] Aspects provide a method of amplifying target nucleic acid, the method comprising:
(a)providing a single reaction mixture comprising:(i) DNA sample, (i) a hairpin primer as
described above, (iii)) a universal primer comprising all, or some, of the adaptor sequence of
the hairpin primer of (ii) (or reverse complement thereof), (iii) amplification reagents, and (iv)a
DNA polymerase; (b) subjecting the sample DNA to DNA amplification wherein the hairpin
primer anneals to target sequences to allow for production of a target-specific amplification
product; and ( c¢) subjecting the target-specific amplification product of step (b) to DNA
amplification wherein the universal primer anneals to the said amplification product to allow for
universal amplification of the products of step (b). The DNA sample may be derived from a
biological sample, e.g., genomic DNA. Preferably the DNA polymerase is selected from Taq
DNA polymerase, Phusion polymerase, or Q polymerase. Optionally, the DNA amplification of
step (b) is preceded by a DNA denaturing incubation. The DNA denaturing incubation may be
performed at 98°C for two minutes. In certain aspects, the DNA amplification of step (b)
comprises the steps of denaturing the DNA sample; annealing the hairpin primer with the DNA
to allow the formation of a DNA-primer hybrid; and incubating the DNA-primer hybrid to allow
the DNA polymerase to synthesize an amplification product. The DNA amplification of step (b)
may be repeated at least two times. In some aspects, the annealing and DNA synthesis steps
of the DNA amplification of step (b) are performed at a temperature in the range of about 55-
80°C, in the range of about 62-72°C, or at a temperature of 62°C. It may be that the annealing
and DNA synthesis steps of the DNA amplification of step (b) are performed at a temperature
of 72°C. Optionally, the DNA amplification of step (c) comprises the steps of denaturing the
DNA comprising amplification product of step (b); annealing the universal primer with the
amplification product to allow the formation of a DNA-primer hybrid; and incubating the DNA-
primer hybrid to allow the DNA polymerase to synthesize a second amplification product. In
some aspects, the DNA amplification of step (c) is repeated at least twenty or even thirty times.
In some aspects the annealing and DNA synthesis steps of the DNA amplification of step (c)
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are performed at a temperature lower than the temperature used for the annealing and DNA
synthesis steps of step (b). In certain aspects the temperature used for the annealing and DNA
synthesis steps of the DNA ampilification of step (c) is lower than the temperature required for
the denaturation of the hairpin secondary structure of the hairpin primer, thus preventing, or
reducing the likelihood of, the hybridization of the hairpin primer to the amplification products of
step (b), sample DNA, or the universal primer sequence of the universal primers. In some
aspects, the annealing and DNA synthesis steps of the DNA amplification of step (c) are
performed at a temperature in the range of about 50-80°C. Optionally the annealing and DNA
synthesis steps of the DNA amplification of step (c) are performed at a temperature in the
range of about 60-62°C, e.g., at a temperature of 62°C.

[0117] The method of amplifying target nucleic acid may further comprise a transition DNA
amplification step performed after step (b) and before step (c).The transition DNA ampilification
step may include the steps of denaturing the DNA comprising the amplification product of step
(b); annealing the universal primer or the hairpin primer with the said amplification product to
allow the formation of a DNA-primer hybrid; and incubating the DNA-primer hybrid to allow the
DNA polymerase to synthesize an amplification product. Optionally the transition DNA
amplification step is repeated at least two times. Optionally the annealing and DNA synthesis
steps of the transition DNA amplification step are performed at a temperature lower than the
temperature used for the annealing and DNA synthesis steps of step (b), but higher than the
temperature used for the annealing and DNA synthesis steps of step (c). Optionally the
annealing and DNA synthesis steps of the transition DNA amplification step are performed at a
temperature in the range between the temperature used for the annealing and DNA synthesis
steps of step (b), and the temperature used for the annealing and DNA synthesis steps of step

(©).

[0118] In some aspects, the annealing and DNA synthesis steps of the transition DNA
amplification step are performed at a temperature in the range between the temperature used
for the annealing and DNA synthesis steps of step (b), and the temperature used for the
annealing and DNA synthesis steps of step (c), and wherein the temperature of annealing and
DNA synthesis steps of the transition DNA amplification step drops gradually with every repeat.
Preferably the likelihood of hybridization of the hairpin primer to the amplification products of
step (b) is reduced with every repeat. In some aspects, the annealing and DNA synthesis steps
of the transition DNA amplification step are performed at the first repeat at a temperature of
72°C, at a second repeat at a temperature of 70°C, at a third repeat at a temperature of 68°C,
at a fourth repeat at a temperature of 66°C, at a fifth repeat at a temperature of 64°C, and at a
sixth repeat at a temperature of 62°C. In some aspects the universal primer further comprises
an application adaptor sequence. The application adaptor sequence may include an indexing
sequence, a barcode sequence, a tag for amplification products’ detection, purification or
quantification, or a sequencing adaptor for sequencing applications. In some aspects, the
universal primer for amplifying the amplification products is Universal 500.F, and the universal
primer for amplifying the amplification products reverse complement is Universal 700.R. The
amplification products may be used to prepare a sequencing library.
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[0119] Aspects of the disclosure provide a composition for nucleic acid amplification. The
composition includes a plurality of aqueous partitions. One of the partitions comprises: a bead;
a hairpin primer comprising a stem and loop structure that inhibits non-specific hybridization; a
target nucleic acid; and a polymerase. The partitions may comprise aqueous droplets formed
and contained within a tube. The droplets may be formed by vortexing the tube. The bead may
template the formation of one of the droplets. Preferably the one partition further comprises a
universal primer that includes a molecular identifier sequence and priming sequence that is
complementary to an amplicon created by extending the hairpin primer annealed to the target
nucleic acid. Preferably the stem and loop structure of the hairpin primer prevents non-specific
priming via the molecular identifier sequence.
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PATENTKRAV

1. Fremgangsmade til fremstilling af biblioteker, hvilken fremgangsmade

omfatter:

segmentering af en blanding omfattende en nukleinsyre, en harnaleprimer og
en polymerase i en flerhed af segmenter, hvor harnaleprimeren omfatter en

harnalestruktur, der haemmer non-specifikke interaktioner med hamaleprimeren;

hybridisering, inden for et af segmenterne, af harmaleprimeren til
nukleinsyren; og udferelse af en amplificeringsreaktion for at udvide den
hybridiserede harnaleprimer med polymerasen, hvorved der dannes et amplikon; og

udfgrelse af en anden amplificeringsreaktion med en universalprimer, der
indbefatter en malretningssekvens, der er komplementeer med en andel af

amplikonet;

hvor amplificeringsreaktionen udfgres ved en forste temperatur, og den
anden amplificeringsreaktion udfgres ved en anden temperatur, der er lavere
end den forste temperatur og lavere end en tredje temperatur, ved hvilken

harnalestrukturen denaturerer.

2. Fremgangsmade ifglge krav 1, hvori segmenterne er sma vandige draber

omgivet af olie i et ror.

3. Fremgangsmade ifalge krav 2, hvori segmenteringen,
amplificeringsreaktionen og den anden amplificeringsreaktion udfgres inde i roret
og uden lysering eller frigivelse af indhold fra de sma draber.

4, Fremgangsmade ifglge krav 2, hvori segmenteringen opnas ved

vortexblanding af reret.

5. Fremgangsmade ifglge krav 2, hvori blandingen endvidere omfatter en
flerhed af kugler, som er templates for dannelse af de sma draber.

6. Fremgangsmade ifalge krav 1, hvori den farste temperatur er i intervallet
pa omkring 50-70 grader C, og den anden temperatur er i intervallet pa omkring
55-80 grader C.
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7. Fremgangsmade ifglge krav 1, hvori universalprimeren endvidere omfatter en
eller flere af en indekseringssekvens, en stregkodesekvens og en
sekventeringsadapter.

8. Fremgangsmade ifalge krav 1, hvori harnaleprimeren omfatter en molekylaer
identifikatorsekvens; og eventuelt hvori harnalestrukturen heemmer non-specifik
amplificering af sekvenser ved tilfeeldig priming via den molekyleere
identifikatorsekvens.

9. Fremgangsmade ifglge krav 1, hvori segmenterne omfatter pipetterede

emulsioner eller mikrofluidt genererede sma draber.

10. Fremgangsmade ifglge krav 1, hvori blandingen endvidere omfatter en
universalprimer, hvilken universalprimer omfatter en molekyleer identifikatorsekvens

og en primingsekvens, der er komplementeer med en andel af amplikonet.

11. Fremgangsmade ifglge krav 10, hvori harnaleprimerens harnalestruktur
forhindrer non-specifik priming via den molekylaere identifikatorsekvens.

12. Sammensaetning, der er egnet til nukleinsyreamplificering ved
fremgangsmaden ifalge krav 1, hvilken sammensaetning omfatter: en flerhed af

vandige segmenter, hvor et af segmenterne omfatter:
en kugle;

en harnaleprimer omfattende en stilk og lokke-struktur, der heemmer

non-specifik hybridisering;
en malnukleinsyre;
en polymerase; og

en universalprimer, som indbefatter en primingsekvens, der er
komplementaer med et amplikon dannet ved udvidelse af harnaleprimeren, der er
hybridiseret til malnukleinsyren, hvor segmenterne omfatter vandige sma draber,
der er dannet ved vortexblanding; og hvor kuglen er template for dannelse af en
af de sma draber.
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13. Sammensaetning ifglge krav 12, hvori universalprimeren endvidere

indbefatter en molekyleer identifikatorsekvens.

14. Sammenseetning ifelge krav 13, hvori harnaleprimerens stilk og lokke-

struktur forhindrer non-specifik priming via den molekyleere identifikatorsekvens.
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