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Cross-Reference to Related Applications

[0001] This application claims priority from the U.S. provisional patent application serial
number 63/152,856 filed February 24" 2021, and allowed U.S. non-provisonal patent
application serial number 17/496,796, filed October 8, 2021 the disclosure of which is

incorporated herein by reference in its entirety.

Technical Field

[0002] The present invention relates to an unbiased and simultaneous amplification method
for preparing a double-stranded DNA library from a sample of more than one type of nucleic
acid. In particular, the present invention provides an unbiased and simultaneous amplification
method for preparing a double-stranded DNA library from more than one type of nucleic acid

in substantially low amount comparative to non-nucleic acid molecules in the sample.

Background

[0003] Preparation of libraries for high throughput sequencing from a biological or medical
samples is not always easy because they are usually significantly low in the amount of nucleic
acids. Many conventional methods, in order to cope with this limitation, may require more
complex procedure which is more time-consuming and costly, or limited to certain kind of
nucleic acid sample, or may lose or add some elements that do not belong to the original sample,
implying that there is no simultaneous amplification of the nucleic acid sample in place which
avoids or lowers bias between different types of nucleic acids for the same target, especially
when the amount of the nucleic acid sample is only up to picogram level.

[0004] U.S. Patent No. 5731171 (Bohlander et al.) provided a sequence-independent
amplification (SIA), PCR-based method capable of amplifying DNA from minute amounts
such as from microdissected chromosomal material. The method involves an initial primer
composed of 4-8 random nucleotides, at 3* end and 10-30 nucleotides of defined (non-random)
sequence at 5° end, where the random nucleotide can be any of G/A/T/C (in any order). The

3’ end of the initial primer should be complementary to random sites throughout the target
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DNA segments while the defined sequence should constitute a PCR primer which do not form
self-homologies, no runs of the same nucleotide, and no overly rich G:C or A:T rich.

[0005] U.S. Patent No. 6124120 (Lizardi et al.) provided a non-PCR-based method of multiple
strand displacement amplification (MDA) using two set of primers complementary to a pair of
double-stranded DNA, where some intervening primers are displaced during replication by the
polymerase. Another embodiment of this patent also uses a random set of primers to sequence
whole genome. A highly processive polymerase is used in the replication such that overlapping
copies of the entire genome can be synthesized in a short time.

[0006] However, both Bohlander et al. and Lizardi et al. could not be used to amplify samples
with a mix of different nucleic acids including deoxyribonucleic acid (DNA), ribonucleic acid
(RNA), or any analogues thercof, which is/are either single-stranded or double-stranded, or
both, simultaneously without bias.

[0007] U.S. Patent No. 7402386 (Kurn et al.) disclosed using a RNA-DNA composite primer
and DNA- and RNA-dependent DNA polymerases for globally amplifying DNA/RNA
polynucleotide targets. The method involved cleavage of RNA portion from RNA/DNA
heteroduplex before subsequent amplification.

[0008] U.S. Patent No. 7718403 and U.S. Patent No. 8206913 (Kamberov et al.) disclosed
methods for whole genome amplification (WGA) and whole transcriptome amplification
(WTA) including a library generation step and a library amplification step, which involve the
use of random primer and specific DNA polymerase in the library generation step to generate
the first strand from the DNA/RNA template, where the variable region of the primer comprises
at most 3 random nucleotides each composed of two non-complementary nucleotides such that
primers will not self-hybridize or cross-hybridize with each other. Choosing random
nucleotides composed of two non-complementary nucleotide bases instead of random
nucleotides composed of at least three non-complementary nucleotide bases does not
effectively reduce cross-hybridization among the pool of random primers if there are only at
most 3 random nucleotides in each of the random primer because PCR favors generation of
short amplicons. It is important to reduce the ability to form non-specific amplicons in order
to prevent sequestration of polymerase towards unproductive amplicons.

[0009] U.S. Patent No. 8741606 (Casbon et al.) disclosed a method of tagging degenerate base
region (DBR) to a nucleic acid molecule on both ends to be sequenced to result in an
asymmetrically tagged nucleic acid molecule because two different DBRs. The DBRs include
a sequencing primer site for subsequent PCR. In certain embodiments of ‘606, DBR may be 3

to 10 random nucleotides-long, and each DBR may have different base composition such as 4-
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base DBR may have any of the following compositions: NNNN; NRSN; SWSW; BDHV
(according to IUPAC nucleotide code). ‘606 involves addition of two different DBRs on both
ends of the nucleic acid molecule to be sequenced, and some functional domains such as
sequencing primer site and unique multiplex identifier for sequencing purpose, but it was not
primarily designed for library preparation from a mix of different nucleic acids including both
DNA and RNA in either single-stranded or double-stranded form.

[0010] U.S. Patent No. 8728766 (Casbon et al.) disclosed a method for processing a genomic
DNA sample including using a population of first primers to hybridize a genomic sample of
initial target DNA molecules, where the first primers include different DBR sequences 5’ to a
target-specific sequence, and different DBR sequences include at least one of R, Y, S, W, K,
M, B, D, H, V, N according to IUPAC nucleotide code, or their modified versions. In certain
examples, RYB serves as DBR sequence while DHVB serves as target-specific sequence. In
those example, the total number of different sequences from those random nucleotides could
be 972 (2x2x3x3x3x3x3). There were still only three random nucleotides in the DBR sequence
employed in the first primers of ‘766. Cross-hybridization among primers could still happen
under suitable conditions.

[0011] U.S. Patent No. 9920355 (Osborne et al.) provided a method of library preparation
comprising including deoxy-methyl-cytidine triphosphate in different concentrations in the RT
reaction mix for first strand, second strand generations, and/or PCR amplifications to facilitate
fragmentation using a specific restriction enzyme digestion.

[0012] Therefore, a one-pot method for preparing a DNA library from a sample in substantially
low amount of a mixture of different types of nucleic acids without bias is needed for high
throughput sequencing. By using a set of carefully designed DNA strand generation primers
to target a pool of nucleotide sequences, notwithstanding any forms of nucleic acid samples,
library preparation can be generated from a sample of a mix of different forms of nucleic acids
simultaneously without bias, i.e., a one-pot synthesis method, while self-priming is efficiently

avoided during the DNA strand generation from the nucleic acid samples.

Summary of Invention

[0013] Accordingly, in a first aspect of the present invention, there is provided an unbiased
and simultaneous amplification method for preparing a library from a sample of more than one
type of nucleic acid in substantially low amount comparative to non-nucleic acid molecules,

where the method includes:
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providing the sample of more than one type of nucleic acid including single-stranded
and/or double-stranded DNA and/or RNA as a template of subsequent extensions and
amplifications;

preparing a first DNA strand from said sample including annealing first DNA strand
generation primers to any of the DNA and/or RNA template, and extending from the annealed
first DNA strand generation primer including employing a DNA polymerase that enables a
one-pot synthesis of the first DNA strand from either or both of DNA and/or RNA templates
to obtain the first DNA strand, wherein the first DNA strand generation primers include:

a first nucleotide sequence that includes a constant adaptor sequence on the 5’ end
followed by a poly-thymidine sequence and two random nucleotides, said poly-thymidine
sequence including at least ten thymidine bases followed by a random nucleotide V and further
followed by a random nucleotide N, wherein V and N are according to [UPAC nucleotide code,
and a second nucleotide sequence that includes a constant adaptor sequence on the 5’ end
followed by five, six or seven random nucleotides, more preferably six repeating random
nucleotides, each of said six repeating random nucleotides being jointly or independently
selected from B, D, H, or V according to IUPAC nucleotide code, preparing a second strand of
DNA or DNA fragment including annealing a second DNA strand generation primer to the
first DNA strand after dissociation from the DNA and/or RNA template and denaturing thereof,
and extending from the annealed second DNA strand generation primer including employing
a DNA polymerase having strand displacement activity, wherein said second DNA strand
generation primer includes:

arandom nucleotide sequence including a plurality of random nucleotides at 3’-
end, and

a second adaptor sequence at 5’-end thereof that is physically linked to the
random nucleotide sequence,

wherein said plurality of random nucleotides includes at least eight random
nucleotides, more preferably eight repeating random nucleotides, wherein each of said
at least eight random nucleotidesjointly or independently selected form B, V, D, H, or

V according to IUPAC nucleotide code;

amplifying the second strand of DNA or DNA fragment via a polymerase chain reaction
including annealing a pair of amplification primers including the first adaptor sequence at 5’-
end in one of the amplification primers and the second adaptor sequence at 5’-end in another
one of the amplification primers to the second strand of DNA or DNA fragment to obtain a

plurality of amplicons such that each of the amplicons includes at least the first and second
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adaptor sequences, wherein each of the first and second adaptor sequences has at least one
nucleotide modified by methylation; and

fragmenting the amplicons into a plurality of double-stranded DNA fragments
including reacting the amplicons with a methylation-specific restriction enzyme in order to
obtain the double-stranded DNA fragments absent the first and second adaptor sequences.
[0014] In one embodiment, each of the random nucleotides in the second strand generation
primers is jointly or independently selected from B, D, H, or V according to IUPAC nucleotide
code.
[0015] In a more specific embodiment, the random nucleotide sequence of the first strand
generation primers and/or second strand generation primers includes six to eight random
nucleotides where the last random nucleotide may be different from the rest of the random
nucleotides in the random nucleotide sequence according to TUPAC nucleotide code.
[0016] In another more specific embodiment, the random nucleotide sequence of the first
strand generation primers and/or second strand generation primers includes six to eight random
nucleotides where except the last random nucleotide, the rest of the random nucleotides in the
random nucleotide sequence are jointly selected from one of the random nucleotides with
random selection of three out of four nucleotide bases according to the [IUPAC nucleotide code.
[0017] In another embodiment, a methylated nucleoside triphosphate is added into a reaction
mixture of the first and/or second DNA strand or DNA fragment preparation(s) and/or the
polymerase chain reaction.
[0018] In a preferred embodiment, wherein the methylated nucleoside triphosphate is deoxy-
methyl-cytidine triphosphate in a concentration of 0.01% to 25% to result in 0.01 to 25% of
cytosines in the product being methylated after the polymerase chain reaction.
[0019] In other embodiment, one cytosine in each of the first and second adaptor sequences is
modified by methylation to become methyl-cytosine in the amplification primers in order to
obtain a plurality of amplicons with methylated nucleotide bases.
[0020] In yet another embodiment, the present method further includes appending at least a
pair of double-stranded adaptors, wherein one strand thereof comprises a 4-random nucleotide
overhang complementary to a 4-nucleotide overhang on both ends of the double-strand DNA
fragments after said fragmenting in order to obtain double-stranded DNA fragments under
1000 nucleotide in size containing the double-stranded adaptors appended on both ends thereof.
[0021] In a further embodiment, the double-stranded DNA fragments having been appended
with the corresponding double-stranded adaptors can be further appended with a pair of

sequencing adaptors on both ends thereof for an optional subsequent barcoding.
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[0022] In another embodiment, the double-stranded DNA fragments having been appended
with the corresponding double-stranded adaptors are amplified by annealing a pair of primers
to generate more amplicons thereof before appending a pair of sequencing adaptors if
subsequent barcoding is intended.

[0023] A second aspect of the present invention relates to a kit for generating a library
according to the method described herein. The kit includes a substrate conjugated with two of
the first strand generation primers for annealing RNA template include single-stranded RNA
template and single-stranded mRNA. The kit also includes reverse transcriptase, an RNAse,
and reaction mixture for initiating reverse transcription of the first DNA strand from the
annealed first strand generation primers. The kit further includes the second strand generation
primer, a polymerase with strand displacement activity, and reaction mixture for
polymerization of the second DNA strand from the first DNA strand after separating the
substrate from the liquid after the reverse transcription. The kit additionally includes
amplification primers, enzyme and reaction mixture for amplification of the second DNA
strand where the amplification primers correspond to the adaptor sequence in the first strand
generation primers and the second strand generation primer, respectively. Amplification
products after the PCR amplification of the second DNA strand can be collected from the liquid

phase of the reaction product.

Brief Description of the Drawings
[0024] Embodiments of the invention are described in more details hereinafter with reference

to the drawings, in which:

[0025] FIG. 1 schematically illustrates an embodiment of the present method to generate
double-stranded DNA molecules from different nucleic acids using the first strand generation
primers, second strand generation primers and corresponding amplification primers of the
present invention.

[0026] FIG. 2 schematically illustrates an embodiment of the present method to modify and
fragment the double-stranded DNA molecules obtained from amplification of the second
DNA strand as shown in FIG. 1 to generate double-strand DNA molecules with a linear
length of shorter than 1000 nucleotides.

[0027] FIG. 3 schematically illustrates an embodiment of the present method to append
corresponding adaptor sequences to the fragmented double-stranded DNA molecules as

shown in FIG. 2 for barcoding.
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[0028] FIG. 4 schematically illustrates an embodiment of the present invention to prepare
library from a sample with RNA template according to the present method and components
described herein.

[0029] FIGS. SA-5D illustrate the results of normalization of input RNA by qPCR using
primers against human 18S (FIG. 5A), U2AF1 (FIG. 5B), GAPDH coding region (FIG. 5C)
and GAPDH 3’UTR (FIG. 5D) from 5ng/500pg HEK293 cell RNA (dT 5ng/500pg) and the
cleaned library preparation prepared using Sng/500pg dT-adaptor B6 sequence (dT:B6
5g/500pg) according to Example 1.

[0030] FIG. 6 illustrates two plots of the transcript reads between the samples using 5ng of
dT-adaptor B6 sequence (dT:B6 5ng) and Sng of dT, and between dT:B6 Sng and dT:B6
500pg.

Definition

[0031] “One-pot” described herein may refer to a single step of using a set of primers to prime
DNA and at the same time prime RNA such as mRNA (e.g., by a primer with oligo-dT
sequence at the 5” end of the two random nucleotides), with a polymerase with both DNA
extension and RNA transcription abilities under suitable reverse transcription conditions so it
can generate cDNA strand from both DNA and RNA templates, or any other oligonucleotide
synthesis without additional purification and/or other methods to isolate one type of nucleic
acid from the others because of the limitation of the oligonucleotide synthesis scheme provided

by conventional technologies.

Detailed Description of the Invention

[0032] In the following description, a simultaneous amplification method for generating a
library from a mix of different nucleic acids without bias is set forth as preferred examples. It
will be apparent to those skilled in the art that modifications, including additions and/or
substitutions may be made without departing from the scope and spirit of the invention.
Specific details may be omitted so as not to obscure the invention; however, the disclosure is
written to enable one skilled in the art to practice the teachings herein without undue
experimentation.

[0033] The present invention provides an unbiased and simultaneous amplification method for
preparing a library from a sample of more than one type of nucleic acid in substantially low
amount comparative to non-nucleic acid molecules. A sample of more than one type of nucleic

acid including single-stranded and/or double-stranded DNA and/or RNA as a template of
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subsequent extensions and amplifications is provided. A first DNA strand is prepared from the
sample. This includes anncaling first DNA strand generation primers to any of the DNA and/or
RNA template, and extending from the annealed first DNA strand generation primer including
employing a DNA polymerase that enables a one-pot synthesis of the first DNA strand from
cither or both of DNA and/or RNA templates to obtain the first DNA strand,.

[0034] The first DNA strand generation primers include a first nucleotide sequence that has a
constant adaptor sequence on the 5’ end followed by a poly-thymidine sequence and two
random nucleotides. The poly-thymidine sequence includes at least ten thymidine bases
followed by a random nucleotide V and further followed by a random nucleotide N. V and N
are according to the IUPAC nucleotide code, and a second nucleotide sequence that includes a
constant adaptor sequence on the 5 end followed by five, six or seven random nucleotides,
more preferably six repeating random nucleotides. Each of the six repeating random
nucleotides is jointly or independently selected from B, D, H, or V according to the IUPAC
nucleotide code.

[0035] A second strand of DNA or DNA fragment is prepared. The preparation includes
annealing a second DNA strand generation primer to the first DNA strand after dissociation
from the DNA and/or RNA template and denaturing thereof, and extending from the annealed
second DNA strand generation primer including employing a DNA polymerase having strand
displacement activity. The second DNA strand generation primer includes a random nucleotide
sequence including a plurality of random nucleotides at 3’-end, and a second adaptor sequence
at 5’-end thereof that is physically linked to the random nucleotide sequence.

[0036] The plurality of random nucleotides includes at least eight random nucleotides, more
preferably eight repeating random nucleotides. Each of the eight random nucleotides is jointly
or independently selected form B, V, D, H, or V according to the [UPAC nucleotide code. The
second strand of DNA or DNA fragment is amplified via a polymerase chain reaction that
includes annealing a pair of amplification primers including the first adaptor sequence at 5’-
end in one of the amplification primers and the second adaptor sequence at 5’-end in another
one of the amplification primers to the second strand of DNA or DNA fragment. A plurality of
amplicons is obtained such that each of the amplicons includes at least the first and second
adaptor sequences; each of the first and second adaptor sequences has at least one nucleotide
modified by methylation.

[0037] The amplicons are fragmented into a plurality of double-stranded DNA fragments that
includes reacting the amplicons with a methylation-specific restriction enzyme in order to

obtain the double-stranded DNA fragments absent the first and second adaptor sequences.
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[0038] In one embodiment, each of the random nucleotides in the second strand generation
primers is jointly or independently selected from B, D, H, or V according to IUPAC nucleotide
code.

[0039] In a more specific embodiment, the random nucleotide sequence of the first strand
generation primers and/or second strand generation primers includes six to eight random
nucleotides where the last random nucleotide may be different from the rest of the random
nucleotides in the random nucleotide sequence according to TUPAC nucleotide code.

[0040] In another more specific embodiment, the random nucleotide sequence of the first
strand generation primers and/or second strand generation primers includes six to eight random
nucleotides where except the last random nucleotide, the rest of the random nucleotides in the
random nucleotide sequence are jointly selected from one of the random nucleotides with
random selection of three out of four nucleotide bases according to the [UPAC nucleotide code.
[0041] In another embodiment, a methylated nucleoside triphosphate is added into a reaction
mixture of the first and/or second DNA strand or DNA fragment preparation(s) and/or the
polymerase chain reaction.

[0042] In a preferred embodiment, wherein the methylated nucleoside triphosphate is deoxy-
methyl-cytidine triphosphate in a concentration of 0.01% to 25% to result in 0.01 to 25% of
cytosines in the product being methylated after the polymerase chain reaction.

[0043] In other embodiment, one cytosine in each of the first and second adaptor sequences is
modified by methylation to become methyl-cytosine in the amplification primers in order to
obtain a plurality of amplicons with methylated nucleotide bases.

[0044] In yet another embodiment, the present method further includes appending at least a
pair of double-stranded adaptors, wherein one strand thereof comprises a 4-random nucleotide
overhang complementary to a 4-nucleotide overhang on both ends of the double-strand DNA
fragments after said fragmenting in order to obtain double-stranded DNA fragments under
1000 nucleotide in size containing the double-stranded adaptors appended on both ends thereof.
[0045] In a further embodiment, the double-stranded DNA fragments having been appended
with the corresponding double-stranded adaptors can be further appended with a pair of
sequencing adaptors on both ends thereof for an optional subsequent barcoding.

[0046] In another embodiment, the double-stranded DNA fragments having been appended
with the corresponding double-stranded adaptors are amplified by annealing a pair of primers
to generate more amplicons thereof before appending a pair of sequencing adaptors if

subsequent barcoding is intended.
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[0047] A second aspect of the present invention relates to a kit for generating a library
according to the method described herein. The kit includes a substrate conjugated with two of
the first strand generation primers for annealing RNA template include single-stranded RNA
template and single-stranded mRNA. The kit also includes reverse transcriptase, an RNAse,
and reaction mixture for initiating reverse transcription of the first DNA strand from the
annealed first strand generation primers. The kit further includes the second strand generation
primer, a polymerase with strand displacement activity, and reaction mixture for
polymerization of the second DNA strand from the first DNA strand after separating the
substrate from the liquid after the reverse transcription. The kit additionally includes
amplification primers, enzyme and reaction mixture for amplification of the second DNA
strand where the amplification primers correspond to the adaptor sequence in the first strand
generation primers and the second strand generation primer, respectively. Amplification
products after the PCR amplification of the second DNA strand can be collected from the liquid
phase of the reaction product.

[0048] The followings are some of the advantages of using the present method to generate
library preparation for sequencing:

(1) In the first strand generation, the first strand is generated from total nucleic acid using
a melt protocol which enables binding of the random sequence to both DNA and RNA
molecules. Using a specific reverse transcriptase and adaptor sequence in the first
strand generation primers to generate the first DNA strand allows a one-pot synthesis
of the first strand DNA template from a mixture of different nucleic acids so to avoid
bias;

(2) In the second strand generation, the second strand generation primer contains a random
sequence to avoid concatemer formation during the second strand generation from the
first DNA strand. Since the first DNA strand contains the adaptor sequence, the
complementary adaptor sequence in the second strand generation primer results in a
product that has a unique identifier on either end of the second DNA strand,

(3) Inclusion of a methylated dCT into the amplification primers which contain both the
adaptor sequences of the first and second strand generation primers and addition of
deoxy-methylated cytosine triphosphate into the PCR reaction mixture allows the
subsequent restriction enzymatic digestion specific to those amplicons at the
methylated base in order to reduce the size of the fragments under 1000 nucleotide;

(4) Appending adaptor sequence with 4nt 5* overhangs allows later ligation of adaptors on

both ends of the DNA fragments for subsequent sequencing PCR and barcoding.
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[0049] EXAMPLES

[0050] Example 1 — Library Preparation from HEK293 cells:

[0051] 10ng or Ing of DNAse I-treated RNA harvested from HEK293 cells was mixed with
500nM of adaptor A-B6 (5’- CAGACTACCATGACCTGAGTCBBBBBB-3") (SEQ ID NO:
1) and adaptor A-oligodT (5’-CAGACTACCATGACCTGAGTCTTTTTTTTTTTTTTTVN-
3’) (SEQ ID NO: 2) in a 1:1 ratio or adaptor A-oligodT alone in a 10ul reverse transcription

reaction mix using PROMEGA MMLV reverse transcriptase as per manufacturer’s
instructions at 40°C for 15 minutes before denaturing at 70°C for 5 minutes. Sul was stored for
gPCR. 1ul of 10uM Adaptor B-B8 (5’-GTCAGAGTCGAATGCGTACTGBBBBBBBB-3’)
(SEQ ID NO: 3) was added to the other 5ul of the RT reaction mix and heated to 70°C for 2
minutes before cooling to 4°C in the thermocycler. 1.5ul Isothermal Buffer, 1.0ul 25mM
MgSQOq4, 2.0pl 2mM dNTPs, 3.5ul water and 1l Bst3.0 were then added and incubated in the
thermocycler at 45°C for 20s, increasing 1°C every 20s to 60°C and held at 60°C for 12 minutes.
2.25ul 10uM of methylated Adaptor A primer (5’-CAGACTACmCATGACCTGAGTC-3")
(SEQ ID NO: 4) and methylated Adaptor B primer (5’GTCAGAGTmCGAATGCGTACTG-
3’) (SEQ ID NO: 5), 4.5ul 2mM dNTPs, 0.9ul 1uM dmCTP, 3.6ul KOD buffer, 2.25ul 25mM
MgSO4, 0.45ul KOD was added and topped up with water to 45ul. The template was then
heated to 95°C for 2 minutes, then cycled between 95°C for 10s, 58°C for 10s, 70°C for 2
minutes for 10 cycles. The resultant SOul reaction mixture was then cleaned up with 1.0x
Ampure XP beads as per manufacturer’s instructions and eluted in 10ul (FIG. 4).

[0052] Example 2 — qPCR for Normalization of Input RNA:

[0053] Sul of RT is equivalent to Sng / 500pg of HEK293 RNA input and 10pl of the Ampure
XP cleaned library preparation is equivalent to the same input. The RT reaction mix saved from
Example 1 was diluted 1:20 and the library prep was diluted 1:10, where 1ul was used for each
qPCR. qPCR was then performed using primers against human 18S (FIG. 5A), U2AF1 (FIG.
5B), GAPDH coding region (FIG. 5C) and GAPDH 3°UTR (FIG. 5D). After amplification
according to the method described herein, all amplicons were demonstrated to be amplified
using the unbiased amplification method described herein.

[0054] Example 3 — DNA Fragmentation and Library Preparation:

[0055] 3ul of the Ampure XP purified library from Example 1 was then digested by MspJI in
a Syl reaction as per manufacturer’s instructions for 15 minutes at 37°C to fragment the library.
1.5ul of double stranded adaptors, one of them is represented by

(5’-AGATGTGTATAAGAGACAG-3’) (SEQ ID NO: 6) and the other with 4nt 5° overhangs
is represented by (5’-NNNNCTGTCTCTTATACACATCT-3") (SEQ ID No: 7), 7ul of 2x
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Quick Ligase Buffer (NEB), 0.5ul 2mM dNTPs, 0.3ul Recombinant Taq and 0.7ul of Quick
ligase were then added to ligate adaptors to the ends. This was then amplified with two primers
(5’-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG-3’) (SEQ ID NO: 8) and 5°-
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-3’) (SEQ ID NO: 9) in a KOD
reaction for 10 cycles with 60°C anncaling temperature with 40 second elongation. The
reaction was then barcoded using ILLUMINA barcoding primers and sequenced on an iSeq
100 as per manufacturer’s protocol.

[0056] The followings are examples providing thermocycler setting and conditions (in Tables
3-10) used to generate the library from the reagents according to Tables 1 and 2:

1) Addup to 3ul of sample nucleic acid to 1ul of primers represented by SEQ ID
NOs:1-2, reaction mix of nucleotides and water and further top up to 4ul with
nuclease-free water if required. Put in thermocycler with the following setting (Table
1).

Table 1:

Thermocycler settings

Temperature (°C) | Time (mins:secs)
70°C 1:00
4°C hold

2) Add 1ul of a reverse transcriptase (from NEB) and put in thermocycler with the
following setting (Table 2).
Table 2:

Thermocycler settings

Temperature (°C) | Time (mins:secs)

40°C 15:00
70°C 3:00
4°C hold

3) Add 4yl of primer represented by SEQ ID NO: 3 and a reaction mix including an
isothermal buffer, oligonucleotides and water, and 1pl of a polymerase with strand
displacement activity on ice to bring the sample to a total of 10pul and put in
thermocycler with the following setting (Table 3).

Table 3:

Thermocycler settings

Temperature (°C) | Time (mins:secs)
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4)

5)

6)
7)

8)

9

13

70°C 0:10
4°C 0:10
45°C 1:00
48°C 1:00
51°C 1:00
54°C 1:00
57°C 1:00
60°C 10:00
25°C hold

Add 15pl of reagents from KOD kit and a pair of amplification primers represented
by SEQ ID NOs: 4 and 5, respectively, wherein cytosine at 9" position from 5’end of
each of the amplification primers is methylated, and put in thermocycler with the

following setting (Table 4).

Table 4:
Thermocycler settings
Temperature (°C) Time (mins:secs) No. of cycles
95°C 2:00
95°C 0:08
58°C 0:10 15x
70°C 2:00
25°C hold

Add 25ul of Ampure XP (diluted) beads that has been brought up to room
temperature and mix at least 10 times up and down with a pipette and let the sample
incubate with the beads at room temperature for at least 3 minutes.

Use a magnetic rack to pull out the beads. Leave on rack for at least 2 minutes.
Remove supernatant, and resuspend the beads in 100yl of freshly prepared 80%
ethanol. Leave on magnetic rack for 20 seconds to pull out the beads. Repeat this step
once more.

Remove supernatant and allow the beads to dry in room temperature for 5 minutes,
then resuspend well in 8ul of nuclease-free water. Incubate for 1 minute at room
temperature before putting on the magnetic rack.

Carefully remove the eluate and transfer to a new tube.
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10) Take 4l of the eluate and add 1pl of reagents from MspJI kit in a new tube and put in
thermocycler with the following setting (Table 5).
Table 5:

Thermocycler settings

Temperature (°C) | Time (mins:secs)

37°C 12:00
70°C 5:00
4°C Hold

11) Add 10ul of reagents from Quick Ligase and Taq kits with primers represented by
SEQ ID NOs.: 6 and 7, respectively, to the sample to give a total of 15ul and put in
thermocycler with the following setting (Table 6).

Table 6:

Thermocycler settings

Temperature (°C) | Time (mins:secs)

25°C 15:00
70°C 5:00
25°C Hold

12) Add 25l of reagents from KOD kit with primer represented by SEQ ID NOs.: 8-9,
respectively, to the sample to give a total of 40ul and put in thermocycler with the

following setting (Table 7).

Table 7:
Thermocycler settings
Temperature (°C) | Time (mins:secs) No. of cycles
95°C 2:00
95°C 0:08
60°C 0:10 13x
70°C 0:40
25°C hold

13) Take 5ul of the sample from step 12, add 0.8l of each barcoding primer and 13.4pl
of the same reagents from KOD kit as in step 12 to give a total of 20ul and put in
thermocycler with the following setting (Table 8).

Table 8:

Thermocycler settings
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Temperature (°C) | Time (mins:secs) No. of cycles
95°C 2:00
95°C 0:08
55°C 0:10 7x
70°C 0:40
25°C hold

14) Add 20pl of Ampure XP (diluted) beads that has been brought up to room
temperature and mix at least 10 times up and down with a pipette and let the sample
incubate with the beads at room temperature for at least 3 minutes.

15) Use a magnetic rack to pull out the beads. Leave on rack for at least 2 minutes.

16) Remove supernatant, and resuspend the beads in 100ul of freshly prepared 80%
ethanol. Leave on magnetic rack for 20 seconds to pull out the beads. Repeat this step
once more.

17) Remove supernatant and allow the beads to dry in room temperature for 5 minutes,
then resuspend well in 8pul of nuclease-free water. Incubate for 1 minute at room
temperature before putting on the magnetic rack.

18) Carefully remove the eluate and transfer to a new tube.

19) The library is ready for sequencing.

N.B.: if the box in the column showing the number of cycles is blank, it may stand for 1

cycle.
[0057] The results of the sequencing as shown in FIG. 6 and in Table 9 suggest that the library
prepared according to the present method could detect over 9000 genes expressed in HEK cells
with a read depth of between 60000-90000 reads.
[0058] Table 9:

dT_B6_Sng dT_Sng
Total Reads 63858 84849
Number of transcripts mapped 9410 12266

[0059] Furthermore, the read distributions of the dT 5ng and dT_B6_S5ng samples are very
similar, except the transcripts without a polyA tail, such as 7SK, mt-RNR1 and mt-RNR2.
These results suggest that the present method generates an unbiased representative library.

[0060] Example 4 - Comparison between N. B, D. H and NTC in terms of background

amplification
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[0061] To identify potential background amplification, 0.4ul of SuM of any one of N6
(CAGACTACCATGACCTGAGTCNNNNNN) (SEQ ID NO: 10), B6
(CAGACTACCATGACCTGAGTCBBBBBB) (SEQ D NO: 1), D6
(CAGACTACCATGACCTGAGTCDDDDDD) (SEQ ID NO: 11) or H6
(CAGACTACCATGACCTGAGTCHHHHHH) (SEQ ID NO: 12) was mixed with 0.2ul of
25mM dNTPs, 1.0pl of 5x PROMEGA MMLYV reverse transcriptase buffer and 3.1l of water,
heated to 70°C for 30 seconds and cooled to 4°C. Then 0.5ul of PROMEGA MMLYV reverse
transcriptase was added and the reactions incubated at 40°C for 15 minutes, followed by 70°C
for 5 minutes.

[0062] 1.5ul NEB Isothermal Buffer, 0.75ul 25mM MgSO4, 1.5u1 2mM dNTP, 0.5ul Bst3.0,
4.8pl water and 1.0pl of N8 (GTCAGAGTCGAATGCGTACTGNNNNNNNN) (SEQ ID NO:
13), B8 (GTCAGAGTCGAATGCGTACTGBBBBBBBB) (SEQ ID NO: 3), D8
(GTCAGAGTCGAATGCGTACTGDDDDDDDD) (SEQ ID NO: 14) or H6
(GTCAGAGTCGAATGCGTACTGHHHHHHHH) (SEQ ID NO: 15) was added to the
respective sample tubes as described above.

[0063] The samples were incubated at 45°C for 20s, increasing in steps of 1°C every 20s until
the samples reaches 60°C. The samples were further incubated at 60°C for 10mins.

[0064] The resultant sample are diluted 1/100 and 1ul put in a 20ul gPCR reaction using Solis
Biodyne’s FIREPOL SyBr Green qPCR mastermix as per manufacturer’s instruction and the
following primers (GTCAGAGTCGAATGCGTACTG) (SEQ ID NO: 17) and
(CAGACTACCATGACCTGAGTC) (SEQ ID NO: 18), cycling with the following protocol:
95°C 15s, 60°C 15s, 72°C 40s for 50 cycles.

[0065] The resultant qPCR Ct (Table 10) reveals the background level of an ‘empty’ reaction
using different sets of random hexamers and octamers. With N, a low Ct indicates that
background signal is significantly higher than with B, D or H set of bases.

[0066] Therefore, repeating B, D, or H of random hexamer or octamer at 3’ end in the adaptor
sequence of the first and second DNA strand generation primers reduce the chance of non-
specific priming over the repeating N in the same region of the strand generation primers.
[0067] Table 10

Sample N6 + N8 B6 + B8 D6 + D8 H6 + H8 NTC

Replicate 1 14.9 15.44 18.76 20.91 31.33

Replicate 2 14.89 15.38 17.93 20.92 26.15
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[0068] Example 5
[0069] The following examples illustrates how DNA library is prepared according to other
embodiments of the present invention:

1. To make 5SuM B5Y1: dT, mix 9.5ul of 100uM B5Y1 (represented by SEQ ID NO:
1) and 0.5pl dT (represented by SEQ ID NO: 2) with 190l water;

2. Touse 100uM B7Y1 (represented by SEQ ID NO: 3) as it comes in from the
oligonucleotide manufacturer;

3. To mix 3ul 100pM mC F (represented by SEQ ID NO: 4, wherein the cytosine at
the 9% nucleotide from the 5’end is methylated), 3ul 100uM mC R (represented by SEQ ID
NO: 5, wherein the cytosine at the 9 nucleotide from the 5’end is methylated), 1ul 10mM
dmCTP (NEB) and 23l water;

4. Tomix 3ul 100uM Adaptor F (represented by SEQ ID NO: 6), 3ul 100pM
Adaptor R (represented by SEQ ID NO: 7), 3ul 1M sodium chloride, 3ul 10x TE buffer, 18ul
water. Heat to 95°C and cool down to 4°C at 0.25°C per second, to make 10pum Adaptor mix;

5. To mix 15ul 100uM i5 F (represented by SEQ ID NO: 8), 15ul 100uM i7 R
(represented by SEQ ID NO: 9) to make S0uM 1517 Amp.

15ul tubes are prepared with different primers ready for barcoding in a separate box.
[0070] Example 6 — Functional Quality Control (QC) of DNA Library Preparation:

[0071] 5ng of HEK293 in 3ul is processed with the AmpRE kit, then run on gel or TapeStation.
200-500nt smear should be seen.

[0072] The foregoing description of the present invention has been provided for the purposes
of illustration and description. It is not intended to be exhaustive or to limit the invention to
the precise forms disclosed. Many modifications and variations will be apparent to the
practitioner skilled in the art.

[0073] The embodiments were chosen and described in order to best explain the principles of
the invention and its practical application, thereby enabling others skilled in the art to
understand the invention for various embodiments and with various modifications that are
suited to the particular use contemplated. It is intended that the scope of the invention be

defined by the following claims and their equivalence.
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Claims

1. An unbiased and simultaneous amplification method for preparing a library
from a sample of more than one type of nucleic acid in substantially low amount comparative
to non-nucleic acid molecules, where the method includes:

providing the sample of more than one type of nucleic acid including single-
stranded and/or double-stranded DNA and/or RNA as a template of subsequent
extensions and amplifications;

preparing a first DNA strand from said sample including annealing first DNA
strand generation primers to any of the DNA and/or RNA template, and extending from
the annealed first DNA strand generation primer including employing a DNA
polymerase that enables a one-pot synthesis of the first DNA strand from either or both
of DNA and/or RNA templates to obtain the first DNA strand, whereinthe first DNA
strand generation primers include:

a first nucleotide sequence that includes a first adaptor sequence on the

5” end followed by a poly-thymidine sequence and two random nucleotides,

said poly-thymidine sequence including at least ten thymidine bases followed

by a random nucleotide V and further followed by a random nucleotide N,

wherein V and N are according to IUPAC nucleotide code, and

a second nucleotide sequence that includes the first adaptor sequence on

the 5’ end followed by six repeating random nucleotides,each of said six

repeating random nucleotides being jointly or independently selected from B,

D, H, or V according to IUPAC nucleotide code,

preparing a second strand of DNA or DNA fragment including annealing a
second DNA strand generation primer to the first DNA strand after dissociation from

the DNA and/or RNA template and denaturing thereof, and extending from the
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annealed second DNA strand generation primer including employing a DNA
polymerase having strand displacement activity, wherein said second DNA strand
generation primer includes:
a random nucleotide sequence including a plurality of random
nucleotides at 3’-end , and
a second adaptor sequence at 5’-end thereof that is physically linked to
the random nucleotide sequence,
wherein said plurality of random nucleotides includes eight repeating
random nucleotides wherein each of said eight repeating random nucleotides is
jointly or independently selected form B, V, D, H, or V according to ITUPAC
nucleotide code;
amplifying the second strand of DNA or DNA fragment via a polymerase chain
reaction including annealing a pair of amplification primers including the first adaptor
sequence at 5’-end in one of the amplification primers and the second adaptor sequence
at 5’-end in another one of the amplification primers to the second strand of DNA or
DNA fragment to obtain a plurality of amplicons such that each of the amplicons
includes at least the first and second adaptor sequences, wherein each of the first and
second adaptor sequences has at least one nucleotide modified by methylation; and
fragmenting the amplicons into a plurality of double-stranded DNA fragments
including reacting the amplicons with a methylation-specific restriction enzyme in
order to obtain the double-stranded DNA fragments absent the first and second adaptor
sequences.
2. The method of claim 1, wherein one of the first DNA strand generation primers

is represented by SEQ ID NO: 1.
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3. The method of claim 1, wherein one of the first DNA strand generation primer
is represented by SEQ ID NO: 2.

4. The method of claim 1, wherein the second DNA strand generation primer is
represented by SEQ ID NO: 3.

5. The method of claim 1, wherein the first adaptor sequence is represented by
SEQ ID NO: 4.

6. The method of claim 1, wherein the second adaptor sequence is represented by
SEQ ID NO: 5.

7. The method of claim 1, wherein a methylated nucleoside triphosphate is added

into a reaction mixture of the first and/or second DNA strand or DNA fragment preparation(s)
and/or the polymerase chain reaction.

8. The method of claim 7, wherein the methylated nucleoside triphosphate is
deoxy-methyl-cytidine triphosphate in a concentration of 0.01% to 25% to result in 0.01% to
25% of methylated cytosine in overall of the amplicons after the polymerase chain reaction.

9. The method of claim 5, wherein one cytosine in the first adaptor sequence is
modified by methylation to become methyl-cytosine in order to obtain a plurality of amplicons
with methylated nucleotide bases.

10. The method of claim 6, wherein one cytosine in the second adaptor sequence is
modified by methylation to become methyl-cytosine in order to obtain a plurality of amplicons
with methylated nucleotide bases.

11. The method of claim 1, wherein the first DNA strand generation primers are
two different primers including the random nucleotide sequence including the plurality of
random nucleotides and the poly-thymidine sequence followed by two or more random

nucleotides, respectively, in a ratio of 1:1.
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12. The method of claim 1, further comprising appending at least a pair of double-
stranded adaptors, wherein one strand thereof comprises a 4-random nucleotide overhang
complementary to a 4-nucleotide overhang on both ends of the double-strand DNA fragments
after said fragmenting in order to obtain double-stranded DNA fragments under 1000
nucleotide in size containing the double-stranded adaptors appended on both ends thereof.

13. The method of claim 12, further comprising appending a pair of sequencing
adaptors on both ends of the double-stranded DNA fragments having been appended with the

corresponding double-stranded adaptors, respectively, for subsequent barcoding.



