10

15

20

25

30

2

specificity of target capture with off-target regions being captured by the hybridization
probes. On the other hand, conventional methods for target capture using forward and reverse
primers flanking the target loci, are limited to being able to capture only structural variants
with previously known or characterized breakpoints. For the detection of genomic
rearrangements with unknown fusion partners, the conventional method (e.g. a pure PCR-
based approach) is therefore not applicable. Therefore, there is a need for an alternative
method for capturing and identifying distinct targets within a DNA sample. The method
should seek to retain specificity of target capture while being able to identify targets of
multiple classes.

[0005]  Thus, the method of the present invention seeks to impart specificity of target
capture while not being limited to capturing target regions with previously known sequence
changes. The present invention also seeks to provide an alternative method of detecting
and/or quantifying genetic alterations that address reliable detection and a system of
verification to ensure errors that occur during amplifications are removed from further

processing.

SUMMARY
[0006] In one example, the present disclosure provides a method of simultaneously
capturing and identifying distinct targets within a DNA sample, wherein the distinct targets
comprise a defined target region and an undefined target region, wherein the undefined target
region comprises structural variations or rearrangement or fusion, comprising the steps of:
a. providing a main mixture comprising a plurality of double stranded DNA
fragments A, a plurality of double stranded DNA fragments B, a polymerase, a
primer A, and a primer B, wherein:
- the double stranded DNA fragment A is a double stranded DNA fragment
comprising a part of the defined target region;
- the double stranded DNA fragment B is a double stranded DNA fragment
comprising a part of the undefined target region;
- the primer A comprises, a barcode sequence, and a target-specific

sequence A,
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wherein the target-specific sequence A is an oligonucleotide
complementary to a sequence at/close to the 3* end of a single strand
of the double stranded DNA fragment A;

and

- the primer B comprises a separation molecule, a barcode sequence, and a

target-specific sequence B,

wherein the target-specific sequence B is an oligonucleotide
complementary to a sequence within a single strand of the double

stranded DNA fragment B,

. denaturing the double stranded DNA fragment A and the double stranded

DNA fragment B thereby allowing the primer A to anneal to a single stranded

DNA fragment A and the primer B to anneal to the single stranded DNA

fragment B;

allowing the polymerase to elongate the primer A and the primer B thereby

obtaining a double stranded product A and a double stranded product B,

wherein:

- the double stranded product A is a single stranded elongated primer A that
is annealed to the single stranded DNA fragment A; and

- the double stranded product B is a single stranded elongated primer B that
is annealed to the single stranded DNA fragment B;

adding a bead that binds the separation molecule to the main mixture and

allowing the separation molecule in the double stranded product B to bind to

the bead thereby forming a double stranded complex B;

separating the double stranded product A and the double stranded complex B

in the main mixture thereby obtaining a mixture A and a mixture B, wherein:

- the mixture A comprises the double stranded product A; and

- the mixture B comprises the double stranded complex B;

adding a primer C to the mixture A, wherein the primer C comprises a target-

specific sequence C,
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wherein the target-specific sequence C is an oligonucleotide
complementary to a sequence at/close to the 3’ end of the single stranded

elongated primer A;

. denaturing the double stranded product A in the mixture A thereby allowing

the primer C to anneal to the single stranded elongated primer A;
allowing the polymerase to elongate the primer C thereby obtaining a double
stranded product C, wherein the double stranded product C is a single stranded

elongated primer C that is annealed to the single stranded elongated primer A;

connecting a single nucleotide to the 3’ end of the single stranded elongated
primer B of the double stranded complex B in the mixture B;

adding a double stranded oligonucleotide to the mixture B wherein the double
stranded oligonucleotide comprises a nucleotide overhang complementary to

the single nucleotide of step i;

. ligating the double stranded oligonucleotide to double stranded complex B at

the 3* end of the single stranded elongated primer B and 5’end of the single

stranded DNA fragment B thereby obtaining a double stranded product D;

combining the double stranded product C and the double stranded product D;

. amplifying the double stranded product C and the double stranded product D

thereby obtaining a plurality of amplicons;
sequencing the plurality of amplicons thereby obtaining a plurality of

sequencing result;

. using the plurality of sequencing results for:

- identifying single nucleotide sequence variations, or small insertions, or
small deletions, or copy number alteration, or deletions of homopolymeric
regions, or polymorphism, or microsatellite instability within the defined
target regions, or

- identifying the structural variations within the undefined target regions, or

- quantifying the number of distinct targets within the DNA sample.
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[0006a] In one aspect, the present disclosure refers to a method of simultaneously capturing
and identifying distinct targets within a DNA sample, wherein the distinct targets comprise a
defined target region and a partly defined target region, wherein the partly defined target
region comprises structural variations or rearrangement or fusion, comprising the steps of:

a.

providing a main mixture comprising a plurality of double stranded DNA
fragments A, a plurality of double stranded DNA fragments B, a polymerase, a
primer A, and a primer B, wherein:
- the double stranded DNA fragment A is a double stranded DNA fragment
comprising a part of the defined target region;
- the double stranded DNA fragment B is a double stranded DNA fragment
comprising a part of the partly defined target region;
- the primer A comprises, a barcode sequence, and a target-specific
sequence A,
wherein the target-specific sequence A is an oligonucleotide
complementary to a sequence at/close to the 3’ end of a single strand
of the double stranded DNA fragment A;
and
- the primer B comprises a separation molecule, a barcode sequence, and a
target-specific sequence B,
wherein the target-specific sequence B is an oligonucleotide
complementary to a sequence within a single strand of the double
stranded DNA fragment B,
denaturing the double stranded DNA fragment A and the double stranded
DNA fragment B thereby allowing the primer A to anneal to a single stranded
DNA fragment A and the primer B to anneal to the single stranded DNA
fragment B;
allowing the polymerase to elongate the primer A and the primer B thereby
obtaining a double stranded product A and a double stranded product B,
wherein:
- the double stranded product A is a single stranded elongated primer A that
is annealed to the single stranded DNA fragment A; and
- the double stranded product B is a single stranded elongated primer B that
is annealed to the single stranded DNA fragment B;
adding a bead that binds the separation molecule in the main mixture and
allowing the separation molecule in the double stranded product B to bind to
the bead thereby forming a double stranded complex B;
separating the double stranded product A and the double stranded complex B
in the main mixture thereby obtaining a mixture A and a mixture B, wherein:
- the mixture A comprises the double stranded product A and
- the mixture B comprises the double stranded complex B;

adding a primer C to the mixture A, wherein the primer C comprises a target-
specific sequence C,
wherein the target-specific sequence C is an oligonucleotide
complementary to a sequence at/close to the 3’ end of the single stranded
elongated primer A;
denaturing the double stranded product A in the mixture A thereby allowing
the primer C to anneal to the single stranded elongated primer A;
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allowing the polymerase to elongate the primer C thereby obtaining a double
stranded product C, wherein the double stranded product C is a single stranded

elongated primer C that is annealed to the single stranded elongated primer A;

connecting a single nucleotide to the 3’ end of the single stranded elongated
primer B of the double stranded complex B in the mixture B;

adding a double stranded oligonucleotide to the mixture B wherein the double
stranded oligonucleotide comprises a nucleotide overhang complementary to

the single nucleotide of step i;

. ligating the double stranded oligonucleotide to double stranded complex B at

the 3° end of the single stranded elongated primer B and 5’end of the single

stranded DNA fragment B thereby obtaining a double stranded product D;

combining the double stranded product C and the double stranded product D;

. amplifying the double stranded product C and the double stranded product D

thereby obtaining a plurality of amplicons;
sequencing the plurality of amplicons thereby obtaining a plurality of

sequencing result;

. using the plurality of sequencing results for:

- identifying single nucleotide sequence variations, or small insertions, or
small deletions, or copy number alteration, or deletions of homopolymeric
regions, or polymorphism, or microsatellite instability within the defined
target regions, or

- identifying the structural variations within the partly defined target
regions, or

- quantifying the number of distinct targets within the DNA sample.

[0007] In one example, the barcode sequence is an oligonucleotide comprising 10 to 16

random nucleotides, or 10 to 15 random nucleotides, or 10 to 13 random nucleotides, or
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nucleotides, or 14 random nucleotides, or 15 random nucleotides, or 16 random nucleotides.
In another example, the barcode sequence is an oligonucleotide comprising 10 random
nucleotides.
[0008] In yet another example, the primer A, the primer B, the primer C and/or the double
stranded oligonucleotide further comprises an adapter sequence.
[0009] In yet another example, the structural variation is selected from the group
consisting of deletion, duplication, insertion, inversion, transversion, and translocation.
[0010] In yet another example, the sequencing result is further used to detect a point
mutation within the undefined target regions.
[0011]  In yet another example, step o further comprises:
a. grouping the sequencing results wherein the barcodes are identical into a
subgroup;
b. comparing the sequencing results within the subgroup thereby determining a
consensus sequence;
c. mapping the consensus sequence to a reference sequence; and
d. identifying differences between the consensus sequence and the reference

sequence.

[0012] In yet another example, the length of the target-specific sequence A, the target-
specific sequence B, and/or the target-specific sequence C is from 16 nucleotides to 30
nucleotides, or from 19 nucleotides to 29 nucleotides, or from 20 nucleotides to 28
nucleotides, or from 21 nucleotides to 27 nucleotides, or from 22 nucleotides to 26
nucleotides, or 16 nucleotides, or 17 nucleotides, or 18 nucleotides, or 19 nucleotides, or 20
nucleotides, or 21 nucleotides, or 22 nucleotides, or 23 nucleotides, or 24 nucleotides, or 25
nucleotides, or 26 nucleotides, or 27 nucleotides, or 28 nucleotides, or 29 nucleotides, or 30
nucleotides.

[0013] In yet another example, the separation molecule is selected from the group
consisting of biotin, digoxigenin (DIG), and Fluorescein isothiocyanate (FITC). In yet
another example, the separation molecule is biotin.

[0014] In yet another example, the bead that binds the separation molecule comprises

streptavidin, anti-digoxigenin, or anti-FITC. In yet another example, the bead that binds the

separation molecule comprises streptavidin.
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[0015]  In yet another example, the DNA sample is obtained from a subject having and/or
suspected of having a disease. In yet another example, the disease is cancer or infectious
disease. In yet another example, the cancer is selected from the group consisting of lung
cancer, colorectal cancer, breast cancer, pancreatic cancer, prostate cancer, nasopharyngeal
cancer, liver cancer, cholangiocarcinoma, esophageal cancer, urothelial cancer, and
gastrointestinal cancer. In yet another example, the infectious disease is viral infection and
bacterial infection.

[0016] In yet another example, the DNA sample is a liquid sample, a tissue sample, or a
cell sample. In yet another example, the liquid sample is bodily fluids selected from the group
consisting of blood, bone marrow, cerebral spinal fluid, peritoneal fluid, pleural fluid, lymph
fluid, ascites, serous fluid, sputum, lacrimal fluid, stool, urine, saliva, ductal fluid from breast,
gastric juice, and pancreatic juice. In yet another example, the bodily fluid is blood. In yet
another example, the tissue sample is a frozen tissue sample or a fixed tissue sample.

[0017] In yet another example, the length of the DNA fragment A and/or the DNA
fragment B is from 80 base pairs to 220 base pairs, or from 90 base pairs to 210 base pairs, or
from 100 base pairs to 200 base pairs, or from 110 base pairs to 190 base pairs, or from 120
base pairs to 180 base pairs, or from 130 base pairs to 170 base pairs, or from 140 base pairs
to 160 base pairs, or about 80 base pairs, or about 90 base pairs, or about 100 base pairs, or
about 110 base pairs, or about 120 base pairs, or about 130 base pairs, or about 140 base
pairs, or about 150 base pairs, or about 160 base pairs, or about 170 base pairs, or about 180
base pairs, or about 190 base pairs, or about 200 base pairs, or about 210 base pairs, or about
220 base pairs. In yet another example, the length of the DNA fragment A and/or the DNA
fragment B is about 150 base pairs.

[0018] In yet another example, the amount of DNA sample is from 10ng to 200ng, or
from 20ng to 190ng, or from 30ng to 180ng, or from 40ng to 170ng, or from 50ng to 160ng,
or from 60ng to 150ng, or from 70ng to 140ng, or from 80ng to 130ng, or from 90ng to
120ng, or from 100ng to 110ng, or about 10ng, or about 20ng, or about 30ng, or about 40ng,
or about 50ng, or about 60ng, or about 70ng, or about 80ng, or about 90ng, or about 100ng,
or about 110ng, or about 120ng, or about 130ng, or about 140ng, or about 150ng, or about
160ng, or about 170ng, or about 180ng, or about 190ng, or about 200ng. In yet another

example, the amount of DNA sample is about 100ng.
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[0019] In yet another example, the DNA sample is selected from the group consisting of a
eukaryotic DNA sample, a prokaryotic DNA sample, a viral DNA sample, and a mixture
thereof. In yet another example, the prokaryotic DNA sample is a bacterial DNA sample.
[0020] In yet another example, the eukaryotic DNA sample is selected from the group
consisting of a protozoa DNA sample, a fungal DNA sample, an algae DNA sample, a plant
DNA sample, and an animal DNA sample. In yet another example, the animal DNA sample
is a mammalian DNA sample. In yet another example, the mammalian DNA sample is a
human DNA sample. In yet another example, the DNA sample is a cell free DNA or DNA of
a lysed cell.

[0021] Advantageously, the method described herein allows for simultaneous capture and
identification of both defined target regions and undefined target regions within a DNA
sample, which increases efficiency of the detection, quantification, and identification of
DNA.

[0022]  Advantageously, the method described herein does not require initial splitting of
the sample at the target capture step, and a single sample is used for capturing both the
defined target region and the undefined target region. Thus, the copy number of the DNA
fragments that can be accessed by both the primer that targets the defined target region (i.e.
primer A) and the primer that targets the undefined target region (i.e. primer B) is not
reduced. Accordingly, the method achieves high sensitivity and specificity.

[0023]  Advantageously, the method described herein is able to achieve simultaneous
detection of: 1) Viral DNA; 2) Microsatellite instability; 3) Structural rearrangements; 4)
SNVs and INDELs from samples ranging from cfDNA from plasma (or cerebrospinal fluid,
pleural effusion) or DNA from fixed tissue.

[0024]  In another example, the present disclosure provides a kit comprising a plurality of
primer A as defined herein, a plurality of primer B as defined herein, a plurality of primer C
as defined herein, a bead that binds the separation molecule as defined herein, and a double
stranded oligonucleotide as defined herein. In yet another example, the kit further comprises
a DNA polymerase, a Taq polymerase, a ligase, and a plurality of deoxyribonucleotide

triphosphate (ANTPs).
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. A method of simultaneously capturing and identifying distinct targets within a DNA
sample, wherein the distinct targets comprise a defined target region and a partly

defined target region, wherein the partly defined target region comprises structural

variations or rearrangement or fusion, comprising the steps of:

a. providing a main mixture comprising a plurality of double stranded DNA

fragments A, a plurality of double stranded DNA fragments B, a polymerase, a
primer A, and a primer B, wherein:
- the double stranded DNA fragment A is a double stranded DNA fragment
comprising a part of the defined target region;
- the double stranded DNA fragment B is a double stranded DNA fragment
comprising a part of the partly defined target region;
- the primer A comprises, a barcode sequence, and a target-specific
sequence A,
wherein the target-specific sequence A is an oligonucleotide
complementary to a sequence at/close to the 3” end of a single strand
of the double stranded DNA fragment A;
and
- the primer B comprises a separation molecule, a barcode sequence, and a
target-specific sequence B,
wherein the target-specific sequence B is an oligonucleotide
complementary to a sequence within a single strand of the double

stranded DNA fragment B,

. denaturing the double stranded DNA fragment A and the double stranded

DNA fragment B thereby allowing the primer A to anneal to a single stranded
DNA fragment A and the primer B to anneal to the single stranded DNA
fragment B;

allowing the polymerase to elongate the primer A and the primer B thereby
obtaining a double stranded product A and a double stranded product B,
wherein:

- the double stranded product A is a single stranded elongated primer A that

is annealed to the single stranded DNA fragment A; and
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- the double stranded product B is a single stranded elongated primer B that
is annealed to the single stranded DNA fragment B;

adding a bead that binds the separation molecule in the main mixture and

allowing the separation molecule in the double stranded product B to bind to

the bead thereby forming a double stranded complex B;

separating the double stranded product A and the double stranded complex B

in the main mixture thereby obtaining a mixture A and a mixture B, wherein:

- the mixture A comprises the double stranded product A and

- the mixture B comprises the double stranded complex B;

adding a primer C to the mixture A, wherein the primer C comprises a target-
specific sequence C,
wherein the target-specific sequence C is an oligonucleotide
complementary to a sequence at/close to the 3’ end of the single stranded

elongated primer A;

. denaturing the double stranded product A in the mixture A thereby allowing

the primer C to anneal to the single stranded elongated primer A;
allowing the polymerase to elongate the primer C thereby obtaining a double
stranded product C, wherein the double stranded product C is a single stranded

elongated primer C that is annealed to the single stranded elongated primer A;

connecting a single nucleotide to the 3’ end of the single stranded elongated
primer B of the double stranded complex B in the mixture B;

adding a double stranded oligonucleotide to the mixture B wherein the double
stranded oligonucleotide comprises a nucleotide overhang complementary to

the single nucleotide of step i;

. ligating the double stranded oligonucleotide to double stranded complex B at

the 3° end of the single stranded elongated primer B and 5’end of the single

stranded DNA fragment B thereby obtaining a double stranded product D;

combining the double stranded product C and the double stranded product D;
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m. amplifying the double stranded product C and the double stranded product D
thereby obtaining a plurality of amplicons;

n. sequencing the plurality of amplicons thereby obtaining a plurality of
sequencing result;

0. using the plurality of sequencing results for:

- identifying single nucleotide sequence variations, or small insertions, or
small deletions, or copy number alteration, or deletions of homopolymeric
regions, or polymorphism, or microsatellite instability within the defined
target regions, or

- identifying the structural variations within the partly defined target
regions, or

- quantifying the number of distinct targets within the DNA sample.

The method of claim 1, wherein the barcode sequence is an oligonucleotide
comprising 10 to 16 random nucleotides, or 10 to 15 random nucleotides, or 10 to 13
random nucleotides, or 10 random nucleotides, or 11 random nucleotides, or 12
random nucleotides, or 13 random nucleotides, or 14 random nucleotides, or 15
random nucleotides, or 16 random nucleotides; and

wherein optionally the barcode sequence is an oligonucleotide comprising 10 random

nucleotides.

The method of claim 1 or claim 2, wherein the primer A, the primer B, the primer C
and/or the double stranded oligonucleotide further comprises an adapter sequence;
and wherein optionally the structural variation is selected from the group consisting of

deletion, duplication, insertion, inversion, transversion, and translocation.

The method of any one of the preceding claims, wherein the sequencing result is

further used to detect a point mutation within the partly defined target regions.

The method of any one of the preceding claims, wherein step o further comprises:
a. grouping the sequencing results wherein the barcodes are identical into a

subgroup;
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b. comparing the sequencing results within the subgroup thereby determining a
consensus sequence;

c. mapping the consensus sequence to a reference sequence; and

d. identifying differences between the consensus sequence and the reference

sequence.

The method of any one of the preceding claims, wherein the length of the target-
specific sequence A, the target-specific sequence B, and/or the target-specific
sequence C is from 17 nucleotides to 31 nucleotides, or from 19 nucleotides to 29
nucleotides, or from 20 nucleotides to 28 nucleotides, or from 21 nucleotides to 27
nucleotides, or from 22 nucleotides to 26 nucleotides, or 16 nucleotides, or 17
nucleotides, or 18 nucleotides, or 19 nucleotides, or 20 nucleotides, or 21 nucleotides,
or 22 nucleotides, or 23 nucleotides, or 24 nucleotides, or 25 nucleotides, or 26

nucleotides, or 27 nucleotides, or 28 nucleotides, or 29 nucleotides, or 30 nucleotides.

The method of any one of the preceding claims, wherein the separation molecule is
selected from the group consisting of biotin, digoxigenin (DIG), and Fluorescein

isothiocyanate (FITC); and wherein optionally the separation molecule is biotin.

The method of any one of the preceding claims, wherein the bead that binds the
separation molecule comprises streptavidin, anti-digoxigenin, or anti-FITC; and

wherein optionally the bead that binds the separation molecule comprises streptavidin.

The method of any one of the preceding claims, wherein the DNA sample is obtained
from a subject having and/or suspected of having a disease;

wherein optionally the disease is cancer or infectious disease;

wherein optionally the cancer is selected from the group consisting of lung cancer,
colorectal cancer, breast cancer, pancreatic cancer, prostate cancer, nasopharyngeal
cancer, liver cancer, cholangiocarcinoma, esophageal cancer, urothelial cancer, and
gastrointestinal cancer; and

wherein optionally the infectious disease is viral infection and bacterial infection.
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10. The method of any one of the preceding claims, wherein the DNA sample is a liquid

11.

12.

sample, a tissue sample, or a cell sample;

wherein optionally the liquid sample is bodily fluids selected from the group
consisting of blood, bone marrow, cerebral spinal fluid, peritoneal fluid, pleural fluid,
lymph fluid, ascites, serous fluid, sputum, lacrimal fluid, stool, urine, saliva, ductal
fluid from breast, gastric juice, and pancreatic juice;

wherein optionally the bodily fluid is blood; and

wherein optionally the tissue sample is a frozen tissue sample or a fixed tissue sample.

The method of any one of the preceding claims, wherein the length of the DNA
fragment A and/or the DNA fragment B is from 80 base pairs to 220 base pairs, or
from 90 base pairs to 210 base pairs, or from 100 base pairs to 200 base pairs, or from
110 base pairs to 190 base pairs, or from 120 base pairs to 180 base pairs, or from 130
base pairs to 170 base pairs, or from 140 base pairs to 160 base pairs, or about 80 base
pairs, or about 90 base pairs, or about 100 base pairs, or about 110 base pairs, or about
120 base pairs, or about 130 base pairs, or about 140 base pairs, or about 150 base
pairs, or about 160 base pairs, or about 170 base pairs, or about 180 base pairs, or
about 190 base pairs, or about 200 base pairs, or about 210 base pairs, or about 220
base pairs; and

wherein optionally the length of the DNA fragment A and/or the DNA fragment B is

about 150 base pairs.

The method of any one of the preceding claims, wherein the amount of DNA sample
is from 10ng to 200ng, or from 20ng to 190ng, or from 30ng to 180ng, or from 40ng
to 170ng, or from 50ng to 160ng, or from 60ng to 150ng, or from 70ng to 140ng, or

from 80ng to 130ng, or from 90ng to 120ng, or from 100ng to 110ng, or about 10ng,
or about 20ng, or about 30ng, or about 40ng, or about 50ng, or about 60ng, or about

70ng, or about 80ng, or about 90ng, or about 100ng, or about 110ng, or about 120ng,
or about 130ng, or about 140ng, or about 150ng, or about 160ng, or about 170ng, or

about 180ng, or about 190ng, or about 200ng; and

wherein optionally the amount of DNA sample is about 100ng.
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13. The method of any one of the preceding claims, wherein the DNA sample is selected
from the group consisting of a eukaryotic DNA sample, a prokaryotic DNA sample, a
viral DNA sample, and a mixture thereof;
wherein optionally the prokaryotic DNA sample is a bacterial DNA sample;
wherein optionally the eukaryotic DNA sample is selected from the group consisting
of a protozoa DNA sample, a fungal DNA sample, an algae DNA sample, a plant
DNA sample, and an animal DNA sample;
wherein optionally the animal DNA sample is a mammalian DNA sample;
wherein optionally the mammalian DNA sample is a human DNA sample; and

wherein optionally the DNA sample is a cell free DNA or DNA of a lysed cell.
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