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CELL-FREE DNA DAMAGE ANALYSIS AND ITS CLINICAL
APPLICATIONS

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] The present application claims priority to and is a PCT Application of U.S. Provisional
Application No. 62/702,080 entitled “CELL-FREE DNA DAMAGE ANALYSIS AND ITS
CLINICAL APPLICATIONS,” filed July 23, 2018; and U.S. Provisional Application No.
62/785,118 entitled “CELL-FREE DNA DAMAGE ANALYSIS AND ITS CLINICAL
APPLICATIONS,” filed December 26, 2018, the disclosures of which are incorporated by

reference in their entirety for all purposes.

BACKGROUND

[0002] Cell-free DNA has been proven to be particularly useful for molecular diagnostics and
monitoring. The cell-free based applications include noninvasive prenatal testing (Chiu RKW et
al. Proc Natl Acad Sci USA. 2008;105:20458-63), cancer detection and monitoring (Chan KCA
et al. Clin Chem. 2013;59:211-24; Chan KCA et al. Proc Natl Acad Sci USA. 2013;110:1876-8;
Jiang P et al. Proc Natl Acad Sci USA. 2015;112:E1317-25), transplantation monitoring (Zheng
YW et al. Clin Chem. 2012;58:549-58) and tracing tissue of origin (Sun K et al. Proc Natl Acad
Sci USA. 2015;112:E5503-12; Chan KCA; Snyder MW et al. Cell. 2016;164:57-68). Cell-free
nucleic acid analysis approaches developed to date include those based on the analysis of single
nucleotide variants (SNVs), copy number aberrations (CNAs), cell-free DNA ending positions in
the human genome, or methylation markers. It would be beneficial to identify new nucleic acid

analysis approaches for detection of new properties and to add accuracy to existing approaches.

SUMMARY
[0003] Double-stranded cell-free DNA fragments may often have two strands that are not
exactly complementary to each other. One strand may extend beyond the other strand, creating
an overhang. These overhangs are often repaired to form blunt ends in analysis. However, the
“jagged ends” created by these overhangs may be useful in analyzing biological samples. This
document describes how jagged ends may be used in analysis and how to measure the jagged

ends.
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[0004] The degree of jagged ends, which may be the quantity or the length of jagged ends, in a
sample may reflect the level of a condition in an individual. For example, the degree of jagged
ends may be related to a disease, a disorder, a pregnancy-related condition. The jagged ends may
be used to determine the fractional concentration of clinically-relevant DNA in a sample. The
age of an individual may be related to the degree of jagged ends. Jagged ends from specific

tissues may be analyzed, and the degree of jagged ends may determine a level of cancer.

[0005] The degree of jagged ends may be measured in various ways. For example, the jagged
ends may be repaired using methylated or unmethylated nucleotides, and the resulting change in
the level of methylation can indicate the presence and/or length of a jagged end. In some cases,
methylated cytosines can be used in end repair to measure the exact length of a jagged end. As
another example, the degree of jagged ends may also be determined by aligning portions of the
fragments to a reference genome or a complementary strand or measuring other signals from

nucleotides added through end repair.

[0005a] In one aspect, the present disclosure refers to a method of analyzing a biological sample
obtained from an individual, the method comprising:
analyzing a plurality of cell-free nucleic acid molecules of the biological sample,
wherein each cell-free nucleic acid molecule of the plurality of cell-free nucleic acid molecules is
double-stranded with a first strand having a first portion and a second strand, wherein the first
portion of the first strand of at least some of the plurality of cell-free nucleic acid molecules has
no complementary portion from the second strand, is not hybridized to the second strand, and is
at a first end of the first strand, and wherein the analyzing comprises for each cell-free nucleic
acid molecule of the plurality of cell-free nucleic acid molecules:
measuring a property of the first strand, the second strand, or the first
strand and the second strand that is proportional to a length of the first strand that
overhangs the second strand;
determining a jagged end value using the measured properties of the plurality of
cell-free nucleic acid molecules;
comparing the jagged end value to a reference value; and

determining a level of a condition of the individual based on the comparison.
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[0005b] In another aspect, the present disclosure refers to a method of determining a fraction of
clinically-relevant DNA in a biological sample obtained from an individual, the method
comprising:
analyzing a plurality of cell-free nucleic acid molecules of the biological sample,
wherein each cell-free nucleic acid molecule of the plurality of cell-free nucleic acid molecules is
double-stranded with a first strand having a first portion and a second strand, wherein the first
portion of the first strand of at least some of the plurality of cell-free nucleic acid molecules has
no complementary portion from the second strand, is not hybridized to the second strand, and is
at a first end of the first strand, and wherein the analyzing comprises for each cell-free nucleic
acid molecule of the plurality of cell-free nucleic acid molecules:
measuring a property of the first strand, the second strand, or the first
strand and the second strand that is proportional to a length of the first strand that
overhangs the second strand;
determining a jagged end value using the measured properties of the plurality of
cell-free nucleic acid molecules;
comparing the jagged end value to a reference value; and
determining the fraction of clinically-relevant DNA in the biological sample based on the

comparison.

[0005¢] In another aspect, the present disclosure refers to a method of determining an age of an
individual using a biological sample obtained from the individual, the method comprising:
analyzing a plurality of cell-free nucleic acid molecules, each nucleic acid
molecule of the plurality of cell-free nucleic acid molecules being double-stranded with a first
strand having a first portion and a second strand, wherein the first portion of the first strand of at
least some of the plurality of cell-free nucleic acid molecules has no complementary portion
from the second strand, is not hybridized to the second strand, and is at a first end of the first
strand, and wherein the analyzing comprises for each cell-free nucleic acid molecule of the
plurality of cell-free nucleic acid molecules:
measuring a property of the first strand, the second strand, or the first and
second strand that is proportional to a length of the first strand that overhangs the second

strand;
2a
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determining a jagged end value using the measured properties of the plurality of
cell-free nucleic acid molecules;
comparing the jagged end value to a reference value; and

determining the age of the individual based on the comparison.

[0006] A better understanding of the nature and advantages of embodiments of the present
invention may be gained with reference to the following detailed description and the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] FIG. 1 shows a method of using jagged end values to analyze a biological sample

according to embodiments of the present invention.

[0008] FIG. 2 shows one example for assessing the degree of 5’ overhangs according to

embodiments of the present invention.

[0009] FIG. 3. Illustration of the calculation of methylation levels along a DNA molecule after

mapping to the human reference genome according to embodiments of the present invention.

[0010] FIG. 4 shows a method of analyzing a biological sample obtained from an individual to
calculate a jagged end value using methylation levels according to embodiments of the present

invention.

2b
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WHAT IS CLAIMED IS:

1. A method of analyzing a biological sample obtained from an individual,
the method comprising:
analyzing a plurality of cell-free nucleic acid molecules of the biological sample,
wherein each cell-free nucleic acid molecule of the plurality of cell-free nucleic acid molecules is
double-stranded with a first strand having a first portion and a second strand, wherein the first
portion of the first strand of at least some of the plurality of cell-free nucleic acid molecules has
no complementary portion from the second strand, is not hybridized to the second strand, and is
at a first end of the first strand, and wherein the analyzing comprises for each cell-free nucleic
acid molecule of the plurality of cell-free nucleic acid molecules:
measuring a property of the first strand, the second strand, or the first
strand and the second strand that is proportional to a length of the first strand that
overhangs the second strand;
determining a jagged end value using the measured properties of the plurality of
cell-free nucleic acid molecules;
comparing the jagged end value to a reference value; and

determining a level of a condition of the individual based on the comparison.

2. The method of claim 1, wherein the condition is a cancer, an auto-immune

disease, or a pregnancy-related condition.
3. The method of claim 1, wherein the first end is a 5° end.

4. The method of any one of claims 1 to 3, further comprising:
measuring sizes of cell-free nucleic acid molecules, wherein the plurality of cell-

free nucleic acid molecules has sizes within a specified range.

5. The method of claim 4, wherein:
the plurality of cell-free nucleic acid molecules is a first plurality of cell-free

nucleic acid molecules, and
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the specified range is a first specified range,
the method further comprising:
measuring the property of a strand of each cell-free nucleic acid molecule
of a second plurality of cell-free nucleic acid molecules, wherein the second plurality of
cell-free nucleic acid molecules has sizes with a second specified range,
wherein determining the jagged end value comprises calculating a ratio using the
measured properties of the first plurality of cell-free nucleic acid molecules and the measured

properties of the second plurality of cell-free nucleic acid molecules.

6. The method of any one of claims 1 to 3, wherein the property is a
methylation status at one or more sites at end portions of the first strands, the second strands, or
the first strands and the second strands of each of the plurality of cell-free nucleic acid
molecules, and wherein the jagged end value includes a methylation level over the plurality of
cell-free nucleic acid molecules at one or more sites of end portions of the first strands, the

second strands, or the first strands and the second strands.

7. The method of claim 6, wherein a higher methylation level is correlated

with a longer length of the first strand that overhangs the second strand.

8. The method of any one of claims 1 to 3, further comprising:
analyzing the plurality of cell-free nucleic acid molecules to produce reads,
aligning the reads to a reference genome,
wherein:

the cell-free nucleic acid molecules each have reads within a certain

distance range relative to a transcription start site.

9. The method of any one of claims 1 to 8, wherein the measured property is

length.

10. The method of claim 1, wherein the reference value is determined using

one or more reference samples of subjects that have the condition.

11. The method of claim 1, wherein the reference value is determined using

one or more reference samples of subjects that do not have the condition.
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12. The method of claim 1, wherein a machine learning model is used to
perform the comparing of the jagged end value to the reference value and the determining of the

level of the condition of the individual.

13. A method of determining a fraction of clinically-relevant DNA in a
biological sample obtained from an individual, the method comprising:
analyzing a plurality of cell-free nucleic acid molecules of the biological sample,
wherein each cell-free nucleic acid molecule of the plurality of cell-free nucleic acid molecules is
double-stranded with a first strand having a first portion and a second strand, wherein the first
portion of the first strand of at least some of the plurality of cell-free nucleic acid molecules has
no complementary portion from the second strand, is not hybridized to the second strand, and is
at a first end of the first strand, and wherein the analyzing comprises for each cell-free nucleic
acid molecule of the plurality of cell-free nucleic acid molecules:
measuring a property of the first strand, the second strand, or the first
strand and the second strand that is proportional to a length of the first strand that
overhangs the second strand;
determining a jagged end value using the measured properties of the plurality of
cell-free nucleic acid molecules;
comparing the jagged end value to a reference value; and
determining the fraction of clinically-relevant DNA in the biological sample

based on the comparison.

14. The method of claim 13, further comprising:
treating the plurality of cell-free nucleic acid molecules by a protocol before
measuring the property of the first strand, the second strand, or the first and the second strand,
wherein:
the reference value is obtained using nucleic acid molecules from one or
more reference subjects having a known fraction of clinically-relevant DNA, and
the nucleic acid molecules from the one or more reference subjects are

treated by the protocol.
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15. The method of claim 13, wherein the clinically-relevant DNA comprises

fetal DNA, tumor DNA, or transplant DNA.

16. The method of claim 13, wherein the reference value is determined from
one or more calibration samples having a known fraction of clinically-relevant DNA and whose

jagged end value has been measured.

17. The method of claim 13, wherein the reference value is determined from a
calibration curve that is fit to calibration data points of a plurality of calibration samples, each of
the calibration data points including a measured jagged end value and a measured fraction of

clinically-relevant DNA of one of the plurality of calibration samples.

18. A method of determining an age of an individual using a biological sample
obtained from the individual, the method comprising:
analyzing a plurality of cell-free nucleic acid molecules, each nucleic acid
molecule of the plurality of cell-free nucleic acid molecules being double-stranded with a first
strand having a first portion and a second strand, wherein the first portion of the first strand of at
least some of the plurality of cell-free nucleic acid molecules has no complementary portion
from the second strand, is not hybridized to the second strand, and is at a first end of the first
strand, and wherein the analyzing comprises for each cell-free nucleic acid molecule of the
plurality of cell-free nucleic acid molecules:
measuring a property of the first strand, the second strand, or the first and
second strand that is proportional to a length of the first strand that overhangs the second
strand;
determining a jagged end value using the measured properties of the plurality of
cell-free nucleic acid molecules;
comparing the jagged end value to a reference value; and

determining the age of the individual based on the comparison.

19. The method of claim 18, wherein the reference value is obtained using

nucleic acid molecules from one or more reference subjects having known ages.
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20. The method of claim 18, wherein the reference value is determined from a
calibration curve that is fit to calibration data points of a plurality of calibration samples, each of
the calibration data points including a measured jagged end value and a known age of a subject

from which one of the plurality of calibration samples was obtained.

73



