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METHODS AND COMPOSITIONS FOR PREDICTING
AND/OR MONITORING CARDIOVASCULAR DISEASE AND
INTERVENTIONS THEREFOR

TECHNICAL FIELD
5 Ths disclosure generally relates to metheds and compostbions related to predicting

cardiovascudar disease ({CVDY) in an individual

BACKGROUND
Cardiovascular disease (CVD), and particolarly coronary heart discase (CHIDY, is the
10 most common type of heart discase and was responsible for over 360,000 deaths in the
United States in 2017, I order to decrcase this toll, a number of risk estimators and detection
methods bave been developed o better Wdentity those with or at risk for CVD, including
CHID. Beginning with the Framingham Risk Score (FRS) and more tecently, the ASCYVD
Poolked Cobort Equation (PCE}, these tools capture variance in key physiological parameters,
15 sucl as seram lipid levels, known {0 be associated with risk for VD, including CHD.
Simudarly, for detection, methods such as stress echocardiogram and Coronary Computed
Tomography Angrography (CUTA) are used.
Despite the magnitede of these efforts, carrent risk estimators and detection tosts
often fack in sensitivity snd specificity, and often are not as accessible due to cost and the
20 need 1o schedule an in-person clinical visit that may take weeks. Furthermore, some of the
cuerent risk estimators and detection methbods such as catheterization may have severe side
effects such as stroke and heart attack. As a result, there is g need for aliernative
stratification, detection and management approaches for CVD that have nuinimal risks, are

scalable, and provide actionable insights.
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SUMMARY
Methods and compositions for predicting the presence and/or severity {e.g., level of

ehstraction) of cardiovascular discase (CVD) are provided, and methods and compositions
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for managing, monitoring, andior treating CVD are provided: For example, methods and
compositions for predicting coronary heart disease (CHD) are described herein, The general
principals apply to windows of incidence {e.g., one-month, sbx-month, two-year, or tan-year}
as well as the inetdence, prevalence, or severity of other types of CVD inchuding, without
fmitation, CHD, stroke, wrvhythmia, cardiac arvest, and congestive heart fatlure, The same
general principals also apply to survival of CVE or CVD events as well as to the
management of CVI br OVD events, including bat not limiled to identifying, costomizing,
and optimizing lifestyle {e.g., exercise, diet) andior therapentic {e.g., the particular drug or
combination thereol) andfor medical mtervention(s) {(2.g., stent placement, angloplasty). The
same general principals also apply to the monitoring of CVD or CVD avents, the severity of
CVD or CVD events, andfor the response to lifestyle, therapeutic andfor medical
intervention{s}. Specifically, methods and compositions that include determining the
methylation status of at least one CpG focus andfor at least one single nucleotide
polymorphism (SNP) are desceribed.

{n ont aspect, kits for determyining msthyviation status of at feast one UpG dinucleotide
and/or a geaotype of at least one singlo-nueleotide polymeorphisn (SNP) are provided. Such
kits typically include at least one first muecleie acid primer at least 8 pucleotides in length that
is complementary to a bisulfite-converted nucleic acid seqoence comprising a flrst CpQG
dinueleotide a1 a GC locus selected from the group congisting of cgf4988978, cg21161138,
cgl2655112, egh725309, cgl2586707, and cgl 7901384 or at u second Cp( dinucientide n
linkage disequilibrivn with the Srst CpQG dinucleotide at a GC Tocus selected from the group
consisting of cpB4RREY7R, cp2 1161138, cp12655112, cpl37I5309, cp 12586707, and
cg 17901584, wherein the linkage disequilibrinm hag a value of R>0.3, wherein the af feast
one first nucleie acid primer detects & methylated or nomethylated CpG dinacleotide, andior
at least one second nucleie acid primer at foast 8 nucleotides in length that is complementary
toa DNA sequence of a first SNP selected from the group consisting of r328696735,
154370434, rsl 2129789, rs 7585056, 1710987, rsd630796, 151333048, 1512714414,
1942317, and rs1441433 or a second SNP i linkage disequilibrium with the first SNP
seleeted from the group consisting of 1sZROVGTS, rsd376434, 112129789, rs7585056,
18710987, rsd630796, rel 333048, r3127144 14, 1942317, and 11441433, wherein the linkage

disequilibrium has a value of R>0.3,
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{n some embodiments, the at least one first nuclerc actd primer detects the
unmethvlated CpG dinocleotide. In some crabodiments, the at least one first nucleic acid
primer detects the methylated CpG dinuckeotide.

In some embodiments, the kits described hevein further meluding at least a third
nucleie acid primer at feast § nucleotides in fongth that is complementary to a nucleic acid
sequence upstream of the CpG dinuclootide. In some cmbodiments, the kits further include at
least a third nucleic acid primer at least R nucleotides in length that is complementary to a
nucleic acid sequence downstream of the CpG dinneleotide.

In some embodiments, the at least one fivst nucleie acid primer comprises one or
more nucleotide analogs. In some embodiments, the at least one first nucleic acid primer
comprises one or more synthetic or non-natural nucleotides,

In some embodiments, the kuts deseribed herein further include a solid substrate
which the at least one first nucleie acid primer is bound. In some cmbeodiinents, the substiate
s a polymer, glass, semicondactor, paper, metal, gol or hydrogel, Tn some embodiments, the
solid substrate is 8 microarray or microfluidics card.

{n some embodiments, the kits described herein further include a detectable label.

In another aspect, methods of determining the presence of bomarkers associated with
predicting, treating, managing andfor monttoring CVD in a biological sample from a patient
is provided. Such methods typically include {a} providing a fivst portion of the biological
sample and 8 second portion of the biological sample, wherein the nucleie acid from at least
the first portion is bisulfite converted; (b) contacting the first portion of the biological sample
with a first oligonucieotide primer ot least § nmuelcotides in fength that is complementary 0 a
sequence that comprises a first CpG dinucleotide at a GO locus selected from the groap
consisting of cgQO4988978, cgZ1 161138, egl2685112, cgl3725309, cgl2586707, and
cgiT901584, or a sccond CpG dinuclestide in linkage disequalibriun with the frst CpG

dinucleotide at 1 GC locusselected from the group consisting of cgl498R97E, cgZ116113§,

141

112, cg03725309, cgl2586707, and cal 7901584, wherein the linkage disequilibrivm

&

cgllos
has a value of R>0.3, wherein the first noclete acid primer detects a methylated or
unmethyiated CpG dinucleotide: snd () contacting the second portion of the beological
sample with a nucleic acid primer at feast § nocleotides in longth that is complementary to a
DINA sequence or a bisulfite-converted DNA sequence of a first SNF selected from the group
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consisting of ra2R09675, 4376434, ra 12128789, rs73RS056, ra710987 14639798,
rs1333048, 1512714414, 5942317, and rs1441433 or a segond SNP in linkage disequilibrium
with the first SNP selected from the group consisting of 12869675, rsd376434, 1s12129789,
rs7I85056, rs710087, 146397596, rs133304%, rs12714414, 1942317, and rs 1441433, wherein
the hnkage disequibibrivm has a value of R>0.3. Generally, the percentage of methylation of
the Cp(3 dinucleotide at the G locus selected from the group consisting of cg(4988978,
ce2 1 EOHI3R, ¢gl26551 12, cp03725309, cgl2386707, and g 7901584, and the identity of
the nucleotide at the first SNP selected from the group consisting of 152869673, rs4376434,
612120789, rs75R3036, rs710987, 154039796, vs 1333048, rs12714414, rs942317, and
31441433 or the second SNP in linkage disequilibrivm with the first SNP are biomarkers
associated with detecting CVD or estimating sarvival from CVDL

In some embodiments, the biological sample is blood or saliva,

In some cmbodiments, the at least one first nucleic acid primer deteots the
unmethylated CpG dinucleotide. In some embodiments, the at least one fivst nucleic aad
primer deteets the methylated CpG dinucleotide.

In some embodiments, the af least one first nucloie actd primer comprises one or
more rucleotide analogs. 1o some embodiments, the at least one first nuclere acid priver
comprises one or more synthetic or non-natural nucleotides.

ln some embodiments, the window of incidence for detection, severity, managing
andfor monitoring is three vears, five years, or ten years.

In stifl a forther agpect, methods of detormining the presence of biomarkersin a
biclogicat sample from a subject, wherein the bivmarkers are associated with detecting CVD,
determining seventy of CVD, estimating survivagl from CVD, identifving, customizing,
andfor optimizing intervention{s) for CVD, managing CVIY andior monitoring CVD. Sach
methods typreally inchude (8 solating noclete acid sample from the patient sample, (b}
performing a genotypmg assay on a first portion of the mucleie acid sample to detect the
presence of at least one SNP, wherein the at Jeast one SNP 18 a first SNP selected from
132869675, red376434, vs1 2129789, t87583036, rsTIONRY, rs4639796, 31333048,

rs12714404, 1942317, and 1441433 or from Appendix € andfor is a second SNP .in Hinkage
disequalibrium (R>0.3) with a first SNP selected from m2869678, rsd370434, 1512129789,
re7E85056, rsTIO0R7, rsd4630796, rs133304K, rs127144 14, 15942317, and rs1441433 or from
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Appendix Cto oblam genotype data; andfor {¢} bisulfite converting the nucleic acid in a
sccond portion of the nucleie acid and performing methylation assessment on the second
portion of the nucleic actd samnple 1o detect methylation status of at least one (leG site
selected from cg(4088978 ce2 1161138, cgl2685112, cafR725300, cg 2386707, and

cgl 7901384 or from Appendix A anddor » Cp(G site collinear {R>0.3) with a CpG site
sclected frony cD4988978, c2H161I3R, egl2655112, cg03723309, cgi 2586707, and
cg17901584 or from Appendix A to obtamn methylation data; and (d) entering the genotype
data from step (b} and/or methylation data from step (¢} into an algorithm that accounts for at
least one SNP main effect sndior at least one CpG madn effect and/or at least one mteraction
effect, wherein the algorithm is a machine leaming algorithm capable of accounting for linear
and non-linear effects,

In some embodiments, the at least one interaction effect iy selected from the group
consisting of a genc-environment intetaction (SNPxCpG) effect, a genc-gene interaction
(SNPxSNP; effect, and an envivonment-envirommnent nteraction (CpGxCpG) offvet. In some
embodiments, the at least one interaction offect is a gene-onvironment interaction effect
{SNPxCpG) between a Cp(r site selected from ogD498807R, cg 1161138, pgl2635112,
03723309, c12386707, and cg 17901584 or from Appendix A or a Cp(s site that s
collinear {R>0.3) with a Cp( site selected from 04088978, cg2 1161138, ¢gl2655112,
52869675, rsd3T70434, 1312129789, 1 7SRS036, vs710987, rs4639796, 131333048,
rsl 2714414, rg042317, and rs1441433 or from Appendix C or a SNP within moderate
linkape disequilibrium (R>0.3} from a SNP selected from rs2869675, 134376434,
rs1 2120789, ra7SR3056, rx7 10987, rs4639796, re133304R, re 12714414, re@423 17, and

cgl3723309, cgl25R6707, and cg1 7901384 or from Appendix A and a SNP selected ftom

51441433 or from Appendix T, In some embodiments, the at feast one interaction effect is
an enviromment-environment inferaction offect (CpGxCp3) between at feast two CpQ sites
sefected from cgO4O8RO7R, cg2 AT 3R, cgl 2658112, cgO3725309, cgl23867(7, and
cg 79015384 or from Appendix A,

{n some embodiments, one or both of the at least two CpG sites are collinear (R>0.3)
with one or both of the at teast two CpG sites selected from cgD4988978, ca2 1161138,
cei2655112, cgD3725309, cgl2386707, and cgl 7901584 or from Appendix A, In some
embodiments, the at least one fnteraction effect i & gene-gene interaction effect (SNPxSNP)
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between at least two SNPs selected from 12860673, rsd376434, vs12 129789, 37383056,
rs7HO987, rsd639796, rel 333048, rs 12714414, 1942317, and rs1441433 or from Appendix
€. In some embodinents, one o both of the at least two SNPs are collinear (R>0.3) with one
or both of the at least two SNPs sclected from rs2889675, 1s4376434, 1512129789,
rs7385036, rs7 10987, rsd4639796, 11333048, rsi127144 14, re942317, and rs 1441433 or from
Appendix €.

In some embodiments, the biological sample s a saliva sample.

In another aspect, systems for determining methylation status of at least one CpG
dinucleotide and a genotype of at feast one single-nucleotide polymorphism (SNP) are
provided. Such systems typically include: a nucleic acid isolation modude configured to
tsolate g nucleic acid samiple from 4 subject sample; a genotyping assay module configured to
perform a genotyping assay on a first portion of the sucleic acid sample to detect the
presence of at feast one SNP, wheteln the at loast one SNP s a first SNP selected from
152869675, red370434, rs1 2129789, ts7385056, rsTHORT, rsd639796, vs1333048,
rs127144 14, rs942317, and reidd 1433 or from Appendix Candior is a second SNP in linkage
disequilibrium (R>03) with 8 first SNP sclected from rs2869075, rsd370434, 1512129789,
rs7SRS056, rs710987, red639796, rsl 333048, rs 12714414, vs242317, and rs1441433 or from
Appendix C to obtain genotype data; a methylation assay module configured to bisulfite
convert the nucleic acld 1 a second portion of the nocleic acid and perform a methyviation
assessment on @ second portion of the nucleie acid sample to detect methylation status of at
least one CpG stte selected from cgO40988978, cg21161138, cgl2035112, cgB3725309,

e 12586707, and gl 7901584 or from Appendix A andfor a CpG site collinear (R>0.3) with
A Cpls selected from cgB4O888TE, g2 1161138, cgl2685112, cgB3725309, egl25R6707, and
cg 17901384 or from Appendix A to obtain methylation data; and an identification system
confignred to sccount for at least one SNP main effcct andior at feast one CpG main effect

»

andfor at least one mieraction effect based on the genotype data and/or methylation duta.

In some cmbodiments, sach systems further include an putput module configured to
provide an oatpot based on an identification by the identification svstem, wherein the
identification accounts for at least one SNP main effect andfor at least one CpG muin effect

and/or at least one interaction effect based on the genotype data andfor methylation data,



s

10

W

20

WO 2024/206958 PCT/US2024/022419

{n some ensbodiments, the algonithm is a machine learning algorithm capable of
accowting for lincar and/or non-lincar effccts,

In some embodiments, dimensionality redoctions (e.g., principal component analysis,
partial Jeast squares regression, ete. ) can be used.

In yoi another aspect, non-fransitory computer-readable media storing instructions
exccutable by a processing device to perform operations are provided. Such operations
typically include accounting for at least one SNP mawn effect andfor af least one Cp(G main
effect and/or at feast one interaction effect based on genotype data and/or methylation data,
wherein: (i) the genotype data is based on a genotyping assay on a first portion of a nucleic
acid sample isolated from a subject sample to detect the presence of at least one SNP,
wherein thie at least one SNP is a fipst SNF selevted from rs2868673, md4376434, rs1 2129789,
1< 7583036, vs710887, red636796, rs1333048, 1o 12714414, vs942317, and rs144 1433 or from
Appendix € and/or is a second SNP in Hokage disequilibrium (R>0,3) with a first SNP
sefected from rs2869675, rsd376434, 12120789, 187385056, 1710987, ra4639796,

s1333048, 112714414, 13942317, and 151441433 or from Appendix Cto obtain the
genotype date; and (1) the methvlation data is based on 3 methylation assay on a bisuliie
comverted nucleic acidiin @ second portion of the sucleic acid sample to detect methylation
status of at feast one CpG site selected from cg0498807R, cg2 1161138, cgl2635112,
03725309, cpl23R0707, and cgl1 7901584 or from Appendix A andior a CpG site-collinear
{(R>0.3) with 8 CpG selected from cgD4988978, 21161138, egl2655112, cgl3 725309,

[y
ke

cgl2586707, and cgl 7901584 or from Appendix A 1o obtain methylation data.

4

In some embodiments, the operations further include providing ar output based on
the accounting. Representative outputs, withouot Iimitation, mclude one or more of storing &
report based on the accounting to another non-transitory computer-readable medium,
modifving a display based on the accounting, triggering an audible alert based on the
accounting, triggermg a haplic or vibratory alert based on the accounting, triggering the
printing of a report based on the accounting, or tniggering the delivery of a therapeutic based
on the accounting,

I ene aspect, kits for determining methyiation status of at least one CpG dinucleotide
are provided. Sach kits typieally inclode at least one first nocleic acid primer at least 8
nucleotides in length that is complementary to a bisulfite~converted nucieiv acid sequence

7
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comprising a first CpG dinncleotide at a GC locus selected from the group consisting of
cgO4088978, a2 101138, cgl2655112, ca03725309, cgl2380707, and g1 7901584 or at s
seeond CpGr dinueleotide in linkage disequilibrinm withy the first CpQG dineeleonde at a GC
locus selected from the group consisting of cgU498807Y, cg2 1 I61 138, cgl 26358112,

cgi3 725309, cglISRG707, and o1 7901584, wherein the linkage discquilibrium has a value
of R>0.3, wherein the at least one first nucleie avid primer detects a methylated or
snmethylated CpG dinucleotide.

In another aspect, methods of determining the presence of biomarkers in a biologieal
sample from a subject, wherein the biomarkers are assoviated with detecting CVD,
determining severily of CVI, estimating survival from CVD, identifying, customizing,
andfor optimizing intervention(s) for CVD, managing CVD and/or monitoring CVD are
provided. Such methods typically nclnde (a) providing a iological sample from the subject
at risk for or having CVD or CVD events, wherein nucleic acids from at east a portion of the
biological sample are bisulfite converted; and (b) contacting the hisulfde converted nucleic
acids with a first oligonucieotide pritner at least 8 nucleotides in tength that is
complementary to 3 sequence that comprises a first CpG dincleotide at 2 GO locus selectod
from the group consisting of 04988978, co2 1161138, cgl2633112, cpO3723309,
cgi 2586707, and cgl 7901584, or a second Cp(r dinucleotide in linkage disequilibrivm with
the first CpG dinucleotide at 8 GC locus selected from the group consisting of cg04988978,
cg2 TH61138, opl2655112, cp3725309, cu 23886707, and cgl 7901584, wherein the linkage
disequilibrium has a valoe of R>0.3, wherein the first nucleic acid primer detects o
methylated or unmethylated CpG dinuclestide, wherein the percentage of methylation of the
CpG dinncleotide al the GU locus selected from the group consisting of cg®4988978,

cgZPIOTI38, cpl2655112, cgB3723309, cgllSRe707, and cgl 7901584 35 associated with

estimating survival of the subject.

I another aspect, methods of determiniag the presence of biomarkers in a biological
sample from a subject, wherein the blomarkers are associated with detecting CVD,
determinimg seventy of CVI), estimating survival from CVD, identitving, customizing,
andfor eptimizing intervention(s) for CVD, managing CVD and/or monitoring CVD are
provided. Such methods typically melade (4) isolating nucleie acid sample from the subject

samyple; (b} bisulfite converting at least a portion of the nueleic acid and performing
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methylation assessment on the bisulfite converted nucleic acid to determine the methylation
status of at feast one Cp(G site sclected from og04988978, o2 1 161138, ogl2655112,
cp03723309, cgl2386707, and cgl 7901584 or from Appendix A and/or a Cp( site collinear
{R>0.3) with & UpG site selected from cgO4O8R97E, cg2 1161138, cgl2685112, ¢g(3723308,
cgi2S86707, and cgl 7901584 or from Appendix A to oblain methylation data; and {¢)
entering the methylation data frons step (b inte an algorithor that accounts for at least one
CpG main sffect, wherein the algorithm is & machine learning algorithoy capable of
accounting for Hacar and non-Hnear effects.

In still another aspect, systems for determining methylation status of at least one CpG
dinucleotide are provided. Such systems typically include a nucleie acid isolation module
configored to isolate a nucleie acid sample from a sulject sample; & methylation assay
module configured to bisulfite convert the nucleie acid wr at feast 8 portiow of the nucleie acid
and perform a methylation assessment on the bisulfite converted nucleic acid fo detenmine
methylation status of at least one CpQ site selected from cgQ498RITE, 21161138,
cgl2655112, egh3725300, cgl2586707, and cgl 7901584 or from Appendix A sndiora CpG
stte collimear (R>0.3) with & CpG site selocted from cgQ4988978, e 161138, cal2655112,

03723309, c12386707, and cg 17901584 or from Appendix A to obtain methylanion data
and an identification systenm configured to account for at least one CpG main offect based on
the methylation data.

{0 yet another aspect, 8 non-transitory computer-readable medium storing instructions
executable by g processing device to perform operations 1s provided. Soch a computer-
readable medium typically includes aceounting for at Jeast one CpG madn effect based on
methylation data, wherein: the methvlation data 1s based on a methvlation assay on a bisulflie
converted nucleic acid o at least a portion of a nucleie acid sample to detect mcthylation
status of at least one CpG site selected from cgO4R88978, cp2 LI6T138, ¢p12655112,
cgB3725309, eg12386707, and co 17901584 or from Appendix A andior & CpG site collinear

{R>0.3) with a CpG site selected from cgO408807R, g2 1161138, cgl2635112, 0g03725309,

f,'Q

12586707, and cgl 7901 584 or from Appendix A to obtain methylation data.
The integrated genetic-epigenetic model described hereln provides several advantages

and benefits. For example,
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Earlier Detection: Precision{HD can detect molecular changes that may or may not
precede the development of chintcal symptoms or disease. This means patients can b
wdentitiod with coronary heart discase before or afler they develop symptoms,
alfowing for earlier interventions and beticr outcomes.

Actionable Clinical Intelligence™ The test may or may not be coupled 1o a provider-
fating Actionable Clinical Intelligence platform (see. for example, US Application
No. £3/488,463, meorporated herein by reference) that maps cach patient’s molecular
markers to key drivers of coronary heart disease, allowmg for tatlored
recommendations for lifestyle modifications, medical materventions, estimating

T

flectiveness of lifestyle modifications or smedical interventions, monitoring and

7

secondary tosting,

Personalized Intervention Seloction: The test can be used o select one or maye
wterventions such as hifestyle modification, therapeutic interventions and medicsl
mterventions for each patient or a graup of patients at one or more time points.
Personalized Intervention Optimization: The iest can be used to optimize one or more
auerventions such ag Jifestyle modiication, therapentic interventions and medical
interventions for cach patient or g group of patients at one or more time points.
Personatized Intervention Evaluation: The test can be used to assess the effcetivencss
of interventions such as lifestvle modification, therapeutic interventions, and medical
interventions for cach patient or a group of patients by continually monttoring CVD,
CVD events, or severity of CVD,

More Comprehensive Assessment: The test evaluates and integrates robust genetic
and epigenctic biotharkers simultancousty, providing a more comprehensive
assessment of CVIY status.

Discover New Pathways: The approach can be used 10 discover new, previously
unknown biological pathways tor risk assessmoent, detection, inlervention {e.g.,
Hifestyle, therapeutic, medical}, management and monutoring of CVD. The pathway{(s)
and biomarker(s) also can be used for the discovery, development and validation of
novel biopharmacenticals for the assessment and management of cardiovascnlar
discase. The approach described horein can be used 1o identify new biomarker(s)

{¢.g., methylation, SNP, protein, eic)) for new drug developmesnt or the ability for
i
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targeted treatment such as gene editing. The approach described herein also can be
used to discover biomarker(s) to seledt the most effective drug for a particular
indivichial {e.g., statin vs. beta blockery, the most effective drog type {e.g. lydrophilic

statin vs. lipophilic statin}, changes in lifestyle, medical interventions, or

s

combinations thereoll In addition, the approach described herein can be used {o
optimize the use of a therapeutic {e.g.. dosing, regimen, drug combinations) or to
identify hifestyle changes that would have the most effect.

»  Non-Invasive: The fest only requires a sunple bMomaterial collection (e, blood or
saliva sample), making it a non-tavasive and convenient alternative to more invasive

1% diagnostic tests such as angiograms.

*  Accessible: The test can be administered remotely via a lancet-based sample
coltection kit that can be sent to the patient’s bome upon test order, thereby increasing
and democratizing access to CVD disgnostic tests, Or biomaterial can be collected in-

provider setfings via a vacutainer-based sample collection. The biomaterial i the

,....
L

form of a saliva sample can be collected remotely or in-provider settings.

e Costeffective and Timely: PrecisionCHD provides clinicians with a timely and cost-
effective coronary heart discase test, PrecisionCHD is a fraction of the cost of other
heart discase tesls.

e Survival Estimates: PrecistonCHD or PrecistonCHD-Epi can provide survival

20 esiimates for those individoals that have already been determined to have CVD or are

consudered at risk of developing CVI

Uniess atherwise defined, all technical and scientific termas used herein have the same
meaning as commonty understood by one of ordinary skill in the art to which the wicthods
25 and compositions of matter belong. Although methods and materials similar or equivalent to
those described horein can be used in the practice or testing of the methods and compositions
of matter, suttable methods and materials are described below. In addition, the materials,
methods, and examples are iHlustrative only snd not intended to be limited 1o prediciing
incident CHD. All publications, patent apphications, patents, and other references mentioned

3¢ herein are incorporated by reference in their entirety.
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DESCRIPTION OF DRAWINGS

FIGL 1 s a bleck diagram of an example cardiovascular disease classification and
monttoring system.

FIG. 2 s a flow diagram of an example process for cardiovascular disease
classification and monitoning.

F1G. 3 s a block diagram of example computing devices.

FIG. 4 is a schematic showing potential therapeuatic approaches for patients that have
a positive signal for CHD andfor associated co-morbidities using the methods described
berein.

FIGs. SA - 5C are plots showing survival (yes or no} during follow-up to methylation
for markers cgO4988978 (FIG, 5A), o2t 161138 (FIG. 3B) and ¢gl 26553112 (FIG. 3C).

F1Gs. 6A - 6C are plots showing the relationship bebween days to death and
methylation at markers cg04988978 (FIG. 6A) <R 1 161138 (FIG. 6B) and cgl 2635112
{(F1(r 60,

DETAILED DESCRIPTION

Recent predichon strategios have taken advantage of the rapid advancements in
assessing genome-wide genetic ot tanscriptional varistion. Though each of these approaches
have had some suceess, thelr clinical impadt has been linsited. In particular, those relying
onty on genetic information have a clear cetling in predictive capacity, are potentially
sensitive 10 ethiic stratification, and, bevause genotype is static, cannot be used to monitor
changes in disease status,

Recent advances in genome-wide epigenctic profiling technigues have ratsed the
possibility that DNA methylation assessments of peripheral blood DNA may serve as a
mechaniso for more sccurate prediction of cardiovaseular discase or monality, Prediction
models that only account for eprgenetic signatares, however, fail {0 account for confounding
genetic vaniation, which affeets the vast majority of the environmentally responsive
methylome. This may result in models that lack robostess with rospect to generalizabilily,
especiaily in different ethnic groups.

As a result, we have developed a highly sensitive, clinically tupleraentable integrated

genstic-epigenetic tol capable of identifying those at visk of or with cardiovascular disease

{2



1

2

s

it

W

¢

WO 2024/206958 PCT/US2024/022419

{e.g., having a heart attack or sudden cardiac death). As shown herein, the methylation status
of one or more particular CpG dinucleotides in combination with the genotype at one or more
particidar foct (o.g., CH3XENP) can be used to predict cardivvascular discase (CVIDY
including coronary heart disease (CHD), We also have developed a highly sensitive ool
capable of estimating the survivability of those who are at risk of developing CVD, those
whao are at risk of having a CVD event, or those who have already been identified as having
VD,

As described herein, biomarkers can be used in the diagnosis and prognosis of
cardiovascular diseases and events. The terms “marker™ and “biomarker™ can be used
interchangeably. As used herein, a biomarker genarally refers to a measurable or detectable
biological moiety (e.2., the presence or amount of & protein, a genetic {o.g., polvmorphism),
epigenetic {e.g.. methylation), andfor histological coraponent). As deseribed in more detail
below, the biontarkers used herain typically are associsted with cardiovascenlar discase.

RN

As used herewn, “patient,” “subject”™ and “mdividual”™ may be used interchangeably.
DNA Methylation

DNA does not exist as naked meolecules in the cell. For exaraple, DNA s associated
with proteins called histones to form a complex substance known as chromatin, Chemical
modifications of the DNA or the histones alter the structure of the chromatin without
changing the nucleotide sequence of the DNAL Such modifications are deseribed as
“epigenctic” modifications of the DNA, Changes to the structare of the chromatin can have a
profound influence on gene expression. If the chromatin is condensed, factors Invodved in
gene expression may not have access 1o the DNA, and the genes will be switched off.
Conversely, if the chromatin 1s “open.” the genes can be switched on. Some important forms
of epigenctic modification are DNA methviation and histone deacetylation.

DNA methylation is a chemical modification of the DNA molecule fiself and 15
carried out by an enzyme called DNA methyliransforase, Methylation can divectly switch off
gene expression by preventing transcription factors binding o promoters. A more general
effect is the attraction of methyl-binding domain (MBD) proteins. These are associated with
further enzymes called histone deacetylases (HDACs), which function to chemically modify

histones and change chromatin structure. Chromatin-containing acefylated histones are open

i

(3]



1

2

s

it

W

¢

WO 2024/206958 PCT/US2024/022419

and accessible to transeription factors, and the genes are potentially active, Histone
deacetylation causes the condensation of chromatin, making it insecessible to transeription
factors and causing the silencing of genes.

Cp(s islands are short stretches of DNA in which the frequency of the CpG sequence
15 higher than other regions. The “p™ i the term CpG indicates that cysteine ("C7) and
guanine ("G are connected by a phosphodiester bond. Cpd3 istands are often located around
promoters of housckeeping genes and many regulated genes. At these locations, the CG
SEQUSHICE I active genes are oftentinmes not methyhted. By contrast, the OGO sequences In
mactive genes are usuaily methylated 1o suppress their expression.

As used herein, the term “methylation status™ means the determination whether a
pertain target DNA, such as & Cp dinucleotide, is methyvlated or i anmethylated. As used
hered, the term “CpG dinucleotide repeat motif™ meang a series of two or more CpG
dinucleotides posittoned in a DNA sequence.

About 56% of lnuvan genes and 47% of mouse genes are associated with CpG
islarids, Ofien, CpG islands overlap the promoter and extend gbout 1000 base pairs
downstream into the transeription unil. Identification of potential CpG islands during
sequence analysis belps to define the extreme 37 ends of genes, something that is notoriously
difficult with cDNA-based approaches. The methylation of a Cp(d tsland can be determined
by a skilled artisan using any method suitable to determine such methylation, For example,
the skilled artisan can use a bisulfite reaction-based method for determinmg such
methylation.

The present disclosure provides methods 1o determine the nucleic acid methylation of
ong or more focl in a subject in order to identify subjects having CVD,

Linkage refers to the phenomenon that DNA sequences which are close together in
the genome have a {endeney 10 be inherited together, Two sequences may be linked becanse
of some selective advantage of co-inherttance. More typically, howeyver, two sequences are
co-inherited because of the relative mfrequency with which meiotic recombination cvents
occur within the region between the two sequences. The co-inherited sequences sre said o be
in “linkage disequilitvium™ with one another because, in a given population, they tend to
either both occwr together or else not oceur gt all in any particular member of the population,
Indeed, where multiple sequences in a given chromosomal region are found to be in finkage
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disequilibrium with one another, they define a guasi-stable “haplotype.™ In contrast,
recombination events oceyrring between two loct cause them to become separated onto
distinet homelogous chromosomes. I medotic recombination between two physically Hnked
sequences occurs frequently enough, the twe sequences will appear to segregate
independently and are said to be in linkage equilibrium,

{t would be understood that Hinkage dizequilthrium can be quantitated (using, for
example, the Pearson correlation (R} or co-inheritance of alleles (D). For example, a low
level of linkage can be reflected 10 a correlation {e.g., R value} of aboot 8.1 or fess, a
moderate fevel of Hinkage is reflected in a R value of about 0.3, while a high level of inkage

is reflected in a R value of 0.5 or greater. 1t also would be understood that, when refer

ring to
methylation {Le., Cp sites), collincarity {with an R valué) is used gs a detenmination of the
lincar strength of the association between two CpGs (e.g.. a low level of collinearity can be
reflected by an R value of about 0.1 or less: a moderate fevel of collinearity can be reflected
by an R value of about 8.3; and a high fovel of collinearity can be reflected by an R valoe of
about (1.5 o¢ greater),

In particular, m cortain embodiments of the discloswre, the methods may be practiced
as follows. A sample, such as a blood sample, 1s taken from a subject. In certain
embodiments, a single cell type, e.g., Tyvmphocytes, basophils, or monocytes isolated from the
blaod, may be isolated for further testing. The DNA is harvested from the sample and
examined to detormine the methylation of one or more foct, For example, the DNA of
interest can be treated with bisulftte to deaminate unmethyilated cytosing residues to uracil,
Since wracil base pairs with adenosine, thymidines are incorporated into subsequent DNA
strands in the place of unmethylated cyvtosing residues during subsequence PCR
ampiifications. Next, the target sequence is amplified by PCR, and probed with a loci-
spectfic probe. Depending on the particular sogquence of the probe used, only the methylated
or anmethylated DNA will hind to the probe.

Methods of deternuining the subject nueleie acid profile are well known to a skilled
artisan and include any of the well-known detection methods, Various PCR methods are
described, for example, in PCR Prismer: 4 Laboratory Monuad, Dieffenbach 7 Dveksler,
Eds., CUold Spring Harbor Laboratory Press, 1995, Other methods include, but are not limited
to, nucleic acid guantification, restriction enzyme digestion, DNA sequencing, hybridization
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technologies, such as Southern Blotting, amplification methods such as Ligase Chain
Reaction (LCR), Nucleic Acid Scquence Based Amplification (NASBA), Self-sustained
Sequence Replication (S8R or 38R}, Strand Displacement Anaphification (SDA), and
Transcription Mediated Arnplification {TMA), Quantitative PCR {gPCR), digital PCR
{(dPCR) (ev.g., digitad droplet PCR (ddPCR)) or other DNA analyses, as well as RT-PCR, in
vitre translation, Northern biotting, and other RNA analvses, In another embodiment,

hybridization on a microarray is used,

Single Nucteotide Polymorphisae (SNP)

Traditional methods for the screening of heritable diseases have depended on either
the identification of abnormal gene products (e.g., sickle cell ancmia) or an abnormal
phenotype (e.g., mental retardation). With the development of simple and mexpensive
genctic sereening methodology, it s now possible to identify polymorphisns thot indicate a
propensity to develop disease, oven when the discase 1s of polygenic origin,
genetic variations of

=3

Single nucleotide polymotphism (SNP)Y genotyping measures
SNPs between mombers of a spocies. A SNP s a single base pair change at a specific locus,
wsually consisting of two alleles (where the rave allele frequency 15>19). SNPs are very
common. Becaose SNPs are conserved during evolation, they have been proposed as markers
for use in quantitative trait toct (QTL) analysis and i association studies in place of
microsatellites, Many different SNP genotyping methods are known, including hybridization-
hased methods (soach as Dynamic allele-specific hivbridization, molecular beacons, and SNP
migroarcayvs) enzyme-based methods (Including restrigtion fragment length polymorphism,
PCR-based methods, flap endonuclease, primer extension, §7- naclease, and oligonocleotide
figation assay}, other post-amplification methods based on physical properties of DNA {such
as single strand conformation polymorphism, temperature gradient gel electrophoresis,
denaturing lugh performance liguid chromatography, ligh-resolution melting of the entire
amplicon, ase of DNA mismatch-binding proteins, SNPlex and surveyor nociease assay), and
seqrencing {such as “next generabion” sequencing). See, e.g., US Patent No. 7,972,779

A plurality of alleles at a locus can arise from one or more polymorphisms in a region
of a gene that encodes a polypeptide or in a regulatory control sequence that affects
expression of the polypeptide, such as a promoter or polyadenylation sequence.
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Alternatively, alleles can arise from one or more polymorphisms at a locus distal to a gene
that encodes a polypeptide or in a regulntory control sequence. A polymorphism can affoct a
polypeptide at a transcriptional or a translational Jevel (e.g., a polypeptide’s transeription
rate, translation rate, degradation rate, andior activity). Allelic differences can be
characterized in a sample from a single subject or from a plurality of subjects using methods
that are known to a skilled artisan. Such methods can include, but are not limited 1o,
measuring the polential for a polynucleotide sequence to be expressed andfor measuring an
amount of an encoded polypepiide. Methods are available that can detect proteins or nucleic
acids directly or indirectly, and sssay methods ave specifically contemplated to include
screening for the presence of particular sequenees or stroctures of nucleic acids or
polypeptides using, ¢.g.. any of various known microarray techaologies.

It will be fully appreciated by the skilled artisan that the allele need not have
previousty been shown to have had any link or association with the disorder phenotype.
Instead, an allele and & pathogenic environmenial risk factor can interact to predict a
predisposition to a disorder phenotype even when feither the allele nor the risk factor bears
any direct relation o the disorder phenotype.

Genetie sereemng (also called genotyping or molecular sereening) can be broadly
defined as testing to determine if a subject has mutaticns (or alleles or polymorphisins) that
either cause a diseasge state or are “linked” to the muntation causing a disease state. Linkage
refers to the phenomenon that DNA sequences which wre close together in the genome have 1
tendency to be inherited together, Two sequences may be linked because of some selective
advantage of co-inheritance, More typivally, howover, two polvmorphic sequences a1 eo-
inhertted because of the relative mifrequency with which meiotiec recombination events occur
within the region between the two polvmorphisms, The co-inherited polvmomphic alleles are
said 1o be 1 “hnkage disequilibniom™ with one another because, in a given population, they
tend to either both veenr together oy else not vecar at all in any particalar member of the
population. Indeed, where multiple polvmorphisms in a giver chromosomal region ave found
to be i linkage disequilibrivm with one another, they define a quast-stable genetic
“haplotype.” In contrast, recombination events occurring between twe polymorphic loci
cause them to become separated onte distinet homologous chromosomes. I meiotic

recombination between two physically linked polymorphisms occurs frequently enough, the
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two polymorphisms will appear to segregate independently and are said to be in linkage
equilibritan,
[t would be understood that linkage disequilibriwm can be quantitated {using, for
& ] i &,

example, the Pearson correlation {R) or co-inheritance of alleles (D7), For example, a tow

s

fevel of linkage can be reflected in a correlation (e.g., R value) of about 0.1 or less, a
moderate level of linkage i reflected i a R value of about 0.3, while a high level of linkage
is reflected tn a R value of 0.5 or greater.

While the frequency of meiotic recombination between two markers is generatly
proportional to the physical distance between them ou the chiromosome, the occurrence of
10 “hot spots”™ as well as regions of repressed chromosomal recombination can result in
discrepancies between the physical and recombinatorial distance between two markers, Thus,
in certain chromosonal vegions, multiple polymorphic loet spanming a broad chromosomal
domain may be in Hokage disequilibrium with one another, and thereby define a broad-

spanning genctic haplotype. Furthermore, where a disease-cansing mutation is found within

W

of in Hnkage with this haplotype, one or more polvasorphic alleles of the haplotype can be
used as & diagnostic or prognostic indicator of the bkelithood of developing the discase. This
association between otherwise benign polymorphisms and a disease-causing polymorphism
occurs if the disease mutation arose in the recent past, so that sufficient thme has not elapsed
for equilibrium to be achicved through recombination events. Therefore, identification of a
20 haplatype that spans or is Hiked to a discase-causing mutational change serves as a
predictive measure of an individual’s Hikelihood of having inherited that discase-cansing
mutation. Such prognostie or diagnostic procedures can be utifized without necessitating the
identification and isolation of the actual disease-causing lesion. This is significant becauge
the precise defermination of the molecudar defect involved in 8 disease process can be
25 difficult and lsborions, especially in the case of multifactonial discases.

The statistical correlation between a disorder and 8 polymorphism does not
necessarily indicate that the polymorphisn divectly causes the disorder. Rather the correlated
polymorphism may be a benign allelic variant which is linked to {i.e., in linkage
disequilibritun with} a disorder-causing mutation that has ocowred in the recent evolutionary

30 past, s that sufficient time has not elapsed for equilibrium to be achieved through

recombination events in the intervening chromosomal segment. Thus, for the purposes of
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diagrostic and prognostic assavs for a particular disease, detection of a polymorphic allele
associmed with that disease can be utihized without consideration of whether the
polymorphism is directly invobved in the eticlogy of the disease. Furthermore, where a given
benign polymorphic locus i in linkage diseguilibrivny with an apparent disease-causing
polyvmorphic locus, still other polymorphic foci which are in Hokage disequilibriom with the
benign polvmorphic locus are also hikely to be in linkage disequilibrinm with the disease-
causing polymorphic focus. Thus, these other polymorphic foct will also be prognostic or
diagnostic of the likelibood of having inherited the disease-causing polymorphic locus. A
broad-spanning haplotype {describing the tvpical pattern of co-inheritance of alleles of a set
of linked polymorphic markers) can be targeted for diagnostic purposes once an association
has been drawn between g particular disease or condition and a corresponding haplotype.
Thug, the determination of an individual's ikelihood for developing a particular disease of
condition can be made by characterizing one or more diseasc-associated polymorphic alleles
{or even one or more disease-assoctated haplotypes) without necessanily determining ov
characterizing the causative genetic variation.

Many methods are available for detocting specific alleles at polymorphic loct, Certain
methods for detecting a specific polymorphic allele will depend, in part; upon the molecular
pature of the polymorphism. For example, the varions allelic forms of the polymorphic locug
may differ by a single base~-pair of the DNA. Such single nucleotide polymorphisms {or
SNPs) are major contributors to genetic variation, comprising some 8096 of all known
polymorphisms, and thelr density in the genome is estimated to be onaverage | per 1,000
base pairs, SNPs are most frequentty bi-allelic, or oceurring i only two different forms
{although up to four different forms of an SNP, cortesponding to the four different nucleatide
bases occurning in DNA, are theoreticslly possible). Nevertheless, SNPs are mutationally
more stable than other polymorphisms, making them suitable for association studies in which
linkage disequilibrivnn between markers and an unknown varant i3 used to map disease-
cansing mutations. In addition, because SNPs typically have only two alleles, they can be
genotyped by a simple plas / naimuy assay rather than a length measwrement, making them
more amenable to avtomation,

In one embodiment, allelic profiling can be accomplished using a nocleic adid
microarray. The genetic testing field is rapidly evolving and, as such, the skilled artisan will
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appreciate that a wide range of profiling tests extst; and will be developed, to determine the

alelic profile of individuals in accord with the disclosure.

Nacleiv Ackds and Polypeprides

As descrtbed herein, the methods provided i this disclosure rely npon features
contained within the pucleic acid of an individual, subtect or patient. The terms “nucleic acid™
refers to deoxyribonucleotides or nbonucleotides and polymers thereof in either single- or
double-stranded form, made of monomers (nucleotides) containing a sugay, phosphate and a
base that is eithér a purine or pyrimidine. Unless specifically himited, the term encompasses
nucleic acids containing known analogs of natural nucleotides that have similar binding
properties as the referonce nuclele acid gnd are metabolized i a manner similar to naturally
ovcurring nucleotides. Unless otherwise indicsted, a particular nucleie acid sequence also
encompasses conservatively modified variants thereof (e, degenorate codon substitutions)
and complementary seguences, as well as the sequence explicitly mdicated. Specifically,
degenerate codon substitutions may be achioved by generating sequencds in which the third
position of one or more selected {or all) codans is substituied with mixed-base and/or
deoxyinosine residoes. The terms “puclerc acid,” “nucleic acid moleculs,” or
“polynucleotide™ are used interchangeably and may also be used interchangeably with gene,
cDINA, DNA andior RNA encoded by a gene,

The term “nucleotide sequence™ refers 1o a polymer of DNA or RNA which van be
single-stranded or double-stranded, optionally containing synthetic, non-natural or altered
nucieotide bases capable of ncorporation into DNA or RNA polymers. A DNA molecule or
polyvauctestide is a polymer of deoxyribonucleotides (A, G, C, and T), and an RNA molecule
or polynucieotide is a polymer of ribonucleotides (A, &, C and 1),

A Tgene,” for the purposes of the present disclosure, includes a DNA region encoding
A sepe product, as well as all DNA regions, which regulate the production of the gene
product, whether or not such regulatory sequences are adjacent to coding andfor transcribed
sequences. The term “gene”™ is used broadly to refer to any segment of nucleic acid agsociated
with a biological function. Genes include coding sequences and/or the regulatory sequences
required for thewr expression. Accordingly, a gene includes, but is not necessarily limited to,

promoter sequences, terminators, transational regulatory sequences such as ribosome
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binding sites and internal ribosome entry sites, enhancers, stlencers, insulators, boundary
elements, replication origins, matrix attachment sites and locos control regions. For example,
“oene” refers to a nucleic acid fragment that oxpresses mRNA, functional RNA, or specifie
protein, including regulatory sequences. “Functional RNA™ refers to sense RNA, antisense
RNA, ribozyme RNA, siRNA, or other RNA that may not be translated bat yet has an effect
on at least one coltular process, “Genes™ also include non-expressed DNA segments that, for
example, form recognition sequences for other proteins, “Genes™ can be obtained from a
variety of sowrces, incloding cloning from a source of interest or synthestzing from known or
predicted sequence information, and may include sequences designed fo have desired
parameters.

“Gene exprossion” refers 1o the conversion of the information, contained in a gene,
into a gene product, 1t refers to the transeription andfor translation of an endogenous gene,
heterologous gone or nuclete acid segment, or & fransgens in colls, Tu addition, expression
refers to the transoription and stable accumulation of sense (MRNA) or functional RNA.
Expression may also refer to the production of protein. The term “altered level of expression™
refers to the level of expression in transgenic cells or organisms that differs from that of
normal or untranstformed cells or organisms.

A gene product can be the transcriptional product of a gene {a.g., mRNA RNA,
rRNA, antisense RNA | ribozyme, structural RNA or any other type of RNA} or a protein
produced by translation of an mRNAL Gene products also include RNAs that are modified,
by processes such as capping, polyadenylation, methylation, and editing, and protenss
modified by, for example, methylation, acetylation, phosphoryiation, ubiguitination, ADP-
ribosylation, myristiation, and glycosylation. The term “RNA transcript” refers to the
product resulting from RNA polymerase-catalyzed transcription of a DNA sequence. When
the RNA oanseript 1s a complementary copy of the DNA sequence, it is referred to as the
prmary transeript; 2 RNA sequence derived from post-transeriptionat processing of the
primary tanseript is reforred 1o as the mature RNA. “Messenger RNA™ (mRNA) refors to the
RNA that lacks tatrons and that can be translated into protein by the cell. “cDNA" refers to a
single- or a double-stranded DNA that is complementary to and derived from mRNA.
“Functiongl RNA” refers 10 sense RNA, antisense RNA, ribozyme RNA, siRNA, or other
RNA that may not be translated but yet has an effect on at feast one cellular process.
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A Fcoding sequence” or a sequence that “encodes™ a polypeptide is a nucleie actd
molecule that is transcribed (in the case of DNAY andfor translated (in the case of mRNA)
inlo a polypeptide in wive when placed under the control of appropriate regulatory seguences.
The boundaries of the coding sequence are determined by a start codon at the 37 (aming)
terminus and a franslation stop codon at the 37 {carboxy) termines: A coding sequence can
include, but is not Hmited to, cDNA from viral, prokaryotic or eukarvotic mBNA, genomic
IDNA sequences from vival (e.g. DNA viruses and retroviruses) or prokaryotic DNA, and
synthetic DNA sequences. A transcription termination sequence can be located 37 to the
coding sequence.

“Regulatory sequences” and “snitable regulatory sequences™ each refer to nucleotide
sequences focated upstream (37 non-coding sequonces), within, or downstream {37 non-
coding seqguences) of a coding sequence, and which influence the transeription, RNA
processing or stability, or ranslation of the associated coding sequence. Regulatory
sequences nchude enhancers, promoters, translation Jeader sequences, introns, and
polyadenyiation signal sequences. They include natural and synthetic sequences as well as
sequences that may be a combimation of synthetic and antural sequences,

Certain embodiments of the disclosure encompass isolated or substantially purified
nueleic acid compositions, 1n the context of the present disclosure, an “isolated™ or “purified”
DNA molecule or RNA molecnle is a DNA molecule or RNA molecude that exists apart from
its native environment and 18, thetefore, not a product of nature. An isolated DNA molecule
or RNA molecule may oxist fu a purificd form or may exist in a non-native environment such
as, for example, @ fransgenic host cell. For example, an “isolated” or “purified” nucleic acid
molecule is substantially free of other cellular miaterial, or culiure medium when produced by
recombinant technigues, or substantially free of chenical precursors or other chemicals when
chemically synthesized. {n one embodiment, an “isolated” nuclewe acid 1s free of sequences
that naturally flask the nucleic acid {i.c., sequences focated at the § and 3’ ends of the mucleic
acid} in the genomic DNA of the organism from which the nucleic acid is derived.

By “fragment” 15 jutended a polypeptide consisting of enly a part of the intact full-
length polypeptide sequence and strueture. The fragment can include a C-terminal deletion,
an N-termuinal deletion, and/or an internal deletion of the native polypeptide. A fragment of a
protein will generatly include at least about 52100 contignous aming acid residues of the fult-
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fength molecole {(e.g., at least about 13-25 contignoas amino acid residues of the full-length
molecude, at feast about 20-50 or more contiguous amino acid residues of the full-length
molectde, or any integer between 3 amine acids and the foll-length sequence).

“Naturally occurring”™ is used fo deseribe a composition that can be found in nature as

s

distinet from being artificially produced. For example, a nucleotide sequence present in an
organism, which can be isolated from a sowrce i nature and which has not been intentionally
maodified by @ person in the laboratory, is natuwrally occmning.

A S non-coding sequence” refers to a nucleotide sequence focated 5 (upstream) to
the coding sequence. 57 non-coding sequences ave present i the fully processed mRNA
10 upstream of the initiation codon and may affect processing of the primary transcript to
mRNA, mRNA stability or ranslation officiency. A "3 non-coding sequence™ refers 1o
nucleotide sequences focated 3° (downstream) to a coding sequence and may inclode
polvadenylation signal seiuences and othet sequences encoding regulatory signals capable of

affecting mRNA processing or gone expression,

W

A Mpromoter”™ fefers to @ nucleotide sequence, usually upstream (57  its coding
sequence, which dirccts andfor controls the expression of the coding sequonce by providing
the recognition for RNA polymerase and other factors reguired for proper franscripfion.
“Promoter” can include a mintmal promoter that is a short DNA sequence comprised of a
TATA~box and other sequences that serve to specify the site of transcription initiation, to
20 which regulatory elements are added for control of expression. “Promaoter™ also can refer to a
nucleotide sequence that includes 3 minimal promoter plus one or more regulatory cloments
{e.n., enhancers) that are capable of conirolling the expression of a coding sequence or
functional RNA. Promoters may be derived in thelr entirety from a native sequence or be
composed of different clements derived from diffesent promoters found in nature, or even be

25 comprised of synthetic DNA sequences. A promoter may also contain DNA sequences that
are myobved 1 the binding of protein factors that control the effectiveness of transeripiion
initiation in response to physiological or developmental conditions, “Constitutive expression”
refers to expression nsing a constitutive promoter. “Conditional” and “regulated expression”
refer to expression controlled by a regulated promoter.

30 An “enhancer™ 18 8 DNA sequence that can stimulate promoter activity. An enhancer

may be an innate element of the promoter or a heterologous element inserted o enhance the
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fevel or tissue speeificity of a promoter. Enhancers often are capable of operating 1 both
prientations and are capable of fmctioning even when moved either upstream or downstream
from the promoter, Both enhancers and other regulatory elements within a promoter bind
sequence-specific DNA-binding proteins thas mediate their effects,

“Operably Hnked” refers 10 the association of nucleic acid sequences on a single
nucleic acid fragment so that the fimction of one of the sequences 18 affected by another. For
example, a regulatory DNA sequence is said {o be “operably linked to™ or “assoctated with™ a
IINA sequence that codes for an RNA or a polypeptide if the two sequences are sitvated such
that the regulatory DNA sequence affects expression of the coding DNA sequence (e, that
the coding sequence or functional RNA is under the transeriptional countrol of the promoter).
Coding sequences ¢an be operably Hnked to regulatory sequonces in sense of antisense
otientation,

“Expression” refers 1o the wanscription and/or transiation of ap endogenous geng,
heterologous gene or nucleie acid scgment, or a transgene  cells, In addition, expression
fefers to the transeription and stable accumulation of sehse {mRNA) or functional RNAL
Espression may also refer to the production of protein, The ferm “aliered lovel of expression™
refers 1o a Jevel of expression in cells or organisms that differs from that of normal cells or
CrEanisms.

For sequence comparison, typically one sequence acts as a reference sequence to
which test sequences are compared. Whan using a sequence comparison algorithim, test and
reference sequences are iput into a computer, and scquence algorithm program parameters
are designated. The sequence comparison glgorithm then calonlates the percent sequence
identity for the test sequence(s) relative to the reference sequence, based on the designated
algorithm parameters,

The following terms are used to deseribe the seqoence relationsiips between two or
more nuckeic acids or polynucleotides: {8) “reforence sequence,”™ (b “comparison window”

5

{¢) “sequence ideatity,” (d) “pereentage of sequence identity,” and (e) Yas is for sequence
comparison. A reference sequence may be a subset or the substantial identity.” As used
herein, “reference sequence™ is a defined sequence used as a b entirety of a specified

sequence; for example, as a scement of a fullength ¢DNA or gene sequence, or the

complete cDNA or gene sequence, As used berein, “vomparison window™ makes reference to
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a contiguous and specified segment of a polynucieotide sequence, wherein the polynucleotide
sequence in the comparison window may conywise additions or deletions (i.¢., gaps)
compared to the reference sequence {which does net comprise addittons or deletions) for
optimal alignment of the two sequences. Generally, the comparison window is at least 20
contiguous nucleotides in length, and optionally can be 304, 46, 50, 100, or longer. Those of
skill in the art understand that, to avoid a high similarity to a reference sequence due to
incluston of gaps in the polynucleotide sequence, a gap penalty 18 typically introduced and 18
subtracied from the nwunber of matches.

Methods of alignment of sequences for comparison are well-known in the art. Thus,
the determination of percent identity between any two soquences can be accomplished using
a mathematical algorithm. Noa-limiting examples of such mathematical alporithms are the
algorithin of Myers and Miller (Myers and Miller, CABIOS, 4, 11 (1988)); the local
homeology algorithm of Smith ot al. (Smith et al., Adv. Appl. Math,, 2, 482 {1981)); the
homology alignment algorithm of Needleman and Waonsch (Needleman and Wunsch, JIMB,
48, 443 (1970} the search-for-sinslaritv-method of Pearson and Lipman (Pearson and
Lipman, Proc. Natl, Acad, Sei, USA, 85, 2444 (1988)); the slgorithm of Karlin and Altschul
(Karkin and Altschud, Proc. Nath, Acad Scn USA, 87, 2264 (1990)), modified as in Kardin
and Altschul (Karlin and Altschul, Proc, Natl Acad. Scr. USA b0, 5873 {1993)),

Computer iaplementations of these mathematical algorithms can be utibized for
comparison of sequenees to determine soquence identity. Such implementations inchade but
are not limited to; CLUSTAL in the PCiGene program (available from lotelhigenctics,
Mountain View, Calif.y; the ALIGN program (Version 2.0) and GAP, BESTFIT, BLAST,
FASTA, and TFASTA in the Wisconsin Genetics Software Package, Version 8 {available
from Genetics Computer Group (GOG), 575 Science Divive, Madison, Wis, USA)
Alipnments ustng these programs can be performed using the defiult parameters, The
CLUSTAL program is well described by Higgios of al. (Fhigeins ot al, CABIOS, §, 151
{19893 Corpet et al. {Corpet ot al,, Nucl. Acids Res., 16, 10881 (1988)); Huang et al.
{Huang et al,, CABIOS, & 155 (1992)); and Pearson et al. {Pearson et al, Meth. Mol Biol,,
24, 307 (1994)). The ALIGN program is based oun the algorithm of Myers and Miller, supra.
The BLAST programs of Altschol et al. {Altschul et al. J. Mol Biol,, 213, 403 (1990)) are
based on the algoritlim of Karlin and Altschul, supra
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Software for performing BLAST analyses is publicty available through the National
Center for Biotechnology Information, This algorithim involves first identifying high scoring
sequence pairs {HEPSY by ideatifing short words of tength "W in the query sequence,
which either match or satisfy some positive-valued threshold score T when aligned with a
word of the same length in a database sequence. T 18 feferred to as the neighborhood word
score threshold, These initial neighborhood word hits act as sceds for initiating searches to
find longer H8Ps containing them, The word hits are then extended in both directions along
each sequence for as far as the cumulative alignment score can be mereased. Camalative
seores are caloulated using, for nucleotide sequences, the parameters "M (reward score for a
pair of matching residues; always >0} and "N {penalty score for mismatching residues;
abwavs <0), and for aning acid sequences, a scoring matrix is used to calculate the
cunolative score. Extension of the word hits in each divection are halted when the
cumulative alignment score falls off by the quantity “X™ from ity masimum schioved value,
the cumulative score goes to zero or below due to the accumulation of one or more negative-
scoring residoe aligoments, or the end of either sequence is reached.

In addition to calculating percent sequence identity, the BLAST algorithm also
performs a statistical analysis of the similavity between two sequences. One measure of
stinilarity provided by the BLAST algorithw i the sinallest sum probability (PIN)), which
provides an indication of the probability by which a match between two nocleotide or amine
acid sequences would vecur by chance. For example, a test nucleie achd sequence is
conswlored similar to a reference sequence i the smallest sum probability in a comparison of
the test nuclele acid sequence 1o the reforence nucleic avid sequence 1 loss thar about 041,
loss than about 0,01, or even less than abowt $.001.

To obtain gapped aignments for comparison purposes, Gapped BLAST {(in BLAST
2.0 can be utilized. Alternatively, PSI-BLAST (in BLAST 2.0 can be used to perform an
iterated searchy that detects distant relationships between molecules. When utilizing BLAST,
Gapped BLAST, PSI-BLAST, the default parameters of the respeetive programs {e.g.,
BLASTN for nucleotide sequences, BLASTX for proteins) can be used. The BLASTN
program {for mucleotide sequences) uses as defanlts a word length (W) of 11, an expecistion

() of 10, a cutoff of 100, M=§,

v=ed, and g comparison of both strands. For amino acid
sequences, the BLASTP program uses as defaults 8 word length (W) of 3, an expectation {E)
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of 10, and the BLOSUMS62 scoring matrix. Alignment may also be performed manually by
inspection,

For purposes of the present disclosure, comparison of nucleotide sequences for
determination of percent sequence identify to the promoter segquences disclosed herein may
be made using the BlastN program {version 1.4.7 or Tater) with its default parameters or any
cquivalent progran. By “equivalent program™ is miended any Sequence comparison program
that, for any two scquences in question, generates an aligmuent having wdenticel nucleotide or
antine acid restdue matches and an identical percent sequence identity when compared to the
corresponding alipnment generated by the program,

As used herein, “sequence identity”™ or Videntity™ i the context of two nucleic acid or
polypeptide sequences makes reference o a specified percentage of residues i the twoe
sequences that are the same when aligned for maximuam correspondence over a specified
comparison window, as meastred by sequence comparison algorithms or by visual
wspection. When pereentage of sequence identity 15 used in reference to proteins s
fecognized that residue positions which are pot wentical often differ by conservative amino
acid substitutions, whore amino acud residuss are substituted for other amine acid residues
with similar chemical properties (e.g., charge or hydrophobicity} and, therefore, do not
change the functional propertics of the molecule. When sequences differ in conservative
substitutions, the percent sequence identity may be adjusted upwards to correct for the
conservative nature of the substitution. Sequences that differ by such conservative
substitutions are saxd to have “sequence similariiy™ or “similarity.” Means for making this
adjustment are well known to those of skill in the art, Typically, this involves scoring a
conservgtive sabstitution as a partial rather than a full mismateh, thereby increasing the
percentage scquence identity. Thus, for example, where an identical amino acid is given a
score of 1 and a non-conservative substitution 18 given a score of zero, a conservative

substitution s given a score between zero and 1. The gcoring of conservative substitutions is

5 (Intelligenctics, Mountain View,

&

cateulated, eg., as implemenied in the program PC/GEN
Calif).

As used herpin, “percent sequence identity™ means the value determined by
comparing two optintally aligned sequences over a comparison window, wherein the portion
of the polynucleotide sequence in the comparison windew may comprise additions or
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defetions {1.e., gaps) as compared to the reference sequence {which does not comprise
additions or deletions) for optimal alignment of the two sequences. The percentage is
cateulated by determining the namber of positions at which the wdentical nucleie acid base oy
amino acid residue oceury in hoth sequences o vield the number of matched positions,
dividing the number of matched posttions by the total number of positions in the window of
comparison, and nraitiplying the result by 100 1o vield the percentage of sequence identity.
The term “substantial identity™ of polynucleotide sequences means that a
polynucleotide comprises a sequence that hag at feast 70%, 719, 72%, 73%, 74%, 75%

76%, 77%. TRYG, T9%, BO%, 8194, 82%, 83U, 84%, 83U, ¥o%, 87%, 8BYG, 8§0%, 90%, .‘}l%,

9%, 93%, or 4%, or even at least 95%, 96%, 97%, 98%, 09% or 100% sequence identity,
pompared 1o a reference sequence using one of the aligmment programs described herein
using standard parameters. One of skill in the ant will recogmuze that these values can be
appropriately adjusted to determine corresponding identity of proteins encoded by two
muclootide sequences by taking into sccount codou degeneracy, amino acid similarity,
teading frame positioning, and the like. Substantial identity of amino acid sequences for
these purposes normally means seguence wlentity of at least 70% (2.g., 71%, 72%. 73%
4%, T3%, 76%0, TT%, T8%, 7995, at least RO% (e.g., R1%%, 8249, §3%, R4™M, 85%, 86%,
87%, 88%, RO4G), at teast 90% (e.g., 91%, 3%, 93%, or 94%:), or even at least 95% (e.g..
684, 97%, 98%, 99%, or 100%).

The term “substantial identity” in the context of a peptide indicates that 3 peptide
comprises a sequence with at least 70%, 71%, 72%, 73%, 749, 75%, 76%, 77%, T8%, 79%,
RO, 81%, B29%, 83%, B394, 85906, 86%, 87%, S&%, 896G, 909, 9194, 92%. 93%;, or 9495, or
even 953%, D6%, 87%, B8%, or B9%, sequence wdenlity to the reference sequence over a
specified comparison window. In cortain embodiments, optimal alignment is conducted osing
the homology alignment algorithm of Needloman and Wunsch (Needleman and Wunsch, J.
Mol Biol,, 48, 443 (1970)). An indication that two peptide sequences are substantially
wdentical is that one peptide is immunologically reactive with antibodies raised against the
second peptide. Thos, a peptide 1s substantially identical to 8 second peptide, for example,
where the two peptides differ only by a conservative substifution. Thus, the disclosure also
provides nucleic acid molecoles and peptides that are substantially identical (o the nucleic

actd molecules and peptides presented herein.
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Another indication that nucleotide sequences are substantially rdentical is i two
molecules hybridize to each other ander siringent conditions, Hybridization of nucleic seids

is dizscussed m more detail below.

Oligonucleotide Primers and Probes

As deseribed herein, the methods provided in this disclosure rely upon
oligonncleotides, sometimes referred fo as primers or probes, to identify or detect Features
coptained within the nucleic acid obtained from an individual, subject, or patient. The term
“nucleic acid probe” or & “probe specific for” a nuclewe acid refers to a nucleic acid seguence
that has at least about 80%, e.g., at least abound 90%, e.g., at least about 98% contiguous
sequence identity or homology o the nucleie scid sequence encoding the targeted sequence
of interest. A probe (or oligonucleotide or primer) of the disclosure 1s at east about R
nucleotides in length {e.g., at loast about 8-30 nucleotides in length, ©.g., &t least about 10-40,
&4, at least aboat 15-35 nucleotides in Jength). The obigonacieotide probes or primers of the
disclosure may comprise at least sbout eight nucleotides at the 3" of the oligonucieotide that
have at feast about 80%., ¢.g., at least about §5%, c.g., at lcast about 0%, c.g., at least about
5% contignons identity to the targeted sequence of interest.

Primer pairs ave useful for deternaination of the mucleotide sequence of a particular
SNP using PCR. The pairs of single-stranded DNA primers can be anncaled to sequences
within or surrounding the SNP in order 1o prime amplifving DNA syuthesis of the SNP #self.
The fiest step of the process involves contacting a biological sample obtained from a sabject,
which sample contains nucleie acid, with at least one primer to form a hybridized DNA. The
ohgonucleotide primers that are useful 1w the methods of the present disclosure can be any
primer comprised of about ¥ bases up to about 80 or 100 bases or more. In one embodiment
of the present disclosure, the primers are between about 10 and about 20 bases.

The primers themselves can be syathesized uging technigues that are well known in
the art. Generally, the primers can be made using oligonucieotide svathesizing machines that
are commercially available.

The primers or probes of the present disclosure can be labeled using techniques
known to those of skill in the art, For example, the labels vsed in the assays of disclosure can
be primary labels {where the label comprises an element that is detected directly) or
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secondary fabels (where the detected label binds to a primary label, e.g., as s common in
inpmunotegical labeling), An introduction 1o abels (also called “tags”™), tagging or labeling
procedures, and detection of labels is found in Polak and Van Noorden (1997) Introduction to
Imununoeytochemistry, second edition, Springer Verlag, NUY. and in Hangland (1996}
Handbook of Fluorescent Probes and Research Chemicals, a combined handbook and
catadogue Published by Molecular Probes, ine., Eugene, Oveg. Primary and secondary labels
can include undetected clements as well as detected elements, Usefol primary and secondary
labels in the present disclosure can include spectral labels such as fluorescent dyes {e.g.,
fluorescein and derivatives such as fluorescein sothiocyanate (FITC) and Ovegon Green™,
rhodamine and derivatives {e.g., Texas red, tetramethylrhodamine isothiocyanate (TRITC),
£1e, ) digoxigenin, biotin, phycoerythrin, AMCA, CyDyves™  and the like), radiokabels {e.g.,
TH, B BR N P, YRy, enzymes (e, horse-radish peroxidase, alkaline phosphatase)
spectral colorimetric labels such as collvidal pold or colored glass or plastic {eg,
polysiyrene, polypropylene, latex) beads. The label may be conpled directly or indirectly to a
component of the detection assay (e.g., the labeled nucleie acid) according to methods well
known m the art. As ndicated sbhove, 3 wide variety of labels may be used, with the choice of
label depending on seasitivity required, sase of copjugation with the compound; stability
requirements, available insttumentation, and disposal provisions,

{n general, a detector that monitors a probe-substrate nucleic scid hybridization is
adapted to the particular label that is used. Typical detectors include spectrophotometers,
phototubes and photodiodes, microscopes, scintillation counters, cameras, film and the like,
as well as combinations thereof, Examples of suitable detectors are widely available from a
variety of commercial sources known to persons of skifl, Commonly, an optical image of a
substrate comprising bound labeled nucleic acids s digitized for subseguent computer
analysis,

Labels include those that use (1) chemilumineseonce (using Horseradish Peroxidase
andior Alkaline Phosphatase with substrates that produce photons as breakdown products)
with kits being svailable, e.g., from Molecular Probes, Amersham, Boehringer-Mannheim,
and Life Techoologies/Gibeo BRL; (2) color production (using both Horseradish Peroxidase
and/or Alkabne Phosphatase with substrates that produce a colored precipitate) (kits

available from Life Techuologics/Gibeo BRL, and Boehringer-Mannheim); (3)
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hemifluorescence using, e.g., Alkaline Phosphatase and the substrate AttoPhos (Amersham)
or other substrates that preduce fluorescent preduets, {43 Muorescence (e.g., using Cy-5
{Amershany), fluorescein, and other fluorescent labelsy (3) radivactivity using kinase
enzymes or other end-labeling approaches, nick translation, random priming, or PCR to
incorporate radioactive molecules mto the labeled nucleic acid. Other methods for labeling
and detection will be readily apparent to one skilled in the art.

Fluorescent fabels can be used and have the advantage of requiring fewer precautions
in handling and being amendable to high-throughput visualization techaiques {optical
analysis including digitization of the image for analysis in an integrated system comprising &
computer). Preferred labels are typically characterized by one or more of the following: high
sensitivity, high stability, low background, low environmental sensitivity and high specificity
in labeling. Floorescent moeties, which can be incorporated into a label, generally are known
inchiding Texas red, dixogenin, biotin, {- and 2-aminonaphthalene, p.p'-disminostifbenes,
pyrenes, uaternary phenasthridine salts, Q-anunoacridines, p.p'-disminobenzophenone
imines, anthracenes, oxacarbocyanine, merocvanine, 3-aminocquitenin, perviene, bis-
benzogazole, bis-proxazelyl benzene, 1,2-benzophenazin, retinol, bis-3-sminopyridinium
salts, bellebrigentn, tetracycline, sterophenol, benzunidarolviphenviamine, 2-oxo-3-chromen,
indele, xanthen, 7-hydroxycoumarin, phenoxazine, calieylate, strophanthidin, porphyrins,
triarylmethanes, flavin and maoy others. Many fluorescent labels are commercially available
from the SIGMA Chemical Company (Saint Louis, MO, Molecular Probes, R&D systenas
{(Minncapolis, MN), Pharmacia LKB Biotechnology (Piscataway, NN, CLONTECH
Laboratories, Inc, (Palo Alto, CA), Cham Genes Corp.. Aldrich Chemical Company
{Milwaokee, W1, Glen Research, Inc., GIBCO BRL Life Technologies, Inc. (Gaithersbery,
M1, Flaka ChenucaBiochemika Analytika (Fluka Chemie AG, Buochs, Switzeriand), and
Apphied Biosystems™ {(Foster City, CA), as well as many other commercial sources known
to one of skill.

Means of detecting and quantifying labels are well known to those of skill in the art.
Thus, for example, when the Iabel is a radioactive label, means for detection inclode a
scintillation counter or photographic film as i autoradiography: and when the label is
opticaily detectable, typical detectors inclade microseopes, cameras, phototubes,
photoediodes, and many other detection systems that are widely available.
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Ohgomcleotide primers or probes may be prepared having any of a wide variety of
hase sequences according to techniques that are well known in the art. Suitable bases for
preparing an oligonucleotide primer or probe may be selected from naturally oecarring
nucleotide bases such as adenine, cytosine, guanine, wracil, and thymine: and non-naturatly
oceurring or “synthetie” nucleotide bases such ag 7-degra-guanine B-oxo~-guanine, 6~
mercaptoguaning, d-acetyloytidine, S-{carboxyvhydroxvethyhundine, 2-O-methyloytidioe, 5-
carboxymethylamino-methyh-2 thiovidine, S-carboxymethylammomethyloridine,
dibydrouridine, 2°-O-methylpsendouridine, B.D-galactosylqueosme, 2°-O-methylguanosine,
inosine, Né-isopentenyladenosine, l-methyvladenosine, T-methylpseendouridine, 1-
methylguanosing, -methylinosine, 2. 2-dimethylguanosine, 2-methyladenosing, 2-
methylgranosine, J-methylcytidine, S-methyloyviidine, Né-methyladenosine, 7-
mothylgusnosing, S~methylampmomethyloriding, S-methoxyvaminomethyl-2-thicuridine,

8. D-mamosylqueosing, S~-methloxyearbonyimethylunidine, S-methoxyundine, 2-methyltio-
No-isopentenyladenosine, N-({(9--D-ribofursnosyl-2~-methylthiopurine-6-
yvhcarbamoythrconine, N-({®-3-D-ribofursnosyipurine-6-yN-methyl-carbamoyiphrconine,
uridine-3~oxyacetic acid methylester, uridine-S-oxyacetic acid, wybutoxosine, pseudouriding,
gqueosine, 2-thiveytidine, S-methyl-2-thiouridine, 2-thioundine, 2-thiouridine, 3-
Methylurdine, N-((9-beta-D-ribofuranosyipurime-6-yhcarbamoyhihreonine, 2°-O-methyi-3-
methylunidine, 2-Q-methyvlurdine, wybutesing, and 3-(3-amino-3-carboxypropyliuridine.
Any oligonucieotide backbone may be employed, ncluding DNA, RNA (although RNA 8
less preferred than DNA), modified sugars such as carbocyceles, and sugars contaming 2
substititions sach as fluore and methoxy. The oligonucleotides may be oligonucleotides
wherein at least one, or all, of the internucieotide bridging phosphate vesidugs are modified
phosphates, such as methy! phosphonates, methyl phosphonothioates,
phosphoroinorpholidates, phosphoropiperazidates and phosphioramidates {for example, every
other one of the internucleotide bridging phesphate residues may be modified as described).
The oligonucleotide may be a “peptide nucleic acid™ such as deseribed in Nielsen ef af.,
Scienee, 254 1497-1500 (1991

As used heretn, a “single base pair extension probe™ 18 a nuclete acid that selectively
recoghnizes a single nucleotide polymaorphism (i.e., sither the A or the G of an A/G
polvmorphism). Generally, these probes take the form of 2 DNA primer {o.g., a3 in PCR
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privisers} that are modified so that incorporation of the primer releases a fluorophore. One
example of this is a Tagman® probe that uses the 5' exonuclease activity of the enzyme Tag
Polymerase for measuring the amowt of target sequences in the samples, TagMan® probes
consist of & 18-22 bp eligonucieotide probe, which is labeled with a reporter fluorophore at
the §' end, and » quencher fluorophore at the 3' end. Incorporation of the probe molecele into
a PCR chain (which ocours because the probe set is contained in a mixture of PCR primers)
liberates the reporter fluorophore from the effects of the quencher. The primer nuast be able
to recognize the target binding site. Some primer extension probes can be “activated” directly
by DNA polymerase withouot a full PCR extension cycle,

The only requirement is that the oigonuncleotide probe should possess a sequence at
least a portion of which is capable of binding to g known portion of the sequence of the DNA
sample. The nucleic acid probes provided by the present disclosure are useful for a number of

PUIPOSSS.

Methods of Detecting Nucleic Acids
A Amplification

According to the methods of the present disclosure, the amplification of DNA present
in g biological smple may be carvied out by any means known o the art. Examples of
suitable amplification technigoes include, but are not limited to, polymerase chain reaction
(including, for RNA amplification, reverse-transcriptase polymerase chain reaction), lgase
chain reaction, strand displacement amplification, transcription-based amplification, self-
sustained sequence replication (or “38R™), the (Obeta replicase system, nucleic acid
sequence-based smplification {or "NASBA”), the repair chain reaction {or “RCR™), and
boomerang DNA amplification (or "BDA™).

The bases incorporated into the amplification product can be natural or modified
bases {modified before or after amplification), and the bases can be selected to optimize

subscquent detection steps (e.g., ¢lectrochemical detoction steps).

Polymerase chai reaction (PCR) can be carried oot in accordance with known
techniques. See, ez, U8 Patent Numbers 4,683,195; 4,683.202: 4,800,139; and 4,965,188,
In general, PCR involves, first, treating a nucleic scid samiple (0.g.. in the presence of a heat

stabile DINA polvmerase) with one oligonucleotide primer for each strand of the specific

)
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sequence to be detected under hybridizing conditions so that an extension product of each
primer i synthestzed that is complementary to cach nueleic acid strand, with the primers
sufficiently complementary o cach strand of the specific sequence to hybridize therewith so
that the extension product synthesized from each primer, when it is separated from its
complement, can serve as » template for synthesis of the extension product of the other
primer, and then treating the sample under denaturing conditions to separate the primer
exiension products from their templates if the sequence or seguences to he detected are
present. These steps are cyclically repeated unti the desired degree of amplification is
obtained. Detection of the smplified sequence may be carned out by adding, o the reaction
product, an oligonucleotide probe capable of hybridizing te the reaction product {e.g., an
oligonucleotide primer or probe of the present disclosure), the probe carrying & detectable
label, and then detecting the label Tneaccordance with known techniques. Various labels tha
can b incorporated into or eperably linked o nucleic acids are well known in the art, such as
radionctive, enzymatic, and forescent labels, Where the nucleic acid to be amplified is RNA,
amplification miay be carried out by initial conversion 0 DNA by reverse transeriptase in
accordance with known fechniques:

Strand displacement amplification (SDA} can be carried owl in accordagee with
known techiiques. For example, SDA can be carried out with a single amplification primer
or a pair of amplification primers, with exponential amplification being achieved with the
latter. In gencral, SDA amplification primers comprise, in the 57 to 37 direction, & {lanking
sequence {the DNA sequence of which is noncritical), a restriction stie for the restriction
enzyme employed in the reaction, and an oligonucientide sequence (e.2., ai oligonucicotide
primer or probe as described herein) that hybridizes to the target sequence to be amplified

andfor detected. The flanking sequence, which serves to f

itate binding of the restriction
enzyme to the recognition site and provides a DNA polymerase priming site afier the
restriction site has been wicked, can be about 15 to 20 nucteotides 1o length. The restriction
site is fupctional in the SDA reaction. For example, the oligonucleotide primer or probe
portion can be aboat 13 to 15 nucleotides 1 length.

Ligase chain reaction {LOR) also can be carvied out in aceordance with known
techniques. In general, the reaction is carried cul with two pairs of oligonucleotide probes:
one pair binds to one strand of the sequenee 1o be deteeted; the other pair binds to the other
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stramd of the sequence to be detected. Each pair together completely overlaps the strand to
which it corresponds. The reaction is varried out by, first, densturing (e.g., separating) the
strands of the sequence to be detected, then reacting the strands with the two pairs of
oligonucieotide probes in the presence of a heat stable Hgase so that each patr of
oligonucieotide probes is Hgated together, then separating the reaction product, and then
cvelically repeating the process until the sequence has been smplified to the desired degree.
Detection then can be carvied oot in ke manner as described above with respect to PCR.
According to the methods described herein, a particnlar SNP at a particalar focas can

be detected. Techniques that are useful in the methods desceribed herein nchude, bot are not

lumited {0, direct DNA sequencing, PFGE analysis, allele-specific oligonucleotide {ASQ), dot
blot analvsis and denatoring gradient gel electrbphoresis, and are well known e a skilled
artisan.

There are several mothods that can be used to detect DNA sequence vadation. Direct
DNA sequencing, either manual sequencing or antomated fluorescent sequencing can detect
sequence variation. Another approach is the single-stranded conformuation polymorplism
assay {SSCA). This method does not detect all sequence changes, espocially if the DNA
fragment size 18 greater than 200 bp but can be optimized 1o detect most DNA sequence
varigtion. The reduced detection sensitivity is a disadvantage, but the increased throunghput
possible with SSCA makes it an attractive, viable alternative 1o direct sequencing for
anstation detection on a research hasis. The fragments that have shifted mobility on S8CA
gels then can be seguenced to determine the exact nature of the DNA sequence variation.
Other approaches based on the detection of muismatches between the two complementary
DNA strands include clamped denatoring gel electrophoresis (CDGE), heteroduplex analysis
(HA} and chemieal mismateh cleavage {CMO). Once a sequence change has been identificd,
an allele speaific detecton approach such as allele specific oligonucicatide (ASQ)
hybridization can be utilized 1o rapidly soreen farge numbers of other samples for that same
sequence change (e.g.. mutation, polymorphism). Such a technigue can utilize probes that are
labeled with gold nanoparticles to vield a visual color resuit.

Detection of SNPs can be accomplished by sequencing the desired target region using

techniques well known in the art. Aliernatively, seqoences can be amplified divectly from a
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genonic DNA preparation from subject tissue using known technigues. The DNA sequence
of the amplified sequences then can be determined.

There are several well-known methods for 2 more complete, yet stifl indirect, test for
confirming the presence of 2 mutant allele: 1) single stranded conformation analysis (SSCAY;
23 denaturing gradient gel eloctrophoresis (DGGE); 3) RNase protection assays; 4) alfele-
specific oligonueleotides (ASOs); 5) the use of proteins which recognize nucleotide
mismatches, such as the £ cofi nugS protein; andfor 6) allele-spectfic PCR.L For allele~
specific PUR, primers ave nsed that hybridize at their 37 ends to 2 particalar allele. I the
particular mutation 18 not present, an amplification product 18 not abserved, Amplification
Refractory Mutation System { ARMS) can also be used, Insertions and deletions of genes can
also be detected by cloning, sequencing, and amplification, In addition, restriction fragment
length polymorphism (RFLP) probes for the gene or surrounding marker genes can be used
to score alteration of an allele or an insertion in a polymeorphic fragment. Other techniques
for detecting nsertions and deletions as known in the art can be used.

{1 the firsy three methods (8SCA, DGGE and RNase protection assay), a now
eloctrophoreiic band appears. SSCA deteets a band that migrates differeatially because the
sequence change causes a difference in single-strand, intramolecular base pairing. RNase
protection mvolves cleavage of the wmutant polynuclentide into two or more smaller
fragments. DOGE detects differences in migration rates of mutant sequences compared to
wild-type sequences, using a denaturing gradient gel. In an allele-specific oligonuclectide
assay, an oligenocleotide is designed which detects a specific sequence, and the assay is
performed by detecting the presence or absenve of o hylwidization sigal, In the nuS assay,
the protein binds only to sequences that contan a nucleotide mismateh in a heteroduplex
between muotant and wild-type sequences.

Mismatches, according to the present disclosure, are hyvbridized nucleic acid duplexes
in which the two strands ave pot 100% complementary. Lack of totad bomology may be dae
to deletions, insertions, wversions, or substitntions. Mismatch detection ean be used o detect
poit mptations in the gene or in i1y mRNA prodoct. While these techniques are less sensitive
than sequencing, they are simpler (o perforny on a large number of samples. An example of a
mismateh clegvage technique is the RNase protection method. The riboprobe and either

mRNA or DNA isolated from the tumor tissue are annealed (hybridized together and
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subsequently digested with the envyme RNase A to detect some mismatches ina duplex
RNA structure. If & mismatch is detected by RNase A, it cleaves at the site of the mismatch,
Thus, when the annealed RMNA prepavation is separated on an electrophoretic gel matnix, ifa
mismatch has been detected and cleaved by RNase A, an RNA product will be seen wiich is
smaller than the full-length daplex RNA for the niboprobe and the mRNA or DNA, The
riboprobe need not b the full length of the mRNA or gene but can be a segment of either. If
the riboprobe includes only a segment of the mRNA or gene, i will be desirable o use a
number of these probes to screen the whole mRNA sequence for mismatches.

In similar fashion, DNA probes can be used to detect mismatches, through enzymatic
or chemical cleavage. Alternatively, mismatches can be detected by shifis in the
glectrophoretic nwbility of mismatched duplexes relative 10 matched duplexes. With either
riboprobes or DNA probes, the cellular mRNA or DNA that might contain 8 mutation can be
amplified using PCR before hybridization,

B. Sequencing

Due to its sensitivity and relative simplicity in tetms of both workflow and technique,
Sanger sequencing 1s used n 8 variety of apphications-from targoted scquencing to
confirming vartanis ydentified using orthogonal methods: Sanger sequencing vilizes a chamn-
termination method to provide the wdentity and order of nucleotide bases in a given strand of
DNA. This method makes use of chemical analogues of the four nucleotide bases (1o,

ddNTPs), which are missing the hydroxvl group required for extension of the polvaucieotide

chains that form the DNA mokecenle. By mixing radiolbeled, and, later, fluorescont labeled,

get randomly incorporated, terminating the ¢hain, In contrast to Sanger sequencing, the
Maxam and Gilhert used a chemical cleavage technigue. The chief advantages of the
Maxam~Githert technigue compared with Sanger’s method are that sequencing could be done
from the original DNA fragment, instesd of from enzymatic copies, no PCR is required, and
this method is less susceptible to mistakes of secondary structures or cnzymatic mistakes.
The products generated in sequencing reactions can be resolved by tonophoresis on
acrylamide gels or using capillary electrophoresis.

Another seguencing technique referred 1o as pyrosequencing was developed that uses
a two-enzyme proeess in which adenosine triphosphate (ATP) sulfurylase s used to convert

Ty
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pyrophosphate into ATP, swhich is then used as the substrate for huciferase, thus producing
light proportional to the amount of pyrophosphate. Additional approaches for seguencing
nucleic acids include emulsion polymerase chain reaction (POR), reversible terminaior, and
sequencing by oligonucleotide Hyation and detection. Capillary electrophuoresis (CE)
instruments also can be used for sequencing.

High-throughput sequencing techniques also have been developed, termed next-
generation sequencing (NGS). NGS 1s massively paraliel, sequencing milhons of fragments
stnultancously per run, This high~throughpat process translates into sequencing hundreds to

thousands of genes at one time. NGS also offers greater discovery power to detect novel or

rave variants with deep sequencing. The spectrum of analysis of NGS can extend from a
senalt number of genes (o an ontire genome. Whole-genome sequencing {WGS)Y and whole-
exome sequencing {WES) provide the seguence of DNA bases across the genome and
exome, respectively, Whole-transeriptome sequencing provides sequence information about
coding and multiple noncoding forms of RNA to assess variations and gene exprossion levels
acress the entire wanseriptome. Targeted scquencing covers g relatively small set of genes or
targeted regions of mterest (¢.g., to determine the prosence or absence of 8 SNP), Real-time
sequencing and single-melecule sequencing (SMR), capable of accorately sequencing long
strands of nucleie acid without an intermediary and witheut previons transcription or
amplification also bave been developed.

Nanopore-based sequencing technology detects the unique electrical signals of
different molecules as they pass through the nanopore with a seruconductor-based electronic
detection system, This fechnology makes for a high throughput, cost effective sequencing
sofution. At the heart of the technology is the biological nanopaore, & protein pore embedded
s a membrane, while the brains of the technology He in the electronics of a semiconductor
integrated cirowit and proprictary chemistries, The electronic sensor technology embedded in
the chip enables automatic membrane assembly and nanopore insertion, while alfowing for
active control of individual sensors on the circuit. See, e.g.. Oxford Nanopore and Pacific
Biosciences. Nanopore and electronie sensor sequencing technology can be used fo directly

determine DNA mothylation using native, non-hisulfite DNAL
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C. Hybridization
The phrase “hybridizing specifically ©™ refers to the binding, duplexing, or
hybridizing of 8 molecule ouly to a particnlar nucleotide sequence under stringent conditions

when that sequence is present in a complex mixture (e.g., total cellulary DNA or RNA.

s

“Bind(s) substantially™ refers to complementary hybridization between a primer or probe
nucleic acid and a target nucleie acid and embraces minor mismatehes that can be
accommodated by reducing the stringency of the hybridization media to achieve the desired
detection of the target nucleic acyd sequence.
Generally, stringent conditions are selected to be about 55C lower than the thevmal
14 melting point (Tp) for the specifie sequence at a defined jonic strength and pH. However,
stringent conditions encompass temperatares i the range of about 1°C to ghout 20°C,
depending upon the desired degree of stringency as otherwise qualified berein. Nucleie acids
that do not hybridize o cach other under stringent conditions are still substantially identical if

the polypeptides they encode are substantinlly wdentical. This may ocour, e.g., when g copy of

W

a nucleic acid 18 created using the maximum codon degeneracy perinitted by the genetic
code. One mdication that two nucleie soid sequences are substantially idendical is when the
polypeptide encoded by the first nucleic acid s unmunologically cross reactive with the
polypeptide encoded by the second nuclete acid.
“Stringent conditions” are those that (1) employ low lonic strength and high
20 temperature for washing, for example, G015 M NaCl/ 0.0015 M sodium citrate (38C); 0.1%
sodivm laury] sulfate (SDS) at SOPC, or (2) employ a denataring agent such as formamide
during hybridivation, e.2.. 30% formamide with 0.1% bovine scram albumin / 8.1% Ficoll/
(.19 polyvinylpyerolidone /£ 30 mM sodium phosphate bulfer at pH 6.5 with 750 mM NaCl,
78 mM sodium citrate at 42°C, Another example is use of 30% formamide, 5§ x SSC{0.753 M
25 NaCl, 0.075 M sodium citrate}, 30 mM sodium phosphate (pH 6.8), 0.1% sodium
pyrophosphate, Sx Denbardt's sohution, sonicated salmyon sperm DNA {30 ugfmi}, 0.1%% SDS,
and 10% dextran sulfate at 42°C, with washes at 42°C m 0.2 x SSC and 0.1% SDS. Other
examples of siringent conditions are well known in the art.
“Stringent hybridization conditions” and “stringent hybnidization wash conditions™ in
30 the contexi of nocleic acid hybridization experiments such as Southern and Novthem

hybridizations are sequence dependent and ave different under different environmentat
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parameters. Longer sequences hybridize specifically at higher temperatures, The thermal
melting point {Tmy is the tomperature (onder defined ionic strongth and pHJ at which 50% of
the target sequence fyybridizes to a perfectly matched primer or probe sequence. Specifioity is
typicaily the function of post-hybridization washes, the critical factors being the onic
strength and temperature of the final wash solution. For BNA-DNA hybrids, the Tm can be
approximated from the equation of Meinkoth and Wahl (1984, Anal Biochem., 138(21:267-
843 T 813%C + 16,6 (log M) + (.41 (%GO - 0061 (%0 form) ~ SOU/L; where M 1s the
molarity of monovalent cations, %G is the percentage of guanosine and cytosine
nucleotides in the DNA, % form is the percentage of formamde in the hybridization solution,
and L. is the length of the hybrid in base pairs. Tm i3 reduced by about 17C for each 1% of
mismatching: thus, Ty, hybridization, andfor wash conditions can be adjusted to hvbridize to
sequences of the destred identity. For exaraple, if sequences with >90% identity are sought,
the Tm can be decreased 10°C. Generally, stringent conditions are selected to be about 3°C
tower than the Tm for the specific sequence and s comploment at a defined 1onig strength
and pH. However, severely stringent conditions can utitize a hybridization andior wash af 1,
2, 3, or 4°C lower than the Tay moderately siringent conditions can ntihze a hybridization
andfor wash at 6, 7, R, 9, or 10°C lower than the Toy fow stringency conditions can atilize a
bybridization and/or wash ar 11, 12, 13, 14, 15, or 20°C lower than the Tm. Using the
equation, hybridization and wash compositions, and desired temperature, those of ordinary
skill will understand that variations in the stringency of hybridization and/or wash solutions
are inherently described, If the desired degree of nuswuatching results in a temperature of loss
than 43°C (aqueous solution) or 32°C (formamide solution), the S8C concentration can be
increased so that a higher temperature can be used. Generally, highly stringent hybeidization
and wash conditions are selected to be about 5°C lower than the Tm for the specific sequence
at g defined 1omic strength and pH.

Ap example of highly stringent wash conditions 18 0,15 M NaCl at 72°C for about 15
minutes, An example of stoingent wash conditions 1s & 0.2 x 5SC wash at 63°C for {5
minwges. Often, a high stringency wash is preceded by a low stringency wash fo remove

background signal. Ax example of a medium stringency wash for a duplex of] e.g., more than

100 nucleotides, 18 1 x SSC at 45°C for 15 munutes. For shortwacleotide sequences {e.g..
about 10 to 50 nucleotides), stringent conditions typieally involve salt concentrations of less
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thap abost 1.5 M, tess than about 0.01 1o 1.0 M, Na lon concentration {or other salts) at pH
7.0 to 8.3, and the temperature is typically at feast shout 30°C and at least about 60°C for
long oligonucleotides (e g, >3 mucleotides). Stringent conditions also can be achieved by
the addition of destabilizing agents such as formamide. In general, a signal to notse ratio of
2x (or higher} than that observed for an unrelsied oligonucleotide m the particular
hybridization assay indicates detection of a specific hybridization. Nucleie acids that do not
hybridize to cach other under stringent conditions are still substantially identical if the
proteins that they encode are substantially dentical. This can ocenr, e.g., when a copy of @
nucleie acid is created using the maximum codon degeneracy permitied by the genetic code.

Very stringent conditions can be equal to the T for a particnlar oligonucleotide. An
example of stringen conditions for hybridization of complamentary nucleie acids that have
more than 100 complementary residues on a filter in a Southern or Northern blot is 50%
formamide, e.g., hybridization in 30% formamide, I M NaCl, 1% SDS at 37°C, and s wash
QL1 x SSC at 60 to 65°C. Exemplary low stringency conditions include hybridization with
3 buffer solution of 30 to 33%, formamide, 1 M NaCl, 196 SDS {sodivm dodecyl sulphate) at
I7°C, and a wash in 15 to 2x S8C (20x SSC = 3.0 M NaC¥F0.3 M trisodium aitrate) st 30 to
55°C, Exemplary moderate stringency conditions include hybridization in 40 to 45%
formamide, 1.0 M NaCl, 1% SDS at 37°C, and a wash in §.5x fo 1x 85C at 85 to 60°C,

“Northern analysis™ or “Northemn blotiing™ s 4 method used 1o identify RNA
sequences that hybridize 10 a koown probe such as an oligonucleotide, DNA fragment,
cDNA or fragment thereof, or RNA fragment. The probe can be labeled with a radicisotope
such as P, by biotinvlation or with an enzyme. The RNA to be analyzed can be usually
electrophaoretically separsied on an agarose or polyacrylamide gel, ransferred to
mitroceihdose, nylon, or other sustable membrane, and hybridized with the probe, using
standard tochmgoes well known in the art.

Nucleie acad sample may be contacted with an chgonucieotide in any suitable manner
known to those skilled in the art. For example, the DNA sample may be solubilized in
solution, and contacted with the oligonucleotide by solubilizing the oligonucleotide n
sotution with the DNA ssmple under conditions that permit hybridization. Suitable
conditions are well known to those skilled in the art. Alternatively, the DNA sample may be

solubilized in solution with the oligonucieotide immobilized on a solid support, whereby the
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DNA sample may be contacted with the oligonucleotide by immersing the solid sapport
having the pligonucieotide immoebilized thoreon in the solution containing the DNA sample.
The term “substrate™ refers to any solid support to which an oligonuclestide may be
attached. The substrate material may be modified, covalently or otherwise, with coatings or
functional groups to facilitate binding of oligonucleotides. Suitable subsirate materials
include polymers, glasses, semiconductors, papers, metals, gels and hydrogels among others,
Subsirates may have any physical shape or size, ¢.g., plates, steips, or mucroparticles. The
term “spot” refers to a distinet location on a substrate to which oligonucleotides of known
sequence are sitached. A spot may be an arca on a planar substrate, or it may be, for example,
a microparticle distinguishable from other mueroparticles. The term “bound™ means affixed to
the solid substrate, A spot is “hound™ 1o the solid subsirate when it is affixed in a particalar
location on the substirate for purposes of the screening assay.
alasy,

<

In certain embediments of the presens disclosure, the substrate is a polvmer,
serniconductor, paper, metal, gel or hydrogel. In cortam embodiments of the present
disclosure, a kit can further include 8 solid substrate and at least one conrel vligonucicotide,
wherein the ot least one control pligonuricotids s bound onto the substrate oy a distinctspot,

In certain embodiments of the present disclosure, the solid substrate Is a microarray.
An Marday™ or “microgrray” is used synomvmously herein to refer to a plurality of primers or
probes attached to one or more distinguishable spots on a substrate. A microarsay may
include a single substrate or a plurality of substrates, for example a plurality of beads or
microspheres. A “copy” of a microarray containg the sawe types and arrangements of primer

or probws,

Methods for Detecting or Prediciing Cardiovascular Disease or Estimaling Survival
Better risk assessment for, or carlier detection of, cardiovascalar disease is the first
step toward more effective preveation, Those wdentified as being at higher visk (e, PPV of
9% for CHD) for CHD, CHD events, or as having CHD can be followed up promptly for
further testing soch as with coronary calcium or angiography, and more aggressive
interventions. Thay can be tested or re-tested periodically for determining severity,
identifying, customizing, optimuxing intervention(s) {e.g.. lifestyle, medical, therapeutics),

management and monitoring. Conversely, those at lower risk (e.g., NPV of 99% for CHD) or
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those free of CHIY can be re-tested periodically to determine severity, identify, customize,
optimize infervention{s) {e.g, lifestyle, medical, therapeutios), managed and monitored to
ensure continied prevention due to the dynamic natwre of DNA methylation. In addition,
those with CVD {e.g., CHD) can be evaluated and their survivability estimated based on their
genctic and/or epigenetic profile. It would be appreciated that, under some circumstances
(2.2, for monitoring or follow-up purposes; for evaluating survivability of individuals at risk
of or already determined to have CVD), the steps mvolved in detecting one or more SNPs
may not be required, as that nformation may already be avaitable {e.g., from a previous
determination) or may not be necessary to predict CVD or sarvivability from CVD or
severity or to identify, customize and optimize intervention{s) or to manage an individhal,

Compared to the integrated genetic-epigenctic model, overall, conventional risk
factors-based caloulators anddor other detection tests sach as stress tost were cousiderably
fess sensitive, less generalizable, and also depicted a geader gap in parformance, In contrast,
the intograted genctic-epigenetic wodel deseribed heroin bas the ability {0 captore and better
understand the complex nature of CVD via three angles, genetics (inherited risk that is
static), DNA methylation {sequived risk that is dynamic) and the genetie contfounding of
methylation signatures (e, O+ M AOxM).

The present disclosure provides a method for determining whether a subject has a
tikelihood of baving CVD by determining methylation status of a CpG dinncleotide repeat or
CpG dinuclestide repeat motif region, where the methylation status of the CpG dinucleotide

is associated with CVD. However, the same principals apply to the assessment of the
£y

provalence anddor incidence of g number of difforent types of CVD including, withow

tiytation, coronary heart disease (CHD) (e.g., obstructive CHIDY), stroke, arrhythmia, cardiac

arrest, congestive heart fatture, atherosclerotic cardiovascular disease (ASCYD)Y and its
associated cardiovascular events (CVE) including, for example, obstructive coronary artery
disease (CAD}, ischenyva with no obsiractive coronary arferies (INOCA), myocardial
nfarction (M1}, streke (e.g.. TIA, hemorrhagic), and cardiovascular death. The present
disclosure also provides methods for determining severity andfor estimating the survival of 4
subject having or at visk of having CVID. In certain embodiments, the method determines the
methylation status of a plurality {e.g.. any integer between | and 10,000, such gs at least 100)

of Cp(5 dinucleotides andior SNPs,
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As used herein, a “hiological sample™ encompasses essentially any sample type
obtained from a subject that can be used in a method as described herein. The biological
sample may be any bodily fluid, tissus or any other sample from which clinically relevant
biomarker levels may be determined. “Biological samples™ also can encompass cells i
cullare, cell supernatants, cell lysates, blood, serum, plasma, unine, cerebral spinal fluid,
biological fluid, and tissue samples. Various technigues and reagents find use in the methods
of the present disclosure. In one embodiment of the disclosure, blood samples, or samples
derived from bleod, c.g.. plasma. circulating, peripheral, lvmphoovtes, ete., are assayed for
the presence of one or more SNPs andfor the methyvlation statos of one or more CpG
dinucleotides. A biological sample also can be saliva. Typically, a biological sample that
pontains nuclelc acids Is provided and tested. Biologival samples can be derived from
subjects using well known techniques such as finger prick. vempuncture, lambar puncture,
fluid sample such as saliva or urine, or tissue biopsy and the like.

As ased heren, the term “healthy™ means that a subject does not manifest 8 particular
condition and s no more kely than at tandom to be susceptible to a particular condition.

Provalence 1s defined by the American Psyehological Association {APA) as the “the
total namber or percentage of vases (e.g.. of a disease or disorder) existing 1 a population™
{(APA Dictionary of Psychology, (American Pyychological Association, Washington, DC,
2007, In some instances, point prevalence is used to describe the prevalence of cases at a
discrete poing of time, and period provalence is used to describe the miwnber of cases that
exist for a period of time (e.g., a month, a year), Prevalence typieally is expressed as arate
per population unit {o.g., number of cases per 100,000 people) instead of ar absolute number
or & percent,

Sttlarty, meidence s defined by the APA as “the rate of ocowrrence of now cases of
a given event or condition {e.g., 8 disorder, digcase, symiptom, or mjury) in a particular
population in a given period” of time (APA Dictionary of Psychology, (American
Psychelogical Association, Washington, DC, 2007)). As used herein, the torm “incidence™ is
defined as a tendency or susceptibihty for a subject to mamifest a condition, in this case, CVD
(2.g., CHD). [ some indances, the pertod of time can be a vear or less than a yvear: o some

instances, the period of time can be longer than a year {e.g., two vears, five yoars, ten years).
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Dagnosis s defined by the APA as the "process of identifving and determining the
nature of a disease or disorder by its signs and svmptoms, through the use of assessment
techrigues (e.g., tests and examinations) and other avalable evidence™ (APA Dictionary of
Psy‘cimfiog_\f, {American Psychological Association, Washington, 1C, 20071, A diagnosis
can refer to the present time period, or to a fime period in the past or the futore,

Likewise, prognosis s delined by the APA as “a prodiction of the course, duration,
severity, and outcome of a condition, disease, or disorder™ (APA Dictionary of Psychology,
{American Psychological Association, Washington, DC, 2007)). A prognosiz can be made,
for example. over a period of one month, six months, one year, five years, ten years, or
fonger

Risk asscssment is defined as 8 “stady of g subject done for the purpose of trying w0
determine the probability that that person will develop a particular disease or, if the disease is
already present, the probability that the person will suffer exacerbation of it or death fronm 7
{Youugson, 2005, Collins Dictionary of Medicie). In some instances, risk assessment I8
based on conditions or events and not on disease. In some instances, a risk assessment is
detormined over a poriod of time {e.g., months, years).

Survival or survivability, as used herety, typically refers to the number of days an
individual has remaining to Hive, measored from the point in time the biological sample {e.g..
a saliva sample, a blood draw, etc.) was obtained and osed 1o make this determination.

v wanild be understood by a skilled artisan that, in certain instances, “detection” of,
e.g., & biomarker (e.g., the presence or absence of a biomarkery can resolt in a “diagnosis.”
Similarly, it would be understood by a skilled artisan that, in certain fnstances, “detection™
and “diagnosis™ are used imterchangeably.

Homarkers are desertbed herewy that can be used 1y methods {e.g., predictive or
progunastic) of detecting CVD in a subjeet or estimating survival in a subjoct having CVD or
at visk of having CVE. Such methods typically include providing a biologicad sample from
the subject; comtacting DNA from the blological sample with bisudfite under alkaline
coaditions; comtacting the bisalfite~treated DNA with at least one first oligonocieotide primer
at least § nucleotides in length that &8 complamentary to o sequence that comprises a2 CpG
dinucleotide (e.g., at a GC focus referred to as cgD4988978, cg 1161138, cgl2a35112,

cp03725309, cg12586707, and cg1 7901584, or another biomarker frean Appendix A); and
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determining the methylation status of the Cp(G dinucleotide, It would be understood that the
at least ong first oligonucleotide probe can detect cither the unmethylated CpG dinucleotide
or the methylated CpG dinuclcotide. Such a method can further include determining the
genotype of a single nucleotide polymorphism (SNP) {e.g., rs2R69675, 134376434,
rs12129789, rs7S83056, rs710987, 154638796, rsl 333048, rel 2714414, rs942317, and
1441433, or another biomarker from Appendix C) or a second SNP i linkage
disequilibrium with the first SNP. As described herein, methylation of one or more particular
Cpls dinucleotides and the presence of one or more particular SNPs can be used to predict
CVD in the subject. Also as described herein, methyiation of one or more particular CpG
dinucleotides andfor the presence of one or more particular SNPs can be used fo estimate
survivability of OV,

In some embodiments, the method further comprises contacting the bisulfne-treated
DINA with at least one second sligonucleotide probe at least ¥ nucleotides in length that iy
complementary 1o a sequence that comprises ¢ CpG dinucleotide, where the at least one
second oligosucleotide probe deteets either the unmethvlated CpG dinucleotide or the
methylated CpG dinucleotide, whichever is not detected by the at least one first
oligonucleotide probe.

I some embodiments, the ratio of methylated CpG dinucleotides to unmethylated
CpG dinucleotides in the biological sample can be detenmined as a part of the methods
described berein. Determining the ratio of methviated CpG dinucleotides to unmethylated
CpG dinucleotides can allow for a risk or onteome 10 be estimaied or dotermined.

It would be appreciated that deternining the methylation status of the one or more
CpG dinncleotides and determining the presence {or absence) of & SNP can utilize any
nuber of techmiques, such as, for example, amplifving andfor sequencing steps. Amphifvisg
and sequencing are well known techaiques in the art and are used routinely o determine both
the methylation status of a particolar sequence and the presence ¥ absence of a SNP.

Methods of determining the presence of biomarkers associated with CHD ina
biological sample from  sobject are provided. A similar approach can be used for any other
form of CVD as well. Such methods typically include providing a first portion of the
biolegical sample and contacting DNA from the first portion with bisulfile onder slkaline
conditions, The bisulfite-treated first portion can be contacted with a first oligenucleotide
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probe that is at least § nucleotides in length and that Is complementary 10 a sequence that
comprises a CpQ dinucleotide {dotccted, e.g.. &t 2 UG locus referred 1o as cg04R88978,
eI 1161138, cgl12635112, cgl3725309, cg12386707, and cgl 7901584, or another biomarker

from Appendix A), and, if necessary or desired, a second portien of the biological sample can

s

be contacted with a nucleic acid probe at least 8 nucleotides m length that is complementary
to a SNP (e.g., 1328696735, rs4376434, 1312120789, ra7585056, rs7109R7, 154639796,
rel333048, rs127144 14, 1s042317, and 11441433, or another biomarker from Appendix C),
As described herein, the percentage of methylation of the CpQ dinncleotide at one or
more of the GC oot designated cpO488R978, co2 HIG1138, el 2655112, cp03725309,
10 cgl2SRa707, and cgl TOB1 584 (or at a CpG dinucleotide that is in linkage disequilibrium with
one or more of sach CpG dinucleotides) and the identity of the nucleotide gt one or more
SNPs designated 132869673, rd376434, rs 12129788, 17585056, rx710987, rsd639796,
1333048, 312714414, xa942317, and 151441433 {or at a SNP that is in linkage

disequilibrium with one or more of such SNPs) are biomarkers associated with CVD and can

W

be used to predictthe likelihood that an individoal will develop CVD andfor prognosticate as
to the severity of the discase or the outeome {e.2., strvival) for the mndividual.

In addition to the SNP and/or CpG blomarkers identified herein, one or tore clindeal
indicators can be used to aid in either or both diagnostics and prognostics, interventions (e.g.,
fifestyle, thevapeutic, medical) selection or customization or optimization, management, or
20 monitoring. Without Himitation, such clinical indicators can include demographics (e.g., age,

sox, race); vital signs (e.g., heartvate (beats/min), systolic BP (mm Hg), diastolic BP (mm

Hal) medical story (2.g., simoking, atrial fibriltation/flutter, hypertension, coronary heart

disease, myocardial infarction, heart fatlure, peripheral artery disease, COPD, diabetes (type

I ortype 23 CVA/TIA, chronic kidney disease, bemodialysis, angioplasty (peripheral or
25 carpnary ), stent {peripheral or coronary), CABQG, percutanecus coronary mtervention);
medications (ACE-IARB, beta blocker, aldosterone antagonist, loop diuretics, nitrates, CCB,

statin, aspirin, warfarin, clopidogel}; coronary computed tomogeaphy angiography {e.g.,

atomic stenosis, FFR-CT, plague type, total plagoe); echocardiographic resalts {eg., LVEF

He), REVE (mm Hg)); stress test results {o.g., ischemia on scan, schemia on ECQG)
30 angiography resulls (e.g., = T0% coronary slenosis in 2 2 vessels, = 70% coronary stenosis in
> 3 vessels) and/or fab measures (e.g., sodium, blood urea nitrogen (mg,-"dL)S creatining
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{mg/dLy, eGFR {median, CKIDEPT, total cholesternd {mg/dL), LDL cholesterol (me/dly,
Ribitol, Hemoglobin, Hematocrit, Triglyeerides, Alkaline Phosphatase, HbAle, HDL-C,
Non-HDL-C, ApoB, LDL-P', HDL-P! sdLDL-C, VLDL-C, Lp(a), hs-CRP, LpPLA:
Activity, HOMOCYSTEINE, B TYPE NATRIURETIC PEPTIDE, glycohemoglobin (%),
glucose {mgdL), HGB (mg/dLj, Cereactive protein (mg/L)), NT-proBNP, KIM-1,
osteopontin, TIMP-1, kidoey injury medecule-1, N-terminal pro B-type natriuretic peptide,
osteopontin, Hssue inhibitor of metalloprotemase-1, Unidine, Carotene-3, Ribitol, 1-stearovi~
T-adrenovi-GPC, Neacetyl-isoputreanine, Lysophospatidylcholine, Vanillactate acid, 3-
ureidopropionate, Serum paraoxonase, Bone morphogenetic protein 1, Carboxypeptidate B2,
Albamin, Histone H2B type 1-K, Versican core protein, losulin-like growth factor-binding

protein 3, Matri-remolding associated protein 5. etgl).

Kits for Detecting Cardiovascular Disease {CVD)

{n g fther emibodiment of the disclosure, articles of manufactore and Kits containing
probes, oligonucieotides and/or antibodics are provided. Such articles of manufacture can be
ased in the methods desartbed herein. An artiele of mranufactare can iaclude one or more
contatners with, for example, a label Suitable containers include, for example, botiles, vials,
and test tubes, The containers can be fornmed from g variety of matenials such as glass ov
plastic. The container can hold a composition that includes one or more agents that are
effective for practicing the methods described hercin. The fabel on the container indicates
that the composition can be used for a speeific application, The kit of the disclosure will
typicatly comprise the container described above and one or more other containers
comprising materials desirable from a commarcial and user standpoint, including boffers,
difuents, fitters, and package mserts with instructions for vse.

{n centain embodiments, the present disclosure provides a kit for determining the
methylation status of a1 least one CpG dinucleotide and, in some cases, also the presence of
at least one single-nucieotide polvmorphism (SNP). In certam smbodiments, a kit as
deseribed herein may contain a namber of prumers that is any integer between t and 10,000,
suchas 1,2, 3,4, 5,6, 7, 8,9, 10, ... 9907, 9998, 9909, 10,000, As used hereln, the term

“nucieic actd primer™ or “pacleic acid probes™ or “oligonucieotide™ encompasses both BNA
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and RNA sequences. In certain emshodiments, the primers or probes may be physically
located on a single solid substrate or on multiple sobsirates.

A kit as described herein can include at least one first nocleic acid primer {e.g., at
least & nucleotides in length) that is complementary to a bisulfite-converted nucleic acid
sequence comprising a Cp(s dinucleohide {detected, &g, st a GC locus referred 1o as
coQ4ORRYTE, co2 1161138, cgl2655112, cgl3725309, cgl 2580707, and gl 7901584), and, in
some instances, at least one second nucleic acid primer (o.g., at Teast 8 nucleotides in length)
that is complementary to a SNP {e.g., rs2R69675, rs4376434, ral 2129788, 157385034,
sTHOURT, 154639796, 11333048, rs127144 14, vs942317, and rs 1441433}, The at least one
first nucleic acid primer can detect the methylated or unmethylated CpG dinucleotide.

v would be appreciated that any of the nucleie acid primers, probes or
oligonucleotides descrtbed herein can include one or more nucleotide analogs andfor one or
more synthetie or non-natural nucleotides.

1t also would be apprecinted that the kits described berein can include g sohd
substrate. In some embodiments, one or mwre of the nucleic atid primers ¢an be bound to the
solid support. Examples of solid supports include, without mitation, polvmers, glass,
semniconduetors, papers, metals, gels, or hydrogels. Additional sxamples of sohd supports
include, without limitation, microarrays, or nicrofhuidics cards.

it also would be appreciated that any of the kits described herein can include one or
more detectable labals. In some embodiments, one or more of the nuclele acid primers can be
fabeted with the one or more detectable lsbels. Representative detectable labels include,

withewt Hmitation, an enzyvie label, a fluorcscent label, and a colorimetric label

Algarithm for Predicting Cardiovascular Disease (CVD} or Estimating Survivability from
cvo

Any mumber of algorithing can be used chading, without Bondation, statistical
algorithms (e.g., Hoear regression, logistic regression, proponional hazard models, ote. ),
machine learning algorithms (e.g., Random Forest, Gradieat Boosting, Support Vector
Bayes classifiers, Hidden Markov model, ete.), deep leaming algorithms (e.g., convolutional
neural networks, recwrent neural networks, sunoencoders, farge language model, ete.), time
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series algorithms (e.g:, ARIMA, ete.), Bayesian model algorithms {e.g., Bayesian Networks,
ete, ), andfor financial glgorithms (¢.g., decision treg, discrete event simulation, budget
impact, 8ic.). See, for example, MeKinney ot al, 2011, Appl. Biownform., 5(2x77-88;
Gunther et al, 2012, BMC Genet,, 13:37; and Qgutu et al, 2011, BMC Proceedings, S(Suppl
33811 Any type of machine learning algorithm or deep learning neural network algorithm
{tuned or non-tuned) capable of capturing binear andior non-linear contribution of traits for
the prediction can be used. In some tstances, a combination of algorithms (e.g.. a
combination or ensemble of multiple algorithms that capture tinear andfor non-linear
contributions of traits) is used.

Farthermore, algorithm{s) can implement any one or more of: a regression algorithm,
an mstance-hased method (e.g., k-nearcst neighbor, learning vector quantization, seif-
organizing map, ofc.), a regularization method, a decision tree learning method {e g,
classification and regression tree, chi-squared approach, Random Forest approach,
multivariate adaptive approach, gradient boosting machine approach, eic.), a Bayesian
micthod (e.g., naive Bayes, Bavesian belief network, ¢te), a ketnel method {e.0., a suppost
veetor machine, a lncar discriminant analvag, eie), a clustering method {e.g., k- means
clustering), an associated nile learning algorithm {e.g., an a priori algorithm), an artificial
neural network model (e.g., a back-propagation method, a Hopfield network method, a
fearning vector quantization method, ete), a deep learning algorithim {e.g., a Boltzmann
machine, a convolution network method, 8 stacked auto-encoder method, o), a
dimensionality reduction method (e.g., principal component analysis, partial least sqpares
regression, ote. i, an onsemble method {e.g., boosting. boot strapped aggregation, gradient
boosting machine approach, et¢.), and any other suitable algovithin,

Stply by way of example, Random Forest™ s 3 popular machine learning
algorithin created by Bretman & Cutler for generating “classification trees” (see, for
example, “stat. borkeley. edu/~breiman/RandomForests/ce_bone bt on the World Wide
Web). Using standard machine learning and predictive modeling techniques, a diagnostic
classifier algorithm was writfen to be implemented in R and Python programming languages
{though it can be unplemented in many other programming languages), according to well
described guidelines by Bremman & Cutler. A diagnostic classifier algorithm was generated

using data from at feast two traits (T) and the diagnosis of interest from that population. To
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determine the output {e.g., diagnosis) for a new individual, one simply determines values for
the at feast two traits (T) and inputs that information into an algorithm (e.g., the diagnostic
classifier algorithm deseribed herew or apother algorithm discassed above) that is capable of
capturing the hinear and non-linear contributions of the traus.

Prior to fitting model(s}, mput dath can be conditioned or otherwise pre-processed,
such that conditioned data clements (e.g.. genomic reads associated with loei of merest,
functional data, sensor data, other Bfestyle data, ete.) are suitable for Tarther processing.
Conditioning, as described herein, can inclade filtering of data {e.g., sensor data outputs that
have confidence values below a thireshold ete.), Pre-processing step(s) can be taken on the
model inpui(s) such as dimensionality reduction (e.g., principal component analysis, linear
discriminant analysis, aute encoders, uniform manifold approsimation and projection, partial
least squares regression, ete.) before training model(s).

The model prediction(s) (¢.g., risk score, diagnostics, otc.} uncertainty can be
computed, The wmethods for estimating may include bootstrap methods, Bayesian rocthods,
Monte Carlo dropout, ensemble methods, sensitivity analysis cte. The uncertainty of the
method andfor model described herein can be aggregated to provide overall system
uncertainty. Uncertainty quantification can encompass all aspects of marker measurements,
For instance, in epigenetic measurement, uncertainty quantification may include, but is not
fimited to, sampling error, reagent quality, instranentation, and human ervor.

The uncertainty quantification mentioned herein, which can be used to perform
guality control. For example, known reference sample(s) and/or measurement(s} can be
compared against the new measwremeni(s), The difference between the known and new
measurement(s), along with their uncertainty, can be used to evaluate error(s) andfor
uncertainty{ies) and how they compare 1o a defined acceptable threshold. This process assists
in wentifving sources of errovs and/or ancertaintics and minimizes such orror(s) andfor
uncertanty{ies) 10 ensure the reliability of the measurement(s). For example, it can be used
determine i a sample(s) requires re-measorement{s) of re-collectionds) to meet a defined
acceptable threshold for the measurement(s) andfor marker(s).

Returned classification regression and/or other outputs of model(s) can include
refurned confidence-assoctated parameters m such classifications. In particular, confidence-
associated parameters can have a score {e.g., porcentile, other score) that indicates confidence
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int the retarned output. The confidence may be estimated by aggregating measurement and or
maodeling uncertainties, Transforming output data alse can be used to enhanee the
expandability of the models described previously. For example, SHapley Additive
exPlanations (SHAP}, Local Imterpretable Model-agnostics Explanations, Integrated
Gradients, Partial Dependence Plots, Global Surrage Models, ele., can be used o enhance
expandability of the cutput for users. One or more of these approaches can be utilized
concarrently. In specific examples, SHAP can be utilized to identify the most significant
coptributing marker{s) o conditions or indication,

Additonally, or alternatively, dynamic aspects (o2, changes over time in wmarkers,
changes in frequency befween instances of respective features, other temporal aspects, other
frequency-related aspects, ete.) of features derived from the samples can be used to predict or
otherwise anticipate health condition statuses to generate personalized intervention plans.

Samples can be collected once (¢.g., at asingle tie point), or at a number of tine
points (e.g., at random potots, at regolar points, i refation to iriggering events, with other
frequenacy, Sic. b

As described herein, the inputs can be af [east one genotvpe (o.g., SNP) andior the
methylation status of at least one CpG dinucleotide andior other data, and the ouleome can
reprosent 8 positive or a negative probability for CVD, however, severity also can be
evatoated. The Traits {T) used to determine the outcome can represent the methylation status
of at least one CpG dinucleotide or at feast one genotype {e.g., of a SNP), but Traits {T) also
can correspond to at least one interaction {e.g., between methylation status and genotype
{CpGxINP), between the methylation status of two different sites {CpGxrCp() or batween
two different genotypes (SNPRSNP) ) I waonld be appreciated that any such interactions can
be visualized using partial dependence plots,

The inputs alse can be data or information (¢.g., a dataset) mchuding, without
Lnsitation, chnical diagnoses; demographics (e.g., gender, race}; Hifestyle; imaging {e.g.,
cardiac CT scan, cardiac MR, coronary angiogramy; features derived from imaging {e.a.,
FFR from CT scan, percent stenosis); results from electrocardiogram or echocardiogram test;
results from stress tests; blood {ests (2.g., for metabolic assays, genetic, epigenetic, protein,

eic.): blood pressure; results from a carotid alirasound; and combinations thergol
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A dataset can include, without Bmitation, data derived from one or more of! body
seeight {e.g,, recelving bodyweight values of the paticnts generated from a digital weighing
scale), body fat percent. muscle muass, body water, height or other length measarements {(e.g.,
via a ruler or measuring tape), other body mass index (BMD- associated parameters, blood
chemical and biochemical information, infllammatory markers, fasting blood sugar, high
density lipids, low density lipids, blood tnterieukins, c-reactive protein, bleod cell counts,
elecirophysiology signals (e.g., electroencephalogram signals, electromyography signals,
galvanic skin response signals, clectrocardiogram signals, efc), heart rate, body temperature,
cardipvascalar parameters, contivuons plucose monitoring (glveemic response), respivation
parameters {£.g., respiration rate, depth/shallowness of breath, ete.), blood oxygenation
signals, motion parameters, and any other suitable physiologically relevant parameter of the
patient. Additionally, or alternatively, a dataget can inclade data denved from one ormore oft
eleatronic health records, health plan clabms, questicnnaires, survey, wearables, public
sources (2.8, repositories) and any other divect or indirect data relevant to an individual,
Additionally, or alternatively, 8 dataset can include data that 18 raw, moputed, transformed,
longitudinal, cross-sectional or temporal.

FiG. 1 s a block diagram of an example CVD classification system 108, In some
embodunents, the system 100 can perform monttoring and/or prediction of CVD. For
example, the system 100 can be used to perform one or more of the example processes
deseribed herein,

In the illostrated example, a subjoct 101 provides a subject sample 102, In some
embodiments, the subjeet sample 102 can be a blood sample, a saliva sample, @ mucus
samiple, a urine or stool sample, or any other appropriate biological sample from the subject
101, In some embodiments, medical personnel 103 {e.g., a doctor, a murse, o lab technician, a
garegivery may assist the subject 101 with obwaining the subject sample 102, In some
embodiments, the subjeet 101 may obtauy the subject sample 102 from heeself oy bimself

e.8., by using a portable bivod sampling device or a home collection kit).

-,

A nucleic acid solation module [0 tsolates a nocleie acid saraple 112 from the
subject sample 102, In some embodiments, the nucleic scid isolation module 110 can be a
manual, semi-antomated, or automatic process that perform or more of cell Iysis, removal of
contaminating proteins, deactivating DNAases and/or RNAases, and recovery of DNA andior

Ly
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RNA. For example, the nucleic acid isolation wodule 110 can be a part of an automated
process or analysis device configured o isolate the aucleie acid sample 112 from the sabiject
sample 102, In another example, the nucleic acid isolation module 11 can be part of ong or
more of the example kits deseribed in this document, o be used by a buman user such as the
medical personnel H3,
A genotyping assay module 120 receives a portion 114a of the nucleic acid sample
112, The genotyping assay module 120 is configured to perform a genotvping assay on the
portion 1 14a of the nucleic acid sample 112 to detect the presence of at least one SNP,
wherein the at foast one SNP 15 a first SNP selected from 12869675, 154376434, s512129789,
rs73RINIG, 15710987, 54030796, s 1333048, r3127144 14, rsB42317, and rs 1441433 or from
Appendix C andfor Is a second SNP in Hokage disequilibnium (R>0.3) with a first SNP
setected front rs2869675, red376434, rs121297RY, r75RS056, rs7 10987, rvd639796,
1333048, rs127144 14, xaD42317, and rs 1441433 or from Appendix C to deterniing,
dentify, or otherwise oblain a collection of genotype data 122, 1n some embodiments, the
genofyping assay module 120 can be 8 fmanual, somi-antomated, or antomatic process, For
example, genotyping assay module 120 can be a part of an automated process or analysis
device configured to perfonn & genotyping assay on the portion 1{4a. In another example,
the genotyping assay meodule 120 can be part of one or more of the example kits deseribed in
this document, {o be used by a human user such as the medical personnel 103 or a laboratory
technician,
A methylation assay module 130 recoives a portion 114b of the nucleie acid sample
12, The methylation assay module 130 18 configured to bisulfite convert the nucleie acid in
the portion 114b of the nucleie acid sample 112 and perform methylation assessment onthe
portion 114b of the pucleic acid sample 112 1o detect methylation statos of at least one CpG
site selected from cpU498R97Y, g2 1161138, egl26331 12, cgl3723309, cgl 2586707, aund
cgi 7901584 or from Appendix A andfor a CpG site collinear (R>0.3) with .CpG site
selected from cgO4988978, cgZ 1161138, el 2635112, cgf3T5309, e 2386707, and
cgl 7901584 or from Appendix A to determyine, identify, or otherwise obtain a collection of
methylation data 132,
An tdentification system 140 is configured to receive the collection of genotype data

122 and the collection of methyvlation data 132 and identify one or more predetermined traits
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or characteristios of the sebject 101 based on a diaguostic classifier algorithn module 142
The diagnostic classifer algorithm module 142 is configured to account for at least one SNP
main effect andior at least one CpG mzin effect andfor at least one interaction effect. In some
embodiments, the diagnostic classifier glgorithm module 142 can perform one or more of the
algorithms described herein that may indicale the presence of disease {¢.g., diagnostic
tndicators) or o propensity to develop disease (e.g., predict) or the severity of disease or the
selection, customization, or optimization of one or more infervention{(s) {e.g., lifestyle,
medical, therapeutic) or effectiveness of management or the monitoring of disease, severity
or risk. For example, the identification system may be configured to identify genctic and/or
eovironmental characteristics that determines the presence of o the likelihood of a subject
developing disense (.., cardiovascular disease}, even when the disease is of polygenic
ortgin. In some inplementations. the diagoostic classifier algorithr modale 142 canbe a
machine leamning algorithin capable of accounting for huear and noo-linear effects.

The dentification systen 840 provides an oaipot 150 based on the disgnostic and/or
prognostic indicators provided by the diaguostic classifier algorith moduale 142, In some
embodiments, the identification system 140 can nclude an output module configured to
provide the output 150, In some implementations, the owtput 1530 can be an ideniification of
one or more diseases that the subject 101 may already have. For example, the cutput 150 may
indicate that traits that are Indicative of the presence of cardiovascudar disease were foand in
the subject 101, In somwe Implamentations, the output 130 can be an indication of a likelbood
that the subject 101 may develop a disease within a predetermined time frame (e.g., the
subject 101 may have a 43% chance of developing cardiovascular discase within 3 years, the
sabject 101 may have a 7% of having a heart attack within 2 years). In some
implementations, the output 130 can include therapeutic and/or preventative
recommendations based on the diagnostic andfor prognostic imdicators provided by the
diagnostic classifier algorithm module 142, For example, w response to an identification or
prediction of a diabetic or cardiae condition in the subject 101, the output 150 may include a
recommendation to consull with the medical personnel 103, identify possible dietary or
lifestyle changes by the subject 101 to address or avold the condition, identify potentiad
interventions andfor remediey for the subject 101 to consider in consultation with the medical

personnel 103, or combinations of these snd/or any other appropriate information based on
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the oniput of the algorithmy(s) of the diagnostic classifier algorithm modale 142, In some
instances, the output 130 can be an estimate of survivability of a subject at risk for or that has
been determined to have CVD.

In the ilustrated example, the output 138 is provided in various formats, The
information provided by the output 150 can be formatied into @ message 160 that 1 provided
1o the subjeet 101 andor 1o the medieal personnel 103, In some inplementations, the
message 100 can be formatied as g report {e.g., a wird processing file, a portable document
format file) that is at least tempovarily stored on a non-transitory storage mediam (e.g., a hard
drive, a FLASH memory), where it can be retrieved by the sabject 101 andfor the medical

personnel 13 for review. In some implementations, the message 160 can be formatied as an

&

glectronic message {(2.g., an omail, a text message, an mstant message) that is transimitted o
the subject 131 andfor the medical personnel 103 for review. Tn some implementations, the
message 160 can be a printed repert. For example, the output 130 ¢an be provided toa
printing svstem that 1s configured to generate a hard copy report based on the output 130,
Subsequent antomated or manual processing systems can package the report as a letter or
other parcel thai can be sent for physical delivery o the subject 101 andfor to the medical
personnel 103 (e.g., the system 100 can created a paper printout the results and mail them
through postal mail).

A preatment device 170 can be configured to receive the diagnostic andfor prognostic
indicators provided by the output 150 and provide interventions {e.g., lifestvle, therapeutic,
medical} based on the diagnostic andfor progrostic indicators. For exanple, the output 150
may indicate that the subject 101 has a high likelihood of suffering cardiac arvest within the
next two years, and the treatnzent device 170 may be a drug (e.g., a tablet or capsale) or an
implantable drug delivery system that reacts by identifying or by recetving configaration
settings for an appropriate dosage of a statin, acetvlsalicylic acud {aspiring, an anti-
inflamymatory drug, a blood thinner, or combinations of these amdior any other appropriate
therapeutic andfor preventative substances. In some crubodinients, the treatment device 170
can be configured to also include one or more of the nucleie acid isolation module 1106, the
genotyping assay module 120, the methylation assay module 130, or the identification system

140
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A storage system 180 is configured to store the output 130, For example, the
information included in the output 150 can be stored temporarily, for g predetermined period
of time, or substantially permanently in a database, in a file, or as any other appropriate
collection of data. In some embodiments, the storage system 180 can store the output 130 in a
non-{ransitory storage medium (c.g., & hard drive,a FLASH memory). For example, the
output 134 may include some ar all of the collection of penotype data 122, the collection of
methylation data 132, and/or the cutput 150 in personal health record that the subject 101 can
store or carry with them. In some embodiments, the storage system 180 can store the oupu
150 as a physical medium, for example, the storage system 180 can miclude a printer that can
gencrate a paper report based oo the output 1530, andf/or store the veport as a hard copy that
can be physically filed away for later retrieval.

An inpoatioutput device 182 is physical device configared to display or otherwise

3

present an outpat that is perceptible to humans {e.g.. the subject 101, the miedical persennct
103). For example, the inpot/output device 182 may be an olectronic display device ma
doctor’s office. The system 100 may process the subject sample 102, and then alter the
configaration of pixels cnscreen to modify the information displayed by the input/output
device 182 based on the output 138 {e.g., 2 sereen can be updated to display an identified
diagnosis and/or prognosis for the subject 101 to the medical personnel}. In another example,
the input/output deviee 182 can be configured w0 provide andible {e.g.. spoken output) andfor
tactile (e.g., braille, haptic, vibratory) output that modifies or otherwise transforms the output
150 into a physical andfor tangible owtput {e.g., to convey the dagnostic and/or progriostic
indicators in a manner that is percepiible 1o a user who is sight-challenged). In another
example, the inputioutpud device 182 can be configured to alter, transform, or modify
physical characteristic of & physical structize or mediom based on the output 130,

A upser device 184 {e.., a computer, & smartphone, a tablet computer, & computerized
termpinal} is configured 1o display, emit, or otherwise present one or more outputs that we
pereeptible 1o a human user, such as the subject 101 andfor the medical personnel 103, For
example, the uoser device 184 can recetve the oatpot 150 (e.g., as data, as the message 160)
and provide an alert to the user and‘or provide an output (e.g., display 8 report, read a report
aloud) based on the output 130, In some embodiments, the user device 184 can include one

or more of the storage device 180 or the inputfoutput device 182, In some envbodiments, the
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user device 182 can be part of the treatiment device 170 In some embodiments, the user
device 184 can be configured to inclode one or more of the nucleic acid isolation moduke
110, the genotyping assay modude 120, the methylation assay modude 139, or the

identification sysiem 140,

s

In some implementations, some or all of the system 100 may be reused to provide
additional mformation. For example, the system 100 may be used to gather an instial set of
health information for the subject 101 andéor identify information that can aswist the medical
personne! 103 with an initial diagnosis/prognosis. Later, the patent 101 may be re-examined
using the system 100, for example, to determine the effectiveness of prescribed medical
10 andfor lifestyle strategies over time. Since the collection of genotype data 122 dees not
ghange over time for an individual person, the systerm 100 may refrain from performing the
functions of the genotyping assay wodule 120 again. In such examples, the methyvlation assay
module 130 may be used to generate an updated version of the collcetion of methylation dita

132, and the updated collection of methylation data 132 can be provided 1o the identification

W

system 148 for processing along with the collection of geneotype data 122 that was previously

generated, In some implementations, the subject sample 102 can be collected on a pariodic

basis and processed based on the existing collection of genotype data 122 and updated
collections of methylation data 132 to produce updated cutputs 130 that can be used to

provide ongoing monitoring of one or more conditions identified for the subject 101,

20 FIG. 2 is a flow diagram of an example process 200 for cardiovascular disease
classification. In some fmplementations, the progess 200 can be some or all of the example
processes described above, In some inplementations, the process 200 can be the process
performed by some or all of the example system 100 of FIG. 1.

At 210, a sucletc acid sample 15 isolated from a subject sample. For example, the

25 example nucleie acid solation module 110 can be configured 1o wolate anddor substantially
purify nueleie acid compositions from the example subject sample 102 w produce the
example nucleic acid sample 112

At 220, a genotyping assay is performed on a first portion of the nucleie acid sample
to detect the presence of at least one SNP, wherein the at Teast one SNP isa first SNP

30 selected from rs2869673, rs4376434, rs1 2120789, 1< 7585036, rsTLOARY, rsd639796,

11333048, 5127144 14, 10942317, and rs1441433 or from Appendix C andfor is 3 second
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SNP iy linkage disequilibriven (R>0.3) with a first SNP selected from ra2889675, 14376434,
rsl12129789, rs7585056, 15710087, rsd639796, rs 1333048, rs127144 14, rs942317, and
151441433 or from Appendix € to obtain genotype duta. For example, the example

genotyping assay module 120 could be used to analyze the example portion 114a of the

s

nucleie acid sample 12 to produce the example collection of genotype data 122,

At 230, & second portion of the nuclewe acid sample is bisulfite converted, and a
methylation assessment is performed on the second pottion of the nucleic acid sample to
detect methylation status of at least one Up( site selected from cg(498897%, cg21161138,
cpi20S5112, cpU3 725300, cpi2586707, and cgl THO1584 or from Appendix A andfor s CpQ
10 site collinear (R>0.3) with a CpG sie selected from cgD498R9I78, cg2 1161138, cgi2635112,
o3 725309, cgl2586707, and cgl 7901584 or from Appendix A to obtain methylation data,
For example, the example methylation assay modude 130 can be used to process the portion
114b of the pucleic acid sample 112 to produce the example collection of methyiation data

132,

W

AL 240, the genotype data from step 220 andfor methylation data from step 230 18
input mto an algorithm, For example, the cxample collection of genotype data 122 and the
example collection of methylation data 132 are input into the example identification system
140 and processed using the example diagnostic classifier algorithm medule 142
At 230, at least one SNP main effect andfor at least one CpG main effect andior a
20 least one Interaction effeet are accounted for, For example, the example dingnostic classifier
algorithm modale 142 can be configared to account for at least one SNP main cffoct anddor at
feast ope Cp(l main effect and/or at least one interaction cffect. In some implementations, the
diagnostic classifier algorithm maodale 142, can be a machine leaming alporithm capable of
acconnting for Unear and non-linea effects,

25 AL 260, an outpat is provided, For example, the example identification system 140

can provide the example outpot 150,

Al 270 another nucleie scid sample is isofsted from another sample from the subject.
For example, the example nucletc actd 1solation module 110 can be configured to isolate
and/or substantially purify nucleic acid compositions from another sample to produce another
30 example nucleie acid sample. Since the collection of genotype data 122 from a subject does
not change over time, the newly produced nucleie acid sample can be used to obtain
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methylation data 132, which is used along with the existing collection of genotype data 122
1o provide an updated output (e.g., to perform a checkup ou the subject 101 at a later point.in
tme). In some tmplomentations, this ablwreviated process can be performed on a periodic or
semi-periodic basis to provide engoing monitoring of one or more medical conditions
identified for the subject 101,

F1G. 3 s a block diagram of example computing devices 300, 350 that may be used to
implement the systems and methods deseribed in this docament, either as a client or as a
server or plurality of servers, Computing device 300 is intended to represent various fonms of
digital computers, such as laptops, desktops, workstations, personal digital assistants, servers,
blade servers, mainframes, and other appropriate computers. Computing device 300 can also
represent all or parts of various forms of computerized devices, such as embedded digital
controllers, media bridges, modems, network vouters, network access points, network
repeaters, and notwork intorface devices inchading mesh network communication terfaces.
Computing device 3530 is intended to represent various forms of mobile devices, such as
personal digital assistants, collular telephones, smartphones, and other similar computing
devices. The components shown here, thew conmections and relationships, and thewr
functions, are wisant to be exemplary only, and are pot meant 1o Bt implementations of the
compositions and methods described herein,

Computing device 300 includes a processor 302, a memory 304, 4 storage device 306,
a high-speed interface 308 connecting to memory 304 and high-speed expansion ports 310,
and a low-speed interface 312 connecting to o low-speed bus 314 and storage deviee 306,
Each of the components 302, 304, 306, 308, 310, and 312, are interconnectad using various
busses, and may be mounted on & common motherboard or in other manners as appropriate.
The processor 302 can process fnstractions for execution within the computing device 308,
including instructions stored in the memory 304 or on the storage device 306 to display
graphical information for a GUI on an external inputioutput device, such as display 316
coupled 1o high-speed interface 308, In other mplomentations, multiple processors and/or
multiple buses may be used, as appropriate, along with multiple memortes snd types of
mamory. Alse, nultiple compuiing devices 300 may be connected, with each deviee
providing portions of the necessary operations {¢.g., as a server bank, a group of blade

servers, of a multi-processor system).
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The memory 304 stores mformation within the computing device 300, In one
implementation, the memory 304 is a computer-readable mediom, In one impleamentation, the
memory 304 is & volatile memory unit or units, In another implementation, the memory 304
is a non~volatile memory unit or units,

The storage device 306 can provide mass storage for the comaputing device 300, In
ong implementation, the storage device 306 s a computer-readable medium. In various
implementations, the storage device 306 may be a floppy disk device, a hard disk device, an
optical disk device, or a tape device, a Bash memory or other similar solid state memory
device, or an array of devices, including devices in & storage arca network or other
configurations. In one implementation, a computer program product is tangibly embodied in
an mformation carrier. The computer program product containg instructions that, when
executed, perform one or more methods, such as those deseribed above. The information
carvier is a computer- or machine-readable medium, such as the memory 304, the storage
device 306, or memory on processor 302,

The high-speed conrolier 308 manages bandwidth-intensive operations for the
computiing device 300, while the low-spesd contreller 312 manages lower bandwidth-
intensive operations. Such allocation of duties is exemplary only. In one implementation, the
high-speed controller 308 is conpled to memory 304, display 310 (e.g.. through a graphics
pracessor or accelerator), and to high-speed expansion ports 2H), which may accept various
expansion cards {not shown). In the implementation, low-speed controller 312 is coupled to
storage device 306 and low-speed expansion port 317 thvongh the fow-speed bus 314, The
low-spead expansion port, which may include various communication ports (.., Universal
Serial Bus (USB), BLUETOOTH, BLUETOOTH Low Energy {BLE), Ethernet, wireless
Ethernet (WiED), High-Definition Maltimedia Interface (HDMI, ZIGBEE, visible or infrared
trapseeivers, Infrared Data Association {IrDA), fiber optic, laser, sonic, ulirasonic) may be
coupled to one or more toput/output devices, such as a keyboard, a pointing device, 8
seanner, a networking device such as a gateway, modem, switch, or router, e.g.. through a
network adapter 313,

Peripheral devices can communicate with the high-speed controlier 308 through one
or more peripheral inlerfaces of the low-speed controller 312, including but not limited to a
LISB stack, an Ethernet stack, a WiFi radio, 3 BLUETQOTH Low Energy (BLE) radio, a
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ZIGBEE radio, an HDMI stack, and a BLUETOOTH radio, as 1s appropriate for the
configoration of g sensor. For example, g sensor that outputs a reading over a USB cable can
communicate through a USB stack.

The network adapter 313 can communicate with a network 318, Computer networks
typically have one or more galeways, modems, rovters, media interfaces, modia bridges,
repeaters, switches, hubs, Domaim Name Servers (DNS), and Dynamic Host Configuration
Protocol (DHCP) servers that allow commumication between devices on the network and
devices on other networks (e.g., the Internet). One such gateway can be a network gateway
that routes network communication traffic among doevices within the network and devices
outside of the network. One common type of network communication fraffic that is routed
through a network gateway is a Domain Name Server (DNS) request, which is a request to
the DNS to resolve a uniform resource focator {URL Y or uniform resource wmdicated (URD) to
an assoctated Internet Protocol (%) addiess.

The network 315 can include one or more networks, The netwark(s) may provide for
communications undet various modes or protocels, such as Global Svstem for Mobile

commumcation {GSM) voice valls, Short Message Service {(SMR), Enhanced Messaging

Serviee (EMS), or Muoltmedia Messaging Service (MMS) messaging, Code Division
Muhiple Access (CDMA), Time Diviston Multiple Access {TDMA), Personal Dighial
Cellelar (PDO), Wideband Code Division Multiple Access (WUDMA), CDMA2000,
Gieneral Packet Radio System (GPRS), or one or mote television or cable networks, among
others, For example, the communication may oceur through a radio-frequency transceiver. In
addition, short-range communication may scour, such as using 8 BLUETOOTH, BLE,
ZIGRER, Wik, IrT3A, or other such franscetver,

{n sonwe enibodinients, the network 315 can bave a hub-and-spoke network
configuration. & hub-and-spoke network configuration can allow for an extensible network
that can accommodate compounents being added, removed, fatling, and replaced. This can
altow, for example, more, fower, or different devices on the network 3135, For example, tfa
device fails or s deprecated by a newer version of the device, the netsork 3135 can be
configared such that network adapter 313 can be updated about the replacement device.

In some embodiments, the network 315 can have a mesh nebwork configuration (e.g..

ZIGBEE). Mesh configurations may be contrasted with conventional star/tree network
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configurations in which the networked devices are'directly hinkedto only a small subset of
other network devices {e.g., bridges/switches), and the links between these dovives are
hierarchical. A mesh network contiguration can aliow infrastructure nodes fe.g., bridges,
switches, and other infrastricture devices) to connect directly and non-hierarchically to other
nodes. The connections can dynamically self-organize and self-configure to route data. By
aot relying on a contral coordinator, multiple nndes can participate in the relay of
information. In the event of a failure of one or more of the nodes or the communication hinks
between then, the mesh network can self-configure to dynamically redistribate workloads
and provide fault-tolerance and network robustness.

The computing device 300 may be implemented in a number of different forms, as
shown in the figure. For example, it may be implemented s 3 standard server 320, or
multiple times i a group of such servers. It may also be tmpleomented as part of o rack server
svstem 324, Hmay also be implemented as part of network device such a modem, gateway,
router, access poind, repeater, mesh node, swiich, hub, or scearity device (o.g., camera
server), In addition, it may be implemiented in a personal computer such as a faptop computer
322, Aliomnatively, componants from computing device 300 may becombined with other
components 1t a mobile device (not shown), such as device 350 In some embodiments, the
device 350 can be a mobile telephone (e g, a smartphone), a handheld computer, a tablet
computer, a network appliance, a camera, an enhanced general packet vadio service (EGPRS)
maobile phone, a media player, a navigation device, sn email device, a game console, an
interactive or smart telovision, a media streaming device, or a combination of any two or
more of these data processing devices or other data processing devives. In some
impiementations, the device 350 can be included as part of @ motor vehicle {e.g., an
automobile, an emergency vehicle (e.g., fire truck, ambalance), a bus). Bach of such devices
may contain one or more of computing device 300, 350, and an entire system may be made
up of multiple compuiing devices 300, 350 commumicating with each other through & low-
speed bus or a wired or wireless network.

Computing device 350 includes a processor 332, memory 364, an Inpuatioutput device
such as a display 354, a communication interface 366, and a transceiver 368, among other
components. The device 350 may also be provided with a storage device, soch a5 a
microdrive or other deviee, 1o provide additional storage. Each of the components 358, 352,
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364, 354, 366, and 368, are interconnected using various bases, and several of the
components may be mounted on a common motherboard or in other manners as appropriate.
The processor 352 can process instructions for execotion within the computing device

350, inchuding instructions stored in the memory 364, The processor mayv also include

s

separate analog and digital processors, The processor may provide, for example, for
coordination of the other components of the device 350, such as control of user mterfaces,
applications run by device 380, and wireless communication by device 330,

Processor 332 may communicate with a user through control interface 358 and
display interface 356 coupled toa display 354, The display 354 may be, for example, a TFT
10 LCD display or an OLED display, or other appropriate display technology. The display
imerface 356 may comprise appropriate cireuitry for driving the display 354 o presemt
graphical and other information to 8 user. The control interface 358 may receive commands
frem a user and convert them for submission to the processor 352 In addition, an external
mterface 362 nay be provide in communication with processor 352, so as to enable near areg

communication of dovice 350 with other devices. External interface 362 nay provide, for

W

example, for wired commmunication {¢.g., via 3 docking procedurs) or for wireless
communication {e.g., via Bluefooth or ather such technologies).
The memory 364 stores information within the computing device 338, Inone
implementation, the memory 364 15 a computer-readable medium. In one implementation, the
20 memory 364 is a volatile memory unit or pnits. In another implementation, the memory 364
is & non-volatile memory wut or wnits, Expansion memory 374 may also be provided and
connected to device 330 through expansion interface 372, which may include, for example, a

7
{

SIMM card interface. Such expansion memory 374 may provide extra storage space for
device 350 or may also store applications or other information for device 350, Specifically,

25 gxpansion memory 374 may inclode mstructions © carey out or supplement the processes
described above and miay inchude seeare information also. Thug, for example, expansion
memory 374 may be provide as a security module for device 3530 and may be programmed
with instructions that permit seeure use of device 350, In addition, secure applications may
be provided via the SIMM cards, along with additional information, such as placing

30 identifying information on the SIMM card 1o a non-hackable manner.
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The memory may include for example, flash memory andror MRAM memory, as
discussed below. In one implementation, a computer program product 1s tangibly embodied
in an information carrier. The computer program product contains instructions that, when

executed, perform one or more methods, such as those described above. The information

s

carrier is a computer- or machine-readable mediom, such as the memory 364, expansion
memory 374, or menory on processor 352,

Device 330 may commuonicate wirelessly through communication inferface 366,
witich may tnclude digital signal processing cirenitry where necessary. Communication
mterface 366 may provide for communications under various modes or protocols, such as
10 GSM voice calls, Voice Over LTE (VOLTE | calls, SMS 18, or MMS messaging, CDMA,
TOMA, PDC, WCDMA, CDMAZB00, GPRS, WIMAX, LTE, 5G, among others, Suach

communication may ocawr, for example, throogh radio-frequency transceiver 368, In
addition, short-range commuaication may occur, such as using 8 Bluctooth, WiFi, or other

such transeeiver (not showa) configured to provide uplink and/or downlink portions of data

W

communication. In addition, GPS receiver module 370 mayv provide additional wireless data
to device 350, which may be used as appropriate by applications tunning on devics 350
Device 350 may also communication audibly using audio coedec 368, which may
receive spoken information from a user and convert it to usable digital information. Audio
codex 360 may likewise generate audible sound for a user, such as through a speaker, e.g., In
20 a handset of device 350, Such sound may include sound from voice telephone calls, may
include recorded sound {e.g., volce messages, music files, ote) and may also nchode sound
generated by applications operating on device 330,
The computing device 350 may be unplemented in a mumber of different forms, as
shown in the figure, For example, 3t nuay be implemented as a cellular telephone 380 1t may
25 also be implemented as part of a smartphone 382, porsonal digital assistant, or other similar
maobile device.
Various implementations of the systems and technigues desceribed here can be
realived in digital electronic civeuitry, integrated circuitry, spectally destgned ASICs
{application speeific infegrated circuis), computer hardware, firnyware, software, andior
30 combingtions thereofl These various implementations can include tmplementation in one or

more computer programs that are executable andfor intexpretable on a progranumable system
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including at least one programmable processor, which may be special or general purpose,
coupled to receive data and fnstructions from, snd to transmit data and instructions (0, a
storage system, at least one input device, and at least one output device,

These computer programs (also known as programs, software, software applications
or code} inclwde machine instructions for @ programumable processor and can be implemented
in a high-level procedural and/or abject-oriented programmung language, and/or in
assembiy/machine language. As used herein, the teams “machine-readable medium™

“computer-readable medium” vefers to any compuier program product, apparatus and/or
device {o.g., magnetic discs, optical disks, memory, Programmable Logic Devices (PLDs))
used to provide machine instructions andfor data to a programmiable processer, including a
machine-readable medium that recelves machine istructions as a machine-readable signal,
The term “machme-readable signal” refers o any signal used o provide machine istructions
and/or data 10'a programmable processor.

To provide for interaction with a user, the systems and techniques deseribed here can
be implemented on & computer having a display device {e.g., 2 CRT {cathode ray tubey or
LCD gliquid crystal display) monitor} for displaying information to the usor and 2 kevbourd
and & pointing deviee (e.g.. a mouse or a frackball} by which the wser can provide input to the
computer. Other kinds of devices can be wsed to provide for interaction with a user as well;
for example, feedback provided to the user can be any form of sensory feedback {e.g., visual
feedback, auditory foedback, or tactile feedbacky; and input from the user can be received in
any form, including acoustic, speech, or tactile input,

The systems and techniques described hore can be implemented in & computing
systeni that includes a back end component (e.g., as & data server), or that includes a
mnddieware component {e.g., an application server), or that includes a front end component
{e.g., a client computer having a graphical user interface or 1 Web browser through which a
user can wleract with an jmplementation of the systemys and techniques desceribed here), or
any combination of such back end, middloware, or front end components. The components of
the system can be interconnected by any form or miediom of digital data communication
{2.g., a communication network). Examples of communication networks imclude a local area

network (“LANT), a wide area network ("WAN"), and the Internet.
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Some communication networks can be configured to carry power as well as
inforniation on the same physical media, This allows a single cable o provide both data
connection and electric power to devices, Examples of such shared media include power over
network configurations in which power is provided over media that is primarily or previously
used for communications. One specific embodiment of power over network is Power Over
Ethernet (POE) which pass electric power along with data on twisted pair Ethernet cabling,
Examples of such shared media also intlude network over power configurations in which
communication is performed over media that is primarily or previousty used for providing
power, One specific embodimen of network over power is Power Line Communication

(PLO) (also known as power-line casrier, power-line digital subseriber line (PDSLY, mains

pommunication, power-line telecommunications, or power-line networking (PLN), Ethernet-
Qver-Power (EOPY) in which dafa is carried on a conductor that is alse used simultancousty
for AC cleetric power wansayssion.

The computing system can include chents and servers. A chient and server are
generally remote from cach other and typically imteract through a communication network,
The relationship of client and scrver arises by virtue of computor programs running on the
respective compuders and baving a chent-server relationship 1o cach other.

The computing systemn can include routers, gateways, modems, switches, hob,
bridges, and repeaters. A router is a networking device that forwards data packets between
compuier networks and performs traffic directing functions. A petwork switch is a
networking device that conneets networked devices together by performing packet switching
{0 receive, process, and forward data o destination devices. A gateway is-a network device
that allows data to flow from one diserete network o another. Some gatewsays can be distinet
from routers or switches in that they can communicate using more than one protocol and can
pperate at one or more of the seven ayers of the open systems nterconnection modet (OSI).
A media bridge is a network device that converts data between tragsmission media so that #
can be transmitted from computer to computer, A modem is a type of media bridge, typically
used to conneet a local area network to & wide area network such as a telecommunications
network. A network repeater 1 a network device that veceives a signal and retransmits # fo
exiend runsmissions and allow the sigaal can cover longer distances or overcome a

communications obstruction,
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{t will be apparent that the present disclosure provides a skilled artisan the ability 1o
constrisct a matrix in which the methylation status of one or more CpG dinucleotides andior
one or more genotypes (e.g., SNPs; ¢.g., at one or more alleles) can be evalaated as described
herein, typically using a computer, to identify interactions and allow for prediction of the
presence or incidence of CVDL Although such an analysis is complex, no nndue
experimentation is required as all necessary information is either readily available to the

skilled artisan or can be aequired by experimentation as described horein,

Methods of Treating, Managing and/or Mondtoring Cardiovascular Diseases

The present disclosure provides methods for determining the likelihood that a subjeet
has CVD, methoeds for monitoring & subject for CVD (e.g., progression of disease), methods
of determining the severity of the VD {e.g., degree of obstruction), and/or estivating the
survival of 2 subjoet at visk for or who Bas CVD. As used herein, CVD includes, without
timitation, CHD, stroke, awhythnue, cardiac arrest, and congestive heart failure, The methods
and composttions deseribed berein provide a better ability to assess a subject’s risk for or
monitor the prosence of cardiovascular disease, which s the first step toward more offeetive
prevention. In addition, the methods and compositions described berein provide the ability fo
estimate the survival of a subject at rigk for or whe has been determined to have CVD, which
can altow for therapies andfor hifestyle changes that may prolong or extend the survival of the
subject.

Upou making a positive prognosis of a cardiac ouicome {e.g., a prognosis of
cardiovascular death, myocardial infarct (M1}, stroke, all cause death, or 3 composite
thergol), a medical praciitioner can advantageously use the prognostic information thereby
obtained to dentify the need for, of 1o castomize or oplimize, an intervention i the subject,
such as, for example, stress testing with ECG response or myocardial perfusion imaging,
coronary compuisd tomography angiogram, disgnostic cardiac catheterization, percutaneous
coronary {e.¢., balloon angloplasty with or withowt stent placement), coronary artery bypass
graft ({CABQG), enrollment in a chnical trial, and administration or monttoring of effects of
agents selected from, but not imited to, of agents selected from oifrates, beta blockers, ACE
inhibitors, antiplatelet agents and hpid-lowering agents. In addition, » medical practitioner

can advantageousty use the proguostic information thereby obtained to make
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recommendations for lifestyle changes inclading, without limitation, dict modification,
exercise regimens, sunoking andd/or drinking cossation, and combinations thervotf. Using the
information provided by the methods desoribed hereln, a wedical practitioner can manage the
interventions and monitor an individual to observe, e g, an improvement.

Those identified as being at higher risk (e.g., PPV of 69% for CVD) of as having the

disease can be followed up promptly for further testing or more aggressive interventions.
Conversely, those at fower risk can be re-fested periodically and monitored to ensure
continued prevention due to the dynamic nature of DNA methylation,

Interventions for cardwvascular discase can depend on the type of cardiovascalar
discase and the symptoms the individual is experiencing. Interventions for cardiovascular
disegse can be preventative, thergpeutic or palliative. Treaunents for cardiovascular discases
can include, for example, Hlestvle changes (e.g., diet {e.g., low fat diet), weight loss,
exercise, reduction or cessation i smoking andfor duinking), therapeutics {¢.g., beta blockers,
stating, calehom channel blocker, ACE inhibitors, vasodilator, alteplase, small melecule
miodudators, pre- pro-isyn-‘post-biotics), medical interventions {¢.g., angioplasty, bypass
surgery, implantable device, endartercctomy), sene therapy, gone oditing, base oditing,

epigenetic therapy, eprgenetic silencing, and/or epigenetic aditing.

ln aceordance with the present disclosure, there may be employed conventional
molecutar biology, microbiology, blochemival, and recombinant DNA technigues within the
skill of the art. Such techuiques are explained fully in the Hterature, The wvention will be
further deseribed in the following exampdes, which do not Hmit the scope of the methods and

compositions of matter described in the clains,

EXAMPLES

Examnie L-Materials and Methods

This stucly features data and/or biomaterial from three sources. The first set of
anonyntized genome-wide genetic, genome-wide DNA methylation and chmcal duda are
from the Framingham Heart Study (FHS) Offspring cohort, the second set of anonymized
chnical data and DNA are from the Infermountain Healthcare (IM) biorepository, and the
third set is from an Iowa cohort as deseribed in more detail below. The procedures and
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protocols used for the analysis of the FHS data and the {owa cohort were approved by the
University of lowa Institutional Review Board (IRB# 201503802 and IRBF 201910834), and
the procedures and protocols used for the malyses of the IM nsteriads were approved by the

Intermountain Healthcare Institutional Review Board (IRB# 102481 1),

Example 2-—Framingham Heart Stady (FHS) Offsoving Cobont

The detarls on the collection and preparation of clinical and biological date of the
FHS cohort have been described previonsly (dbGAP study accession: phs000007). In brief,
the demographics, risk factors and clineal fnformation were derived from the Offspring
cobort, including coronary heart disease (CHD) status. CHID was considered present if an
individual was diggnosed with CHD. Conversely, CHD was considered absent if an
individual was not diagnosed with CHD. Sowrces of clinical data in determiping CHD events
inchided subject report, review of medical records, and death certificates. The designations
and dates of CHD onset used in this stady are as determined by a paned of three mvestigators
on the Framiogham Endpoint Review Conunittee, but could similarly be applied to other
CVDs.

Genome-wide DNA methylation data profiled using the Humina Infinium
HomanMethylationd 50 BeadChip arvay (San Diego, CA, USA) was svailable from 2,567
subjects who were phichotomized. Standard sample and probe level quality control were
performed as described in previous studies, which resulted in retaining 2,560 samples and
DNA methyvlation data frone 403,192 lodd (see, e.g., Dogan et al, 2018, Genes, 9:641; Pidsley
et al., 2013, BMC Genomivs, 14:1-10; Triche, 2014, FOb lnlintumMethyiation hg 19
Annotation package for Hlumina Infinium DNA methylation probes. Vol R package version
2.2, Davis ot al., 2018, Handle Humine methylation data, Vol R package version 222.0;
and Dogan et al,, 2018, PLoS One, 13:c01905349), Genome-wide genotype data obtamed
using the Affvmetrix GeneChip HumanMapping SO0K array {Santa Clara, CA, USA} wag
available for 2400 of the remaining samples. Afler standard sample and probe level guality
coutrol procedures were performed in PLINK on the arvay data as described previoosty, the
total number of samples and SNPs remainiog were 2,295 and 472,822, respectively (Dogan
et al., 2008, Genes, %:641; Dogan ot al,, 2018, PL0OS One, 13:00190549; and Puwrcell el 8l

2007, Aoy I Hum. Genet,, 81:559-75). Based on the number of those diagnosed with CHD
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{cases) and those that were not disenosed with or did not have a CHD event within four vears
K R

of examination {controls), the total number of subjocts was 2,111, The demographics and

conventional tisk factors of these individuals are sumnmarized w Table 1.

Table 1. Summary of demographics and conventional CHD risk factors for the individuals in

the Framingham Heart Study Offspring cohort

FHS Trainiag (o= 1383)

FHS Test {n = 528)

No CHD CHD No CHD CHD
Gender (vount)
Females 813 & 26
Maes S88 R 4t
Age{yesrsy
Fomales #5.8 R0 732 88 66 0 8.4 e+ 8
Males £4.9 §.7 0.0 7.9 &4 8 R i3} i i
Total chalesterol (mg/dh)
Ponues Y6 &3S0 1716 2006 T B & S SR X))
Mades (79,4 RS 1 176.8 YR Ly 244
HIDL: cholesterol (my/dl)
Females f4.8 wE 800 188 66.) 192 8% 128
Matles SO5 & 139 4354 114 399 ME 480 s 1L
HbAde (%)
Fopraeles 27 S XS 6.1 Ay 5.6 .4 LR I (AN
Males 5.3 .7 6.0 0.8 a9 .5 6.4} R Y
SBP (b
Females Vig 16.7 JESRY 184 $32.1 188
Males 67 183 12384 165 1330 & 194
DBP (amiig)
Penios e B A 692 19 136 W2 §8 120
Males S s 13 [ 103 750 14 T3 134
HDI: high-density Hipoprotein, HbAlc: Homoglobin Ale, SBP: systolic blood pressure,
DBP: dinstolic blood pressure.
Example 3-—Intermountain Healthcare Cobiort

The first independent validation cohort consisted of 252 subjects from the

Intermountain Healtheare (IM) Heart fnstitute INSPIRE registry who underwent coronary

angiography. & CHI case subiect was defined as an adult >18 vears old whom did not have

a history of CHD or myocardial infarction {MI) prior to the index coronary anglogram but

/

had 2 clinical diagoosis of CHD (70% stenosis) on angiography. A controf subject was

el
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defined as an adolt > 18 years old whom did not have a history of CHD or myocardial
infarction {MI) prior to the index coronary angiegram, had no clinical diagnosis of CHD
{=<50% stenosis) at the index coropary angiography and no clinical diagnosis of CHB (>70%%
stenosis) on anglography, M, revascularization, or death due to CHID within four vears of

index coronary angiography.

The demographics of these individuals are sunsmarized m Table 2.

Table 2. Swnmary of demographics
for the Intermountain Healthcare validation seis

CHDP cases (0=127) | CHD controls {(5=125)
Sex: male {count) 9 58
Sex: female {count) 6y &7
Age (years) 660+ 142 633 %153

Genome-wide DNA methylation and genctic assessments for each of these 253
subjects were conducted by the Universsity of Minnesota Genome Center using the HHumina
Infinium MethylationEpic Beadchip array and the IHumina Infinium Multi-Ethnic Global
BeadChip array (San Diego, UA, USA), respectively. These data were then subjected to the

same quality control procedure described above for the FHS samples.

Example 4—lowa Cohort

The second independent validation cohort consisted of 167 subjects, The
demographics are showy in Table 3. The presence or absence of a clinical diagnosts of CHD

was through medical records.

Table 3. Summary of demographics for the Towa validation set

CHD cases (n=97%) | CHID controls {n=47)
Sex: male {count 37 16
Sex: female {count} 21 31
Age (years) 64,7+ 13.0 48,6 £ 11.0

o}
2%}



WO 2024/206958 PCT/US2024/022419

Exanwle S——Integrated Genctic-Epigenctic Coronary Hoant Discase Risk Prediction Model

Because one of the aims of this study I8 to translate array-based methylation loct to

clinically implemeniable digital PCR (dPCR} assays, which bas fixed constraints on

s

precision, prior to performing data mining excluosively using data from the FHS training sel,
the methyiation vartables were reduced to include loci based on delfa beta (AP} (absolute
difference between case and controls). All methylation loct beta values were converted into
Mevalues and subsequently scaled to have zero mean and unit vartance.

All data mining, featore selection, model development and model tuning were
10 performed exclusively on the FIHS training set. Owr data mining approach has been outlined
i previous publications {Dogan et gl 2018, Geones, 9:641; Dogan ct al,, 2018, PLoS Qne,
13:00190549). Al analyses were performed @ Python. Briefly, an andersampling-based
approach was implemented to account for the high class imbatance and coupled to an

ensernble of machine learming slgorithms that incorporated cross-validation 1o uncover non-

W

tinear methylation-SNP interactions and highly predictive biosignatures in the FHS training
set {Han et sl., 2011, Date Mining: Conceprs and Techrigues, Elsevier). As g rosult, a marker
set was selected consisting of six DNA methylation loct and ten SNPs that had the best
combined performance with respect to area under the recetver operating characteristic curve
{AUC), sensitivity and specificity. The ensemble model consisting of these 16 biomarkers

20 underwent hyperparameter tuning and was finalized for testing,

Example ¢—Survival Analvsis and Prognostic Scores

Using data from the FHS, a Kaplan-Meter survival curve and Cox Proportional
Haxzards can be hitted to display CHD as a function of risk group (high vs. low) as predicted
25 by the imegrated genctic-epigenctic madel, The y-axis represems the probability of not
having CHD. The 95% confidence interval {CI for each of the distribution was caleulated

and the distributions of the high and low nisk groups were compared using the log-rank test,

30 The climcal and demographic characieristics of the FHS, IM and lowa coborts are

outlined in Tables [, 2, and 3, respectively. Al of the subjeets from the FHE cohort were of

)
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European ancestry, but non-Furopean ancestry was represented in the IM and Towa cohorts.

The most notable difference was with respect to gendering, Compared to the FHS and IM

cohorts, the CHD controls {those not diagnosed with CHDY were younger in the fowa eohort.

Example S—Integrated Genetic-Epieenctic Corvonary Heart Discase Risk Prediction Modgl

Using integrated genome-wide SNP and methylation data from the traintng sets, a
CHD prediction model was built to sdentify those that have CHD, All sabjects had genetic
(SNPs) and epigenetic {DNA methylation) molecular data. Al data mining, variable
selection, and mode! development work were performed on the FHS training set. The data
from the FHS test set, and 1M and lowa independent external validation sets were used to
validate the performance of the final model developed ssing the FHS taining set. Using the
data from the FHS traming set, machine learning (o subset of artificial imtelligence)
procedures were used to develop a model for the detection of CHD. The final model was
built using data from ten SNPs and six DNA wethylation loct, for a total of 16 hiomarkers.
The performance of that model was then tuned and npon finalization, way indepondently
exanuned in the FHS tost and IM and lows independent extornal validation seis to better
understand the generalizahility of this blomarker panel.

This final ensemble model consisted of a total of 16 biomarkers, six of whicl were
DNA methylation blomarkers and the remaining ten were SNPs. The six methylation loci are
cg(4O88978 (3 prometer region of MPO), eg21161138 (gene body of AHRR), cul2655112
{gene body of EHD4), cgh3725309 (body of SARSI), cgl2386707 (37 intergenic region of
CXCL1), and gl 7901584 {gene body of DRCR24), while the ton SNPs wre 152869675 (gene
body of PREX1), rs4376434 (intergenic region near LINCO0972), rs12129789 (gene body of
KOND3), rs7385056 Gntergenic region near TMEMIR), 1710987 {gene body of
LINCO10019), rs2639796 {gene body of ZBTB41), rs133304% (37 intergenic region of
COKN2BY, 112714414 (intergenic region near TMEM I8}, 16942317 (gene body of KTNT-
ASTY, and rs144 1433 (gene body of PPPICAL

The overall and sex~-specific performances of this model for the detection of CHD
across all three coborts are shown in Table 4. As expected, Precision{CHD had the best
performance in the FHS training data sel which was used to develop the model. More

importantly, PrecisionCHD demonstrated robust generalizability. It had 75% or better

el
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sensitivity across all cohorts, with the highest validation sensitivity and specificity being 88%
and 77% in the external Iowa validation cobort, Across the three sets (.o, FHS test, IM and
Towa) not used iy the training of the model, overall, the model performed with an average
AULC, sensitivity and specificity of 81%, 80% and 75%, respectively. A 80% sensitivity {true
positive rate) indicates that, of 100 individuals with CHD, 80 are identified correctly by
PrecistonCHED. Simiarly, a 75% specificity (rue negative rate) indicates that, of 100 withowt
CHD, 75 are wdentified correctly, Similarly, the average sensitivity and specificity for men
were 81% and 73%, respectively. For women, the average sensitivify and spectficity were
76% and 75%, respectivelyv. Overall, the model performed similarly for both men and women

and across cohorts, indicating minimatl 1o no gender bias and robust generalizability.

Table 4. Performance of PrecisionCHI ™ g the Framingham Heart Study, Intermountain
Healthcare and Iowa cohorls,

Dataset | AUC | Sensitivity | Specificity
FHS Test

Owverall | 0.82 .77 6.75

Male (.81 .75 6.73

Female | 083 {78 .77
M Validation

Qverall | 0.73 0.75 871

Male Q.75 .76 0.70

Female | 0.72 0.74 1 070
forwa Vahdation

Overall | 0.86 (.88 0.77

Male 0.83 (.92 .75

Female | 0.82 Q.76 0.77

AU area under the recetver operating charactetistic curve
FHS: Framinghara Heart Study cohort

IM: Intermountain Healtheare cohort

Towa: Fowa cohort

Sensitivity: true positive rate; Spectficiiv: true pegative rate

Example 9—Additional Dala

Appendix A shows g list of CpGs whose methylation is gssoctated with CVD.
Appendix B shows g st of genes whose methylation is associated with CVD. Appendix C

shows a list of SNPs assoctated with CVDL The numerical values provided in Appendix A, B,

)
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and C are the mean of 10-fold cross validation scores, AUC ROC {Area Under The Receiver
Operating Characteristic Carve), sensitivity and speeificity, which were computed by logistic

regression. Sensitivity is the roe positive rate and specificity is the true negative rate.

Example 10—PrecisionCHD

PrecistonCHID 18 8 quantitative test 1o aid o the carly detection of coronary heart
disease (CHIY) See Table S, This non-invasive fest evaluates ten single nucleotide
polymorphisms (SNPs) and six DNA methylation markers in genomic DNA isolated from
human peripheral whole blood. Coronary heart disease results from heritable (genetic) and
acquired, potentially modifiable lifesiyle and environmental {epigenetic} factors. The
PrecisionCHD carly detection test measures certain complex gonetic and epigenetic
relationships associated with CHD and uses 8 machine learning model to predict CHD status.

The PrecisionCHD test is mitially intended for adults between the ages of 35-80
presenting o be evaluated for coronary heart discase. The resolis of this lest are intended to
he interpreted by a healtheare provider in conjunction with 8 comprchensive medical

evaluation. This test is not indicated for stand-alone voronary heart discase diagnostic

purposes and is pot intended 10 replace a bealtheare professional's diagnosis and treatment of

coronary heart disease,

Table 5. Summary of PrecisionCHD

Clinical purpose of the test Detection of coronary heart discase

Target drug(s), if applicable None

Target condition Coronary heart discase

The population for which the Adulis between the ages of 35-80 presenting to be
test is intended evaluated for coronary heart disease

Test class Cardiovascular disease

Test fype gPCR and digital PCR

Analyte being measured DNA

Type of specimen(s) acceptable | Whole blood
for testing

Output of test resulis for Quantitative (CHD signal detected/not detected)

chinicat decision making Actionable Clinical Intelligence platform mapping
biomarkers to key deivers of CHD

Board-certitied specialist No

needed for test result
interpretation?
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As described herein, PrecisionCHD evaluates a total of 16 biomarkers, including ten
SNP genotypes and six DNA methylation biomarkers, The PrecisionCHD test uses standard

Tagman assavs to profile genotvpes and proprictary methylation sensitive digital PCR assays

3 to profile DNA methylation markers. The biomarkers captured by PrecisionCHD map to
several complex pathways associated with the biology and pathogenesis of CHD such as
serine metgbolism, cholesterol biosyuthesss, smoking snd inflamawition. Cardio Diagnosties'
Actionable Clinical Intelligence®™ (ACIT™) platform (see, for example, US Application No.
03/488.463, incorporated herein by reference) maps biomarker information to modifigble risk

10 factors for CHD to belp guide personalized interventions.
Example —PrecisionCHD Workflow
Undergoing testing with PrecisionCHIY is simple, fast, and convenient, The stops
ichade:
15 1. Eligibility criteria
a 35-80 vears old
b Presenting to be evaluated for coronary heart disease
i, Exclugiom: patients that have ondergone a bone marrow transplant are not
cligible
20 2. Sample collection:
a. Option 1 at-home lancet-based sample colleetion kit mailed directly to the
patient upon receiving test order from a cliniclan.
B, Qption 2: blood draw in provider setting,
¢. Option 3: blood draw i a pon-provider setting soch as a mobile clinie,
25 community center, phichotony conter.
3. Sample processed at high-conmplexity CLIA kab 1o profile genotype and
methylation biomarkers,
4. Analytics of biomarkers are performed and a clinical report is generated and
shared with the ordering clinician,
30 3. Clindcians will also receive a fogin to the Actionable Clinical Intelhigence

patform (see, for example, US Application No. 63/488,463, incorporated herein

-3
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by reference) with supplementary mapping of molecular information to
modifiable risk factors associated with the patient’s status.
6. Clindcian’s discusy results with patient and prevention/snanagement plan is

outlined. FIG. 4 outlives several potential action items that can be implemented

s

based on a positive CHD signal using the PrecisionCHI test,

Example 12-Tatloving Interventions

The methods deseribed herein can assist in selecting andfor customizing an
appropriate mtervention, The effectivencss of an intervention such as lifostyle or
10 pharmaceuntical can be evaluated by administering the test before and after said intervention
o quantify changes, if any, in the status or nisk © inform other future interventions. This
process can be repeated to identify optimal interventions for the individoal patient. Therefore,
the methods described herein can aid i mansging the interventions for an individual pationt

and then subsequently mouitonng the paticat to evaluate the efficacy of such inferventions.

W

Example 1 3-—PrecisionCHD-Epi for Assessing Moraldy Risk in Those with Coronary Headd

Dhsease
PrecisionCHD™ is a powerful integrated genetic-epigenetic diagnostic tool for
detecting the presence of coronary beart disease ({UHD) 11 clinical populations or for Hife

genefics-fre version, PrecistonCHD-Epi, is a

o

20 insurance post-issue health inftiatives, lis
sensitive screcning tool for use by life insarance carriers to sereen individuals for the
presence of CHD during the underwriting phase. However, 1 CHD presence has alveady
been established for an ndividual, we performed experiments 1o defermine i PrecisionCHD-
Ept cam help further stratify the severity of CHIDY ag it relates fo mortality risk.

25 This 18 an important question for Hife insurers, as stratifying montal risk in those
already disgnosed with CHD s one of the highest risk endeavors for medical underwriters.
Secking w put these assessments on a firm medical basts, in an influential anticle published
tywenty years ago, Dr. Anthoay Mileno reviewed the extant literatare and recorumended using
CHD class angd left ventricular function as the inchpins of the mortal risk assessment

kit (Milano, 2000, J. nsur, Med. New York, 32(3):167-85). Since that time, other markers of

CHD mortality, such as N-ternvinal Pro Brain Natriwretic Protein (NT-ProBNP), have been

el
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added to the underwriting armamentariom to aid prediction (Bibbins-Domingo et ], 2007,
JAMA, 297(2):169-76), Still, prediction of mortality in those with CHD is still not optimal.
In 2009, Sijbrands and colleagues used the underwriting procedures of Nationale-
Nedertanden to assess mortal risk in 62,334 Dutch male insurance applicants, ineluding
3,963 subjects with current cardiovascular discase (CVI (Sgbrands et al,, 2009, PloS Qne,
4(31254357). Despite the complete availability of medical information, and the clear
relationship between CVIY and mortal risk, Sibrands concluded that “decedents could not
have been identified individeally by the medical evaluation employed.”

PrecisionCHD-Ept may be able change this dyvnamie and help underwriders stratify
mortal risk from CHD. PrecisionCHD-Epi uses the same six methylation sensitive digital
PCR assays that power PrecistonCHD™ o sensitively soreen for the molecular signature of
CHD. luherent in this approach is the understanding that not all forms of CHID are alike, and
that Both the treatment and prognoses of pationts determiined to have CHD will differ,

{n order to demonstrate that point and show the power of this technology o predict
CHD severity, we analyzed the clinical and epigenctic dats from 244 subjects i the
Framingham Heart Study (FHS) who were dingnosed by the FHS Endpomt Comnuttec as
having CHD at Wave 8 of the FHS Offspring Cobort Study (Cupples et al, {988, “The
Framingham Heart Study, Section 35, An Epidemiological Investigation of Cardiovascolar
Discase Survival following Cardiovascular Events: 30 Year Follow-up.” Lung and Blood
Institute). Table 6 delineates the characteristics of the subjects. Underscoring the lack of
recognition of CHD 1 women by current methods, two-thirds of those diagnosed with CHD
were male, The rate of self-reported smoking was higher in the males, but low overall, The
values for other parameters such as blood pressure and hpad values, were clinically

unremarkable.

Table 6. Chnical and Demographie Characteristics

Male Female
N 164 &0
N Died in Follow Up | 48 {29%) | 23 {29%%)
“Age 70+ 8 739
Smiokers 18 (11%5 1 3 {4%)
HbA e (%) 60409161209
Total Chol (mgfdly 1504321174+ 36
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HDL Chel (mg/dh) 43+ 11
Trighveerides {meidh | |
Systolic BP {mm Hg) | 127+ 35
Dhastolic BP imm He) | 69 €12 | 69 & 11

L
o
e Lt

3

iyl
4

bocy
b
pe 4
Uy P
Tad |

Table 7 shows the non-digitally transformed methylation values for each of the six
Cpr sites iargeted by the MSAPCR battery. Males had significantly lower methylation valoes

at cgl2655112 and cgl2386707, with demethylation at each site being associated with CHD

Ly

status.

Table 7. MSdPCR DNA Methylation Values of PrecisionCHD-Ep:t Sties by Gender

Male Fernale
IQ 1 ‘) (} )

ceO498897R8
cu2 1161138

g} Q{)ii&l 43.5 % 6.0%
* <t 005, % 0

14 We then examined the relationship of the methylation markers to survival. A toal of
71 FHS subjects (48 males and 23 females) with CHD were observed as dying in the follow
up period, Using their survival times and standard proportional hazards modeling, we
analyzed the relationship between methylation valoes at the six sites to survival using step-
wise regression. A simple proportional hazards model constructed using all six MSJPCR

markers predicted survival (p<0.006). Neither the addition of age, sex or any of the

.
n

{raditional prodictors (lipids, HbAlc and BPY given in Table | mproved prediction. Stepwise
removal of non-significant markers resulted 1wa model of three markers, cgO49REGTE,

cg2 1101138 and cgl 20551 12, that predicted survival Chi square of p-value of p<Q.002 with
togWorth values (~log of the p-value) of 2.00, 1.74 and 3.07, respectively.

28 Vigualtzing the effect of markers inside an interactive multivariate model of survival
can he challenging. An alterpative, vet less powerfud method of understanding the
refationship of methylation to survival can be had by simply plotting the relationship of
whether or not the subject died during follow-up to methylation. FIGs. 54, 3B and 5C
iHustrate this relatonship for each of the three markers to mortal status, Overall, those in the
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fower two dectles of co04988978 methylation were four times (2R of 38 ve 7 of 50} nuwe
likely to die during the follow-up period than those in the two highest deciles. Stmilar, vet
less powerful, effects were observed for methylation ot cg 126551 2 and cg2 1161138,
Conversely, among those who died, there was no significant velationship between
cgU49RRO7E and days survived using bivariate analyses as shown in FIG. 6A. However, for
both cgl2633112 and cg2 1161138, there were strong significant relationships between days
survived and methylation statns using bivariate analysis as shown i FIGs. 68 and 6C. Taken
together, these suggest a strong. yet complex relationship between methylation markers inthe
PrecisionCHD-Epi test and survival,

insummary, using etther PrecisionCHD or PrecisionCHD-Epi, we can now provide

survival estimates for those at risk of developing CHD or those detormined o have CHD,

[t is to be undarstood that, while the methods and compositions of matter have been
described herein in comgunction with a number of different aspects, the foregoing description
of the various aspects 18 Jatended to tlusteate and not Hmit the scope of the methods and
compastiions of matter, Other aspects, advantages, and modifications are within the scope of
the following clatms.

Disclosed are methods and compositions that can be used for, can be used n
conjunction with, can be used in preparation for, or are products of the disclosed methods and
compasitions, These and other materials are disclosed herein, and it is understood that
combinations, subsets, intoractions, groups, ote. of these methods and compositions are
disclosed. That is, while specific reference 1o each various individual and collective
combinations and permutations of these compositions and methods may not be explicitly
disclosed, each is specifically contemplated and described herein. For example, if a particular
composition of matter or a particalar method is disclosed and discussed and a number of
compositions or methods are discussed, each and every combination and permutation of the
compositions and the methods are specifically contemplated unless specifically indicated to
the contrary. Likewise, any subset or combination of these is also specifically contemplated

and disclosed.



WO 2024/206958

ILVINID

€g00001793
<g00008819
€g00010046
©g00025211
¢g00028918
€g00031063
€g00033551
€g00061769
€g00065905
¢g00095214
¢g00097968
©g00101940
¢g00115639
€g00134843
cg00142624
€g00144180
€g00153306
¢g00154557
€g00156744
©g00159908
¢g00166770
€g00170056
cg00179423
€g00208412
€g00208734
cg00214171
€g00236005
©g00237876
¢g00252529
€g00288562
cg00316485
¢g00359325
€g00380464
cg00393373
€g00407659
©g00431050
cg00435173
€g00448875
cg00466121
¢g00473025
€g00473112
¢g0476037
€g00483459
©g00484466
¢g00510087
€g00512454
¢g00518190
¢g00533827
€g00533923
¢g00560284
€g00563932
©g00565090
¢g00574958
£g00586383
<g00590670
¢g00591471
€g00591980
¢cg00594011
€g00602811
©g00603498
€g00614832
€g00652657

mean_cv_auc
0.664266667
0.662035333
0.574812
0.659517667
0.546906333
0.701268
0.532168333
0.744212667
0.654327
0.655042333
0.688241667
0.658726667
0.663448
0.735808
0.572734667
0.6852
0.680946333
0.684007333
0.716290667
0.677435
0.725227333
0.712588333
0.722900667
0.727830333
0.654258
0.657861
0.653515667
0.658566333
0.67255
0.727087667
0.657380667
0.627344
0.65714
0.554108667
0.689478333
0.669346
0.656127333
0.704313333
0.542917
0.734321
0.536281
0.525463
0.658077
.697186
0.697745667
0.676141333
0.661113667
0.664082
0.748656
0.674245
0.654483667
0.664433667
0.550894333
0.675810333
.551153333
0.653346
0.621911
0.726578333
0.680070333
0.747844
0.723142333
0.659309

GENE

ETVE
Clorfas
MGC23284
NUDT17

MFAP2
MGRN1
YY1AP1

Clorf122
RPTN

PGS1
FBXO21

TMIE

STK10
LRRC27
C200rf43
ZNF527
VPS28
GOLGA7B
SOHLH2
RECQLS
ZNF365
CD300LG
ARHGAP10
TRA2A
ZNF423
Usp4
LTv1
ZNF5188B
ANXAS
ELOVL3
RABSC
RAB6B
ZNHiT6
RBM1S
RNH1
TGFA
ALS2CL
ABLIM2

CPNES
1ICMT

RWDD1
SPATS2
PTGDS
SNORD23
CPT1A

IGFBPS
DPRX
PCMT1
DKK2
Z2EB2
RPAIN
ZFHX3
EBF3

CHR MAPINFO

12
4
16
1
5
1
16
1

16
17
17
12

10
20
13
8

10
13
17
10
17

17
16
10

11505390
3257791
88723480
145588627
159200479
17303752
4738568
155658843

38272200
152126975
85479301
54701692
76374495
117627897

46741492
116763525
171615663
134184627
55043239
37861986
145653749
99605481
36788843
73642991
64279749
41524043
148730174
23571645
49789549
49377419
144164650
10456597
150538414
103985730
40284046
133611626
86174151
114276037
507177
70781307
46735782
8071202

36709214
6294768
86163827
116892543
49783222
139871049
48258258
68607622
75528194
217559207
54135265
150071069
107956556
145278564
5322775
73092394
131761587

Appendix A

cg13794530
:cg13796381

:cg13814708
:€g13827209

icg13842237
cg13846507

cg13854219
:cg13865502

 cg13919607
cg13924514

¢g14041100
:€g14051842

cg14105458
icg14123992

:cg14209920
:cg14217074

:cg14284211
icg14329889

:cgl4341254
€g14397361

¢g14455590
€g14476101

:cg14488957
cgl4507132
icg14537800
 cg14545834
:cg14580211

82

mean_cv_auc
0.658735
0.662511667
0.709667
0.679134333
0.515129333
0.736352333
0.524480333
0.738642
0.692538333
0.729995
0.662283
0.660517
0.585623
0.57419%667
0.655835333
0.667552333
0.659286667
0.577879333
0.658971667
0.546672667
0.663278667
0.751614
0.739967
0.699456667
0.684098
0.657456
0.679849
0.739653
0.549625333
0.655153333
0.680633667
0.564024
0.740458667
0.723408333
0.659689
0.518165
0.535767667
0.655501
0.701543667
0.690513333
0.734743667
0.6840995667
0.656581667
(.706886667
0.578993
0.658186
0.656254
0.662941667
0.684235333
0.748509
0.658714
0.663751
0.66480¢
0.674094667
0.673186
0.584862
0.671380333
0.538727333
0.723898667
0.717764333
0.686191333
0.660395667

PCT/US2024/022419
GENE CHR MAPINFC
RAPGEF1 9 134609065

9 140340778
VIPR2 7 158937494
PTGDS 9 139872395
DTYMK 2 242626324
ZCCHC24 10 81144099
TGFBR1 9 101912842
MUTYH 1 45805875
21 47064079
ST6GALNACA 9 130679184
ABL1 9 133755967
1 101757037
NRARP 9 140196251
NOTCH1 9 139399348
NKX2-4 20 21376337
9 140199209
ZNF174 16 3451181
8 142070760
1 48175246
MAD1L1 7 1930337
ATL2 2 38604442
ZNF143 11 9482594
CHD7 3 61591539
LOC100270746 6 26588187
C200rf114 20 31870206
HiP1 7 75164724
CLK1 2 201729414
ABCA2 g 139917436
APOE 19 45407868
SECISBP2 9 91937674
S5GK3 3 67625464
MAPKAPK2 1 206858799
SSB 2 170655474
13 40796151
MGC45800 4 183063397
NFIX 19 13137642
3 187528979
3 16641735
CTsL1 9 90341158
9 130681102
6 1384591
RINZ 11 66104018
ANGPTL2 9 129884313
FKBPS5 <] 35570224
14 104696094
RAP2A 13 98086635
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22 50010191
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cg01287833  0.676933333  CCHCR1 6 31113026 0.66066
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cg05596135  0.673461667  TXNL4B 16 72128010 g21108767  0.752357667 PILRB 7 99933721
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cg05636175  0.654730667 521158633  0.678202
cg05648472  0.657522 PRDM11 11 45232364 cg21160472  0.743466 ATF3 1 212782112
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€g05950943  0.668855667  NTN3 16 2520971 cg21279955  0.65384 SLC27A3 1 153747551
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INF652 17 47394423
2 42326070
iLI8RAP 2 103033753
SGTB 5 65017546
NDN 15 23931011
P2RY2 11 72928926
LPPR3 19 815090
DHX34 19 47852455
EMB 5 49737336
16 11480327
EPHAS 1 22904862
11 74809555
SOX18 20 62681428
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10726394
€g10775230
cg10781828
¢g10789151
€g10798225
cg10800833
10802414
cg10845147
10849092
cg10859726
cg10897459
¢g10902738
€g10935662
cg10950593
810961055
cg10967866
cg11011533
cg11016194
cg11024682
11053496
cg11059760
¢g11067964
11075509
cg11128285
cg11145461
€g11162385
cg11171811
11173422
€g11183227
¢g11199399
cg11220565
cg11220663
11229390
cg11231349
cg11252792
11287851
€g11289281
cg11295113
cg11296937
€g11299854
cg11330104
cg11365360
cg11368628
¢gl11372422
cg11385013
cg11416290
11429664
cg11431585
cg11433608
cg11470337
cg11474864
11488020
cg11517309
cg11521799
11532863
cg11546251
cg11572675
€g11575912
cg11597157
¢g11601336
cg11615347
cg11631871
cg11652982

0.735154667
0.712761
0.668506
0.681289667
0.658688667
0.672697
0.696133
0.696850333
0.714742333
0.553908
0.663511333
0.65343
0.510632333
0.679721667
0.692728333
0.570512
0.666495333
0.61349
0.572190667
0.624982
0.673924667
0.658618667
0.656410333
0.705737333
0.665959
0.746846333
0.523810333
0.675175
0.530767667
0.589542667
0.675875
0.744717333
0.722853
0.656633
0.521789333
0.735725333
0.579344
0.675821
0.735126667
0.639941
0.717784333
0.655031667
0.705864667
0.692076667
0.714366
0.655369333
0.729802667
0.703777333
0.669285333
0.656656
0.5877
0.699991
0.653408333
0.521395667
0.733687667
0.678851
0.735643
0.742418333
0.654989333
0.664100333
0.661998333
0.717051
0.675385667

ARID1B
TMIE

EDEM2
PTDSS2
HOPX
HCN3

CYTH3
ARL3
INPPSA

SREBF1
TXNDC16
SF3B2

PMF1
C21orf15
CSRP1
NANP
LT8P3

MAN2A2
LTBP1

ADD2
PPT2

MCAM
GLYR1
FOLR2
PRDX5
CCNi2
ZNF808
EPHB3
SYT8
UGT8

20
11

15
21

10
10

17
14
11

21

20
11

15

20

3
11
16
11
11
5
19
3
11
4

LOC729991-M 19

BLM
RLN3
BSD1
NPC1L1

KIAA1688
REEP1
SNRPB

ZNF552

NRTN
KiF7
HOMER3
ENPP7
UBTD2

4
15
19
17
7
18
8
2
20

18
2

13
15
19
17
5

10

157098467
46742491

33735143
448822
57521657
155252776
172149624
40574697
15383750
73237042

72307754
6212775
104473654
134362164

42501599
17730094
53018545
65836288
36584112
156182236
15221404
201475451
25604740
65326725
41832478
91455407
33172442
47934802
70994863
32122082

125832053
119187772
4857921
71927938
64084966
132083184
53030705
184279509
1856183
115519985
19256748
111532410
91260578
14138834
19246574
44579271
60263588
145813981
86565390
2451663

58322078
86155952
5828299
90171643
19053012
77710631
171710573
773101
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cg26873439
:g26874229

:Cg26504702
:Cg26337868

126963277
€g26972881

€g26992566
:cg26996201

 cg27101899
cg27118809

€g27215475
:Cg27241845

 cg27289478
icg27353073

:cg27527993
:cg27537125

:g27586255
icg27586682

:Cg27624327
827629977

cg08422803
cg14010194

cg07553761
:cg09809672
cg10281002
cg15724772
:cg11919692
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0.662309667
0.658473
0.677945667
0.725836333
0.576364
0.681005333
0.681010333
0.660876667
0.663163
0.606624
0.692600333
0.654794
0.5579958333
0.740884333
0.668028667
0.717788667
0.682432667
0.637931
0.665305
0.620513667
0.674467
0.672623
0.664187667
0.660742
0.712552
0.665406333
0.515899333
0.669644667
0.656214
0.676576
0.662968333
0.559126333
0.658824667
0.693418
0.655551
0.692903
0.661452
0.656147
0.671044667
0.515544333
0.688505
0.719915
0.7065858667
0.660364333
0.692291667
0.620984
0.691324333
0.693855
0.748981333
0.668204667
0.662136667
0.672785333
0.657394
0.712784667
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BAIAP2 17 79010968
ALOXSAP 13 31326405
PTPN1 20 49126821

2 105853672
DuUsSP27 1 167091094
SLC27A3 1 153746899
1 26202601
FHOD1 16 67264367
KCNQ10T1 11 2722407
4 161403006
MICA 6 31371465
COX4NB 16 85814166
PAK1 11 77122864
C170rf95 17 74721842
SP4 7 21467723
REXO1L2P 8 86568090
ADRB2 5 148206096
17 19368130
T7C38 22 46663560
2 149891051
VASH2 1 213125950
iFT122 3 129160612
SDK1 7 4146971
2 233250370
HAL 12 96383588
RBPMS 8 30407398
Wiz 19 15550742
RNF4 4 2470262
PRKRIR 11 76092311
NR2F6 19 17356182
SPIRE2 16 89904261
6 13872211
APOLD1 12 12940610
ZNF542 19 56879645
DOPEY2 21 37615000
15 74417266
1 25349681
UNC13A 19 17797533
CYTH1 17 76719612
PIK3CD 1 9778887
22 23802502
CSNK1G2 19 1947960
PDIK1L 1 26437624
ALOX12B 17 7982806
SLC9A3 5 510254
CTNNA2 2 80531633
22 42686055
11 58420680
ATAD2 8 124408845
MiR138-1
ITGB2
GUCA1B
ZNF438
TRIMS9
EDARADD
T8XS5
ACOT7
intergenic
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€g11653466
€g11656992
cg11663289
¢g11690666
cg11716578
cg11725182
cg11738208
€g11744351
€gl1754670
€g11762703
cgl1784742
c¢gl1797364
¢€g11817978
€g11823253
€g11828669
cg11832281
€g11853000
€g11858249
€gl1872478
cgl1877270
g11891330
€g11908057
€g11955541
cg11967952
cgl1973777
€g12041266
€g12045237
cg12054648
€g12058781
€g12062133
€g12071328
€g12078092
¢g12100751
€g12100956
cg12121166
€g12133425
€g12137450
cgl2160011
€g12170787
€g12191232
¢g12215045
€g12250496
€g122533859
€g12275289
cg12285326
cg12333668
€g12394201
€g12394289
¢g12396368
€g12412575
€g12419482
€g12425673
€g12426870
¢cg12510708
€g12516875
€g12552944
€g12582330
€g12585429
cg12586707
€g12614667
€g12646649
cg12662929
€g12673559

0.533732

0.732997667
0.681868333
0.686267667
0.681331667
0.717616333
0.689229333
0.749650333
0.659329333
0.654089667
0.676494

0.695271333
0.587855

0.655749667
0.647391333
0.660070667
0.709767

0.719266

0.709876667
0.747541667
0.552503333
0.561217

0.595814333
0.661349

0.742479333
0.662843667
0.703638

0.659214667
0.720711667
0.662930333
0.720498

0.663507

0.747304667
0.677049333
0.661656333
0.736506667
0.656317667
0.627164667
0.595774

0.675945

0.742150333
0.663828333
0.699849333
0.702389

0.669095667
0.672595333
0.659140333
0.700217

0.674961667
0.675335667
0.665741333
0.634369

0.693262333
0.657501667
0.692940667
0.704428333
0.680491667
0.727914333
0.729587667
0.676779

0.654388667
0.589776

0.669808667

C8orf86
P4HB
PPMIL
NARF

NPHP4
ZFPM2
UBL3
TOR1AIP1
RPTOR
SNCG

C150rf39
VASH2
ZBTB1
CUGBP2
ZNF763
HSF2BP

SPRED2
WHSC2
HOXA4
PDEADIP
TXNDC12

ARRB1
TREML2
PPP2R1A
GBP4

NELLL
ACOX3
Ctorf59
GAA

ZNF496

REV3L
SBNO2
KiF19
LDOCILL

CYpP2C9
TUBB
APLP1
CCDbC43

ERMT2
ICMT
AKAP13
P2RY2
WNK1
NFE2L3

SNX8

GBP4
LBX1

INPPSA

[

10

10

38386235
79818741
160473298
80415469

5968678
106620533
30424153
179852195
78929938
88722338
436969
75494295
213154553
64971476
11211022
12075035
45079790
961396596
65658583
2010714
27171154
145040160
52498983
8244085
75050147
41169171
52692935
85663896
142548839
20650930
8378947
109203672
78086420
2376275
247494926

111804095
1130965
72345492
44834262
62066787
86748928
30691665
36365557
42768503
43942418
31856706
6294850
86167192
72933282
862975
59282482
26193805
46463543
2353682
2473224
45889252
74738802
89663868
102987257
160368823
134550772
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cg12206840
icg10650214

:cg03733470
:€g04725636

:€g24501073
€g02042026

€g02175213
:cg06084585

cg22146772
cg13064873

€g22871797
:Cg18598861

:cg24423782
:cg19227382

:cg07015775
:cg21018156

:cg24914185
:cg17651972

:cg10307212
€g06897548

¢g13980719
€g02491017

cg14216068
:cg20163085
508732950
cg07899076
:cg06639874

97

PCT/US2024/022419

TPKB
DNMT3A
intergenic
intergenic
LZTFL1
intergenic
SENPS
DNAICSB
PSMBY
ABTB2
ZBTB16
FOXM1;RHNO1
CPM
DLEUL
SERPINAL
intergenic
FBXO31
TOM1L2
intergenic
TMEM92
PSME4
FUTL
ADAMTS2
ZFAT
CYFIP1
iRF9
ZNF254
MPPEDL
TNXB
MiR182
CDH23
HPCALL
THBS1
MNX1-AS1
LOC339529
PRRG4
MIR5095
ANO1
ZNHITE
LINCO1312
RCAN3
SFTA3
STAMBPLL; ACTA2
8HLHE40
PLEK
KCTD12
FTCDNL1
NXPH4
Clorf198
TEC

TAB1
NEK6
LINC02245
RHEX
PLEK
TNP1
HOXC4
PKD2
HOXA3
APITD1
CBFA2T3
RNF216
MLPH
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¢g12679910
cg12686055
¢g12728240
cgl2731773
cg12766383
¢g12815987
€g12852151
<g12856965
€g12885832
€g12911791
¢g12923994
€g12928619
©g12929983
cg12933431
€g12955084
<cg13033858
¢g13072940
€g13077699
¢g13086606
€g13089335
<g13091456
¢g13119578
€g13139542
cg13175981
¢g13200739
€g13256546
cg13267368
€g13294594
cg13356370
€g13360866
€g13375457
cg13385114
¢g13390975
€g13393782
¢g13398782
¢g13406003
cg13418632
cgl13423282
€g13433446
cg13446584
€g13452386
€g13457700
cg13468174
€g13513498
©g13521124
¢g13559099
€g13575205
¢g13583088
cg13602484
<g13604008
¢g13605327
€g13606994
cg13629563
¢g13645530
£g13655563
cg13675015
cg13687834
€g13696351
€g13698125
€g13705391
©g13716829
cg13747275

0.530683333
0.660283667
0.699698
0.661010667
0.536616333
0.723687667
0.65583
0.653929333
0.553443
0.730838667
0.669911667
0.582454333
0.668539667
0.663007667
0.664034
0.657813667
0.658817667
0.705829333
0.660328
0.675373
0.653247
0.661291333
0.597091333
0.671737333
0.655142
0.696729
0.694689333
0.714969667
0.659344333
0.679716
0.668790333
0.686239667
0.744900333
0.669796
0.606771
0.744340667
0.678373667
0.748546667
0.745535333
0.669332
0.662195333
0.657593667
0.736113333
0.689687
0.681614333
0.556931
0.673090333
0.659874667
0.697691
0.685115667
0.733232
0.656173
0.716714
0.570002
0.675479333
0.6826591667
0.65761
0.712392667
0.670404
0.656172
0.623060333
0.702494667

MRPL38
ANO6
NAT8
TSPAN4
UBR4
GPR68

CROCC
SH283
CSHL1

WDR54
BMF
ATP10A
TMEMS1
SSH1
MON1A
ERLIN2
MiR548H4
POU2F1
TREH

MCL1
SHANK2
APOBEC3G
KLHDC2
MAST1
CiLp

RGL2
TMEM201
BRIX1
PRDM16
E2F2

AP3B2

SLC25A42

NUDT8
ASB13
ZNF584

TMEM151A

TMEM1798

C7orfS0

MIR642

GTF3C5

RUNX3

TTBK1

LRRC26

PRRT1

NRARP
BTBD2

17
12

11

14

12
17

19

73900713
45628262
73870294
846055
19403306
91719608
136547799
17284740
111843885
61988811

74648754
40399004
25959239
41886265
109248326
49967521
37593835
69452796
167203243
118550379
65196696
8242815
150552382
70805534
35472544
50234727
12949443
65504725
1135492
33263343
9656493
34915850
3099804
23857288
127535477
83332594
19174731
128170534
74024953
67398435
5708797
58919984
102170922
66064082
62554740
1039620
94360154
46177353
135906154
47057436

25256949
116756948
1132368
43217925
3514783
140063617

32118441
140196785
1992952
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cg09591524
icg16374343

:cg05575921
:€g23006040

:€g14491535
€g05228408

821566642
:cg01620164

cg12303981
cgl0455785

€g26955383
:Cg22454769

:cg25950235
209926486

:cg07600636
:cg19006008

:c214108840
:cg23697546

:€g05408649
€g21493516

¢g03146625
€g15648389

201683044
:cg06714180
cg10005224
 cg18843682
:cg26035702
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GDF6
MILCt
DiP2C
HOXA3
ABR
MRPS9
AHRR
LOC339975
SARS1
IAZF1
MTHFR
RSU1
ALPG
FIGN
RBSN
COL11A2
MX1
UBE2MP1
GMDS
HDAC11
GPCL
NEURCG2
VPS8
STK19
CALHM1
FHL2
BARX1
CBLN1
ASIC1
MIR9-3
FRMDS
PRMT8
SOX1
SLC9A3R2
COCH
LRRC74A
iRX2
CDC42BPB
RASSF10
F2RL3
F2RL3
F2RL3
F2RL3
HOXC4
HOXC4
HOXC4
HOXC4
HOXC4
HOXC4
HOXC4
HOXC4
HOXC4
HOXC4
HOXC4
HOXC4
HOXC4
HOXC4
HOXC4
HOXC4
HOXC4
HOXC4
HOXC4
HOXC4
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Appendix B
GENE GENE
ETV6E Cl4dorf72
Clorf44 IL17RE
MGC23284 MTMR3
NUDT17 MLLT1
MFAP2 MLPH
MGRN1 SGK1
YY1AP1 CHST11
Clorf122 TCF19
RPTN ANKRD11
PGS1 KRTAP12-1
FBXO21 SLC7A11
TMIE MATN1
STK10 ALKBH4
LRRC27 IQSECT
C200rf43 SLC12A8
ZNF527 ATM
VPS28 Cl7orf64
GOLGA7B C160rf87
SOHLH2 TBC1D1
RECQLS P2
ZNF365 EIF4A1
CD300LG BRD1
ARHGAP10 PRR15
TRA2A CTNNA2
ZNF423 HMX3
UspP4 FAU
LTvV1 HOXB2
ZNF5188B JUB
ANXAB FAR1
ELOVL3 CALHM3
RAB5C CREB3L1
RAB6GB CXCR1
ZNHIT6 TSC2
RBM19 KRT7
RNH1 KLF10
TGFA WRN
ALS2CL CENPA
ABLIM2 SMARCA4
CPNES CORO2B
ICMT LOC401052
RWDD1 ZBTB12
SPATS2 NDFIP1
PTGDS C4orf29
SNORD23 AFF3
CPT1A RECQL4
IGFBPS ANP32A

99
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DPRX
PCMT1
DKK2
ZEB2
RPAIN
ZFHX3
EBF3
MGMT
KIAA1543
ZNF48
BAHCC1
ZFP161
TCP11L2
PDE10A
RGS6
BDP1
PCIF1
RET
LOC728640
CORO1C
LOC728743
SLC7AS
NANOS3
CLK2P
MIR802
MIRLET7I
VWA3B
MAN1C1
SNRNP25
PRICKLE4
Clorf9
RCC2
DAZAP1
FAIM
BICD2
MARK2
REEP3
C10orf4
IL4R
HIF1A
ARID3A
LOC150381
CEBPE
DCK
ALAD
RRAD
KRBA1

PCT/US2024/022419

CYP3A43
KIAAD892
FAMO1Al
FCGBP
PINK1
RNF34
KCND3
RNF25
ARHGEF10

GLIPR1L2
SAP130
FASTKDS
Cl60rf59
MACROD1
GP1B8
NISCH
NTRK1
SERPINF1
LETMD1
MSH3
XYLT1
SNORD119
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Appendix B
CCHCR1 ACSL1
EVC2 ZNF598
VKORC1 RNF126
SLC1AS ABHD8
HES1 SLC25A18
C90rf93 FU40504
MAFA ZNF195
PPIL2 PSMDS8
RAB3B C220rf32
RNF220 PHF21B
PLEKHGS KIF13B
SFRS6 MMAB
BANP C3orf63
PRX CCND2
PRKCD DGAT1
UCK1 IGDCC3
FOXK2 TAX1BP1
ZNF84 CDK11B
HGS SYNGR2
ETVS SRD5A3
PHOX2A DLK1
SCLY C100rf137
FLYWCH?2 LRRFiP1
D2HGDH SLC22A18AS
PITPNM2 PRIC285
ABCC1 1GSF22
MACF1 TUBGCP3
CDC20 FITM2
C6orf136 MESDC1
CHFR ATXN7L2
TMEM190 UBE3A
SENP3 HOXB7
HAR1B ZNF180
KANK2 ZDBF2
TMEM184A BNIP3
C190rf12 TMEMS1
NFKBIZ Cl6orf57
PLEKHA2 STK19
CCT6A CRTC3
ADNP CDKL3
ECEL1 RHPN1
0OAZ1 AGAP1
ATP11A PRRT1
ECE2 PLEKHG3
TMEM131 NME3
RPS6KA1 ZNF295
AMDHD2 MTUS1

101



WO 2024/206958

Appendix B

PUF60

HOXA3 LMNB2
STAB1 _

CDC42BPB ? TBC1D2B
ZNF672

HIP1R AMPD2
PILRA

SLC25A10

SLC1A4 PAPSS1
ACVR1

FAMS59B MMP11
SNX21 LARP1
MPO TMEMS908
OBFC2B 5

AGA i CREB3L2
LOC100134229 MYO7B
S1PR5 RASSF3
VARS _ FLJ43663
LPAR3 :

CLEC38 ACOT11
ATADS

FBXL14 MRPL12
LOC441601 :

HRCT1 FAM125A
RHOT2 ANUBL1
H6PD

ZMIZ1 5 TMEM175
ZWINT ' C100rf47
RAB3D RASGRF1
ZNHIT2 TNFRSF10A
QRICH1 FNDC3A
ZNF592 B3GALT4
ONECUT2 KCNN4
SLC35E1 : CENPM
HSD17812

MAD1L1 é MIR145
MYHO MMP2
IL21R :

ATE1 : SMADS
FUT11 ZBTB9
ARMCS DNAIC11
TTBK1 § MYOM3
ACBD3

RPS21 LOC642006
SLC16A14 PYCR2
AMFR

SEMAG6B MUC6
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SLC29A4
MYO1F
RASA2
NCK1
SORCS2
CCNL2
CBLN1
ADCK1
CASP7
ZNHIT1
ZNF529
SLC27A1
DC

KIN
ZBTB46
Cl6orf13
SFMBT?2
PHB2
PUSL1
COLEC12

KIAAQ100
GGT5
ZC3H3
BHLHE23
P2RX5
TUB
PFDN2
GABRB1
DLEU2
PAIP2B
CMTM3
NHLRC4
RPIA
EIF2B4
LOC441046
DYNLRB2
PPP4C

DEPDC7?
C200rf117
TBC1D14
ABCG1
FOXi3
IGFBP6
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TTF1
WDR81
HMHA1
SELK
TRNAU1AP
DGCRY
CEP192
LMF1
PRPF6
PSMB11
THRA
CRISPLD1
Cl4orfd3
EPHX3
ECHDC2
C160rf80
PGM1
50Cs1 _ LOC647979
MIR548F5 :
MRPS7
ESD
MIR589
FAMBA1
GARS
OAT

IQCE RNASEH2B
ALPP
AP2B1
HS6ST1
DBP
TRIM15
SPTAN1
VAPA
RTN4RL2
ZIC5
KIAAO226
AP3M2
TYROBP
ClAO1
CHMP2B
FGFRL1
FAM76A
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rs12604935
rs12623218
rs1263173
rs12644
rs12654264

0.537832333
0.515020333
0.528212333
0.545657667
0.523720667
0.522882333
0.520693
0.542422333
0.516253333
0.510205
0.510636667
0.520381333
0.526877333
0.513882667
0.514642667
0.523815333
0.524310667
0.54078
0.513619
0.533172
0.510853333
0.514191667
0.511655333
0.512014333
0.519871333
0.515235667
0.525549667
0.527218
0.515194667
0.537228
0.51887
0.536845667
0.532512333
0.539839
0.519236667
0.514412667
0.517522333
0.513293
0.528918
0.511840333
0.519769667
0.517705667
0.546653667
0.518360667
0.513474
0.512336
0.517053

Appendix C

rs11664663
rs11675880
rs1168330

rs11687220
rs11690007
rs11700764
rs11713534
rs11714281
rs11734556
rs11737660
rs11752362
rs11757427
rs11763341
rs11770655
rs1177290

rs1177298

rs11852815
rs11876744
rs11877115
rs1187873

rs11915399
rs11917356
rs11938521
rs11966463
rs11988085
rs11997295
rs1201559

rs12026222
r$12029988
rs12085600
rs12091336
rs12131620
rs12147450
rs1227051

rs1227634

rs1227635

rs12285610
rs12303068
rs1233391

rs1233397

rs12381471
rs1239771

rs12414475
rs1241482

rs12435594
rs12445870
rs12461127

0.525008333
0.532667333
0.526312667
0.531572
0.525237333
0.536947667
0.530038
0.537106
0.533553333
0.523613
0.527762333
0.535773333
0.547166667
0.518066333
0.526839667
0.532283
0.536124667
0.522794
0.523%64
0.524157
0.53447
0.537501667
0.533547333
0.516717
0.528881667
0.530440333
0.513794
0.544112
0.527476667
0.528445667
0.536670333
0.537677
0.525437
0.527470667
0.527838333
0.541905667
0.532495667
0.521769
0.521608
0.520873333
0.523763667
0.533915
0.537117667
0.524329
0.541817333
0.539847333
0.533365
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0.51757
0.534734667
0.513391
0.513366333
0.528211667
0.525589667
0.520057333
0.531706667
0.510949667
0.533661333
0.532261333
0.522809667
0.531752
0.528479333
0.532365
0.524077
0.527632667
0.524460667
0.524007333
0.528696333
0.523955333
0.487355667
0.531448333
0.529317
0.522542667
0.524211333
0.532627333
0.534867333
0.538383667
0.53713
0.522839667
0.536271667
0.530824667
0.531000333
0.528331
0.531415
0.529388333
0.532932667
0.531237
0.523156
0.543386
0.51906
0.51199
0.516904333
0.545593667
0.522902
0.531029667
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rs12654393
rs1265566
rs12677146
rs12696304
rs12708980
rs12712870
rs12714414
rs12828016
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rs12885458
rs12903590
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rs12986742
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rs1333042
rs1333048
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rs13333226
rs1335587
rs13429325
rs1344672
rs1346841
rs134871
rs1361831

0.53362
0.521983667
0.515038
0.534258
0.527889
0.512528667
0.518357667
0.51964
0.525294667
0.515023333
0.518352
0.516021667
0.510547
0.514702333
0.519123
0.51823
0.52155
0.528359
0.512689333
0.518231667
0.524565
0.524682333
0.518580667
0.518178667
0.513770333
0.521964667
0.516748
0.514110333
0.523231
0.536745667
0.515017333
0.522110333
0.518424667
0.521635
0.519107
0.519774667
0.514628667
0.532445667
0.532803
0.533468667
0.522247
0.516104333
0.514453
0.514187333
0.520084333
0.518859667
0.528533333
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rs12497339
rs12509826
rs12533343
rs12534073
rs12542237
rs12542851
rs12570292
rs12588764
rs12593611
rs12613663
rs12613732
rs12615223
rs12622458
rs12637547
rs12661742
rs12682020
rs12692973
rs12694847
rs12700545
rs12708994
rs12727814
rs12735613
rs12822139
rs12873360
rs12894688
rs1251114

rs1291401

rs12919270
rs1295348

rs12984247
rs12996329
rs12999804
rs13028985
rs13061191
rs13072883
rs13087528
rs1309615

rs13119988
rs13134467
rs13141994
rs13153782
rs13188259
rs13200022
rs1323423

rs1323530

rs13242357
rs1324886

0.528585667
0.522045333
0.528079667
0.537914
0.523805667
0.535071667
0.518205
0.536984667
0.520461333
0.53242
0.520309
0.522118667
0.531534333
0.506537333
0.551694
0.530515333
0.549161
0.525227333
0.526614
0.534834667
0.555916667
0.542703
0.530234333
0.531719333
0.535119
0.519473
0.532701333
0.521560667
0.519642667
0.533440333
0.530603
0.516779333
0.457949667
0.530803
0.531751333
0.520085333
0.532363667
0.539969667
0.532560333
0.538176667
0.535305333
0.547565
0.534258
0.529654
0.533624
0.529717333
0.530023
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0.524126
0.528374667
0.527505
0.525715
0.518511333
0.516283
0.52203
0.516459
0.513455333
0.518743333
0.511808
0.518097
0.534895667
0.513557667
0.513168333
0.510388
0.516862667
0.514057
0.521164667
0.520323
0.517366667
0.518908667
0.510719
0.511098333
0.560050667
0.515375333
0.511965
0.531886667
0.525228
0.524814
0.530088
0.526609333
0.530931
0.538908667
0.531195333
0.539962667
0.549154667
0.534522333
0.536276667
0.522073667
0.526970333
0.522574
0.531890333
0.535076333
0.523376667
0.524061333
0.536001667
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rs1365466
rs1368298
rs1372878
rs1374313
rs1374326
rs1383592
rs1394879
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rs1409158
rs1415701
rs1420341
rs1421203
rs14234
rs1425482
rs1437134
rs1441433
rs1442493
rs1443926
rs1451506
rs1451538
rs1472721
rs1473482
rs1474476
rs1484375
rs1484475
rs1484803
rs1489502
rs1495377
rs1496479
rs1501672
rs1501720
rs1502337
rs1505307
rs1528450
rs1530530
rs1534420
rs1534696
rs1539172
rs1547247
rs1554790
rs1556562
rs1562445
rs1571217
rs1582114
rs161792
rs1620668
rs162366

0.519574
0.525327667
0.519961
0.527169333
0.520898
0.512515
0.513793333
0.519405667
0.525125
0.524814333
0.529964667
0.511299333
0.544523
0.516748
0.525554333
0.537750333
0.526962333
0.526388333
0.51309
0.517617
0.543482
0.516813667
0.522657333
0.517609
0.519413
0.513515667
0.518129
0.521687
0.516764333
0.515327333
0.521048
0.519088667
0.537091667
0.538651333
0.512205333
0.510773
0.515543
0.517053
0.513449667
0.513785333
0.517677667
0.526417
0.525453667
0.515324667
0.523138667
0.511637
0.514476
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rs13272100
rs13273954
rs13281575
rs13388646
rs1345300
rs1357818
rs1362811
rs1364114
rs1372876
rs138780
rs1389661
rs1393492
rs1395524
rs1398024
rs1400625
rs1404608
rs1407793
rs1408986
rs1409254
rs1409838
rs1412259
rs1416390
rs1421898
rs1422257
rs1427087
rs1430155
rs1441747
rs1442407
rs1445059
rs1445846
rs1450913
rs1456631
rs1456633
rs1458198
rs1463388
rs1468177
rs1470209
rs1471759
rs1479273
rs1480617
rs1482047
rs1482577
rs1483067
rs14976
rs1500463
rs1516807
rs1518681

0.542809333
0.533297333
0.539238333
0.517773

0.531587

0.541386667
0.542706333
0.523384667
0.515159

0.542607

0.528461333
0.530249

0.532542

0.533496667
0.547448333
0.511693333
0.518144667
0.524274

0.530913

0.536512333
0.539090667
0.524078333
0.522283

0.519186333
0.560317667
0.531784333
0.518244333
0.528860333
0.540813333
0.538540333
0.554417667
0.523166333
0.522656333
0.531440333
0.546046

0.5394383

0.538448667
0.541599667
0.533073667
0.538817

0.520868333
0.530579667
0.526102333
0.523228

0.526208333
0.548994

0.526794667
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0.530726333
0.522823
0.530149333
0.528212667
0.535422
0.526341333
0.527246333
0.528564333
0.534705667
0.542032
0.560499333
0.544614333
0.533827333
0.516152667
0.540200667
0.517221333
0.530821
0.511970333
0.521038
0.515714667
0.513291667
0.526530333
0.51434
0.514539333
0.527687333
0.512726
0.513106333
0.525225
0.517393333
0.520573
0.517225667
0.526851333
0.519016
0.525366667
0.529803667
0.534747
0.514239
0.514022333
0.523170667
0.542870667
0.510640667
0.519163333
0.518943
0.522022333
0.511106333
0.515530667
0.528848
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rs1624134
rs1624802
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rs163818
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rs16843947
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rs1688040
rs16892892
rs16893526
rs1689437
rs16903232
rs16917117
rs16917237
rs16931177
rs1693551
rs16940170
rs16945088
rs16952362
rs16953467
rs16961543
rs16962399
rs1696757
rs16973236
rs16988333
rs16996148
rs16996700
rs1701829
rs17025214
rs17035270
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rs17094182
rs17101521
rs17119370
rs17122278
rs17178527
rs17242380
rs17249754
rs172629
rs17264866
rs17275724

0.511415
0.525204333
0.514396667
0.511071667
0.517469333
0.524126667
0.514558
0.513628667
0.520101
0.515641667
0.511670667
0.510665
0.514527333
0.520213667
0.534695333
0.511378667
0.514276667
0.523009
0.527463
0.520724
0.519977333
0.516816
0.543600333
0.515787667
0.532174333
0.511426667
0.512191667
0.510805667
0.51849
0.512901667
0.516806667
0.5142
0.510249333
0.518542667
0.516251
0.513896333
0.523276
0.510923667
0.515836
0.526775667
0.525874667
0.532083667
0.518795333
0.525137
0.522028
0.521679
0.530724667
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rs1521879  0.536303
rs1523320  0.534431
rs1528472  0.534239
rs1541855  0.52952
rs1549759 0.527146
rs1551872  0.533815
rs1566889 0.525290333

rs1567986
rs1572341
rs1580239
rs1596996
rs1609459
rs1610247
rs1643889
rs164989
rs1662172
rs166296
rs16822477
rs16825658
rs16827796
rs16834616
rs16838664
rs16852987
rs16855560
rs16859886
rs16877062
rs16888468
rs16889280
rs16897054
rs16899524
rs16927458
rs16928081
rs16938799
rs16950362
rs16958564
rs1695960
rs1695969
rs16963190
rs16971976
rs16980096
rs17000816
rs17007920
rs17007931
rs17008119
rs17009220
rs17010833
rs17011081

0.529650333
0.532905
0.520268333
0.525251667
0.525317
0.523784667
0.516690333
0.537172
0.529236333
0.524893
0.523843
0.516722333
0.527872333
0.534984667
0.536181667
0.524621667
0.518765667
0.528276667
0.519008667
0.533086333
0.535103
0.53708
0.528461667
0.496701333
0.522277667
0.520861667
0.532819333
0.530157667
0.531071333
0.535799667
0.522268333
0.529229333
0.520695333
0.522513
0.539538333
0.539524667
0.521528667
0.519281667
0.520974
0.527507667

113

PCT/US2024/022419

0.511523
0.519866333
0.529210667
0.514618
0.526237667
0.543955333
0.536598667
0.525646667
0.526967333
0.53676
0.542497
0.534336
0.519295
0.522842
0.524671333
0.544466667
0.517382
0.544841667
0.523386
0.551351333
0.535729667
0.535021667
0.524286667
0.530497667
0.526636667
0.533267667
0.547416
0.537175667
0.550238
0.520227333
0.531315667
0.517072667
0.526816667
0.522926333
0.52453
0.538635
0.528994667
0.511922333
0.520046
0.518964333
0.515086
0.511728667
0.517523667
0.529200333
0.518101
0.513329
0.518987
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rs17276464
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rs17454517
rs174547
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rs174549
rs17482753
rs17489268
rs17506606
rs17561351
rs17568628
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rs17647863
rs17651892
rs17664900
rs1767141
rs17672135
rs17688434
rs17691584
rs17695092
rs17700028
rs17703883
rs17712208

0.511091
0.517514667
0.510751333
0.519228
0.511567
0.51674
0.515785667
0.511708
0.516951667
0.522968
0.524846333
0.519998
0.513193667
0.513336
0.525508
0.514074667
0.512286667
0.522015667
0.526858333
0.515422
0.533238
0.536074
0.536710667
0.527272
0.532118
0.516546
0.511968667
0.528682
0.511422667
0.514586667
0.510459
0.518173667
0.514801667
0.513677667
0.516535
0.514145
0.51847
0.5268
0.519275667
0.512137
0.512933
0.511334333
0.511902333
0.512619333
0.511553
0.536382
0.520302333
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rs17027257
rs17038182
rs17038218
rs17039902
rs17053102
rs1706631

rs17067528
rs17071007
rs17075173
rs17076328
rs17077300
rs17080149
rs17089264
rs17133183
rs17150118
rs17154350
rs1715789

rs17164532
rs17166876
rs17176528
rs17177133
rs17177912
rs17188807
rs17197320
rs17204569
rs17236525
rs17236749
rs17236770
rs17241889
rs17243903
rs17263985
rs17305779
rs17340893
rs1734343

rs1734422

rs17368670
rs17441830
rs17553775
rs17561583
rs17567105
rs17570453
rs17578280
rs17583120
rs17629104
rs17645681
rs17654475
rs17664267

0.527720333
0.547119667
0.534860667
0.526875
0.532533333
0.522796333
0.523603667
0.530367333
0.531615
0.538765667
0.5246
0.529777333
0.520991667
0.540032333
0.527112333
0.540057
0.530368667
0.521335
0.52443
0.530341667
0.526774667
0.513536667
0.538439
0.51864
0.525456
0.532547
0.532732
0.525814333
0.52413
0.538847667
0.5200838667
0.532446333
0.519721
0.523956333
0.530987667
0.526405
0.521958667
0.528285333
0.528429333
0.524078333
0.531479667
0.53304
0.5013%4
0.526316667
0.524879667
0.523445333
0.529988
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0.530569
0.52505
0.514141333
0.528168667
0.531509333
0.532603667
0.526165667
0.524314
0.514924
0.51929
0.542453333
0.529277333
0.522629667
0.522800667
0.522484667
0.513026
0.515315
0.522968667
0.5185
0.526276
0.539474333
0.517244333
0.515784333
0.538464667
0.526114333
0.512631667
0.512032
0.531045
0.527693333
0.529151
0.511500333
0.528505667
0.516624333
0.517972333
0.549476667
0.539345333
0.538962333
0.529369667
0.535267333
0.536285
0.531130667
0.523377333
0.526849333
0.524971333
0.521450667
0.524557667
0.530700667
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rs17759796
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rs17799476
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rs1801282
rs1809498
rs1822438
rs1840969
rs1847018
rs1848797
rs1859168
rs1866956
rs1867073
rs1871045
rs1891110
rs1895941
rs1899689
rs190759
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rs2001945
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rs2011442
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rs201198
rs2029085
rs2048327
rs2048508
rs2049477
rs2051549

0.515928
0.519934333
0.526989333
0.523271667
0.518309
0.537854
0.515815667
0.510894
0.523452667
0.534093
0.525770667
0.516265333
0.519010333
0.520647
0.528539667
0.512795667
0.513847333
0.548322667
0.515052
0.531680333
0.514750333
0.527098333
0.544224333
0.517158667
0.511285
0.537285333
0.511015667
0.513458333
0.526701667
0.532132333
0.528028
0.513195667
0.537094
0.530499667
0.528812
0.517834667
0.517137667
0.510687333
0.519837667
0.538077333
0.52174
0.527107333
0.519930667
0.530743333
0.513684667
0.515032
0.523462
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rs17667613
rs176713
rs17672688
rs17685928
rs17749450
rs17758247
rs17786532
rs17792215
rs17797652
rs17813827
rs1781931
rs17829676
rs1809921
rs1828819
rs184159
rs1859308
rs1863037
rs1865826
rs1868538
rs1873026
rs1874898
rs1875675
rs1887054
rs1890843
rs1891067
rs1807971
rs1909475
rs1909917
rs1913477
rs1916309
151927464
rs1929734
rs1931565
rs1947551
rs1858375
rs1971518
rs1981958
rs1994104
rs1995381
rs1999078
rs2007972
rs2030183
rs203202
rs2035987
rs2036098
rs2048428
rs2049661

0.527313333
0.527809333
0.524055333
0.525417
0.519688
0.525278667
0.522701333
0.52838
0.527418667
0.523524333
0.536835667
0.533045333
0.547568667
0.534350333
0.52869%9
0.528144333
0.536769
0.531045333
0.528662333
0.531486333
0.523528333
0.543742333
0.526573667
0.527029
0.522707333
0.533295333
0.538577333
0.537546
0.523697667
0.515180333
0.536180667
0.530729333
0.521572333
0.523974333
0.528952
0.529651
0.527987667
0.519453667
0.538352667
0.534034333
0.528924333
0.532864667
0.541244667
0.519048667
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WHAT IS CLAIMED IS:

1. A kit for determining methylation status of at least one CpG dinucleotide and

a genotype of at least one single-nucleotide polymorphism (SNP), the kit comprising:

at least one first nucleic acid primer at least 8 nucleotides in length that is
complementary to a bisulfite-converted nucleic acid sequence comprising a first CpG
dinucleotide at a GC locus selected from the group consisting of cg04988978, cg21161138,
cgl2655112, ¢g03725309, cg12586707, and cg17901584 or at a second CpG dinucleotide in
linkage disequilibrium with the first CpG dinucleotide at a GC locus selected from the group
consisting of cg04988978, cg21161138, ¢g12655112, ¢g03725309, cg12586707, and
cg17901584, wherein the linkage disequilibrium has a value of R>0.3, wherein the at least
one first nucleic acid primer detects a methylated or unmethylated CpG dinucleotide, and

at least one second nucleic acid primer at least 8 nucleotides in length that is
complementary to a DNA sequence or a bisulfite-converted DNA sequence of a first SNP
selected from the group consisting of rs2869675, rs4376434, rs12129789, rs7585056,
rs710987, rs4639796, rs1333048, rs12714414, 1s942317, and rs1441433 or a second SNP in
linkage disequilibrium with the first SNP selected from the group consisting of rs2869675,
rs4376434, 1512129789, rs7585056, rs710987, rs4639796, rs1333048, rs12714414,
1s942317, and rs1441433, wherein the linkage disequilibrium has a value of R>0.3.

2. The kit of claim 1, wherein the at least one first nucleic acid primer detects the

unmethylated CpG dinucleotide.

3. The kit of claim 1, wherein the at least one first nucleic acid primer detects the

methylated CpG dinucleotide.

4. The kit of any of claims 1-3, wherein the at least one first nucleic acid primer

comprises one or more nucleotide analogs.
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5. The kit of any of claims 1-4, wherein the at least one first nucleic acid primer

comprises one or more synthetic or non-natural nucleotides.

6. The kit of any one of claims 1-5, further comprising a solid substrate to which

the at least one first nucleic acid primer is bound.

7. The kit of claim 6, wherein the substrate is a polymer, glass, semiconductor,

paper, metal, gel or hydrogel.

8. The kit of claim 6, wherein the solid substrate is a microarray or microfluidics
card.

9. The kit of any one of claims 1-8, further comprising a detectable label.

10.  The kit of any one of claims 1-9, further comprising at least a third nucleic

acid primer at least 8 nucleotides in length that is complementary to a nucleic acid sequence

upstream of the CpG dinucleotide.

11.  Thekit of any one of claims 1-9, further comprising at least a third nucleic
acid primer at least 8 nucleotides in length that is complementary to a nucleic acid sequence

downstream of the CpG dinucleotide.

12. A method of determining the presence of biomarkers in a biological sample
from a subject, wherein the biomarkers are associated with detecting CVD, determining
severity of CVD, estimating survival from CVD, identifying, customizing, and/or optimizing
intervention(s) for CVD, managing CVD and/or monitoring CVD, the method comprising:

(a) providing a first portion of the biological sample and a second portion of
the biological sample, wherein the nucleic acid from at least the first portion is bisulfite
converted,

(b) contacting the first portion of the biological sample with a first

oligonucleotide primer at least 8 nucleotides in length that is complementary to a sequence
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that comprises a first CpG dinucleotide at a GC locus selected from the group consisting of
cg04988978, cg21161138, cg12655112, cg03725309, cg12586707, and cg17901584, or a
second CpG dinucleotide in linkage disequilibrium with the first CpG dinucleotide at a GC
locus selected from the group consisting of cg04988978, c¢g21161138, c¢g12655112,
¢g03725309, cg12586707, and cg17901584, wherein the linkage disequilibrium has a value
of R>0.3, wherein the first nucleic acid primer detects a methylated or unmethylated CpG
dinucleotide; and
(c) contacting the second portion of the biological sample with a nucleic acid

primer at least 8 nucleotides in length that is complementary to a DNA sequence or a
bisulfite-converted DNA sequence of a first SNP selected from the group consisting of
rs2869675, 154376434, 1512129789, rs7585056, rs710987, rs4639796, rs1333048,
1512714414, rs942317, and rs1441433 or a second SNP in linkage disequilibrium with a first
SNP selected from the group consisting of rs2869675, rs4376434, rs12129789, rs7585056,
rs710987, rs4639796, rs1333048, rs12714414, 1s942317, and rs1441433, wherein the linkage
disequilibrium has a value of R>0.3,

wherein the percentage of methylation of the CpG dinucleotide at the GC locus
selected from the group consisting of ¢cg04988978, cg21161138, ¢g12655112, ¢g03725309,
cgl12586707, and cg17901584, and the identity of the nucleotide at the first SNP selected
from the group consisting of rs2869675, rs4376434, rs12129789, rs7585056, rs710987,
154639796, rs1333048, 1512714414, rs942317, and rs1441433 or the second SNP in linkage
disequilibrium with the first SNP are biomarkers associated with detecting CVD or

estimating survival from CVD.

13. The method of claim 12, wherein the biological sample is selected from the

group consisting of blood and saliva.

14.  The method of claim 12, wherein the at least one first nucleic acid primer

detects the unmethylated CpG dinucleotide.

15.  The method of claim 12, wherein the at least one first nucleic acid primer

detects the methylated CpG dinucleotide.
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16.  The method of claim 12, wherein the at least one first nucleic acid primer

comprises one or more nucleotide analogs.

17.  The method of claim 12, wherein the at least one first nucleic acid primer

comprises one or more synthetic or non-natural nucleotides.

18. The method of claim 12, wherein the window of incidence is three years.

19. A method of determining the presence of biomarkers in a biological sample
from a subject, wherein the biomarkers are associated with detecting CVD, determining
severity of CVD, estimating survival from CVD, identifying, customizing, and/or optimizing
intervention(s) for CVD, managing CVD and/or monitoring CVD, the method comprising:

(a) obtaining a nucleic acid sample from the subject sample;

(b) performing a genotyping assay on a first portion of the nucleic acid sample
to detect the presence of at least one SNP, wherein the at least one SNP is a first SNP
selected from rs2869675, rs4376434, rs12129789, rs7585056, rs710987, rs4639796,
rs1333048, rs12714414, rs942317, and rs1441433 or from Appendix C and/or is a second
SNP in linkage disequilibrium (R>0.3) with a first SNP selected from rs2869675, rs4376434,
rs12129789, rs7585056, rs710987, rs4639796, rs1333048, rs12714414, 15942317, and
rs1441433 or from Appendix C to obtain genotype data; and/or

(c) bisulfite converting the nucleic acid in a second portion of the nucleic acid
and performing methylation assessment on a second portion of the nucleic acid sample to
detect methylation status of at least one CpG site selected from cg04988978, cg21161138,
cgl2655112, cg03725309, ¢g12586707, and cg17901584 or from Appendix A and/or a CpG
site collinear (R>0.3) with a CpG selected from cg04988978, cg21161138, cg12655112,
¢g03725309, ¢g12586707, and cg17901584 or from Appendix A to obtain methylation data;
and

(d) entering the genotype data from step (b) and/or methylation data from step

(c) into an algorithm that accounts for at least one SNP main effect and/or at least one CpG
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main effect and/or at least one interaction effect, wherein the algorithm is a machine learning

algorithm capable of accounting for linear and non-linear effects.

20. The method of claim 19, wherein the at least one interaction effect is selected
from the group consisting of a gene-environment interaction (SNPxCpG) effect, a gene-gene
interaction (SNPxSNP) effect, and an environment-environment interaction (CpGxCpG)

effect.

21. The method of claim 19, wherein the at least one interaction effect is a gene-
environment interaction effect (SNPxCpG) between a CpG site selected from cg04988978,
cg21161138, cg12655112, ¢g03725309, cg12586707, and cg17901584 or from Appendix A
or a CpG site that is collinear (R>0.3) with a CpG site selected from cg04988978,
cg21161138, cg12655112, cg03725309, c¢g12586707, and cg17901584 or from Appendix A
and a SNP selected from rs2869675, 134376434, rs12129789, rs7585056, rs710987,
rs4639796, 11333048, 1512714414, rs942317, and rs1441433 or from Appendix C or a SNP
within moderate linkage disequilibrium (R>0.3) from a SNP selected from rs2869675,
rs4376434, rs12129789, rs7585056, rs710987, rs4639796, rs1333048, rs12714414,
rs942317, and rs1441433 or from Appendix C.

22. The method of claim 19, wherein the at least one interaction effect is an
environment-environment interaction effect (CpGxCpGQG) between at least two CpG sites
selected from cg04988978, cg21161138, cg12655112, cg03725309, cg12586707, and
cg17901584 or from Appendix A.

23. The method of claim 22, wherein one or both of the at least two CpG sites are
collinear (R>0.3) with one or both of the at least two CpG sites selected from cg04988978,

cg21161138, ¢g12655112, ¢g03725309, cg12586707, and cg17901584 or from Appendix A.

24, The method of claim 19, wherein the at least one interaction effect is a gene-

gene interaction effect (SNPxSNP) between at least two SNPs selected from rs2869675,
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rs4376434, rs12129789, rs7585056, rs710987, 154639796, rs1333048, 1512714414,
rs942317, and rs1441433 or from Appendix C.

25. The method of claim 24, wherein one or both of the at least two SNPs are
collinear (R>0.3) with one or both of the at least two SNPs selected from rs2869675,
rs4376434, rs12129789, rs7585056, rs710987, rs4639796, rs1333048, rs12714414,
r$942317, and rs1441433 or from Appendix C.

26. The method of any of claims 19-25, wherein the biological sample is a saliva

sample.

27. A system for determining methylation status of at least one CpG dinucleotide
and a genotype of at least one single-nucleotide polymorphism (SNP), the system
comprising:

a nucleic acid isolation module configured to isolate a nucleic acid sample
from a subject sample;

a genotyping assay module configured to perform a genotyping assay on a
first portion of the nucleic acid sample to detect the presence of at least one SNP, wherein the
at least one SNP is a first SNP selected from rs2869675, rs4376434, rs12129789, rs7585056,
rs710987, rs4639796, rs1333048, rs12714414, 1s942317, and rs1441433 or from Appendix C
and/or is a second SNP in linkage disequilibrium (R>0.3) with a first SNP selected from
1s2869675, 154376434, rs12129789, rs7585056, rs710987, rs4639796, rs1333048,
1512714414, rs942317, and rs1441433 or from Appendix C to obtain genotype data;

a methylation assay module configured to bisulfite convert the nucleic acid in
a second portion of the nucleic acid and perform a methylation assessment on a second
portion of the nucleic acid sample to detect methylation status of at least one CpG site
selected from cg04988978, cg21161138, cg12655112, ¢g03725309, cg12586707, and
cg17901584 or from Appendix A and/or a CpG site collinear (R>0.3) with a CpG site
selected from cg04988978, cg21161138, cg12655112, ¢g03725309, cg12586707, and
cg17901584 or from Appendix A to obtain methylation data; and

an identification system configured to account for at least one SNP main

126



10

15

20

25

30

WO 2024/206958 PCT/US2024/022419

effect and/or at least one CpG main effect and/or at least one interaction effect based on the

genotype data and/or methylation data.

28.  The system of claim 27, wherein the algorithm is a machine learning

algorithm capable of accounting for linear and non-linear effects.

29. The system of claim 27 or 28, further comprising an output module
configured to provide an output based on an identification by the identification system,
wherein the identification accounts for at least one SNP main effect and/or at least one CpG
main effect and/or at least one interaction effect based on the genotype data from step (b)

and/or methylation data from step (c).

30. A non-transitory computer-readable medium storing instructions executable
by a processing device to perform operations comprising:
accounting for at least one SNP main effect and/or at least one CpG main
effect and/or at least one interaction effect based on genotype data and/or methylation data,
wherein:
the genotype data is based on a genotyping assay on a first portion of a
nucleic acid sample isolated from a subject sample to detect the presence of at least one SNP,
wherein the at least one SNP is a first SNP selected from rs2869675, rsd4376434, rs12129789,
rs7585056, rs710987, rs4639796, rs1333048, rs12714414, rs942317, and rs1441433 or from
Appendix C and/or is a second SNP in linkage disequilibrium (R>0.3) with a first SNP
selected from rs2869675, 154376434, rs12129789, rs7585056, rs710987, 154639796,
151333048, rs12714414, rs942317, and rs1441433 or from Appendix C to obtain the
genotype data; and
the methylation data is based on a methylation assay on a bisulfite
converted nucleic acid in a second portion of the nucleic acid sample to detect methylation
status of at least one CpG site selected from cg04988978, c¢g21161138, cg12655112,
cg03725309, cg12586707, and cg17901584 or from Appendix A and/or a CpG site collinear
(R>0.3) with a CpQG site selected from cg04988978, cg21161138, cg12655112, ¢g03725309,
cg12586707, and cg17901584 or from Appendix A to obtain methylation data.
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31.  The non-transitory computer-readable medium of claim 30, wherein the

operations further comprise providing an output based on the accounting,

32.  The non-transitory computer-readable medium of claim 31, wherein the
output comprises one or more of storing a report based on the accounting to another non-
transitory computer-readable medium, modifying a display based on the accounting,
triggering an audible alert based on the accounting, triggering a haptic or vibratory alert
based on the accounting, triggering the printing of a report based on the accounting, or

triggering the delivery of a therapeutic based on the accounting.

33. A kit for determining methylation status of at least one CpG dinucleotide, the

kit comprising:
at least one first nucleic acid primer at least 8 nucleotides in length that is

complementary to a bisulfite-converted nucleic acid sequence comprising a first CpG
dinucleotide at a GC locus selected from the group consisting of cg04988978, cg21161138,
cgl2655112, ¢g03725309, c¢gl12586707, and cgl 7901584 or at a second CpG dinucleotide in
linkage disequilibrium with the first CpG dinucleotide at a GC locus selected from the group
consisting of cg04988978, cg21161138, c¢g12655112, ¢g03725309, cg12586707, and
cg17901584, wherein the linkage disequilibrium has a value of R>0.3, wherein the at least

one first nucleic acid primer detects a methylated or unmethylated CpG dinucleotide.

34. A method of determining the presence of biomarkers in a biological sample
from a subject, wherein the biomarkers are associated with detecting CVD, determining
severity of CVD, estimating survival from CVD, identifying, customizing, and/or optimizing
intervention(s) for CVD, managing CVD and/or monitoring CVD, the method comprising:

(a) providing a biological sample from the subject at risk for or having CVD,
wherein nucleic acids from at least a portion of the biological sample are bisulfite converted;
and

(b) contacting the bisulfite converted nucleic acids with a first oligonucleotide

primer at least 8 nucleotides in length that is complementary to a sequence that comprises a
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first CpG dinucleotide at a GC locus selected from the group consisting of ¢g04988978,
cg21161138, c¢g12655112, cg03725309, ¢g12586707, and cg17901584, or a second CpG
dinucleotide in linkage disequilibrium with the first CpG dinucleotide at a GC locus selected
from the group consisting of ¢g04988978, cg21161138, cg12655112, ¢g03725309,
cg12586707, and cg17901584, wherein the linkage disequilibrium has a value of R>0.3,
wherein the first nucleic acid primer detects a methylated or unmethylated CpG dinucleotide,
wherein the percentage of methylation of the CpG dinucleotide at the GC locus
selected from the group consisting of cg04988978, cg21161138, cg12655112, ¢g03725309,
cgl12586707, and cgl 7901584 is associated with estimating survival of the subject.

35. A method of determining the presence of biomarkers in a biological sample
from a subject, wherein the biomarkers are associated with detecting CVD, determining
severity of CVD, estimating survival from CVD, identifying, customizing, and/or optimizing
intervention(s) for CVD, managing CVD and/or monitoring CVD, the method comprising:

(a) isolating nucleic acid sample from the subject sample;

(b) bisulfite converting at least a portion of the nucleic acid and performing
methylation assessment on the bisulfite converted nucleic acid to determine the methylation
status of at least one CpG site selected from cg04988978, c¢g21161138, cg12655112,
cg03725309, cg12586707, and cg17901584 or from Appendix A and/or a CpG site collinear
(R>0.3) with a CpG site selected from cg04988978, cg21161138, cg12655112, c¢g03725309,
cg12586707, and cg17901584 or from Appendix A to obtain methylation data; and

(c) entering the methylation data from step (b) into an algorithm that accounts
for at least one CpG main effect, wherein the algorithm is a machine learning algorithm

capable of accounting for linear and non-linear effects.

36. A system for determining methylation status of at least one CpG dinucleotide,
the system comprising;
a nucleic acid isolation module configured to isolate a nucleic acid sample
from a subject sample;
a methylation assay module configured to bisulfite convert the nucleic acid in

at least a portion of the nucleic acid and perform a methylation assessment on the bisulfite
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converted nucleic acid to determine methylation status of at least one CpG site selected from
cg04988978, cg21161138, cg12655112, ¢g03725309, cg12586707, and c¢g17901584 or from
Appendix A and/or a CpG site collinear (R>0.3) with a CpG site selected from cg04988978,
cg21161138, cg12655112, ¢g03725309, cg12586707, and cg17901584 or from Appendix A
to obtain methylation data; and

an identification system configured to account for at least one CpG main

effect based on the methylation data.

37. A non-transitory computer-readable medium storing instructions executable
by a processing device to perform operations comprising:
accounting for at least one CpG main effect based on methylation data,

wherein:

the methylation data is based on a methylation assay on a bisulfite
converted nucleic acid in at least a portion of a nucleic acid sample to detect methylation
status of at least one CpG site selected from cg04988978, cg21161138, cg12655112,
cg03725309, c¢g12586707, and cg17901584 or from Appendix A and/or a CpG site collinear
(R>0.3) with a CpG site selected from cg04988978, ¢g21161138, cg12655112, ¢g03725309,
cgl12586707, and cg17901584 or from Appendix A to obtain methylation data.
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