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(57) ABSTRACT

Methods of detecting, predicting severity of, and/or predict-
ing treatment response to respiratory virus infection in a
sample obtained from a subject. The methods include assay-
ing a methylation state of a marker in a sample obtained
from a subject and identifying the subject as having respi-
ratory virus infection, a likelihood of severe outcomes of
respiratory infection, and/or a likelihood of treatment
response depending on the methylation state of the marker.
The markers can include bases (DMP) in differentially
methylated regions (DMR) as provided herein.

Specification includes a Sequence Listing.
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DETECTING, PREDICTING SEVERITY OF,
AND/OR PREDICTING TREATMENT
RESPONSE TO RESPIRATORY VIRUS

INFECTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Priority is claimed to U.S. Provisional Application
63/189,479, filed May 17, 2021, which is incorporated
herein by reference in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0002] This invention was made with government support
under AG066179, AG062715 and HL130704 awarded by
the National Institutes of Health. The government has cer-
tain rights in the invention.

SEQUENCE LISTING

[0003] The instant application contains a Sequence Listing
which has been submitted in ASCII format via EFS-Web and
is hereby incorporated by reference in its entirety. The
ASCII copy, created on May 6, 2022, is named USPTO—
220517—Patent_Application—P210192US02—SE-

QUENCE_LISTING_ST25.txt and is 152,329 bytes in size.

FIELD OF THE INVENTION

[0004] Provided herein is technology for detecting, pre-
dicting severity of, and/or predicting treatment response to
respiratory virus infection, such as SARS-CoV-2, and par-
ticularly, but not exclusively, to methods, compositions, and
related uses for detecting, predicting severity of, and/or
predicting treatment response to respiratory virus infection,
such as SARS-CoV-2 infection.

BACKGROUND

[0005] About 2.5 million deaths worldwide have been
attributed to COVID-19, primarily arising from acute respi-
ratory distress syndrome (ARDS). The clinical course of
SARS-CoV-2 (severe acute respiratory syndrome coronavi-
rus 2) infection is highly variable, ranging from an asymp-
tomatic state to life-threatening infection'™. Recent evi-
dence indicates that disease severity predominantly depends
on host factors®!°, supporting the need to better resolve
individual responses at the molecular level. The multi-omic
profile of COVID-19 patients in association with disease
severity has been described'®'2. Analysis of mRNA
sequencing from circulating leukocytes identified multiple
expressed genes associated with worse outcomes! %113,

[0006] Because almost every cell in an individual shares
an identical genomic sequence, distinct cellular phenotypes
are established and maintained by epigenetic mechanisms'*
15, including DNA, histone and chromatin modifications and
non-coding RNA expression'®. Although DNA 5'-C-phos-
phate-G-3' (CpG) methylation is relatively stable’>™'%, it is
highly sensitive to age and environmental factors'®'9-23,
Critically ill patients exhibit altered circulating blood DNA
methylation profiles>*?*. Epigenetic marks affect gene
expression profiles and increase individual vulnerability to
viral infections®®. For example, modulators of host-patho-
gen interactions including interferons are epigenetically
regulated®”*®, and DNA methylation has been shown to
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underpin antigen-presentation following MERS-CoV infec-
tion®”?°. To date, it is unknown if patients with worse
outcomes and distinct transcriptomes''2°*! may be further
distinguished by patterns of differential methylation. Such
data may carry strong potential to illuminate mechanisms
underlying COVID-19-associated gene expression and out-
, and may facilitate the identification of subphe-
notypes likely to benefit from specific interventions>*>. For
example, immune modulating drugs such as corticosteroids,
that are beneficial in COVID-19 patients’>”-3°, interact with
gene expression-response elements throughout the genome.
Resolution of the differential methylome in COVID-19
patients offers insights into COVID-19 pathogenesis, sus-
ceptibility, diagnosis and prognosis.

[0007] Technology for detecting, predicting severity of,
and/or predicting treatment response to respiratory virus
infection, such as SARS-CoV-2 infection, or COVID-19 is
needed.

SUMMARY OF THE INVENTION

[0008] The objects and advantages of the invention will
appear more fully from the following detailed description of
the preferred embodiment of the invention made in conjunc-
tion with the accompanying drawings.

[0009] Methylated DNA has been studied as a potential
class of biomarkers in a number of diseases. In many
instances, DNA methyltransferases add a methyl group to
DNA at cytosine-phosphate-guanine (CpG) island sites as an
epigenetic control of gene expression. In a biologically
attractive mechanism, acquired methylation events in pro-
moter regions of tumor suppressor genes may silence
expression, thus contributing to oncogenesis. DNA methyl-
ation may be a more chemically and biologically stable
diagnostic tool than RNA or protein expression (Laird
(2010) Nat Rev Genet 11: 191-203). Furthermore, in cancers
like sporadic colon cancer, methylation markers offer excel-
lent specificity and are more broadly informative and sen-
sitive than are individual DNA mutations (Zou et al (2007)
Cancer Epidemiol Biomarkers Prev 16: 2686-96).

[0010] Analysis of CpG islands has yielded important
findings when applied to animal models and human cell
lines. For example, Zhang and colleagues found that ampli-
cons from different parts of the same CpG island may have
different levels of methylation (Zhang et al. (2009) PLoS
Genet 5: €1000438). Methylation levels were distributed
bi-modally between highly methylated and unmethylated
sequences, further supporting the binary switch-like pattern
of DNA methyltransferase activity (Zhang et al. (2009)
PLoS Genet 5: €e1000438).

[0011] Several methods are available to search for novel
methylation markers. There are three basic approaches. The
first employs digestion of DNA by restriction enzymes
which recognize specific methylated sites, followed by sev-
eral possible analytic techniques which provide methylation
data limited to the enzyme recognition site or the primers
used to amplify the DNA in quantification steps (such as
methylation-specific PCR; MSP). A second approach
enriches methylated fractions of genomic DNA using anti-
bodies directed to methyl-cytosine or other methylation-
specific binding domains followed by microarray analysis or
sequencing to map the fragment to a reference genome. This
approach does not provide single nucleotide resolution of all
methylated sites within the fragment. A third approach
begins with bisulfite treatment of the DNA to convert all
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unmethylated cytosines to uracil, followed by various meth-
ylation assay procedures (e.g., microarray-based and
sequencing analysis).

[0012] Provided herein is technology for diagnosing, pre-
dicting severity of, and/or predicting treatment response to
respiratory virus infection, such as SARS-CoV-2 infection,
and particularly, but not exclusively, to methods, composi-
tions, and related uses for diagnosing, predicting severity of,
and/or predicting treatment response to respiratory virus
infection, such as SARS-CoV-2 infection.

[0013] As described in the Examples, experiments iden-
tified 1505 differentially methylated regions (DMRs) for
discriminating COVID-19 positive patient’s DNA from
healthy pre-pandemic controls (Table 3). In addition, 254
DMRs were identified for discriminating DNA of COVID-
19 positive patients from non-COVID respiratory patients
(Table 6), in which 47 DMRs are shared with DMRs
identified in the comparison of COVID-19 patients vs.
healthy controls.

[0014] Additional experiments were directed toward iden-
tifying markers capable of distinguishing COVID-19 sever-
ity in terms of GRAM risk scores40 and mortality. It was
found that worse GRAM scores were associated with 19
DMRs comprising 145 differentially methylated positions
(DMPs) in 18 genes (Table 13). Mortality was associated
with 18 DMRs comprising 113 DMPs in 17 genes (Tables 14
and 15).

[0015] Additional experiments were directed toward iden-
tifying markers capable of distinguishing responders and
non-responders to corticosteroids within COVID-19
patients. This approach identified a large number of DMRs
(Table 16) and 8 DMPs (Table 17).

[0016] As described herein, the technology provides a
number of methylated DNA markers and subsets thereof
(eg,setsof 2,3, 4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, or more markers) with high discrimina-
tion for diagnosing, predicting severity of, and/or predicting
treatment response to respiratory virus infection, such as
SARS-CoV-2 infection.

[0017] In some embodiments, the technology is related to
assessing the presence of and methylation state of one or
more of the markers identified herein in a biological sample
(e.g., blood sample). These markers comprise one or more
differentially methylated regions (DMRs) or differentially
methylated positions (DMPs) as discussed herein, e.g., as
provided in Tables 3, 6, 13, 14, 15, 16, 17A and 17B.
Methylation state is assessed in embodiments of the tech-
nology. As such, the technology provided herein is not
restricted in the method by which a gene’s methylation state
is measured. For example, in some embodiments the meth-
ylation state is measured by a genome scanning method. For
example, one method involves restriction landmark genomic
scanning (Kawai et al. (1994) Mol. Cell. Biol. 14: 7421-
7427) and another example involves methylation-sensitive
arbitrarily primed PCR (Gonzalgo et al. (1997) Cancer Res.
57:594-599). In some embodiments, changes in methylation
patterns at specific CpG sites are monitored by digestion of
genomic DNA with methylation-sensitive restriction
enzymes followed by Southern analysis of the regions of
interest (digestion-Southern method). In some embodi-
ments, analyzing changes in methylation patterns involves a
PCR-based process that involves digestion of genomic DNA
with methylation-sensitive restriction enzymes prior to PCR
amplification (Singer-Sam et al. (1990) Nucl. Acids Res. 18:
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687). In addition, other techniques have been reported that
utilize bisulfite treatment of DNA as a starting point for
methylation analysis. These include methylation-specific
PCR (MSP) (Herman et al. (1992) Proc. Natl. Acad. Sci.
USA 93: 9821-9826) and restriction enzyme digestion of
PCR products amplified from bisulfite-converted DNA
(Sadri and Hornsby (1996) Nucl. Acids Res. 24: 5058-5059;
and Xiong and Laird (1997) Nucl. Acids Res. 25: 2532-
2534). PCR techniques have been developed for detection of
gene mutations (Kuppuswamy et al. (1991) Proc. Natl.
Acad. Sci. USA 88: 1143-1147) and quantification of allelic-
specific expression (Szabo and Mann (1995) Genes Dev. 9:
3097-3108; and Singer-Sam et al. (1992) PCR Methods
Appl. 1: 160-163). Such techniques use internal primers,
which anneal to a PCR-generated template and terminate
immediately 5' of the single nucleotide to be assayed.
Methods using a “quantitative Ms-SNuPE assay” as
described in U.S. Pat. No. 7,037,650 are used in some
embodiments. Methylation arrays, such as the Infinium HD
Methylation Assay (Pidsley et al. (2016) Genome Biol.
17:208), are used in some embodiments. In other embodi-
ments, direct sequencing including next generation sequenc-
ing methods are used to assess the methylation status of
patient DNA comprising, for example, Sanger sequencing
(Sanger F et al (1977). DNA sequencing with chain-termi-
nating inhibitors. Proc. Natl. Acad. Sci. U.S.A. 74 (12):
5463-7), lllumina NovSeq sequencing (Raine A et al (2018)
Data quality of whole genome bisulfite sequencing on
Mlumina platforms. PLoS ONE 13(4): e0195972), PacBio
sequencing (Eid J et al (2009) Real-time DNA sequencing
from single polymerase molecules. Science. 323: 133-138),
454 sequencing (Margulies M et al (2005). Genome
Sequencing in Open Microfabricated High Density Picoliter
Reactors. Nature. 437(7057): 376-380), lon Torrent
sequencing (Rothberg J M et al (2011): An integrated
semiconductor device enabling non-optical genome
sequencing. Nature. 475 (7356): 348-352), and Oxford
Nanopore sequencing (Eisenstein, M (2012). Oxford Nan-
opore announcement sets sequencing sector abuzz. Nat
Biotechnol 30, 295-296), and other next generation sequenc-
ing platforms.

[0018] Upon evaluating a methylation state, the methyl-
ation state is often expressed as the fraction or percentage of
individual strands of DNA that is methylated at a particular
site (e.g., at a single nucleotide, at a particular region or
locus, at a longer sequence of interest, e.g., up to a ~100-bp,
200-bp, 500-bp, 1000-bp subsequence of a DNA or longer)
relative to the total population of DNA in the sample
comprising that particular site. Traditionally, the amount of
the unmethylated nucleic acid is determined by PCR using
calibrators. Then, a known amount of DNA is bisulfite
treated and the resulting methylation-specific sequence is
determined using either a real-time PCR or other exponen-
tial amplification, e.g., a QUARTS assay (e.g., as provided
by U.S. Pat. No. 8,361,720; and U.S. Pat. Appl. Pub. Nos.
2012/0122088 and 2012/0122106, incorporated herein by
reference).

[0019] For example, in some embodiments methods com-
prise generating a standard curve for the unmethylated target
by using external standards. The standard curve is con-
structed from at least two points and relates the real-time Ct
value for unmethylated DNA to known quantitative stan-
dards. Then, a second standard curve for the methylated
target is constructed from at least two points and external
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standards. This second standard curve relates the Ct for
methylated DNA to known quantitative standards. Next, the
test sample Ct values are determined for the methylated and
unmethylated populations and the genomic equivalents of
DNA are calculated from the standard curves produced by
the first two steps. The percentage of methylation at the site
of interest is calculated from the amount of methylated
DNAs relative to the total amount of DNAs in the popula-
tion, e.g., (number of methylated DNAs)/(the number of
methylated DNAs+number of unmethylated DNAs)x100.

[0020] Some embodiments of the invention comprise
determining a methylation level of any one or more CpG
sites in any one or more genomic regions of a genome of a
subject, wherein the one or more genomic regions comprise
one or more of: positions 40024971-40025415 of chromo-
some 1; positions 63249197-63249213 of chromosome 1;
positions 95698827-95699097 of chromosome 1; positions

154127462-154128443 of chromosome 1; positions
162467080-162467363 of chromosome 1; positions
27301195-27301943  of chromosome 2; positions
47382287-47382903 of chromosome 2; positions
121223534-121223964 of chromosome 2; positions
42756397-42757171  of chromosome 5; positions
102898463-102898733 of chromosome 5; positions
110062384-110062618 of chromosome 5; positions
138210550-138211184 of chromosome 5; positions
180257691-180257804 of chromosome 5; positions
28058187-28059208 of chromosome 6; positions
28829283-28829674 of chromosome 6; positions
32164503-32165200 of chromosome 6; positions
168393930-168394160 of chromosome 6; positions

965379-965534 of chromosome 7; positions 151433178-

151433561 of chromosome 7; positions 16859295-
16860121 of chromosome 8; positions 144635260-
144635610 of chromosome 8; positions 76803669-

76803925 of chromosome 10; positions 2334892-2335053
of chromosome 11; positions 2891077-2891118 of chromo-
some 11; positions 15037755-15039432 of chromosome 12;
positions 49107116-49108131 of chromosome 13; positions

110438578-110439234 of chromosome 13; positions
112861499-112861518 of chromosome 13; positions
72053146-72053361 of chromosome 14; positions
104394430-104394831 of chromosome 14; positions
101389272-101389394 of chromosome 15; positions

3355951-3356149 of chromosome 16; positions 49563759-

49564462 of chromosome 16; positions 67034309-
67034882 of chromosome 16; positions 75681737-
75682004 of chromosome 16; positions 75568999-

75569749 of chromosome 16; positions 6797466-6797771
of chromosome 17; positions 8066669-8067323 of chromo-
some 17; positions 11784246-11785188 of chromosome 19;
positions 52390810-52391789 of chromosome 19; positions
5485144-5486007 of chromosome 20; and positions
61583686-61584248 of chromosome 20.

[0021] The determining can comprise determining the
methylation level of any 1 or more, 2 or more, 3 or more, 4
or more, 5 or more, 6 or more, 7 or more, 8 or more, 9 or
more, or 10 or more CpG sites in any 1 or more, 2 or more,
3 or more, 4 or more, 5 or more, 6 or more, 7 or more, 8 or
more, 9 or more, 10 or more, 11 or more, 12 or more, 13 or
more, 14 or more, 15 or more, 16 or more, 17 or more, 18
or more, 19 or more, 20 or more, 21 or more, 22 or more,
23 or more, 24 or more, or 25 or more of the genomic
regions.

Nov. 17,2022

[0022] The determining can comprise determining the
methylation level of each CpG site in any 1 or more, 2 or
more, 3 or more, 4 or more, 5 or more, 6 or more, 7 or more,
8 or more, 9 or more, 10 or more, 11 or more, 12 or more,
13 or more, 14 or more, 15 or more, 16 or more, 17 or more,
18 or more, 19 or more, 20 or more, 21 or more, 22 or more,
23 or more, 24 or more, or 25 or more of the genomic
regions.

[0023] The determining can comprise determining the
methylation level of any 1 or more, 2 or more, 3 or more, 4
or more, 5 or more, 6 or more, 7 or more, 8 or more, 9 or
more, or 10 or more CpG sites in each of the genomic
regions.

[0024] The determining comprises determining the meth-
ylation level of each CpG site in each of the genomic
regions.

[0025] In some embodiments, the methylation level is
determined for no more than 800,000 CpG sites, no more
than 700,000 CpG sites, no more than 600,000 CpG sites, no
more than 500,000 CpG sites, no more than 400,000 CpG
sites, no more than 300,000 CpG sites, no more than 250,000
CpG sites, no more than 200,000 CpG sites, no more than
150,000 CpG sites, no more than 100,000 CpG sites, no
more than 75,000 CpG sites, no more than 50,000 CpG sites,
no more than 25,000 CpG sites, no more than 10,000 CpG
sites, no more than 5,000 CpG sites, no more than 2,500
CpG sites, no more than 1,000 CpG sites, no more than 750
CpG sites, no more than 500 CpG sites, no more than 400
CpG sites, no more than 300 CpG sites, no more than 200
CpG sites, no more than 100 CpG sites, no more than 75
CpG sites, no more than 50 CpG sites, or no more than 25
CpG sites in the genome of the subject.

[0026] In some embodiments, the subject is a subject
presenting with respiratory illness. In some embodiments,
the subject is a subject infected or suspected of being
infected with coronavirus. In some embodiments, the subject
is a subject infected or suspected of being infected with
SARS-CoV-2. In some embodiments, the subject is a subject
diagnosed with SARS-CoV-2 infection.

[0027] In preferred embodiments, the subject is a mam-
mal. In further embodiments, the subject is a human.
[0028] In some embodiments, the determining comprises:
treating genomic DNA from the subject with bisulfite to
generate bisulfite-treated genomic DNA; amplifying the
bisulfite-treated genomic DNA using primers specific for a
portion of the bisulfite-treated genomic DNA comprising the
one or more genomic regions; and measuring the methyl-
ation level of the one or more CpG sites in the one or more
genomic regions. The phrase “primers specific for a portion”
of a given nucleic acid means that the primer is configured
(has a sequence and length) to hybridize within that portion
of the nucleic acid (e.g., DNA). “Portion” as used herein
with reference to a given nucleic acid (e.g., DNA) refers to
a region of the nucleic acid. Some embodiments further
comprise isolating the genomic DNA from the subject or a
biological sample from the subject. In some embodiments,
the biological sample is a blood sample. In some embodi-
ments, the portion of the bisulfite-treated genomic DNA has
a length less than 1000 bases, less than 950 bases, less than
900 bases, less than 850 bases, less than 800 bases, less than
750 bases, less than 700 bases, less than 650 bases, less than
600 bases, less than 550 bases, less than 500 bases, less than
450 bases, less than 400 bases, 350 bases, less than 300
bases, less than 250 bases, less than 200 bases, less than 150
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bases, less than 100 bases, less than 75 bases, or less than 50
bases. In some embodiments, an amplicon resulting from the
amplification has a length less than 1000 bases, less than 950
bases, less than 900 bases, less than 850 bases, less than 800
bases, less than 750 bases, less than 700 bases, less than 650
bases, less than 600 bases, less than 550 bases, less than 500
bases, less than 450 bases, less than 400 bases, 350 bases,
less than 300 bases, less than 250 bases, less than 200 bases,
less than 150 bases, less than 100 bases, less than 75 bases,
or less than 50 bases. In some embodiments, an amplicon
resulting from the amplification has a length of at least 100
bases, at least 150 bases, or at least 200 bases and less than
400 bases, less than 350 bases or less than 300 bases. In
some versions, the primers can comprise sequencing adapt-
ers, such as next-generation sequencing adapters.

[0029] Exemplary primers and an exemplary primer-de-
sign protocol are provided in the following examples section
and Table 20.

[0030] In some embodiments, the methylation level is
measured by methylation-specific PCR, quantitative meth-
ylation-specific PCR, methylation-sensitive DNA restriction
enzyme analysis, or bisulfite genomic sequencing PCR, or
quantitative bisulfite pyrosequencing.

[0031] In some embodiments, the one or more genomic
regions comprise any one or more of: positions 40024971-
40025415 of chromosome 1; positions 95698827-95699097
of chromosome 1; positions 162467080-162467363 of chro-
mosome 1; positions 27301195-27301943 of chromosome
2; positions 47382287-47382903 of chromosome 2; posi-
tions 42756397-42757171 of chromosome 5; positions
102898463-102898733 of chromosome 5; positions
138210550-138211184 of chromosome 5; positions
28829283-28829674 of chromosome 6; positions
168393930-168394160 of chromosome 6; positions
965379-965534 of chromosome 7; positions 2334892-
2335053 of chromosome 11; positions 2891077-2891118 of
chromosome 11; positions 110438578-110439234 of chro-
mosome 13; positions 101389272-101389394 of chromo-
some 15; positions 3355951-3356149 of chromosome 16;
positions 11784246-11785188 of chromosome 19; positions
52390810-52391789 of chromosome 19; and positions
61583686-61584248 of chromosome 20. In some embodi-
ments, the one or more CpG sites are located at any 1 or
more, 2 or more, 3 or more, 4 or more, 5 or more, 6 or more,
7 or more, 8 or more, 9 or more, 10 or more, 11 or more, 12
or more, 13 or more, 14 or more, 15 or more, 16 or more,
17 or more, 18 or more, 19 or more, 20 or more, 21 or more,
22 or more, 23 or more, 24 or more, 25 or more, 30 or more,
35 or more, 40 or more, 45 or more, 50 or more, 55 or more,
60 or more, 65 or more, 70 or more, or 75 or more of the
genomic positions shown in Table 15. In some embodi-
ments, the method further comprises determining from the
methylation level of the one or more CpG sites a likelihood
of developing critical illness comprising at least one of
admission to an intensive care unit, invasive ventilation, and
death.

[0032] In some embodiments, the one or more genomic
regions comprise any one or more of: positions 63249197-
63249213 of chromosome 1; positions 27301195-27301943
of chromosome 2; positions 121223534-121223964 of chro-
mosome 2; positions 110062384-110062618 of chromo-
some 5; positions 180257691-180257804 of chromosome 5;
positions 28058187-28059208 of chromosome 6; positions
32164503-32165200 of chromosome 6; positions
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151433178-151433561 of chromosome 7; positions
16859295-16860121 of chromosome 8; positions
144635260-144635610 of chromosome 8; positions
76803669-76803925 of chromosome 10; positions
112861499-112861518 of chromosome 13; positions
72053146-72053361 of chromosome 14; positions
104394430-104394831 of chromosome 14; positions
49563759-49564462 of chromosome 16; positions
67034309-67034882 of chromosome 16; positions

75568999-75569749 of chromosome 16; and positions
6797466-6797771 of chromosome 17. In some embodi-
ments, the subject is a subject infected with SARS-CoV-2
and the method further comprises determining from the
methylation level of the one or more CpG sites a likelihood
of dying from the SARS-CoV-2 infection.

[0033] In some embodiments, the one or more genomic
regions comprise one or more of: positions 154127462-

154128443 of chromosome 1; positions 15037755-
15039432 of chromosome 12; positions 49107116-
49108131 of chromosome 13; positions 75681737-

75682004 of chromosome 16; positions 8066669-8067323
of chromosome 17; and positions 5485144-5486007 of
chromosome 20. In some embodiments, the one or more
CpG sites are located at any 1 or more, 2 or more, 3 or more,
4 or more, 5 or more, 6 or more, 7 or more, or all of the
genomic positions shown in Table 17A. In some embodi-
ments, the subject is a subject infected with SARS-CoV-2,
and the method further comprises determining from the
methylation level of the one or more CpG sites a likelihood
of the subject responding to treatment. Some embodiments
further comprise treating the subject. In some embodiments,
the treating comprising treating with a steroid, such as a
corticosteroid. Exemplary corticosteroids include bethame-
thasone, prednisone, prednisolone, triamcinolone, methyl-
prednisolone, dexamethasone, hydrocortisone, cortisone,
ethamethasoneb, budesonide, and fludrocortisone. In some
embodiments, the treating comprises administering an anti-
SARS-CoV-2 antibody. In some embodiments, the anti-
SARS-CoV-2 antibody is a polyclonal antibody (e.g., pro-
vided by convalescent plasma). In some embodiments, the
anti-SARS-CoV-2 antibody is a monoclonal antibody (e.g.,
bamlanivimab or casirivimab).

[0034] Also provided herein are compositions and kits and
systems for practicing the methods. For example, in some
embodiments, reagents (e.g., primers, probes) specific for
one or more markers are provided alone or in sets (e.g., sets
of primers pairs for amplifying a plurality of markers).
Additional reagents for conducting a detection assay may
also be provided (e.g., enzymes, buffers, positive and nega-
tive internal and external controls for conducting QuARTS,
PCR, sequencing, bisulfite, calibrants or other assays). In
some embodiments, the kits containing one or more reagents
necessary, sufficient, or useful for conducting a method are
provided. Also provided are reactions mixtures containing
the reagents, and instructions for use of the reagents. Further
provided are master mix reagent sets containing a plurality
of reagents that may be added to each other and/or to a test
sample to complete a reaction mixture.

[0035] In some embodiments, the technology described
herein is associated with a programmable machine designed
to perform a sequence of arithmetic or logical operations as
provided by the methods described herein. For example,
some embodiments of the technology are associated with
(e.g., implemented in) computer software and/or computer
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hardware. In one aspect, the technology relates to a com-
puter comprising a form of memory, an element for per-
forming arithmetic and logical operations, and a processing
element (e.g., a microprocessor) for executing a series of
instructions (e.g., a method as provided herein) to read,
manipulate, and store data. In some embodiments, a micro-
processor is part of a system for determining a methylation
state (e.g., of any one or more DMRs and/or DMPs provided
in any one or more of Tables 3, 6, 13, 14, 15, 16, 17A and
17B); comparing methylation states (e.g., of any one or more
DMRs and/or DMPs provided in any one or more of Tables
3, 6, 13, 14, 15, 16, 17A and 17B); generating standard
curves; determining a Ct value; calculating a fraction, fre-
quency, or percentage of methylation (e.g., of any one or
more DMRs and/or DMPs provided in any one or more of
Tables 3, 6, 13, 14, 15, 16, 17A and 17B); identifying a CpG
island; determining a specificity and/or sensitivity of an
assay or marker; calculating an ROC curve and an associ-
ated AUC; sequence analysis; all as described herein or is
known in the art.

[0036] In some embodiments, a microprocessor or com-
puter uses methylation state data in an algorithm to diag-
nose, predict the severity of, and/or predicting treatment
response to respiratory virus infection.

[0037] In some embodiments, a software or hardware
component receives the results of multiple assays and deter-
mines a single value result to report to a user that indicates
a diagnosis, a prediction of the severity of, and/or a predic-
tion of treatment response to respiratory virus infection
based on the results of the multiple assays (e.g., determining
the methylation state of multiple DMRs and/or DMPs, e.g.,
as provided in any one or more of Tables 3, 6, 13, 14, 15, 16,
17A and 17B). Related embodiments calculate a risk factor
based on a mathematical combination (e.g., a weighted
combination, a linear combination) of the results from
multiple assays, e.g., determining the methylation states of
multiple markers (such as multiple DMRs and/or DMPs,
e.g., as provided in any one or more of Tables 3, 6, 13, 14,
15, 16, 17A and 17B). In some embodiments, the methyl-
ation state of a DMR defines a dimension and may have
values in a multidimensional space and the coordinate
defined by the methylation states of multiple DMRs is a
result, e.g., to report to a user, e.g., related to a diagnosis,
prediction of the severity of, and/or prediction of the treat-
ment response to respiratory virus infection.

[0038] Some embodiments comprise a storage medium
and memory components. Memory components (e.g., vola-
tile and/or nonvolatile memory) find use in storing instruc-
tions (e.g., an embodiment of a process as provided herein)
and/or data (e.g., a work piece such as methylation mea-
surements, sequences, and statistical descriptions associated
therewith). Some embodiments relate to systems also com-
prising one or more of a CPU, a graphics card, and a user
interface (e.g., comprising an output device such as display
and an input device such as a keyboard).

[0039] Programmable machines associated with the tech-
nology comprise conventional extant technologies and tech-
nologies in development or yet to be developed (e.g., a
quantum computer, a chemical computer, a DNA computer,
an optical computer, a spintronics based computer, etc.).
[0040] In some embodiments, the technology comprises a
wired (e.g., metallic cable, fiber optic) or wireless transmis-
sion medium for transmitting data. For example, some
embodiments relate to data transmission over a network
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(e.g., a local area network (LAN), a wide area network
(WAN), an ad-hoc network, the internet, etc.). In some
embodiments, programmable machines are present on such
a network as peers and in some embodiments the program-
mable machines have a client/server relationship.

[0041] In some embodiments, data are stored on a com-
puter-readable storage medium such as a hard disk, flash
memory, optical media, a floppy disk, etc.

[0042] In some embodiments, the technology provided
herein is associated with a plurality of programmable
devices that operate in concert to perform a method as
described herein. For example, in some embodiments, a
plurality of computers (e.g., connected by a network) may
work in parallel to collect and process data, e.g., in an
implementation of cluster computing or grid computing or
some other distributed computer architecture that relies on
complete computers (with onboard CPUs, storage, power
supplies, network interfaces, etc.) connected to a network
(private, public, or the internet) by a conventional network
interface, such as Ethernet, fiber optic, or by a wireless
network technology.

[0043] For example, some embodiments provide a com-
puter that includes a computer-readable medium. The
embodiment includes a random access memory (RAM)
coupled to a processor. The processor executes computer-
executable program instructions stored in memory. Such
processors may include a microprocessor, an ASIC, a state
machine, or other processor, and can be any of a number of
computer processors, such as processors from Intel Corpo-
ration of Santa Clara, Calif. and Motorola Corporation of
Schaumburg, Ill. Such processors include, or may be in
communication with, media, for example computer-readable
media, which stores instructions that, when executed by the
processor, cause the processor to perform the steps described
herein.

[0044] Embodiments of computer-readable media include,
but are not limited to, an electronic, optical, magnetic, or
other storage or transmission device capable of providing a
processor with computer-readable instructions. Other
examples of suitable media include, but are not limited to, a
floppy disk, CD-ROM, DVD, magnetic disk, memory chip,
ROM, RAM, an ASIC, a configured processor, all optical
media, all magnetic tape or other magnetic media, or any
other medium from which a computer processor can read
instructions. Also, various other forms of computer-readable
media may transmit or carry instructions to a computer,
including a router, private or public network, or other
transmission device or channel, both wired and wireless.
The instructions may comprise code from any suitable
computer-programming language, including, for example,
C, C++, C#, Visual Basic, Java, Python, Perl, and JavaScript.
[0045] Computers are connected in some embodiments to
anetwork. Computers may also include a number of external
or internal devices such as a mouse, a CD-ROM, DVD, a
keyboard, a display, or other input or output devices.
Examples of computers are personal computers, digital
assistants, personal digital assistants, cellular phones,
mobile phones, smart phones, pagers, digital tablets, laptop
computers, internet appliances, and other processor-based
devices. In general, the computers related to aspects of the
technology provided herein may be any type of processor-
based platform that operates on any operating system, such
as Microsoft Windows, Linux, UNIX, Mac OS X, etc.,
capable of supporting one or more programs comprising the
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technology provided herein. Some embodiments comprise a
personal computer executing other application programs
(e.g., applications). The applications can be contained in
memory and can include, for example, a word processing
application, a spreadsheet application, an email application,
an instant messenger application, a presentation application,
an Internet browser application, a calendar/organizer appli-
cation, and any other application capable of being executed
by a client device.

[0046] All such components, computers, and systems
described herein as associated with the technology may be
logical or virtual.

[0047] Accordingly, provided herein is technology related
to a method of diagnosing, predicting severity of, and/or
predicting treatment response to respiratory virus infection
in a sample obtained from a subject, the method comprising
assaying a methylation state of a marker in a sample
obtained from a subject (e.g., a blood sample, a saliva
sample, a sputum sample, a bronchoalveolar lavage (BAL),
a cerebrospinal fluid sample, a urine sample, a biopsy
sample, a nasopharyngeal or oropharynx swab sample) and
identifying the subject as having respiratory virus infection,
a likelihood of severe outcomes of respiratory infection,
and/or a likelihood of treatment response (e.g., with steroids,
such as corticosteroids) when the methylation state of the
marker is different than a methylation state of the marker
assayed in a subject that does not have respiratory virus
infection, does not have severe outcomes of respiratory
infection, and/or does not have response to treatment,
wherein the marker comprises a base (DMP) in a differen-
tially methylated region (DMR) selected from a group
consisting of any one or more of the DMRs and/or DMPs
provided in any one or more of Tables 3, 6, 13, 14, 15, 16,
17A and 17B.

[0048] In some embodiments, the methylation state of
DMRs and/or DMPs in Table 3 can be determined and,
optionally, used to diagnose respiratory disease infection. In
some embodiments, the methylation state of DMRs and/or
DMPs in Table 3 can be determined and used to diagnose
SARS-CoV-2 infection. In some embodiments, the methyl-
ation state of DMRs and/or DMPs in Table 3 can be
determined and used to distinguish individuals with SARS-
CoV-2 infection from healthy individuals. Any combination
of DMRs and/or DMPs in Table 3 can be used in such
embodiments.

[0049] In some embodiments, the methylation state of
DMRs and/or DMPs that are shown as being differentially
methylated in Table 21 can be determined. The DMRs
and/or DMPs can optionally be used as markers to identify
or predict patients having lasting effects of SARS-CoV-2
(referred to in the art as “long COVID” or Post-Acute
Sequelae of SARS-CoV-2 Infection (PASC)) or other respi-
ratory infection. Any combination of DMRs and/or DMPs
that are shown as being differentially methylated in Table 21
can be used in such embodiments.

[0050] In some embodiments, the methylation state of
DMRs and/or DMPs in Table 6 can be determined and,
optionally, used to diagnose respiratory disease infection. In
some embodiments, the methylation state of DMRs and/or
DMPs in Table 6 can be determined and used to diagnose
SARS-CoV-2 infection. In some embodiments, the methyl-
ation state of DMRs and/or DMPs in Table 6 can be
determined and used to distinguish individuals with SARS-
CoV-2 infection from individuals with other respiratory
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diseases. Any combination of DMRs and/or DMPs in Table
6 can be used in such embodiments.

[0051] In some embodiments, the methylation state of
DMRs and/or DMPs in Table 13 can be determined and,
optionally, used to predict the severity of respiratory virus
infection. In some embodiments, the methylation state of
DMRs and/or DMPs in Table 13 can be determined and used
to predict the severity of SARS-CoV-2 infection. In some
embodiments, the methylation state of DMRs and/or DMPs
in Table 13 can be determined and used to predict the
likelihood of developing critical illness from SARS-CoV-2
infection, wherein the critical illness comprises admission to
an intensive care unit, invasive ventilation, or death. Any
combination of DMRs and/or DMPs in Table 13 can be used
in such embodiments.

[0052] In some embodiments, the methylation state of
DMRs and/or DMPs in Tables 14 and 15 can be determined
and, optionally, used to predict the severity of respiratory
virus infection. In some embodiments, the methylation state
of DMRs and/or DMPs in Tables 14 and 15 can be deter-
mined and used to predict the severity of SARS-CoV-2
infection. In some embodiments, the methylation state of
DMRs and/or DMPs in Tables 14 and 15 can be determined
and used to predict the likelihood of dying from SARS-
CoV-2 infection. Any combination of DMRs and/or DMPs
in Tables 14 and 15 can be used in such embodiments.
[0053] In some embodiments, the methylation state of
DMRs and/or DMPs in Tables 16 and 17 can be determined
and, optionally, used to predict the response to treatment of
respiratory virus infection. In some embodiments, the meth-
ylation state of DMRs and/or DMPs in Tables 16 and 17 can
be determined and used to predict the response to treatment
of SARS-CoV-2 infection. In some embodiments, the meth-
ylation state of DMRs and/or DMPs in Tables 16 and 17 can
be determined and used to predict the response to treatment
of SARS-CoV-2 infection with steroids. In some embodi-
ments, the methylation state of DMRs and/or DMPs in
Tables 16 and 17 can be determined and used to predict the
response to treatment of SARS-CoV-2 infection with corti-
costeroids. Any combination of DMRs and/or DMPs in
Tables 16 and 17 can be used in such embodiments.
[0054] Some embodiments provide methods comprising
assaying a plurality of markers. In some embodiments, the
plurality of markers comprise at least 2, at least 3, at least 4,
at least 5, at least 6, at least 7, at least 8, at least 9, at least
10, at least 11, at least 12, at least 13, at least 14, at least 15,
at least 16, at least 17, at least 18, at least 19, at least 20, at
least 30, at least 40, at least 50, at least 60, at least 70, at least
80, at least 90, at least 100, at least 110, at least 120, at least
130, at least 140, or at least 150 markers. In some embodi-
ments, the plurality of markers comprise fewer than 3, fewer
than 4, fewer than 5, fewer than 6, fewer than 7, fewer than
8, fewer than 9, fewer than 10, fewer than 11, fewer than 12,
fewer than 13, fewer than 14, fewer than 15, fewer than 16,
fewer than 17, fewer than 18, fewer than 19, fewer than 20
fewer than 30, fewer than 40, fewer than 50, fewer than 60,
fewer than 70, fewer than 80, fewer than 90, fewer than 100,
fewer than 110, fewer than 120, fewer than 130, fewer than
140, or fewer than 150 markers.

[0055] The technology is not limited in the methylation
state assessed. In some embodiments assessing the methyl-
ation state of the marker in the sample comprises determin-
ing the methylation state of one base. In some embodiments,
assaying the methylation state of the marker in the sample
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comprises determining the extent of methylation at a plu-
rality of bases. Moreover, in some embodiments the meth-
ylation state of the marker comprises an increased methyl-
ation of the marker relative to a normal methylation state of
the marker. In some embodiments, the methylation state of
the marker comprises a decreased methylation of the marker
relative to a normal methylation state of the marker. In some
embodiments the methylation state of the marker comprises
a different pattern of methylation of the marker relative to a
normal methylation state of the marker.

[0056] Furthermore, in some embodiments the marker is a
region of 100 or fewer bases, the marker is a region of 500
or fewer bases, the marker is a region of 1000 or fewer bases,
the marker is a region of 5000 or fewer bases, or, in some
embodiments, the marker is one base.

[0057] The technology is not limited by sample type. For
example, in some embodiments the sample is a blood sample
(e.g., plasma, serum, whole blood), a stool sample, a tissue
sample (e.g., lung tissue sample), an excretion, or a urine
sample.

[0058] Furthermore, the technology is not limited in the
method used to determine methylation state. In some
embodiments the assaying comprises using methylation
specific polymerase chain reaction, nucleic acid sequencing,
mass spectrometry, methylation specific nuclease, mass-
based separation, or target capture. In some embodiments,
the assaying comprises use of a methylation specific oligo-
nucleotide. In some embodiments, the technology uses mas-
sively parallel sequencing (e.g., next-generation sequenc-
ing) to determine methylation state, e.g., sequencing-by-
synthesis, real-time (e.g., single-molecule) sequencing, bead
emulsion sequencing, nanopore sequencing, etc. In some
embodiments, the technology uses array-based methylation
analysis.

[0059] The technology provides reagents for detecting the
methylation state of a DMR and/or DMP, e.g., in some
embodiments are provided a set of oligonucleotides com-
prising the sequences of the oligonucleotides provided
herein. In some embodiments are provided an oligonucle-
otide comprising a sequence complementary to a chromo-
somal region having a base in a DMR, e.g., an oligonucle-
otide sensitive to methylation state of a DMR and/or DMP.
[0060] Kit embodiments are provided, e.g., a kit compris-
ing a bisulfite reagent; and a control nucleic acid comprising
a sequence from a DMR and/or DMP selected from a group
consisting of any one or more of Tables 3, 6, 13, 14, 15, 16,
17A and 17B and having a methylation state associated with
a subject who has or does not have a health condition as
described herein. In some embodiments, kits comprise a
bisulfite reagent and an oligonucleotide as described herein.
In some embodiments, kits comprise a bisulfite reagent; and
a control nucleic acid comprising a sequence from a DMR
selected from a group consisting of any one or more DMRs
in any one or more of Tables 3, 6, 13, 14, 15, 16, 17A and
17B and having a methylation state as described in the
following examples. Some kit embodiments comprise a
sample collector for obtaining a sample from a subject (e.g.,
blood sample); reagents for isolating a nucleic acid from the
sample; a bisulfite reagent; and an oligonucleotide as
described herein.

[0061] The technology is related to embodiments of com-
positions (e.g., reaction mixtures). In some embodiments are
provided a composition comprising a nucleic acid compris-
ing a DMR and/or a DMP and a bisulfite reagent. Some
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embodiments provide a composition comprising a nucleic
acid comprising a DMR and/or a DMP and an oligonucle-
otide as described herein. Some embodiments provide a
composition comprising a nucleic acid comprising a DMR
and/or a DMP a methylation-sensitive restriction enzyme.
Some embodiments provide a composition comprising a
nucleic acid comprising a DMR and/or a DMP and a
polymerase.

[0062] Additional related method embodiments are pro-
vided for diagnosing, predicting the severity of, and/or
predicting the treatment response to respiratory virus infec-
tion in a sample obtained from a subject (e.g., blood sample),
e.g., a method comprising determining a methylation state of
a marker in the sample comprising a base in any one or more
DMRs in any one or more of Tables 3, 6, 13, 14, 15,16, 17A
and 17B); comparing the methylation state of the marker
from the subject sample to a methylation state of the marker
from a control sample from a subject; and determining a
confidence interval and/or a p value of the difference in the
methylation state of the subject sample and the normal
control sample. In some embodiments, the confidence inter-
val is 90%, 95%, 97.5%, 98%, 99%, 99.5%, 99.9% or
99.99% and the p value is 0.1, 0.05, 0.025, 0.02, 0.01, 0.005,
0.001, or 0.0001. Some embodiments of methods provide
steps of reacting a nucleic acid comprising a DMR and/or
DMP with a bisulfite reagent to produce a bisulfite-reacted
nucleic acid; sequencing the bisulfite-reacted nucleic acid to
provide a nucleotide sequence of the bisulfite-reacted
nucleic acid; comparing the nucleotide sequence of the
bisulfite-reacted nucleic acid with a nucleotide sequence of
a nucleic acid comprising the DMR and/or DMP from a
negative and/or a positive control subject to identify differ-
ences in the two sequences; and identifying the subject as
having a diagnosis or prognosis when a difference is present.

[0063] Systems for diagnosing, predicting the severity of,
and/or a predicting treatment response to respiratory virus
infection in a sample obtained from a subject are provided
by the technology. Exemplary embodiments of systems
include two or more of, e.g., a nucleic acid isolation and
quantification component, a nucleic acid amplification com-
ponent, a nucleic acid detection component, an analysis
component configured to determine the methylation state of
a sample, a software component configured to compare the
methylation state of the sample with a control sample or a
reference sample methylation state recorded in a database,
and an alert component configured to alert a user of a
diagnostic or prognostic methylation state. An alert is deter-
mined in some embodiments by a software component that
receives the results from multiple assays (e.g., determining
the methylation states of multiple markers, e.g., DMRs
and/or DMPs as provided in Tables 3, 6, 13, 14, 15, 16, 17A
and 17B) and calculating a value or result to report based on
the multiple results. Some embodiments provide a database
of weighted parameters associated with each DMR provided
herein for use in calculating a value or result and/or an alert
to report to a user (e.g., such as a physician, nurse, clinician,
etc.). In some embodiments all results from multiple assays
are reported and in some embodiments one or more results
are used to provide a score, value, or result based on a
composite of one or more results from multiple assays.

[0064] In certain embodiments, methods for characteriz-
ing a sample (e.g., blood sample) from a human patient are
provided. For example, some embodiments comprise
obtaining DNA from a sample of a human patient; assaying
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a methylation state of a DNA methylation marker compris-
ing a base in a differentially methylated region (DMR)
selected from a group consisting of any one or more DMRs
from any one or more of Tables 3, 6, 13, 14, 15, 16, 17A and
17B; and comparing the assayed methylation state of the one
or more DNA methylation markers with negative and/or
positive methylation level references for the one or more
DNA methylation markers.

[0065] Such methods are not limited to a particular type of
sample from a human patient. In some embodiments, the
sample is a blood sample. In some embodiments, the sample
is a stool sample, a tissue sample, or a urine sample.
[0066] In some embodiments, the DNA methylation
marker is a region of 100 or fewer bases. In some embodi-
ments, the DNA methylation marker is a region of 500 or
fewer bases. In some embodiments, the DNA methylation
marker is a region of 1000 or fewer bases. In some embodi-
ments, the DNA methylation marker is a region of 5000 or
fewer bases. In some embodiments, the DNA methylation
marker is one base.

[0067] In some embodiments, the assaying comprises
using methylation specific polymerase chain reaction,
nucleic acid sequencing, mass spectrometry, methylation
specific nuclease, mass-based separation, or target capture.
[0068] In some embodiments, the assaying comprises use
of a methylation specific oligonucleotide.

[0069] In certain embodiments, the technology provides
methods for characterizing a sample obtained from a human
patient. In some embodiments, such methods comprise
determining a methylation state of a DNA methylation
marker in the sample comprising a base in a DMR selected
from a group consisting of any one or more DMRs from any
one or more of Tables 3, 6, 13, 14, 15, 16, 17A and 17B;
comparing the methylation state of the DNA methylation
marker from the patient sample to a methylation state of the
DNA methylation marker from a control sample from a
control human subject; and determining a confidence inter-
val and/or a p value of the difference in the methylation state
of patient sample and the control sample. In some embodi-
ments, the confidence interval is 90%, 95%, 97.5%, 98%,
99%, 99.5%, 99.9% or 99.99% and the p value is 0.1, 0.05,
0.025, 0.02, 0.01, 0.005, 0.001, or 0.0001.

[0070] In certain embodiments, the technology provides
methods for characterizing a sample obtained from a human
subject (e.g., blood sample), the method comprising reacting
a nucleic acid comprising at least one DMR with a bisulfite
reagent to produce a bisulfite-reacted nucleic acid; sequenc-
ing the bisulfite-reacted nucleic acid to provide a nucleotide
sequence of the bisulfite-reacted nucleic acid; comparing the
nucleotide sequence of the bisulfite-reacted nucleic acid
with a nucleotide sequence of a nucleic acid comprising the
DMR from a control subject.

[0071] Additional embodiments will be apparent to per-
sons skilled in the relevant art based on the teachings
contained herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0072] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawing(s) will be pro-
vided by the Office upon request and payment of the
necessary fee.

[0073] FIG.1: Diagram of the entire cohort involved in the
examples. Notice that while the hospitalized patients’ cohort
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contributed 128 patients, 124 were part of the analyses due
to inadequate quality of 4 samples, see diagram and details
in the text.

[0074] FIGS. 2A-2E: Differential SARS-CoV-2 DNA
methylation between blood samples from patients on hos-
pital admission for COVID-19 compared to blood samples
from healthy controls before the covid-19 pandemic. FIG.
2A: A box and whisker plot depicts the difference in mean
global methylation level (y-axis) between Covid-19 patients
and healthy controls (x-axis). Each black dot represents the
mean methylation level of each participant. These results
indicate that global mean methylation levels do not distin-
guish Covid-19 patients from healthy pre-pandemic con-
trols. FIG. 2B: A Manhattan plot of DNA methylation
regions shows the distribution of SARS-CoV-2-associated
significantly differentially methylated regions (DMRs)
across the genome by chromosome number. Hyper-methyl-
ated regions are displayed with a positive log 10 (P-value),
and hypo-methylated regions are displayed with a negative
log 10 (P-value). DMRs were ascertained as regions having
at least 5 consecutive CpGs where >75% of the CpGs in the
region had a false discovery rate (FDR) P-value <0.05, and
all were either hyper-methylated or hypo-methylated. This
approach identified 1,505 DMRs, that are displayed above
and below the blue lines. Dots alternate colors to depict a
change in chromosome. Sex chromosomes were excluded
from analysis. These results indicate that 1,505 DNA regions
are differentially methylated within days of SARS-Cov-2
infection. FIG. 2C: A pie chart showing the percent distri-
bution of DMRs to standard genomic features. STUTR=5'
untranslated region' 3'UTR=3" untranslated region;
TSS=transcription start site; TSS200=0-200 bp upstream of
TSS; TSS1500=200-1500 bp upstream of TSS. In keeping
with the known role of DNA methylation in regulation of
gene expression, a preponderance of DMRs are located in
gene promoter regions. FIG. 2D: Bar graphs of the top ten
gene ontological (GO) biological processes related to the
COVID-19 differentially methylated genes, ordered by sta-
tistical significance. The X-axis indicates the number of
COVID-19 DMR-associated genes that contribute to each
GO term. Bar color indicates the FDR P-value using a
Fischer test. These results indicate that the observed DMRs
occur in genes that participate in white blood cell activation
and immune responses. FIG. 2E: Bar Graph of the top 10
disease ontological (DO) processes related to the COVID-
19-associated differentially methylated genes, ordered by
statistical significance. The X-axis indicates the number of
COVID-19 DMR-associated genes contributing to each GO
term. Bar color indicates the FDR P-value using a Fischer
test. These results indicate that the observed DMRs occur in
genes that participate in the pathogenesis of inflammatory
and white blood cell disorders.

[0075] FIG. 3: No difference was observed in the gap
between chronologic age and “epigenetic clock” age
between COVID-19 patients and healthy pre-pandemic con-
trols. The box plot depicts the difference in mean global
methylation level (y-axis) between Covid-19 patients and
healthy controls (1 and 0, respectively; x-axis).

[0076] FIGS. 4A-4D: DMRs in blood samples from
COVID-19 patients on hospital admission are distinct from
patients with non-COVID-19 respiratory illness in genes
that participate in virus-related pathways and disorders. FIG.
4A: Box and whisker plot depicts the difference in mean
global methylation level (y-axis) between COVID-19 and
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non-COVID-19 respiratory ill patients (x-axis). Each black
dot represents the mean methylation level of each partici-
pant. These results indicate that global mean methylation
levels do not distinguish COVID-19 from non-COVID-19
respiratory ill patients. FIG. 4B: Circos plot depicts genomic
distribution of differentially methylated regions (DMRs)
across the human genome. (Outer ring) Each chromosome is
shown as a different color. The relative chromosome size is
represented by the arc bar length. (Inner rings) Hyper-
methylated DMRs are shown in red and hypo-methylated
regions are shown in blue. Sex chromosomes were omitted
from the analysis. These results indicate that 254 DNA
differentially methylated regions distinguish SARS-Cov-2
infection from respiratory illness. FIG. 4C: Bar Graph of the
top ten gene ontological (GO) biological processes related to
the SARS-CoV-2-associated differentially —methylated
genes, ordered by statistical significance. The X-axis indi-
cates the number of SARS-CoV-2 DMR-associated genes
that contribute to each GO term. Bar color indicates the FDR
P-value using a Fischer test. These results indicate that the
observed DMRs occur in genes that participate in inflam-
matory and host-defense processes. FIG. 4D: Bar Graph of
the top ten disease ontological (DO) processes related to the
SARS-CoV-2-associated differentially methylated genes,
ordered by statistical significance. The X-axis indicates the
number of SARS-CoV-2 DMR-associated genes that con-
tribute to each DO term. BAR color indicates the FDR
P-value using a Fischer test. These results indicate that the
observed DMRs occur in genes that participate in the
pathology of influenza, other viral infections and inflamma-
tory disorders.

[0077] FIGS. 5A-5D: Overlap of COVID-19 DMR-asso-
ciated genes in blood. FIG. 5A: Venn diagram of the overlap
of COVID-19 DMR-associated genes identified by compari-
son of DMRs between COVID-19 patients and healthy
pre-pandemic controls, and DMRs between COVID-19 and
non-COVID-19 respiratory illness patients on admission.
Asterisks indicate overlap that is significant at P-value
<0.001. Twenty-five of the 47 overlapping genes with
DMRs encode proteins that participate in white blood cell
viral defense, inflammation and immune responses. FIG.
5B: Ontology analysis of the 47 overlapping genes with
DMRs indicate a role in viral defense mechanisms. FIGS.
5C and 5D: Relative positions of COVID-19 associated
DMRs in the promoter region of OAS2 and IF127 with a
schematic depicted for each gene. The relative positions of
probes measuring methylation levels of CpG sites annotated
to each gene with their genomic 5'-3' positions are provided
(inset panel; x-axis) versus the —-log 10 of the P-value
(y-axis). The P-value <0.05 is displayed as a black line.
Probes residing in a COVID-19 associated DMR are shown
as hypo-methylation (blue dots) and hyper-methylation (red
dots). Probes not meeting a P-value <0.05 at the individual
CpG level are shown as hollow. These results indicate that
the DMRs comprise a cluster of differentially methylated
positions within days of SARS-Cov-2 infection.

[0078] FIGS. 6A-6B: DNA methylation is associated with
COVID-19 outcomes. FIG. 6A: Volcano plot shows genes
associated with dichotomized GRAM-risk scores, either
hyper-methylated (purple) or hypo-methylated (green). FIG.
6B: DNA methylation levels at 77 differentially methylated
positions (DMPs) correlate with disease severity in COVID-
19 patients. DMRs (N=19) associated with the GRAM-score
were identified in COVID-19 patients (N=100). DMRs were
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ascertained as regions with at least 3 consecutive CpGs
where >75% of the CpGs in the region had a FDR P-value
<0.05 and all were either hyper-methylated or hypo-meth-
ylated. DNA methylation levels of the DMPs (N=145)
residing in the DMRs were subjected to recursive feature
elimination to identify CpGs that best distinguish GRAM-
score risk. Shown is a hierarchical cluster using the DNA
methylation data from the 77 DMPS, that are shown as a
heatmap of the M-values. Low GRAM-score risk (grey) and
high GRAM-score risk (black) are indicated. These results
indicate that DNA methylation levels at these 77 DMPs may
be useful as biomarkers of the severity of COVID-19
patients.

[0079] FIG. 7: DNA methylation of 8 CpGs are identified
to best distinguish corticosteroids responders from non-
responders. Shown is a hierarchical cluster using the DNA
methylation data, and a heatmap of the M-values. Steroid
response of 0 (red) and 1 (green) are indicated.

[0080] FIG. 8A: Diagram of data generation and analysis
pipeline. See Example 2 for details.

[0081] FIG. 8B: Clinical characteristics of participants. To
prevent DNA methylation changes caused by asymptomatic
SARS-CoV-2 infection, samples were taken from healthy
volunteers enrolled in 2017, who were not recalled. IQR is
interquartile range. Raw SF-36: Short Form Health Survey
involves 36 questions that are divided in 9 domains. Each
domain has a maximal score of 100% based on the partici-
pants answers and thus the optimal score is 900.

[0082] FIG. 8C: Pie chart showing the distribution of
DMRs to standard genomic features in percent. S'UTR=5'
untranslated region. In keeping with the known role of DNA
methylation in regulation of gene expression, a preponder-
ance of DMRs is in gene promoter regions.

[0083] FIG. 8D: Circos plot shows the genomic distribu-
tion of differentially methylated regions (DMRs) across the
human genome (outer ring). Each chromosome is shown as
a different color. Relative chromosome size is denoted by the
arc bar length (Inner rings). Hyper-methylated DMRs are
shown in red and hypo-methylated regions are shown in
blue. Sex chromosomes were omitted from the analysis.
These results indicate that 71 DNA regions remain differ-
entially methylated one year after hospital discharge in
reference to a pre-pandemic healthy control cohort.

[0084] FIG. 8E: Bar graph of the top 10 gene ontological
(GO) processes related to the SARS-CoV-2-associated dif-
ferentially methylated genes that remain abnormal one year
after hospital discharge ordered by statistical significance.
The X-axis provides the number of SARS-CoV-2 DMR-
associated genes that contribute to each GO term. Bar color
indicates the FDR P-value by using a Fischer test. These
results indicate that the observed DMRs occur in genes that
participate in process such as response to virus, regulation of
immune processes and others.

DETAILED DESCRIPTION OF THE
INVENTION

[0085] As used herein, a “nucleic acid” or “nucleic acid
molecule” generally refers to any ribonucleic acid or deoxy-
ribonucleic acid, which may be unmodified or modified
DNA or RNA. “Nucleic acids” include, without limitation,
single- and double-stranded nucleic acids. As used herein,
the term “nucleic acid” also includes DNA as described
above that contains one or more modified bases. Thus, DNA
with a backbone modified for stability or for other reasons
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is a “nucleic acid”. The term “nucleic acid” as it is used
herein embraces such chemically, enzymatically, or meta-
bolically modified forms of nucleic acids, as well as the
chemical forms of DNA characteristic of viruses and cells,
including for example, simple and complex cells.

[0086] The terms “oligonucleotide” or “polynucleotide”
or “nucleotide” or “nucleic acid” refer to a molecule having
two or more deoxyribonucleotides or ribonucleotides, pref-
erably more than three, and usually more than ten. The exact
size will depend on many factors, which in turn depends on
the ultimate function or use of the oligonucleotide. The
oligonucleotide may be generated in any manner, including
chemical synthesis, DNA replication, reverse transcription,
or a combination thereof. Typical deoxyribonucleotides for
DNA are thymine, adenine, cytosine, and guanine. Typical
ribonucleotides for RNA are uracil, adenine, cytosine, and
guanine.

[0087] As used herein, the terms “locus” or “region” of a
nucleic acid refer to a subregion of a nucleic acid, e.g., a
gene on a chromosome, a single nucleotide, a CpG island,
etc.

[0088] The terms “complementary” and “complementar-
ity” refer to nucleotides (e.g., 1 nucleotide) or polynucle-
otides (e.g., a sequence of nucleotides) related by the base-
pairing rules. For example, the sequence 5'-A-G-T-3' is
complementary to the sequence 3'-T-C-A-5'. Complemen-
tarity may be “partial,” in which only some of the nucleic
acids’ bases are matched according to the base pairing rules.
Or, there may be “complete” or “total” complementarity
between the nucleic acids. The degree of complementarity
between nucleic acid strands effects the efficiency and
strength of hybridization between nucleic acid strands. This
is of particular importance in amplification reactions and in
detection methods that depend upon binding between
nucleic acids.

[0089] The term “gene” refers to a nucleic acid (e.g., DNA
or RNA) sequence that comprises coding sequences neces-
sary for the production of an RNA, or of a polypeptide or its
precursor. A functional polypeptide can be encoded by a full
length coding sequence or by any portion of the coding
sequence as long as the desired activity or functional prop-
erties (e.g., enzymatic activity, ligand binding, signal trans-
duction, etc.) of the polypeptide are retained. The term
“portion” when used in reference to a gene refers to frag-
ments of that gene. The fragments may range in size from a
few nucleotides to the entire gene sequence minus one
nucleotide. Thus, “a nucleotide comprising at least a portion
of a gene” may comprise fragments of the gene or the entire
gene.

[0090] The term “gene” also encompasses the coding
regions of a structural gene and includes sequences located
adjacent to the coding region on both the 5' and 3' ends, e.g.,
for a distance of about 1 kb on either end, such that the gene
corresponds to the length of the full-length mRNA (e.g.,
comprising coding, regulatory, structural and other
sequences). The sequences that are located 5' of the coding
region and that are present on the mRNA are referred to as
5' non-translated or untranslated sequences. The sequences
that are located 3' or downstream of the coding region and
that are present on the mRNA are referred to as 3' non-
translated or 3' untranslated sequences. The term “gene”
encompasses both cDNA and genomic forms of a gene. In
some organisms (e.g., eukaryotes), a genomic form or clone
of a gene contains the coding region interrupted with non-
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coding sequences termed “introns” or “intervening regions”
or “intervening sequences.” Introns are segments of a gene
that are transcribed into nuclear RNA (hnRNA); introns may
contain regulatory elements such as enhancers. Introns are
removed or “spliced out” from the nuclear or primary
transcript; introns therefore are absent in the messenger
RNA (mRNA) transcript. The mRNA functions during
translation to specify the sequence or order of amino acids
in a nascent polypeptide.

[0091] In addition to containing introns, genomic forms of
a gene may also include sequences located on both the 5' and
3' ends of the sequences that are present on the RNA
transcript. These sequences are referred to as “flanking”
sequences or regions (these flanking sequences are located 5'
or 3' to the non-translated sequences present on the mRNA
transcript). The 5' flanking region may contain regulatory
sequences such as promoters and enhancers that control or
influence the transcription of the gene. The 3' flanking region
may contain sequences that direct the termination of tran-
scription, posttranscriptional cleavage, and polyadenylation.

[0092] The genomic positions described herein refer to
genomic positions as provided in the UCSC hgl9 human
reference genome (Fujita P A, Rhead B, Zweig A S, Hinrichs
A S, Karolchik D, Cline M S, Goldman M, Barber G P,
Clawson H, Coelho A, Diekhans M, Dreszer T R, Giardine
B M, Harte R A, Hillman-Jackson J, Hsu F, Kirkup V, Kuhn
R M, Learned K, Li C H, Meyer L R, Pohl A, Raney B J,
Rosenbloom K R, Smith K E, Haussler D, Kent W J. The
UCSC Genome Browser database: update 2011. Nucleic
Acids Res. 2011 January; 39(Database issue): D876-82. doi:
10.1093/nar/gkg963.) and positions in other genomes align-
ing thereto. Suitable alignment methods are known in the
art. Alignments are typically performed by computer pro-
grams that apply various algorithms, however it is also
possible to perform an alignment by hand. Alignment pro-
grams typically iterate through potential alignments of
sequences and score the alignments using substitution
tables, employing a variety of strategies to reach a potential
optimal alignment score. Commonly-used alignment algo-
rithms include, but are not limited to, CLUSTALW, (see,
Thompson J. D., Higgins D. G., Gibson T. J., CLUSTAL W:
improving the sensitivity of progressive multiple sequence
alignment through sequence weighting, position-specific
gap penalties and weight matrix choice, Nucleic Acids
Research 22: 4673-4680, 1994); CLUSTALY, (see, Larkin
M. A., etal., CLUSTALW2, ClustalW and ClustalX version
2, Bioinformatics 23(21): 2947-2948, 2007); Jotun-Hein,
Muscle et al., MUSCLE: a multiple sequence alignment
method with reduced time and space complexity, BMC
Bioinformatics 5: 113, 2004); Mafft, Kalign, ProbCons, and
T-Coffee (see Notredame et al., T-Coffee: A novel method
for multiple sequence alignments, Journal of Molecular
Biology 302: 205-217, 2000). Exemplary programs that
implement one or more of the above algorithms include, but
are not limited to MegAlign from DNAStar (DNAStar, Inc.
3801 Regent St. Madison, Wis. 53705), MUSCLE, T-Coffee,
CLUSTALX, CLUSTALY, JalView, Phylip, and Discovery
Studio from Accelrys (Accelrys, Inc., 10188 Telesis Ct,
Suite 100, San Diego, Calif. 92121). In a non-limiting
example, MegAlign is used to implement the CLUSTALW
alignment algorithm with the following parameters: Gap
Penalty 10, Gap Length Penalty 0.20, Delay Divergent Seqs
(30%) DNA Transition Weight 0.50, Protein Weight matrix
Gonnet Series, DNA Weight Matrix [UB.
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[0093] The genomic positions of any CpG sites described
herein refer to the position of the C in the CpG site in the
original genome.

[0094] The term “wild-type” when made in reference to a
gene refers to a gene that has the characteristics of a gene
isolated from a naturally occurring source. The term “wild-
type” when made in reference to a gene product refers to a
gene product that has the characteristics of a gene product
isolated from a naturally occurring source. The term “natu-
rally-occurring” as applied to an object refers to the fact that
an object can be found in nature. For example, a polypeptide
or polynucleotide sequence that is present in an organism
(including viruses) that can be isolated from a source in
nature and which has not been intentionally modified by the
hand of a person in the laboratory is naturally-occurring. A
wild-type gene is often that gene or allele that is most
frequently observed in a population and is thus arbitrarily
designated the “normal” or “wild-type” form of the gene. In
contrast, the term “modified” or “mutant” when made in
reference to a gene or to a gene product refers, respectively,
to a gene or to a gene product that displays modifications in
sequence and/or functional properties (e.g., altered charac-
teristics) when compared to the wild-type gene or gene
product. It is noted that naturally-occurring mutants can be
isolated; these are identified by the fact that they have altered
characteristics when compared to the wild-type gene or gene
product.

[0095] The term “allele” refers to a variation of a gene; the
variations include but are not limited to variants and
mutants, polymorphic loci, and single nucleotide polymor-
phic loci, frameshift, and splice mutations. An allele may
occur naturally in a population or it might arise during the
lifetime of any particular individual of the population.
[0096] Thus, the terms “variant” and “mutant” when used
in reference to a nucleotide sequence refer to a nucleic acid
sequence that differs by one or more nucleotides from
another, usually related, nucleotide acid sequence. A “varia-
tion” is a difference between two different nucleotide
sequences; typically, one sequence is a reference sequence.
[0097] “Amplification” is a special case of nucleic acid
replication involving template specificity. It is to be con-
trasted with non-specific template replication (e.g., replica-
tion that is template-dependent but not dependent on a
specific template). Template specificity is here distinguished
from fidelity of replication (e.g., synthesis of the proper
polynucleotide sequence) and nucleotide (ribo- or deoxy-
ribo-) specificity. Template specificity is frequently
described in terms of “target” specificity. Target sequences
are “targets” in the sense that they are sought to be sorted out
from other nucleic acid. Amplification techniques have been
designed primarily for this sorting out.

[0098] Amplification of nucleic acids generally refers to
the production of multiple copies of a polynucleotide, or a
portion of the polynucleotide, typically starting from a small
amount of the polynucleotide (e.g., a single polynucleotide
molecule, 10 to 100 copies of a polynucleotide molecule,
which may or may not be exactly the same), where the
amplification products or amplicons are generally detect-
able. Amplification of polynucleotides encompasses a vari-
ety of chemical and enzymatic processes. The generation of
multiple DNA copies from one or a few copies of a target or
template DNA molecule during a polymerase chain reaction
(PCR) or a ligase chain reaction (LCR; see, e.g., U.S. Pat.
No. 5,494,810; herein incorporated by reference in its
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entirety) are forms of amplification. Additional types of
amplification include, but are not limited to, allele-specific
PCR (see, e.g., U.S. Pat. No. 5,639,611; herein incorporated
by reference in its entirety), assembly PCR (see, e.g., U.S.
Pat. No. 5,965,408; herein incorporated by reference in its
entirety), helicase-dependent amplification (see, e.g., U.S.
Pat. No. 7,662,594; herein incorporated by reference in its
entirety), Hot-start PCR (see, e.g., U.S. Pat. Nos. 5,773,258
and 5,338,671; each herein incorporated by reference in
their entireties), intersequence-specific PCR, inverse PCR
(see, e.g., Triglia, et al. (1988) Nucleic Acids Res., 16:8186;
herein incorporated by reference in its entirety), ligation-
mediated PCR (see, e.g., Guilfoyle, R. et al., Nucleic Acids
Research, 25:1854-1858 (1997); U.S. Pat. No. 5,508,169;
each of which are herein incorporated by reference in their
entireties), methylation-specific PCR (see, e.g., Herman, et
al., (1996) PNAS 93(13) 9821-9826; herein incorporated by
reference in its entirety), miniprimer PCR, multiplex liga-
tion-dependent probe amplification (see, e.g., Schouten, et
al., (2002) Nucleic Acids Research 30(12): e57; herein
incorporated by reference in its entirety), multiplex PCR
(see, e.g., Chamberlain, et al., (1988) Nucleic Acids
Research 16(23) 11141-11156; Ballabio, et al., (1990)
Human Genetics 84(6) 571-573; Hayden, et al., (2008)
BMC Genetics 9:80; each of which are herein incorporated
by reference in their entireties), nested PCR, overlap-exten-
sion PCR (see, e.g., Higuchi, et al., (1988) Nucleic Acids
Research 16(15) 7351-7367; herein incorporated by refer-
ence in its entirety), real time PCR (see, e.g., Higuchi, et al.,
(1992) Biotechnology 10: 413-417; Higuchi, et al., (1993)
Biotechnology 11:1026-1030; each of which are herein
incorporated by reference in their entireties), reverse tran-
scription PCR (see, e.g., Bustin, S. A. (2000) J. Molecular
Endocrinology 25:169-193; herein incorporated by refer-
ence in its entirety), solid phase PCR, thermal asymmetric
interlaced PCR, and Touchdown PCR (see, e.g., Don, et al.,
Nucleic Acids Research (1991) 19(14) 4008; Roux, K.
(1994) Biotechniques 16(5) 812-814; Hecker, et al., (1996)
Biotechniques 20(3) 478-485; each of which are herein
incorporated by reference in their entireties). Polynucleotide
amplification also can be accomplished using digital PCR
(see, e.g., Kalinina, et al., Nucleic Acids Research. 25;
1999-2004, (1997); Vogelstein and Kinzler, Proc Natl Acad
Sci USA. 96; 9236-41, (1999); International Patent Publi-
cation No. WO05023091A2; US Patent Application Publi-
cation No. 20070202525; each of which are incorporated
herein by reference in their entireties).

[0099] The term “polymerase chain reaction” (“PCR”)
refers to the method of K. B. Mullis U.S. Pat. Nos. 4,683,
195, 4,683,202, and 4,965,188, that describe a method for
increasing the concentration of a segment of a target
sequence in a mixture of genomic DNA without cloning or
purification. This process for amplifying the target sequence
consists of introducing a large excess of two oligonucleotide
primers to the DNA mixture containing the desired target
sequence, followed by a precise sequence of thermal cycling
in the presence of a DNA polymerase. The two primers are
complementary to their respective strands of the double
stranded target sequence. To effect amplification, the mix-
ture is denatured and the primers then annealed to their
complementary sequences within the target molecule. Fol-
lowing annealing, the primers are extended with a poly-
merase so as to form a new pair of complementary strands.
The steps of denaturation, primer annealing, and polymerase
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extension can be repeated many times (i.e., denaturation,
annealing and extension constitute one “cycle”; there can be
numerous “cycles”) to obtain a high concentration of an
amplified segment of the desired target sequence. The length
of the amplified segment of the desired target sequence is
determined by the relative positions of the primers with
respect to each other, and therefore, this length is a control-
lable parameter. By virtue of the repeating aspect of the
process, the method is referred to as the “polymerase chain
reaction” (“PCR”). Because the desired amplified segments
of the target sequence become the predominant sequences
(in terms of concentration) in the mixture, they are said to be
“PCR amplified” and are “PCR products” or “amplicons.”

[0100] Template specificity is achieved in most amplifi-
cation techniques by the choice of enzyme. Amplification
enzymes are enzymes that, under conditions they are used,
will process only specific sequences of nucleic acid in a
heterogeneous mixture of nucleic acid. For example, in the
case of Q-beta replicase, MDV-1 RNA is the specific tem-
plate for the replicase (Kacian et al., Proc. Natl. Acad. Sci.
USA, 69:3038 [1972]). Other nucleic acid will not be
replicated by this amplification enzyme. Similarly, in the
case of T7 RNA polymerase, this amplification enzyme has
a stringent specificity for its own promoters (Chamberlin et
al, Nature, 228:227 [1970]). In the case of T4 DNA ligase,
the enzyme will not ligate the two oligonucleotides or
polynucleotides, where there is a mismatch between the
oligonucleotide or polynucleotide substrate and the template
at the ligation junction (Wu and Wallace (1989) Genomics
4:560). Finally, thermostable template-dependent DNA
polymerases (e.g., Taq and Pfu DNA polymerases), by virtue
of their ability to function at high temperature, are found to
display high specificity for the sequences bounded and thus
defined by the primers; the high temperature results in
thermodynamic conditions that favor primer hybridization
with the target sequences and not hybridization with non-
target sequences (H. A. Erlich (ed.), PCR Technology,
Stockton Press [1989]).

[0101] As used herein, the term “nucleic acid detection
assay” refers to any method of determining the nucleotide
composition of a nucleic acid of interest. Nucleic acid
detection assay include but are not limited to, DNA sequenc-
ing methods, probe hybridization methods, structure specific
cleavage assays (e.g., the INVADER assay, Hologic, Inc.)
and are described, e.g., in U.S. Pat. Nos. 5,846,717, 5,985,
557, 5,994,069, 6,001,567, 6,090,543, and 6,872,816; Lya-
michev et al., Nat. Biotech., 17:292 (1999), Hall et al.,
PNAS, USA, 97:8272 (2000), and US 2009/0253142, each
of which is herein incorporated by reference in its entirety
for all purposes); enzyme mismatch cleavage methods (e.g.,
Variagenics, U.S. Pat. Nos. 6,110,684, 5,958,692, 5,851,770,
herein incorporated by reference in their entireties); poly-
merase chain reaction; branched hybridization methods
(e.g., Chiron, U.S. Pat. Nos. 5,849,481, 5,710,264, 5,124,
246, and 5,624,802, herein incorporated by reference in their
entireties); rolling circle replication (e.g., U.S. Pat. Nos.
6,210,884, 6,183,960 and 6,235,502, herein incorporated by
reference in their entireties); NASBA (e.g., U.S. Pat. No.
5,409,818, herein incorporated by reference in its entirety);
molecular beacon technology (e.g., U.S. Pat. No. 6,150,097,
herein incorporated by reference in its entirety); E-sensor
technology (Motorola, U.S. Pat. Nos. 6,248,229, 6,221,583,
6,013,170, and 6,063,573, herein incorporated by reference
in their entireties); cycling probe technology (e.g., U.S. Pat.
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Nos. 5,403,711, 5,011,769, and 5,660,988, herein incorpo-
rated by reference in their entireties); Dade Behring signal
amplification methods (e.g., U.S. Pat. Nos. 6,121,001, 6,110,
677, 5,914,230, 5,882,867, and 5,792,614, herein incorpo-
rated by reference in their entireties); ligase chain reaction
(e.g., Barnay Proc. Natl. Acad. Sci USA 88, 189-93 (1991));
and sandwich hybridization methods (e.g., U.S. Pat. No.
5,288,609, herein incorporated by reference in its entirety).

[0102] The term “amplifiable nucleic acid” refers to a
nucleic acid that may be amplified by any amplification
method. It is contemplated that “amplifiable nucleic acid”
will usually comprise “sample template.”

[0103] The term “sample template” refers to nucleic acid
originating from a sample that is analyzed for the presence
of “target” (defined below). In contrast, “background tem-
plate” is used in reference to nucleic acid other than sample
template that may or may not be present in a sample.
Background template is most often inadvertent. It may be
the result of carryover or it may be due to the presence of
nucleic acid contaminants sought to be purified away from
the sample. For example, nucleic acids from organisms other
than those to be detected may be present as background in
a test sample.

[0104] The term “primer” refers to an oligonucleotide,
whether occurring naturally as in a purified restriction digest
or produced synthetically, that is capable of acting as a point
of initiation of synthesis when placed under conditions in
which synthesis of a primer extension product that is
complementary to a nucleic acid strand is induced, (e.g., in
the presence of nucleotides and an inducing agent such as a
DNA polymerase and at a suitable temperature and pH). The
primer is preferably single stranded for maximum efficiency
in amplification, but may alternatively be double stranded. If
double stranded, the primer is first treated to separate its
strands before being used to prepare extension products.
Preferably, the primer is an oligodeoxyribonucleotide. The
primer must be sufficiently long to prime the synthesis of
extension products in the presence of the inducing agent.
The exact lengths of the primers will depend on many
factors, including temperature, source of primer, and the use
of the method.

[0105] The term “probe” refers to an oligonucleotide (e.g.,
a sequence of nucleotides), whether occurring naturally as in
a purified restriction digest or produced synthetically,
recombinantly, or by PCR amplification, that is capable of
hybridizing to another oligonucleotide of interest. A probe
may be single-stranded or double-stranded. Probes are use-
ful in the detection, identification, and isolation of particular
gene sequences (e.g., a “capture probe”). It is contemplated
that any probe used in the present invention may, in some
embodiments, be labeled with any “reporter molecule,” so
that is detectable in any detection system, including, but not
limited to enzyme (e.g., ELISA, as well as enzyme-based
histochemical assays), fluorescent, radioactive, and lumines-
cent systems. It is not intended that the present invention be
limited to any particular detection system or label.

[0106] As used herein, “methylation” refers to cytosine
methylation at positions C5 or N4 of cytosine, the N6
position of adenine, or other types of nucleic acid methyl-
ation. In vitro amplified DNA is usually unmethylated
because typical in vitro DNA amplification methods do not
retain the methylation pattern of the amplification template.
However, “unmethylated DNA” or “methylated DNA” can
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also refer to amplified DNA whose original template was
unmethylated or methylated, respectively.

[0107] Accordingly, as used herein a “methylated nucleo-
tide” or a “methylated nucleotide base” refers to the pres-
ence of a methyl moiety on a nucleotide base, where the
methyl moiety is not present in a recognized typical nucleo-
tide base. For example, cytosine does not contain a methyl
moiety on its pyrimidine ring, but 5-methylcytosine contains
a methyl moiety at position 5 of its pyrimidine ring. There-
fore, cytosine is not a methylated nucleotide and 5-methyl-
cytosine is a methylated nucleotide. In another example,
thymine contains a methyl moiety at position 5 of its
pyrimidine ring; however, for purposes herein, thymine is
not considered a methylated nucleotide when present in
DNA since thymine is a typical nucleotide base of DNA.
[0108] As used herein, a “methylated nucleic acid mol-
ecule” refers to a nucleic acid molecule that contains one or
more methylated nucleotides.

[0109] As used herein, a “methylation state”, “methylation
profile”, and “methylation status” of a nucleic acid molecule
refers to the presence of absence of one or more methylated
nucleotide bases in the nucleic acid molecule. For example,
a nucleic acid molecule containing a methylated cytosine is
considered methylated (e.g., the methylation state of the
nucleic acid molecule is methylated). A nucleic acid mol-
ecule that does not contain any methylated nucleotides is
considered unmethylated.

[0110] The methylation state of a particular nucleic acid
sequence (e.g., a gene marker or DNA region as described
herein) can indicate the methylation state of every base in
the sequence or can indicate the methylation state of a subset
of the bases (e.g., of one or more cytosines) within the
sequence, or can indicate information regarding regional
methylation density within the sequence with or without
providing precise information of the locations within the
sequence the methylation occurs.

[0111] The methylation state of a nucleotide locus in a
nucleic acid molecule refers to the presence or absence of a
methylated nucleotide at a particular locus in the nucleic
acid molecule. For example, the methylation state of a
cytosine at the 7th nucleotide in a nucleic acid molecule is
methylated when the nucleotide present at the 7th nucleotide
in the nucleic acid molecule is 5-methylcytosine. Similarly,
the methylation state of a cytosine at the 7th nucleotide in a
nucleic acid molecule is unmethylated when the nucleotide
present at the 7th nucleotide in the nucleic acid molecule is
cytosine (and not 5-methylcytosine).

[0112] The methylation status can optionally be repre-
sented or indicated by a “methylation value” (e.g., repre-
senting a methylation frequency, fraction, ratio, percent,
etc.) A methylation value can be generated, for example, by
quantifying the amount of intact nucleic acid present fol-
lowing restriction digestion with a methylation dependent
restriction enzyme or by comparing amplification profiles
after bisulfite reaction or by comparing sequences of
bisulfite-treated and untreated nucleic acids. Accordingly, a
value, e.g., a methylation value, represents the methylation
status and can thus be used as a quantitative indicator of
methylation status across multiple copies of a locus. This is
of particular use when it is desirable to compare the meth-
ylation status of a sequence in a sample to a threshold or
reference value.

[0113] As used herein, “methylation frequency” or “meth-
ylation percent (%) refer to the number of instances in
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which a molecule or locus is methylated relative to the
number of instances the molecule or locus is unmethylated.
With respect to a single CpG locus at a single pair of sister
chromosomes in a single cell, a CpG may be 100% meth-
ylated (both Cs are methylated, 50% methylated (one C is
methylated and the other is not), or 0% methylated (neither
C of the paired sister chromosomes is methylated at the
specific CpG locus). Accordingly, methylation of all sister
chromosomes in a population of cells at a specific CpG may
be 0-100% methylated depending on the relative proportion
of cells that are 100%, 50% or 0% methylated at a specific
CpG locus in a mixture of cells in a sample.

[0114] As such, the methylation state describes the state of
methylation of a nucleic acid (e.g., a genomic sequence). In
addition, the methylation state refers to the characteristics of
anucleic acid segment at a particular genomic locus relevant
to methylation. Such characteristics include, but are not
limited to, whether any of the cytosine (C) residues within
this DNA sequence are methylated, the location of methyl-
ated C residue(s), the frequency or percentage of methylated
C throughout any particular region of a nucleic acid, and
allelic differences in methylation due to, e.g., difference in
the origin of the alleles. The terms “methylation state”,
“methylation profile”, and “methylation status™ also refer to
the relative concentration, absolute concentration, or pattern
of methylated C or unmethylated C throughout any particu-
lar region of a nucleic acid in a biological sample. For
example, if the cytosine (C) residue(s) within a nucleic acid
sequence are methylated it may be referred to as “hyperm-
ethylated” or having “increased methylation”, whereas if the
cytosine (C) residue(s) within a DNA sequence are not
methylated it may be referred to as “hypomethylated” or
having “decreased methylation”. Likewise, if the cytosine
(C) residue(s) within a nucleic acid sequence are methylated
as compared to another nucleic acid sequence (e.g., from a
different region or from a different individual, etc.) that
sequence is considered hypermethylated or having increased
methylation compared to the other nucleic acid sequence.
Alternatively, if the cytosine (C) residue(s) within a DNA
sequence are not methylated as compared to another nucleic
acid sequence (e.g., from a different region or from a
different individual, etc.) that sequence is considered
hypomethylated or having decreased methylation compared
to the other nucleic acid sequence. Additionally, the term
“methylation pattern” as used herein refers to the collective
sites of methylated and unmethylated nucleotides over a
region of a nucleic acid. Two nucleic acids may have the
same or similar methylation frequency or methylation per-
cent but have different methylation patterns when the num-
ber of methylated and unmethylated nucleotides are the
same or similar throughout the region but the locations of
methylated and unmethylated nucleotides are different.
Sequences are said to be “differentially methylated” or as
having a “difference in methylation” or having a “different
methylation state” when they differ in the extent (e.g., one
has increased or decreased methylation relative to the other),
frequency, or pattern of methylation. The term “differential
methylation” refers to a difference in the level or pattern of
nucleic acid methylation in a cancer positive sample as
compared with the level or pattern of nucleic acid methyl-
ation in a cancer negative sample. It may also refer to the
difference in levels or patterns between patients that have
recurrence of cancer after surgery versus patients who not
have recurrence. Differential methylation and specific levels
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or patterns of DNA methylation are prognostic and predic-
tive biomarkers, e.g., once the correct cut-off or predictive
characteristics have been defined.

[0115] Methylation state frequency can be used to describe
a population of individuals or a sample from a single
individual. For example, a nucleotide locus having a meth-
ylation state frequency of 50% is methylated in 50% of
instances and unmethylated in 50% of instances. Such a
frequency can be used, for example, to describe the degree
to which a nucleotide locus or nucleic acid region is meth-
ylated in a population of individuals or a collection of
nucleic acids. Thus, when methylation in a first population
or pool of nucleic acid molecules is different from methyl-
ation in a second population or pool of nucleic acid mol-
ecules, the methylation state frequency of the first popula-
tion or pool will be different from the methylation state
frequency of the second population or pool. Such a fre-
quency also can be used, for example, to describe the degree
to which a nucleotide locus or nucleic acid region is meth-
ylated in a single individual. For example, such a frequency
can be used to describe the degree to which a group of cells
from a tissue sample are methylated or unmethylated at a
nucleotide locus or nucleic acid region.

[0116] As used herein a “nucleotide locus” refers to the
location of a nucleotide in a nucleic acid molecule. A
nucleotide locus of a methylated nucleotide refers to the
location of a methylated nucleotide in a nucleic acid mol-
ecule.

[0117] Typically, methylation of human DNA occurs on a
dinucleotide sequence including an adjacent guanine and
cytosine where the cytosine is located 5' of the guanine (also
termed CpG dinucleotide sequences). Most cytosines within
the CpG dinucleotides are methylated in the human genome,
however some remain unmethylated in specific CpG
dinucleotide rich genomic regions, known as CpG islands
(see, e.g., Antequera et al. (1990) Cell 62: 503-514).

[0118] As used herein, a “CpG island” refers to a G:C-rich
region of genomic DNA containing an increased number of
CpG dinucleotides relative to total genomic DNA. A CpG
island can be at least 100, 200, or more base pairs in length,
where the G:C content of the region is at least 50% and the
ratio of observed CpG frequency over expected frequency is
0.6; in some instances, a CpG island can be at least 500 base
pairs in length, where the G:C content of the region is at least
55%) and the ratio of observed CpG frequency over
expected frequency is 0.65. The observed CpG frequency
over expected frequency can be calculated according to the
method provided in Gardiner-Garden et al (1987) J Mol.
Biol. 196: 261-281. For example, the observed CpG fre-
quency over expected frequency can be calculated according
to the formula R=(AxB)/(CxD), where R is the ratio of
observed CpG frequency over expected frequency, A is the
number of CpG dinucleotides in an analyzed sequence, B is
the total number of nucleotides in the analyzed sequence, C
is the total number of C nucleotides in the analyzed
sequence, and D is the total number of G nucleotides in the
analyzed sequence. Methylation state is typically deter-
mined in CpG islands, e.g., at promoter regions. It will be
appreciated though that other sequences in the human
genome are prone to DNA methylation such as CpA and
CpT (see Ramsahoye (2000) Proc. Natl. Acad. Sci. USA 97:
5237-5242; Salmon and Kaye (1970) Biochim. Biophys.
Acta. 204: 340-351; Grafstrom (1985) Nucleic Acids Res.

Nov. 17,2022

13: 2827-2842; Nyce (1986) Nucleic Acids Res. 14: 4353-
4367; Woodcock (1987) Biochem. Biophys. Res. Commun.
145: 888-894).

[0119] As used herein, a reagent that modifies a nucleotide
of the nucleic acid molecule as a function of the methylation
state of the nucleic acid molecule, or a methylation-specific
reagent, refers to a compound or composition or other agent
that can change the nucleotide sequence of a nucleic acid
molecule in a manner that reflects the methylation state of
the nucleic acid molecule. Methods of treating a nucleic acid
molecule with such a reagent can include contacting the
nucleic acid molecule with the reagent, coupled with addi-
tional steps, if desired, to accomplish the desired change of
nucleotide sequence. Such a change in the nucleic acid
molecule’s nucleotide sequence can result in a nucleic acid
molecule in which each methylated nucleotide is modified to
a different nucleotide. Such a change in the nucleic acid
nucleotide sequence can result in a nucleic acid molecule in
which each unmethylated nucleotide is modified to a differ-
ent nucleotide. Such a change in the nucleic acid nucleotide
sequence can result in a nucleic acid molecule in which each
of a selected nucleotide which is unmethylated (e.g., each
unmethylated cytosine) is modified to a different nucleotide.
Use of such a reagent to change the nucleic acid nucleotide
sequence can result in a nucleic acid molecule in which each
nucleotide that is a methylated nucleotide (e.g., each meth-
ylated cytosine) is modified to a different nucleotide. As
used herein, use of a reagent that modifies a selected
nucleotide refers to a reagent that modifies one nucleotide of
the four typically occurring nucleotides in a nucleic acid
molecule (C, G, T, and A for DNA and C, G, U, and A for
RNA), such that the reagent modifies the one nucleotide
without modifying the other three nucleotides. In one exem-
plary embodiment, such a reagent modifies an unmethylated
selected nucleotide to produce a different nucleotide. In
another exemplary embodiment, such a reagent can deami-
nate unmethylated cytosine nucleotides. An exemplary
reagent is bisulfite.

[0120] As used herein, the term “bisulfite reagent” refers
to a reagent comprising in some embodiments bisulfite,
disulfite, hydrogen sulfite, or combinations thereof to dis-
tinguish between methylated and unmethylated cytidines,
e.g., in CpG dinucleotide sequences.

[0121] The term “methylation assay” refers to any assay
for determining the methylation state of one or more CpG
dinucleotide sequences within a sequence of a nucleic acid.

[0122] The term “MS AP-PCR” (Methylation-Sensitive
Arbitrarily-Primed Polymerase Chain Reaction) refers to the
art-recognized technology that allows for a global scan of
the genome using CG-rich primers to focus on the regions
most likely to contain CpG dinucleotides, and described by
Gonzalgo et al. (1997) Cancer Research 57: 594-599.

[0123] The term “MethyLight™” refers to the art-recog-
nized fluorescence-based real-time PCR technique described
by Eads et al. (1999) Cancer Res. 59: 2302-2306.

[0124] The term “HeavyMethyl™” refers to an assay
wherein methylation specific blocking probes (also referred
to herein as blockers) covering CpG positions between, or
covered by, the amplification primers enable methylation-
specific selective amplification of a nucleic acid sample.

[0125] The term “HeavyMethyl™ MethyLight™” assay
refers to a HeavyMethyl™ MethyLight™ assay, which is a
variation of the MethyLight™ assay, wherein the Meth-
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yLight™ assay is combined with methylation specific block-
ing probes covering CpG positions between the amplifica-
tion primers.

[0126] The term “Ms-SNuPE” (Methylation-sensitive
Single Nucleotide Primer Extension) refers to the art-rec-
ognized assay described by Gonzalgo & Jones (1997)
Nucleic Acids Res. 25: 2529-2531.

[0127] The term “MSP” (Methylation-specific PCR)
refers to the art-recognized methylation assay described by
Herman et al. (1996) Proc. Natl. Acad. Sci. USA 93:
9821-9826, and by U.S. Pat. No. 5,786,146.

[0128] The term “COBRA” (Combined Bisulfite Restric-
tion Analysis) refers to the art-recognized methylation assay
described by Xiong & Laird (1997) Nucleic Acids Res. 25:
2532-2534.

[0129] The term “MCA” (Methylated CpG Island Ampli-
fication) refers to the methylation assay described by Toyota
et al. (1999) Cancer Res. 59: 2307-12, and in WO
00/26401A1.

[0130] The term “Infinium HD Methylation Assay” refers
to the methylation assay described by Pidsley et al. (2016)
Genome Biol. 17:208.

[0131] As used herein, a “selected nucleotide” refers to
one nucleotide of the four typically occurring nucleotides in
a nucleic acid molecule (C, G, T, and A for DNA and C, G,
U, and A for RNA), and can include methylated derivatives
of the typically occurring nucleotides (e.g., when C is the
selected nucleotide, both methylated and unmethylated C
are included within the meaning of a selected nucleotide),
whereas a methylated selected nucleotide refers specifically
to a methylated typically occurring nucleotide and an unm-
ethylated selected nucleotides refers specifically to an unm-
ethylated typically occurring nucleotide.

[0132] The terms “methylation-specific restriction
enzyme” or “methylation-sensitive restriction enzyme”
refers to an enzyme that selectively digests a nucleic acid
dependent on the methylation state of its recognition site. In
the case of a restriction enzyme that specifically cuts if the
recognition site is not methylated or is hemimethylated, the
cut will not take place or will take place with a significantly
reduced efficiency if the recognition site is methylated. In
the case of a restriction enzyme that specifically cuts if the
recognition site is methylated, the cut will not take place or
will take place with a significantly reduced efficiency if the
recognition site is not methylated. Preferred are methyl-
ation-specific restriction enzymes, the recognition sequence
of which contains a CG dinucleotide (for instance a recog-
nition sequence such as CGCG or CCCGGQG). Further
preferred for some embodiments are restriction enzymes that
do not cut if the cytosine in this dinucleotide is methylated
at the carbon atom CS5.

[0133] As used herein, a “different nucleotide” refers to a
nucleotide that is chemically different from a selected
nucleotide, typically such that the different nucleotide has
Watson-Crick base-pairing properties that differ from the
selected nucleotide, whereby the typically occurring nucleo-
tide that is complementary to the selected nucleotide is not
the same as the typically occurring nucleotide that is
complementary to the different nucleotide. For example,
when C is the selected nucleotide, U or T can be the different
nucleotide, which is exemplified by the complementarity of
C to G and the complementarity of U or T to A. As used
herein, a nucleotide that is complementary to the selected
nucleotide or that is complementary to the different nucleo-
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tide refers to a nucleotide that base-pairs, under high strin-
gency conditions, with the selected nucleotide or different
nucleotide with higher affinity than the complementary
nucleotide’s base-paring with three of the four typically
occurring nucleotides. An example of complementarity is
Watson-Crick base pairing in DNA (e.g., A-T and C-G) and
RNA (e.g., A-U and C-G). Thus, for example, G base-pairs,
under high stringency conditions, with higher affinity to C
than G base-pairs to G, A, or T and, therefore, when C is the
selected nucleotide, G is a nucleotide complementary to the
selected nucleotide.

[0134] As used herein, “health condition” refers to any
one or more of respiratory disease infection, SARS-CoV-2
infection, a likelihood of developing critical illness from
respiratory disease infection, a likelihood of developing
critical illness from SARS-CoV-2 infection, a likelihood of
dying from respiratory disease infection, a likelihood of
dying from SARS-CoV-2 infection, a likelihood of respond-
ing to treatment (e.g., with steroids such as corticosteroids)
of respiratory disease infection, a likelihood of responding
to treatment (e.g., with steroids such as corticosteroids) of
SARS-CoV-2 infection, or an absence of any of the forego-
ing. Any condition described herein can comprise one or
more of the foregoing health conditions.

[0135] “Critical illness” as used herein refers at least to
one or more of admission to an intensive care unit, invasive
ventilation, and death.

[0136] “COVID-19” refers to SARS-CoV-2 infection.
[0137] As used herein, a “diagnostic” test application
includes the detection or identification of a condition of a
subject, determining the likelihood that a subject will con-
tract a given condition, determining the likelihood that a
subject with a condition will respond to therapy, determining
the prognosis of a subject with a condition (or its likely
progression or regression), and determining the effect of a
treatment on a subject with condition.

[0138] The term “marker”, as used herein, refers to a
substance (e.g., a nucleic acid or a region of a nucleic acid)
that is able to indicate the presence of a health condition,
e.g., based its methylation state.

[0139] The term “isolated” when used in relation to a
nucleic acid, as in “an isolated oligonucleotide” refers to a
nucleic acid sequence that is identified and separated from at
least one contaminant nucleic acid with which it is ordinarily
associated in its natural source. Isolated nucleic acid is
present in a form or setting that is different from that in
which it is found in nature. In contrast, non-isolated nucleic
acids, such as DNA and RNA, are found in the state they
exist in nature. Examples of non-isolated nucleic acids
include: a given DNA sequence (e.g., a gene) found on the
host cell chromosome in proximity to neighboring genes;
RNA sequences, such as a specific mRNA sequence encod-
ing a specific protein, found in the cell as a mixture with
numerous other mRNAs which encode a multitude of pro-
teins. However, isolated nucleic acid encoding a particular
protein includes, by way of example, such nucleic acid in
cells ordinarily expressing the protein, where the nucleic
acid is in a chromosomal location different from that of
natural cells, or is otherwise flanked by a different nucleic
acid sequence than that found in nature. The isolated nucleic
acid or oligonucleotide may be present in single-stranded or
double-stranded form. When an isolated nucleic acid or
oligonucleotide is to be utilized to express a protein, the
oligonucleotide will contain at a minimum the sense or
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coding strand (i.e., the oligonucleotide may be single-
stranded), but may contain both the sense and anti-sense
strands (i.e., the oligonucleotide may be double-stranded).
An isolated nucleic acid may, after isolation from its natural
or typical environment, by be combined with other nucleic
acids or molecules. For example, an isolated nucleic acid
may be present in a host cell into which it has been placed,
e.g., for heterologous expression.

[0140] The term “purified” refers to molecules, either
nucleic acid or amino acid sequences that are removed from
their natural environment, isolated, or separated. An “iso-
lated nucleic acid sequence” may therefore be a purified
nucleic acid sequence. “Substantially purified” molecules
are at least 60% free, preferably at least 75% free, and more
preferably at least 90% free from other components with
which they are naturally associated. As used herein, the
terms “purified” or “to purify” also refer to the removal of
contaminants from a sample. The removal of contaminating
proteins results in an increase in the percent of polypeptide
or nucleic acid of interest in the sample. In another example,
recombinant polypeptides are expressed in plant, bacterial,
yeast, or mammalian host cells and the polypeptides are
purified by the removal of host cell proteins; the percent of
recombinant polypeptides is thereby increased in the
sample.

[0141] The term “composition comprising” a given poly-
nucleotide sequence or polypeptide refers broadly to any
composition containing the given polynucleotide sequence
or polypeptide. The composition may comprise an aqueous
solution containing salts (e.g., NaCl), detergents (e.g., SDS),
and other components (e.g., Denhardt’s solution, dry milk,
salmon sperm DNA, etc.).

[0142] The term “sample” is used in its broadest sense. In
one sense it can refer to an animal cell or tissue. In another
sense, it is meant to include a specimen or culture obtained
from any source, as well as biological and environmental
samples. Biological samples may be obtained from plants or
animals (including humans) and encompass fluids, solids,
tissues, and gases. In some embodiments, the sample is a
blood sample. Environmental samples include environmen-
tal material such as surface matter, soil, water, and industrial
samples. These examples are not to be construed as limiting
the sample types applicable to the present invention.
[0143] As used herein, the terms “patient” or “subject”
refer to organisms to be subject to various tests provided by
the technology. The term “subject” includes animals, pref-
erably mammals, including humans. In a preferred embodi-
ment, the subject is a primate. In an even more preferred
embodiment, the subject is a human.

[0144] As used herein, the term “kit” refers to any delivery
system for delivering materials. In the context of reaction
assays, such delivery systems include systems that allow for
the storage, transport, or delivery of reaction reagents (e.g.,
oligonucleotides, enzymes, etc. in the appropriate contain-
ers) and/or supporting materials (e.g., buffers, written
instructions for performing the assay etc.) from one location
to another. For example, kits include one or more enclosures
(e.g., boxes) containing the relevant reaction reagents and/or
supporting materials. As used herein, the term “fragmented
kit” refers to delivery systems comprising two or more
separate containers that each contain a subportion of the
total kit components. The containers may be delivered to the
intended recipient together or separately. For example, a first
container may contain an enzyme for use in an assay, while
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a second container contains oligonucleotides. The term
“fragmented kit” is intended to encompass kits containing
Analyte specific reagents (ASR’s) regulated under section
520(e) of the Federal Food, Drug, and Cosmetic Act, but are
not limited thereto. Indeed, any delivery system comprising
two or more separate containers that each contains a sub-
portion of the total kit components are included in the term
“fragmented kit.” In contrast, a “combined kit” refers to a
delivery system containing all of the components of a
reaction assay in a single container (e.g., in a single box
housing each of the desired components). The term “kit”
includes both fragmented and combined Kkits.

[0145] In particular aspects, the present technology pro-
vides compositions and methods for diagnosing, predicting
severity of, and/or predicting treatment response to respira-
tory virus infection, such as SARS-CoV-2 infection. The
methods comprise determining the methylation status of at
least one methylation marker in a biological sample isolated
from a subject (e.g., blood sample), wherein a change in the
methylation state of the marker is indicative of one or more
health conditions. Particular embodiments relate to markers
comprising one or more DMRs and/or DMPs in one or more
of Tables 3, 6, 13, 14, 15, 16, 17A and 17B that are used for
detecting the one or more health conditions.

[0146] Some embodiments of the technology are based
upon the analysis of the CpG methylation status of at least
one marker, region of a marker, or base of a marker
comprising one or more DMRs and/or DMPs in one or more
of Tables 3, 6, 13, 14, 15, 16, 17A and 17B.

[0147] In some embodiments, the present technology pro-
vides for the use of the bisulfite technique in combination
with one or more methylation assays to determine the
methylation status of CpG dinucleotide sequences within at
least one marker comprising one or more DMRs and/or
DMPs in one or more of Tables 3, 6, 13, 14, 15, 16, 17A and
17B. Genomic CpG dinucleotides can be methylated or
unmethylated (alternatively known as up- and down-meth-
ylated respectively). However, the methods of the present
invention are suitable for the analysis of biological samples
of a heterogeneous nature. Accordingly, when analyzing the
methylation status of a CpG position within such a sample
one may use a quantitative assay for determining the level
(e.g., percent, fraction, ratio, proportion, or degree) of meth-
ylation at a particular CpG position.

[0148] In some embodiments, the technology relates to
assessing the methylation state of combinations of markers
comprising more than one DMR and/or DMP in one or more
of Tables 3, 6, 13, 14, 15, 16, 17A and 17B. In some
embodiments, assessing the methylation state of more than
one marker increases the specificity and/or sensitivity of
detecting the health condition in a subject.

[0149] The most frequently used method for analyzing a
nucleic acid for the presence of 5-methylcytosine is based
upon the bisulfite method described by Frommer, et al. for
the detection of 5-methylcytosines in DNA (Frommer et al.
(1992) Proc. Natl. Acad. Sci. USA 89: 1827-31 explicitly
incorporated herein by reference in its entirety for all pur-
poses) or variations thereof. The bisulfite method of map-
ping S-methylcytosines is based on the observation that
cytosine, but not 5-methylcytosine, reacts with hydrogen
sulfite ion (also known as bisulfite). The reaction is usually
performed according to the following steps: first, cytosine
reacts with hydrogen sulfite to form a sulfonated cytosine.
Next, spontaneous deamination of the sulfonated reaction
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intermediate results in a sulfonated uracil. Finally, the
sulfonated uracil is desulfonated under alkaline conditions to
form uracil. Detection is possible because uracil forms base
pairs with adenine (thus behaving like thymine), whereas
5-methylcytosine base pairs with guanine (thus behaving
like cytosine). This makes the discrimination of methylated
cytosines from non-methylated cytosines possible by, e.g.,
bisulfite genomic sequencing (Grigg G, & Clark S, Bioes-
says (1994) 16: 431-36; Grigg G, DNA Seq. (1996) 6:
189-98) or methylation-specific PCR (MSP) as is disclosed,
e.g., in U.S. Pat. No. 5,786,146.

[0150] Some conventional technologies are related to
methods comprising enclosing the DNA to be analyzed in an
agarose matrix, thereby preventing the diffusion and rena-
turation of the DNA (bisulfite only reacts with single-
stranded DNA), and replacing precipitation and purification
steps with a fast dialysis (Olek A, et al. (1996) “A modified
and improved method for bisulfite based cytosine methyl-
ation analysis” Nucleic Acids Res. 24: 5064-6). It is thus
possible to analyze individual cells for methylation status,
illustrating the utility and sensitivity of the method. An
overview of conventional methods for detecting 5-methyl-
cytosine is provided by Rein, T., et al. (1998) Nucleic Acids
Res. 26: 2255.

[0151] The bisulfite technique typically involves amplify-
ing short, specific fragments of a known nucleic acid sub-
sequent to a bisulfite treatment, then either assaying the
product by sequencing (Olek & Walter (1997) Nat. Genet.
17: 275-6) or a primer extension reaction (Gonzalgo & Jones
(1997) Nucleic Acids Res. 25: 2529-31; WO 95/00669; U.S.
Pat. No. 6,251,594) to analyze individual cytosine positions.
Some methods use enzymatic digestion (Xiong & Laird
(1997) Nucleic Acids Res. 25: 2532-4). Detection by hybrid-
ization has also been described in the art (Olek et al., WO
99/28498). Additionally, use of the bisulfite technique for
methylation detection with respect to individual genes has
been described (Grigg & Clark (1994) Bioessays 16: 431-6;
Zeschnigk et al. (1997) Hum Mol Genet. 6: 387-95; Feil et
al. (1994) Nucleic Acids Res. 22: 695; Martin et al. (1995)
Gene 157: 261-4; WO 9746705; WO 9515373).

[0152] Various methylation assay procedures are known in
the art and can be used in conjunction with bisulfite treat-
ment according to the present technology. These assays
allow for determination of the methylation state of one or a
plurality of CpG dinucleotides (e.g., CpG islands) within a
nucleic acid sequence. Such assays involve, among other
techniques, sequencing or microarray of bisulfite-treated
nucleic acid, PCR (for sequence-specific amplification),
Southern blot analysis, and use of methylation-sensitive
restriction enzymes.

[0153] For example, genomic sequencing has been sim-
plified for analysis of methylation patterns and 5-methylcy-
tosine distributions by using bisulfite treatment (Frommer et
al. (1992) Proc. Natl. Acad. Sci. USA 89: 1827-1831).
Additionally, restriction enzyme digestion of PCR products
amplified from bisulfite-converted DNA finds use in assess-
ing methylation state, e.g., as described by Sadri & Hornsby
(1997) Nucl. Acids Res. 24: 5058-5059 or as embodied in
the method known as COBRA (Combined Bisulfite Restric-
tion Analysis) (Xiong & Laird (1997) Nucleic Acids Res. 25:
2532-2534).

[0154] COBRA™ analysis is a quantitative methylation
assay useful for determining DNA methylation levels at
specific loci in small amounts of genomic DNA (Xiong &
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Laird, Nucleic Acids Res. 25:2532-2534, 1997). Briefly,
restriction enzyme digestion is used to reveal methylation-
dependent sequence differences in PCR products of sodium
bisulfite-treated DNA. Methylation-dependent sequence dif-
ferences are first introduced into the genomic DNA by
standard bisulfite treatment according to the procedure
described by Frommer et al. (Proc. Natl. Acad. Sci. USA
89:1827-1831, 1992). PCR amplification of the bisulfite
converted DNA is then performed using primers specific for
the CpG islands of interest, followed by restriction endonu-
clease digestion, gel electrophoresis, and detection using
specific, labeled hybridization probes. Methylation levels in
the original DNA sample are represented by the relative
amounts of digested and undigested PCR product in a
linearly quantitative fashion across a wide spectrum of DNA
methylation levels. In addition, this technique can be reli-
ably applied to DNA obtained from microdissected paraffin-
embedded tissue samples.

[0155] Typical reagents (e.g., as might be found in a
typical COBRA™-based kit) for COBRA™ analysis may
include, but are not limited to: PCR primers for specific loci
(e.g., specific genes, markers, DMR, regions of genes,
regions of markers, bisulfite treated DNA sequence, CpG
island, etc.); restriction enzyme and appropriate buffer;
gene-hybridization oligonucleotide; control hybridization
oligonucleotide; kinase labeling kit for oligonucleotide
probe; and labeled nucleotides. Additionally, bisulfite con-
version reagents may include: DNA denaturation buffer;
sulfonation buffer; DNA recovery reagents or kits (e.g.,
precipitation, ultrafiltration, affinity column); desulfonation
buffer; and DNA recovery components.

[0156] In some embodiments, assays such as “Meth-
yLight™” (a fluorescence-based real-time PCR technique)
(Eads et al., Cancer Res. 59:2302-2306, 1999), Ms-SN-
uPE™ (Methylation-sensitive Single Nucleotide Primer
Extension) reactions (Gonzalgo & Jones, Nucleic Acids Res.
25:2529-2531, 1997), methylation-specific PCR (“MSP”;
Herman et al., Proc. Natl. Acad. Sci. USA 93:9821-9826,
1996; U.S. Pat. No. 5,786,146), and methylated CpG island
amplification (“MCA”; Toyota et al., Cancer Res. 59:2307-
12, 1999) are used alone or in combination with one or more
of these methods.

[0157] The “HeavyMethyl™” assay, technique is a quan-
titative method for assessing methylation differences based
on methylation-specific amplification of bisulfite-treated
DNA. Methylation-specific blocking probes (“blockers™)
covering CpG positions between, or covered by, the ampli-
fication primers enable methylation-specific selective ampli-
fication of a nucleic acid sample.

[0158] The term “HeavyMethyl™ MethyLight™” assay
refers to a HeavyMethyl™ MethyLight™ assay, which is a
variation of the MethyLight™ assay, wherein the Meth-
yLight™ assay is combined with methylation specific block-
ing probes covering CpG positions between the amplifica-
tion primers. The HeavyMethyl™ assay may also be used in
combination with methylation specific amplification prim-
ers.

[0159] Typical reagents (e.g., as might be found in a
typical MethyLight™-based kit) for HeavyMethyl™ analy-
sis may include, but are not limited to: PCR primers for
specific loci (e.g., specific genes, markers, DMR, regions of
genes, regions of markers, bisulfite treated DNA sequence,
CpG island, or bisulfite treated DNA sequence or CpG
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island, etc.); blocking oligonucleotides; optimized PCR buf-
fers and deoxynucleotides; and Taq polymerase.

[0160] MSP (methylation-specific PCR) allows for assess-
ing the methylation status of virtually any group of CpG
sites within a CpG island, independent of the use of meth-
ylation-sensitive restriction enzymes (Herman et al. Proc.
Natl. Acad. Sci. USA 93:9821-9826, 1996; U.S. Pat. No.
5,786,146). Briefly, DNA is modified by sodium bisulfite,
which converts unmethylated, but not methylated cytosines,
to uracil, and the products are subsequently amplified with
primers specific for methylated versus unmethylated DNA.
MSP requires only small quantities of DNA, is sensitive to
0.1% methylated alleles of a given CpG island locus, and
can be performed on DNA extracted from paraffin-embed-
ded samples. Typical reagents (e.g., as might be found in a
typical MSP-based kit) for MSP analysis may include, but
are not limited to: methylated and unmethylated PCR prim-
ers for specific loci (e.g., specific genes, markers, DMR,
regions of genes, regions of markers, bisulfite treated DNA
sequence, CpG island, etc.); optimized PCR buffers and
deoxynucleotides, and specific probes.

[0161] The MethyLight™ assay is a high-throughput
quantitative methylation assay that utilizes fluorescence-
based real-time PCR (e.g., TagMan®) that requires no
further manipulations after the PCR step (Eads et al., Cancer
Res. 59:2302-2306, 1999). Briefly, the MethyLight™ pro-
cess begins with a mixed sample of genomic DNA that is
converted, in a sodium bisulfite reaction, to a mixed pool of
methylation-dependent sequence differences according to
standard procedures (the bisulfite process converts unmeth-
ylated cytosine residues to uracil). Fluorescence-based PCR
is then performed in a “biased” reaction, e.g., with PCR
primers that overlap known CpG dinucleotides. Sequence
discrimination occurs both at the level of the amplification
process and at the level of the fluorescence detection pro-
cess.

[0162] The MethyLight™ assay is used as a quantitative
test for methylation patterns in a nucleic acid, e.g., a
genomic DNA sample, wherein sequence discrimination
occurs at the level of probe hybridization. In a quantitative
version, the PCR reaction provides for a methylation spe-
cific amplification in the presence of a fluorescent probe that
overlaps a particular putative methylation site. An unbiased
control for the amount of input DNA is provided by a
reaction in which neither the primers, nor the probe, overlie
any CpG dinucleotides. Alternatively, a qualitative test for
genomic methylation is achieved by probing the biased PCR
pool with either control oligonucleotides that do not cover
known methylation sites (e.g., a fluorescence-based version
of the HeavyMethyl™ and MSP techniques) or with oligo-
nucleotides covering potential methylation sites.

[0163] The MethyLight™ process is used with any suit-
able probe (e.g. a “TagMan®” probe, a Lightcycler® probe,
etc.) For example, in some applications double-stranded
genomic DNA is treated with sodium bisulfite and subjected
to one of two sets of PCR reactions using TagMan® probes,
e.g., with MSP primers and/or HeavyMethyl blocker oligo-
nucleotides and a TagMan® probe. The TagMan® probe is
dual-labeled with fluorescent “reporter” and “quencher”
molecules and is designed to be specific for a relatively high
GC content region so that it melts at about a 10° C. higher
temperature in the PCR cycle than the forward or reverse
primers. This allows the TagMan® probe to remain fully
hybridized during the PCR annealing/extension step. As the
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Taq polymerase enzymatically synthesizes a new strand
during PCR, it will eventually reach the annealed TagMan®
probe. The Taq polymerase 5' to 3' endonuclease activity
will then displace the TagMan® probe by digesting it to
release the fluorescent reporter molecule for quantitative
detection of its now unquenched signal using a real-time
fluorescent detection system.

[0164] Typical reagents (e.g., as might be found in a
typical MethyLight™-based kit) for MethyLight™ analysis
may include, but are not limited to: PCR primers for specific
loci (e.g., specific genes, markers, DMR, regions of genes,
regions of markers, bisulfite treated DNA sequence, CpG
island, etc.); TagMan® or Lightcycler® probes; optimized
PCR buffers and deoxynucleotides; and Taq polymerase.
[0165] The QM™ (quantitative methylation) assay is an
alternative quantitative test for methylation patterns in
genomic DNA samples, wherein sequence discrimination
occurs at the level of probe hybridization. In this quantitative
version, the PCR reaction provides for unbiased amplifica-
tion in the presence of a fluorescent probe that overlaps a
particular putative methylation site. An unbiased control for
the amount of input DNA is provided by a reaction in which
neither the primers, nor the probe, overlie any CpG dinucle-
otides. Alternatively, a qualitative test for genomic methyl-
ation is achieved by probing the biased PCR pool with either
control oligonucleotides that do not cover known methyl-
ation sites (a fluorescence-based version of the HeavyM-
ethyl™ and MSP techniques) or with oligonucleotides cov-
ering potential methylation sites.

[0166] The QM™ process can by used with any suitable
probe, e.g., “TagMan®” probes, Lightcycler® probes, in the
amplification process. For example, double-stranded
genomic DNA is treated with sodium bisulfite and subjected
to unbiased primers and the TagMan® probe. The TagMan®
probe is dual-labeled with fluorescent “reporter” and
“quencher” molecules, and is designed to be specific for a
relatively high GC content region so that it melts out at about
a 10° C. higher temperature in the PCR cycle than the
forward or reverse primers. This allows the TagMan® probe
to remain fully hybridized during the PCR annealing/exten-
sion step. As the Taq polymerase enzymatically synthesizes
a new strand during PCR, it will eventually reach the
annealed TagMan® probe. The Taq polymerase 5' to 3'
endonuclease activity will then displace the TagMan® probe
by digesting it to release the fluorescent reporter molecule
for quantitative detection of its now unquenched signal
using a real-time fluorescent detection system. Typical
reagents (e.g., as might be found in a typical QM™-based
kit) for QM™ analysis may include, but are not limited to:
PCR primers for specific loci (e.g., specific genes, markers,
DMR, regions of genes, regions of markers, bisulfite treated
DNA sequence, CpG island, etc.); TagMan® or Lightcy-
cler® probes; optimized PCR buffers and deoxynucleotides;
and Taq polymerase.

[0167] The Ms-SNuPE™ technique is a quantitative
method for assessing methylation differences at specific
CpG sites based on bisulfite treatment of DNA, followed by
single-nucleotide primer extension (Gonzalgo & Jones,
Nucleic Acids Res. 25:2529-2531, 1997). Briefly, genomic
DNA is reacted with sodium bisulfite to convert unmethyl-
ated cytosine to uracil while leaving 5-methylcytosine
unchanged. Amplification of the desired target sequence is
then performed using PCR primers specific for bisulfite-
converted DNA, and the resulting product is isolated and



US 2022/0364187 Al

used as a template for methylation analysis at the CpG site
of interest. Small amounts of DNA can be analyzed (e.g.,
microdissected pathology sections) and it avoids utilization
of restriction enzymes for determining the methylation sta-
tus at CpG sites.

[0168] Typical reagents (e.g., as might be found in a
typical Ms-SNuPE™-based kit) for Ms-SNuPE™ analysis
may include, but are not limited to: PCR primers for specific
loci (e.g., specific genes, markers, DMR, regions of genes,
regions of markers, bisulfite treated DNA sequence, CpG
island, etc.); optimized PCR buffers and deoxynucleotides;
gel extraction kit; positive control primers; Ms-SNuPE™
primers for specific loci; reaction buffer (for the Ms-SNuPE
reaction); and labeled nucleotides. Additionally, bisulfite
conversion reagents may include: DNA denaturation buffer;
sulfonation buffer; DNA recovery reagents or kit (e.g.,
precipitation, ultrafiltration, affinity column); desulfonation
buffer; and DNA recovery components.

[0169] Reduced Representation Bisulfite Sequencing
(RRBS) begins with bisulfite treatment of nucleic acid to
convert all unmethylated cytosines to uracil, followed by
restriction enzyme digestion (e.g., by an enzyme that rec-
ognizes a site including a CG sequence such as Mspl) and
complete sequencing of fragments after coupling to an
adapter ligand. The choice of restriction enzyme enriches the
fragments for CpG dense regions, reducing the number of
redundant sequences that may map to multiple gene posi-
tions during analysis. As such, RRBS reduces the complex-
ity of the nucleic acid sample by selecting a subset (e.g., by
size selection using preparative gel electrophoresis) of
restriction fragments for sequencing. As opposed to whole-
genome bisulfite sequencing, every fragment produced by
the restriction enzyme digestion contains DNA methylation
information for at least one CpG dinucleotide. As such,
RRBS enriches the sample for promoters, CpG islands, and
other genomic features with a high frequency of restriction
enzyme cut sites in these regions and thus provides an assay
to assess the methylation state of one or more genomic loci.
[0170] A typical protocol for RRBS comprises the steps of
digesting a nucleic acid sample with a restriction enzyme
such as Mspl, filling in overhangs and A-tailing, ligating
adaptors, bisulfite conversion, and PCR. See, e.g., et al.
(2005) “Genome-scale DNA methylation mapping of clini-
cal samples at single-nucleotide resolution” Nat Methods 7:
133-6; Meissner et al. (2005) ‘“Reduced representation
bisulfite sequencing for comparative high-resolution DNA
methylation analysis” Nucleic Acids Res. 33: 5868-77.
[0171] Insome embodiments, a quantitative allele-specific
real-time target and signal amplification (QUARTS) assay is
used to evaluate methylation state. Three reactions sequen-
tially occur in each QuARTS assay, including amplification
(reaction 1) and target probe cleavage (reaction 2) in the
primary reaction; and FRET cleavage and fluorescent signal
generation (reaction 3) in the secondary reaction. When
target nucleic acid is amplified with specific primers, a
specific detection probe with a flap sequence loosely binds
to the amplicon. The presence of the specific invasive
oligonucleotide at the target binding site causes cleavase to
release the flap sequence by cutting between the detection
probe and the flap sequence. The flap sequence is comple-
mentary to a nonhairpin portion of a corresponding FRET
cassette. Accordingly, the flap sequence functions as an
invasive oligonucleotide on the FRET cassette and effects a
cleavage between the FRET cassette fluorophore and a
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quencher, which produces a fluorescent signal. The cleavage
reaction can cut multiple probes per target and thus release
multiple fluorophore per flap, providing exponential signal
amplification. QuARTS can detect multiple targets in a
single reaction well by using FRET cassettes with different
dyes. See, e.g., in Zou et al. (2010) “Sensitive quantification
of methylated markers with a novel methylation specific
technology” Clin Chem 56: A199; U.S. patent application
Ser. Nos. 12/946,737, 12/946,745, 12/946,752, and 61/548,
639.

[0172] In some embodiments, an array such as the
Infinium HD methylation assay is used to evaluate methyl-
ation state. After bisulfite treatment, the samples are dena-
tured and neutralized to prepare them for amplification. The
denatured DNA is isothermally amplified in an overnight
step. The whole-genome amplification uniformly increases
the amount of the DNA sample by several thousand-folds
without significant amplification bias. A controlled enzy-
matic process fragments the amplified product. The process
uses endpoint fragmentation to prevent overfragmentation.
After precipitation and resuspension, the fragmented DNA is
dispensed onto BeadChips. The BeadChips are incubated in
the Illumina Hybridization Oven to hybridize the samples
onto the BeadChips. Twelve samples are applied to each
BeadChip, which keeps them separate with an IntelliHyb
seal. The prepared BeadChip is incubated overnight in the
[llumina Hybridization Oven. The amplified and fragmented
DNA samples anneal to locus-specific S0mers (covalently
linked to 1 of over 500,000 bead types) during hybridization.
Two bead types correspond to each CpG locus for Infinium
I assays: one bead type corresponds to methylated (C),
another bead type to unmethylated (T) state of the CpG site.
One bead type corresponds to each CpG locus for Infinium
1T assays. Then the unhybridized and nonspecifically hybrid-
ized DNA is washed away and the BeadChip is prepared for
staining and extension in capillary flow-through chambers.
Single-base extension of the oligos occurs on the BeadChip,
using the captured DNA as a template, which incorporates
detectable labels on the BeadChip and determines the meth-
ylation level of the query CpG sites. The Illumina HiScan or
iScan System scans the BeadChip, using a laser to excite the
fluorophore of the single-base extension product on the
beads. The scanner records high-resolution images of the
light emitted from the fluorophores.

[0173] The term ‘“bisulfite reagent” refers to a reagent
comprising bisulfite, disulfite, hydrogen sulfite, or combi-
nations thereof, useful as disclosed herein to distinguish
between methylated and unmethylated CpG dinucleotide
sequences. Methods of said treatment are known in the art
(e.g., PCT/EP2004/011715, which is incorporated by refer-
ence in its entirety). It is preferred that the bisulfite treatment
is conducted in the presence of denaturing solvents such as
but not limited to n-alkylenglycol or diethylene glycol
dimethyl ether (DME), or in the presence of dioxane or
dioxane derivatives. In some embodiments the denaturing
solvents are used in concentrations between 1% and 35%
(v/v). In some embodiments, the bisulfite reaction is carried
out in the presence of scavengers such as but not limited to
chromane derivatives, e.g., 6-hydroxy-2,5,7,8-tetramethyl-
chromane 2-carboxylic acid or trihydroxybenzone acid and
derivates thereof, e.g., Gallic acid (see: PCT/EP2004/
011715, which is incorporated by reference in its entirety).
The bisulfite conversion is preferably carried out at a reac-
tion temperature between 30° C. and 70° C., whereby the
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temperature is increased to over 85° C. for short times
during the reaction (see: PCT/EP2004/011715, which is
incorporated by reference in its entirety). The bisulfite
treated DNA is preferably purified prior to the quantifica-
tion. This may be conducted by any means known in the art,
such as but not limited to ultrafiltration, e.g., by means of
Microcon™ columns (manufactured by Millipore™). The
purification is carried out according to a modified manufac-
turer’s protocol (see, e.g., PCT/EP2004/011715, which is
incorporated by reference in its entirety).

[0174] In some embodiments, fragments of the treated
DNA are amplified using sets of primer oligonucleotides
according to the present invention and an amplification
enzyme. The amplification of several DNA segments can be
carried out simultaneously in one and the same reaction
vessel. Typically, the amplification is carried out using a
polymerase chain reaction (PCR). Amplicons are typically
100 to 2000 base pairs in length.

[0175] In another embodiment of the method, the meth-
ylation status of CpG positions within or near a marker
comprising any one or more DMRs and/or DMPs in one or
more of Tables 3, 6, 13, 14, 15, 16, 17A and 17B may be
detected by use of methylation-specific primer oligonucle-
otides. This technique (MSP) has been described in U.S. Pat.
No. 6,265,171 to Herman. The use of methylation status
specific primers for the amplification of bisulfite treated
DNA allows the differentiation between methylated and
unmethylated nucleic acids. MSP primer pairs contain at
least one primer that hybridizes to a bisulfite treated CpG
dinucleotide. Therefore, the sequence of said primers com-
prises at least one CpG dinucleotide. MSP primers specific
for non-methylated DNA contain a “T”” at the position of the
C position in the CpG.

[0176] The fragments obtained by means of the amplifi-
cation can carry a directly or indirectly detectable label. In
some embodiments, the labels are fluorescent labels, radio-
nuclides, or detachable molecule fragments having a typical
mass that can be detected in a mass spectrometer. Where said
labels are mass labels, some embodiments provide that the
labeled amplicons have a single positive or negative net
charge, allowing for better delectability in the mass spec-
trometer. The detection may be carried out and visualized by
means of, e.g., matrix assisted laser desorption/ionization
mass spectrometry (MALDI) or using electron spray mass
spectrometry (ESI).

[0177] Methods for isolating DNA suitable for these assay
technologies are known in the art. In particular, some
embodiments comprise isolation of nucleic acids as
described in U.S. patent application Ser. No. 13/470,251
(“Isolation of Nucleic Acids™), incorporated herein by ref-
erence in its entirety.

[0178] Genomic DNA may be isolated by any means,
including the use of commercially available kits. Briefly,
wherein the DNA of interest is encapsulated in by a cellular
membrane the biological sample must be disrupted and
lysed by enzymatic, chemical or mechanical means. The
DNA solution may then be cleared of proteins and other
contaminants, e.g., by digestion with proteinase K. The
genomic DNA is then recovered from the solution. This may
be carried out by means of a variety of methods including
salting out, organic extraction, or binding of the DNA to a
solid phase support. The choice of method will be affected
by several factors including time, expense, and required
quantity of DNA. All clinical sample types are suitable for
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use in the present method, e.g., cell lines, histological slides,
biopsies, paraffin-embedded tissue, body fluids, stool, pros-
tate tissue, colonic effluent, urine, blood plasma, blood
serum, whole blood, isolated blood cells, cells isolated from
the blood, and combinations thereof.

[0179] The technology is not limited in the methods used
to prepare the samples and provide a nucleic acid for testing.
For example, in some embodiments, a DNA is isolated from
a blood sample using direct gene capture.

[0180] The genomic DNA sample is then treated with at
least one reagent, or series of reagents, that distinguishes
between methylated and non-methylated CpG dinucleotides
within at least one marker comprising one or more DMRs
and/or DMPs in one or more of Tables 3, 6, 13, 14, 15, 16,
17A and 17B.

[0181] In some embodiments, the reagent converts cyto-
sine bases which are unmethylated at the 5'-position to
uracil, thymine, or another base which is dissimilar to
cytosine in terms of hybridization behavior. However in
some embodiments, the reagent may be a methylation sen-
sitive restriction enzyme.

[0182] Insomeembodiments, the genomic DNA sample is
treated in such a manner that cytosine bases that are unm-
ethylated at the 5' position are converted to uracil, thymine,
or another base that is dissimilar to cytosine in terms of
hybridization behavior. In some embodiments, this treat-
ment is carried out with bisulfite (hydrogen sulfite, disulfite)
followed by alkaline hydrolysis.

[0183] The treated nucleic acid is then analyzed to deter-
mine the methylation state of the target gene sequences (at
least one gene, genomic sequence, or nucleotide from a
marker comprising one or more DMRs and/or DMPs in one
or more of Tables 3, 6, 13, 14, 15, 16, 17A and 17B. The
method of analysis may be selected from those known in the
art, including those listed herein, e.g., QUARTS and MSP as
described herein.

[0184] Aberrant methylation of a marker comprising one
or more DMRs and/or DMPs in one or more of Tables 3, 6,
13, 14, 15, 16, 17A and 17B as shown in the examples is
associated with one or more health conditions described
herein.

[0185] In some embodiments, the technology relates to a
method for treating a patient (e.g., a patient with one or more
health conditions as described herein), the method compris-
ing determining the methylation state of any one or more
DMRs or DMPs as provided herein and administering a
treatment to the patient based on the results of determining
the methylation state. The treatment may be administration
of a pharmaceutical compound, a vaccine, performing a
surgery, imaging the patient, performing another test. Pref-
erably, said use is in a method of clinical screening, a
method of prognosis assessment, a method of monitoring the
results of therapy, a method to identify patients most likely
to respond to a particular therapeutic treatment, a method of
imaging a patient or subject, and a method for drug screen-
ing and development.

[0186] In some embodiments, the methods comprise
determining the methylation state of one or more DMRs
and/or DMPs in one or more of Tables 16 and 17 in DNA
obtained from a subject with a respiratory disease such as
SARS-CoV-2, determining a likelihood of response to
therapy with a steroid such as a corticosteroid, and treating
a subject with a steroid such as a corticosteroid if the subject
has a likelihood of responding to therapy therewith.
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[0187] In some embodiments of the technology, a method
for diagnosing a respiratory infection, such as SARS-CoV-2
infection, in a subject is provided. The terms “diagnosing”
and “diagnosis™ as used herein refer to methods by which the
skilled artisan can estimate and even determine whether or
not a subject is suffering from a given condition or may
develop a given condition in the future. The skilled artisan
often makes a diagnosis on the basis of one or more
diagnostic indicators, such as for example a biomarker (e.g.,
a DMR and/or DMP as disclosed herein), the methylation
state of which is indicative of the presence, severity, or
absence of the condition.

[0188] Along with diagnosis, clinical respiratory virus
infection prognosis relates to determining the projected
clinical outcomes of the respiratory virus infection and the
likelihood of response to therapy to plan the most effective
therapy. If a more accurate prognosis can be made or even
a potential risk for developing severe outcomes can be
assessed, appropriate therapy, and in some instances less
severe therapy for the patient can be chosen. Assessment
(e.g., determining methylation state) of respiratory virus
infection biomarkers is useful to separate subjects with good
prognosis and/or low risk of developing severe outcomes
who will need no therapy or limited therapy from those more
likely to develop severe outcomes who might benefit from
more intensive treatments.

[0189] As such, “making a diagnosis™ or “diagnosing”, as
used herein, is further inclusive of determining a prognosis,
which can provide for predicting a clinical outcome (with or
without medical treatment), selecting an appropriate treat-
ment (or whether treatment would be effective), or moni-
toring a current treatment and potentially changing the
treatment, based on the measure of the diagnostic biomark-
ers (e.g., DMRs and/or DMPs) disclosed herein. Further, in
some embodiments of the presently disclosed subject matter,
multiple determination of the biomarkers over time can be
made to facilitate diagnosis and/or prognosis. A temporal
change in the biomarker can be used to predict a clinical
outcome, monitor the progression of respiratory virus infec-
tion, and/or monitor the efficacy of appropriate therapies
directed against the infection. In such an embodiment for
example, one might expect to see a change in the methyl-
ation state of one or more biomarkers (e.g., DMRs and/or
DMPs) disclosed herein (and potentially one or more addi-
tional biomarker(s), if monitored) in a biological sample
over time during the course of an effective therapy.

[0190] The presently disclosed subject matter further pro-
vides in some embodiments a method for determining
whether to initiate or continue treatment of a respiratory
virus infection in a subject. In some embodiments, the
method comprises providing a series of biological samples
over a longitudinal or serial time period from the subject;
analyzing the series of biological samples to determine a
methylation state of at least one biomarker disclosed herein
in each of the biological samples; and comparing any
measurable change in the methylation states of one or more
of the biomarkers in each of the biological samples. Any
changes in the methylation states of biomarkers over the
time period can be used to predict risk of developing severe
symptoms, predict clinical outcome, determine whether to
initiate or continue treatment or therapy, and whether a
current therapy is effectively treating the respiratory virus
infection. For example, a first time point can be selected
prior to initiation of a treatment and a second time point can
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be selected at some time after initiation of the treatment.
Methylation states can be measured in each of the samples
taken from different time points and qualitative and/or
quantitative differences noted. A change in the methylation
states of the biomarker levels from the different samples can
be correlated with respiratory virus infection risk, prognosis,
determining treatment efficacy, and/or progression of the
respiratory virus infection in the subject.

[0191] In preferred embodiments, the methods and com-
positions of the invention are for treatment or diagnosis of
disease at an early stage, for example, before symptoms of
the disease appear or before severe clinical outcomes begin
to emerge. In some embodiments, the methods and compo-
sitions of the invention are for treatment or diagnosis of
disease at a clinical stage.

[0192] As noted, in some embodiments, multiple determi-
nations of one or more diagnostic or prognostic biomarkers
can be made, and a temporal change in the marker can be
used to determine a diagnosis or prognosis. For example, a
diagnostic marker can be determined at an initial time, and
again at a second time. In such embodiments, an increase in
the marker from the initial time to the second time can be
diagnostic of a particular type or severity of respiratory virus
infection, or a given prognosis. Likewise, a decrease in the
marker from the initial time to the second time can be
indicative of a particular type or severity of respiratory virus
infection, or a given prognosis. Furthermore, the degree of
change of one or more markers can be related to the severity
of the respiratory virus infection and future adverse events.
The skilled artisan will understand that, while in certain
embodiments comparative measurements can be made of the
same biomarker at multiple time points, one can also mea-
sure a given biomarker at one time point, and a second
biomarker at a second time point, and a comparison of these
markers can provide diagnostic information.

[0193] As used herein, the phrase “determining the prog-
nosis” refers to methods by which the skilled artisan can
predict the course or outcome of a condition in a subject. The
term “prognosis” does not refer to the ability to predict the
course or outcome of a condition with 100% accuracy, or
even that a given course or outcome is predictably more or
less likely to occur based on the methylation state of a
biomarker (e.g., a DMR and/or DMP). Instead, the skilled
artisan will understand that the term “prognosis” refers to an
increased probability that a certain course or outcome will
occur; that is, that a course or outcome is more likely to
occur in a subject exhibiting a given condition, when com-
pared to those individuals not exhibiting the condition. For
example, in individuals not exhibiting the condition (e.g.,
having a normal methylation state of one or more DMRs
and/or DMPs), the chance of a given outcome (e.g., suffering
from severe clinical outcomes) may be very low.

[0194] In some embodiments, a statistical analysis asso-
ciates a prognostic indicator with a predisposition to an
adverse outcome. For example, in some embodiments, a
methylation state different from that in a normal control
sample obtained from a patient who does not have a par-
ticular adverse outcome can signal that a subject is more
likely to suffer from a particular adverse outcome than
subjects with a level that is more similar to the methylation
state in the control sample, as determined by a level of
statistical significance. Additionally, a change in methyl-
ation state from a baseline (e.g., “normal”) level can be
reflective of subject prognosis, and the degree of change in
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methylation state can be related to the severity of adverse
events. Statistical significance is often determined by com-
paring two or more populations and determining a confi-
dence interval and/or a p value. See, e.g., Dowdy and
Wearden, Statistics for Research, John Wiley & Sons, New
York, 1983, incorporated herein by reference in its entirety.
Exemplary confidence intervals of the present subject matter
are 90%, 95%, 97.5%, 98%, 99%, 99.5%, 99.9% and
99.99%, while exemplary p values are 0.1, 0.05, 0.025, 0.02,
0.01, 0.005, 0.001, and 0.0001.

[0195] In other embodiments, a threshold degree of
change in the methylation state of a prognostic or diagnostic
biomarker disclosed herein (e.g., a DMR and/or DMP) can
be established, and the degree of change in the methylation
state of the biomarker in a biological sample is simply
compared to the threshold degree of change in the methyl-
ation state. A preferred threshold change in the methylation
state for biomarkers provided herein is about 5%, about
10%, about 15%, about 20%, about 25%, about 30%, about
50%, about 75%, about 100%, and about 150%. In yet other
embodiments, a “nomogram” can be established, by which
a methylation state of a prognostic or diagnostic indicator
(biomarker or combination of biomarkers) is directly related
to an associated disposition towards a given outcome. The
skilled artisan is acquainted with the use of such nomograms
to relate two numeric values with the understanding that the
uncertainty in this measurement is the same as the uncer-
tainty in the marker concentration because individual sample
measurements are referenced, not population averages.

[0196] Insome embodiments, a control sample is analyzed
concurrently with the biological sample, such that the results
obtained from the biological sample can be compared to the
results obtained from the control sample. Additionally, it is
contemplated that standard curves can be provided, with
which assay results for the biological sample may be com-
pared. Such standard curves present methylation states of a
biomarker as a function of assay units, e.g., fluorescent
signal intensity, if a fluorescent label is used. Using samples
taken from multiple donors, standard curves can be provided
for control methylation states of the one or more biomarkers
in normal samples, as well as for “at-risk” levels of the one
or more biomarkers in samples taken from donors with a
particular health condition. In certain embodiments of the
method, a subject is identified as having a particular health
condition upon identifying an aberrant methylation state of
one or more DMRs and/or DMPs provided herein in a
biological sample obtained from the subject. In other
embodiments of the method, the detection of an aberrant
methylation state of one or more of such biomarkers in a
biological sample obtained from the subject results in the
subject being identified as having a particular health condi-
tion.

[0197] The analysis of markers can be carried out sepa-
rately or simultaneously with additional markers within one
test sample. For example, several markers can be combined
into one test for efficient processing of a multiple of samples
and for potentially providing greater diagnostic and/or prog-
nostic accuracy. In addition, one skilled in the art would
recognize the value of testing multiple samples (for
example, at successive time points) from the same subject.
Such testing of serial samples can allow the identification of
changes in marker methylation states over time. Changes in
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methylation state, as well as the absence of change in
methylation state, can provide useful information about the
disease status.

[0198] The analysis of biomarkers can be carried out in a
variety of physical formats. For example, the use of micro-
titer plates or automation can be used to facilitate the
processing of large numbers of test samples. Alternatively,
single sample formats could be developed to facilitate
immediate treatment and diagnosis in a timely fashion, for
example, in ambulatory transport or emergency room set-
tings.

[0199] In some embodiments, the subject is diagnosed as
having a particular health condition if, when compared to a
control methylation state, there is a measurable difference in
the methylation state of at least one biomarker in the sample.
Conversely, when no change in methylation state is identi-
fied in the biological sample, the subject can be identified as
not having the health condition, not being at risk for the
health condition, or as having a low risk of the health
condition. In this regard, subjects having the health condi-
tion or risk thereof can be differentiated from subjects
having low to substantially no health condition or risk
thereof. Those subjects having a risk of developing a par-
ticular health condition can be placed on a more intensive
and/or regular screening schedule or treatment. On the other
hand, those subjects having low to substantially no risk may
avoid being subjected to more intensive and/or regular
screening schedule or treatment.

[0200] Depending on the embodiment of the method of the
present technology, detecting a change in methylation state
of the one or more biomarkers can be a qualitative deter-
mination or it can be a quantitative determination. As such,
the step of diagnosing a subject as having, or at risk of
developing a particular health condition indicates that cer-
tain threshold measurements are made, e.g., the methylation
state of the one or more biomarkers in the biological sample
varies from a predetermined control methylation state. In
some embodiments of the method, the control methylation
state is any detectable methylation state of the biomarker. In
other embodiments of the method where a control sample is
tested concurrently with the biological sample, the prede-
termined methylation state is the methylation state in the
control sample. In other embodiments of the method, the
predetermined methylation state is based upon and/or iden-
tified by a standard curve. In other embodiments of the
method, the predetermined methylation state is a specifically
state or range of state. As such, the predetermined methyl-
ation state can be chosen, within acceptable limits that will
be apparent to those skilled in the art, based in part on the
embodiment of the method being practiced and the desired
specificity, etc.

[0201] Further with respect to diagnostic methods, a pre-
ferred subject is a vertebrate subject. A preferred vertebrate
is warm-blooded; a preferred warm-blooded vertebrate is a
mammal. A preferred mammal is most preferably a human.
As used herein, the term “subject’ includes both human and
animal subjects. As such, the present technology provides
for the diagnosis of mammals such as humans.

[0202] Madrid et al. 2021 (Balnis J, Madrid A, Hogan K
J, Drake I A, Chieng H C, Tiwari A, Vincent C E, Chopra
A, Vincent P A, Robek M D, Singer H A, Alisch R S,
Jaitovich A. Blood DNA methylation and COVID-19 out-
comes. Clin Epigenetics. 2021 May 25; 13(1):118) is incor-
porated herein by reference in its entirety.
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[0203] The elements and method steps described herein
can be used in any combination whether explicitly described
or not, unless otherwise specified or clearly implied to the
contrary by the context in which the referenced combination
is made.

[0204] All combinations of method steps as used herein
can be performed in any order, unless otherwise specified or
clearly implied to the contrary by the context in which the
referenced combination is made.

[0205] As used herein, the singular forms “a,” “an,” and
“the” include plural referents unless the content clearly
dictates otherwise.

[0206] Numerical ranges as used herein are intended to
include every number and subset of numbers contained
within that range, whether specifically disclosed or not.
Further, these numerical ranges should be construed as
providing support for a claim directed to any number or
subset of numbers in that range. For example, a disclosure
of from 1 to 10 should be construed as supporting a range of
from 2 to 8, from 3 to 7, from 5 to 6, from 1 to 9, from 3.6
to 4.6, from 3.5 to 9.9, and so forth.

[0207] All patents, patent publications, and peer-reviewed
publications (i.e., “references”) cited herein are expressly
incorporated by reference to the same extent as if each
individual reference were specifically and individually indi-
cated as being incorporated by reference. In case of conflict
between the present disclosure and the incorporated refer-
ences, the present disclosure controls.

[0208] Itisunderstood that the invention is not confined to
the particular construction and arrangement of parts herein
illustrated and described, but embraces such modified forms
thereof as come within the scope of the claims.

[0209] As used herein, the term “or” is an inclusive “or”
operator and is equivalent to the term “and/or” unless the
context clearly dictates otherwise. The term “based on” is
not exclusive and allows for being based on additional
factors not described, unless the context clearly dictates
otherwise. The meaning of “in” includes “in” and “on.”

EXAMPLES

Electronic Tables

[0210] Tables 2,3, 4A, 4B, 5A, 5B, 6,7, 8, 11, 12A, 12B,
16, and 19 have been submitted as ASCII text files via
EFS-Web and are incorporated by reference.
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[0214] The ASCII text file of Table 4B is named “Table_
4B.txt,” was created on Apr. 26, 2021, and is 205,216 bytes
in size.

[0215] The ASCII text file of Table 5A is named “Table_
SA.txt,” was created on Apr. 26, 2021, and is 167,346 bytes
in size.

[0216] The ASCII text file of Table 5B is named “Table_
5B.txt,” was created on Apr. 26, 2021, and is 294,030 bytes
in size.

[0217] The ASCII text file of Table 6 is named “Table_6.
txt,” was created on Apr. 26, 2021, and is 41,565 bytes in
size.

[0218] The ASCII text file of Table 7 is named “Table_7.
txt,” was created on Apr. 26, 2021, and is 25,132 bytes in
size.

[0219] The ASCII text file of Table 8 is named “Table_8.
txt,” was created on Apr. 26, 2021, and is 19,593 bytes in
size.

[0220] The ASCII text file of Table 11 is named “Table_
11.txt,” was created on Apr. 26, 2021, and is 2,170 bytes in
size.

[0221] The ASCII text file of Table 12A is named “Table_
12A.txt,” was created on Apr. 26, 2021, and is 23,014 bytes
in size.

[0222] The ASCII text file of Table 12B is named “Table_
12B.txt,” was created on Apr. 26, 2021, and is 28,943 bytes
in size.

[0223] The ASCII text file of Table 16 is named “Table_
16.txt,” was created on Apr. 26, 2021, and is 25,872 bytes in
size.

[0224] The ASCII text file of Table 19 is named “Table_
19.txt,” was created on Apr. 26, 2021, and is 39,449 bytes in
size.

[0225] The ASCII text file of Table 21 is named “Table_
21.txt,” was created on May 16, 2022, and is 704,568 bytes
in size.

Example 1

Summary

[0226] We conducted a prospective cohort study involving
124 consecutive patients with and without COVID-19 diag-
nosis who were admitted to Albany Medical Center in
Albany, N.Y. Thirty-nine healthy patient samples collected
before the COVID-19 pandemic characterized with an iden-

LENGTHY TABLES

The patent application contains a lengthy table section. A copy of the table is available in electronic form from the
USPTO web site (https://seqdata.uspto.gov/?pageRequest=docDetail&DocID=US20220364187A1). An electronic copy
of the table will also be available from the USPTO upon request and payment of the fee set forth in 37 CFR 1.19(b)(3).

[0211] The ASCII text file of Table 2 is named “Table_2.
txt,” was created on Apr. 26, 2021, and is 58,298 bytes in
size.

[0212] The ASCII text file of Table 3 is named “Table_3.
txt,” was created on Apr. 26, 2021, and is 327,236 bytes in
size.

[0213] The ASCII text file of Table 4A is named “Table_
4A.txt,” was created on Apr. 26, 2021, and is 102,102 bytes
in size.

tical epigenotyping platform provided reference methyl-
omes (FIG. 1). We hypothesized that: 1) DNA methylation
regions would differ in patients with COVID-19 diagnosis in
comparison with pre-pandemic healthy control individuals;
2) DNA methylation regions would differ in patients with
COVID-19 diagnosis in comparison with patients with
respiratory illness of similar magnitude not caused by
COVID-19; and 3) COVID-19 severity reflected by clini-
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cally validated outcome measures*, would be associated
with distinct patterns of DNA methylation in blood.

Results

[0227] Sample cohort and experimental design: From 6
Apr. 2020 through 1 May 2020, we collected blood samples
from 128 adult patients admitted to the Albany Medical
Center in Albany, N.Y. for moderate to severe respiratory
failure presumably related to infection with SARS-CoV-2
(FIG. 1). In addition to acquisition of various clinical data
(Table 1), a 10 ml blood sample was obtained at the time of
enrollment. Patients who later tested positive (N=102) and
negative (N=26) for SARS-CoV-2 infection were assigned
to the COVID-19 and non-COVID-19 groups, respectively
(see Methods for enrollment details). Females comprised
37.3% and 50.0% of the COVID-19 and non-COVID-19
patients, respectively. The average age of patients was
similar: 60.5 (50.5-74.8) and 62 (50-74) years in the
COVID-19 group (females and males, respectively;
P-value=0.28) compared the non-COVID-19 patients: 59.5
(49-75) and 68.2 (63-82) years, (females and males respec-
tively; P-value=0.09). The average number of days hospi-
talized before study enrollment was 3 and 1 for the COVID-
19 and non-COVID-19 patients, respectively (Table 1). The
COVID-19 group was more racially diverse than the non-
COVID-19 group, with white individuals comprising 46%
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of the total (vs. 80% of the non-COVID-19 control group),
consistent with racial and ethnic health disparities of
COVID-19 reported by others*’. To identify DNA CpG
methylation changes associated with COVID-19, we com-
pared DNA methylation data from COVID-19 patients
(N=102) to DNA methylation data from a previously pub-
lished study®! that profiled DNA methylation from whole
blood of healthy participants (N=39) that was collected at
least 3 years before the COVID-19 outbreak. An identical
epigenotyping platform and facility (Genuity Science, Inc.
Boston, Mass.) was used to obtain the methylation data. To
test whether COVID-19 severity correlates with patterns of
differential DNA methylation in blood, we used the COVID-
19 specific GRAM risk score*® and patient mortality. Other
clinical data included: Acute Physiologic Assessment and
Chronic Health Evaluation (APACHE II) score, Sequential
Organ Failure Assessment (SOFA) score*, SAPS 1I score,
Charlson Comorbidity Index score**, mechanical ventilation
physiological parameters, need for admission to intensive
care, and C-reactive protein (CRP), D-dimer, ferritin, lac-
tate, procalcitonin, fibrinogen, and other levels (Table 1).
APACHE II, SOFA and SAPS II severity scores assigned to
patients in intensive care, exhibited similar distributions
between the groups (Table 1). In keeping with previous
reports, males predominated in the group requiring intensive
care (66 vs. 33%) and mechanical ventilation (46.9 vs.
34.2%, see Table 2).

TABLE 1

Demographics and baseline characteristics of COVID-19

in ICU and non-ICU setting and healthy controls.

COVID-19
Total non-ICU ICU
Variables n=102 n=>51 n=>51
Days Admitted Pre- 3.37 (1-5) 2.78 (1-3) 3.96 (1-6)

Enrollment (IQR)

Sex - n (%)

Male 64 (62.7%) 30 (58.8%) 34 (66.7%)
Female 38 (37.3%) 21 (41.2%) 17 (33.3%)
Age-year

Mean (IQR) 61.3 (50.0-74.3) 59.7 (49.0-80.0) 62.9 (55.0-73.0)
Ethnicity - n (%)

White 46 (45.1%) 28 (54.9%) 18 (35.3%)
Black 11 (10.8%) 5 (9.8%) 6 (11.8%)
Asian 2 (1.9%) 0 (0%) 2 (3.9%)
Hispanic 21 (20.6%) 7 (13.7%) 14 (27.5%)
Other 22 (21.6%) 11 (21.6%) 11 (21.6%)
BMI, kg/m2 Mean (IQR) 3039 (25.30-32.24)  29.84 (26.09-32.37) 30.92 (24.50-32.05)
Severity Indexes (IQR)

Charlson comorbidity index 3.3 (1-5) 3.16 (1-5) 3.49 (2-5)
APACHEIL N/A N/A 21.6 (15-27)
SOFA N/A N/A 8.2 (6-11)
SAPSII N/A N/A 51.8 (45-62)

Biomarkers (IQR)

Ferritin (ng/mL)
C-Reactive protein (mg/L)
D-dimer (mg/L FEU)
Procalcitonin (ng/mL)
Lactate (mmol/L)
Fibrinogen (mg/dL)
Albumin (mg/L)

938.9 (301.8-1203.8)
140.9 (52.0-204.3)

782.6 (206.0-934.5)
120.6 (44.7-155.0)

1076.9 (378.0-1294.0)
158.9 (61.7-248.3)

11.7 (1.0-12.8) 2.3 (0.6-1.73) 18.6 (1.7-21.6)
3.2 (0.2-1.8) 1.7 (0.2-1.0) 4.4 (0.3-2.3)
1.2 (0.9-1.5) 1.2 (0.9-1.4) 1.3 (0.9-1.5)
543.6 (413.0-667.0)  559.3 (420.0-703.0) 531.7 (391.5-663.0)
2.9 (2.6-3.3) 3.2 (2.9-3.5) 2.7 (2.4-29)
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TABLE 1-continued

Demographics and baseline characteristics of COVID-19

in ICU and non-ICU setting and healthy controls.

Hemogram (IQR)

White blood cells (K/uL)
Hemoglobin (g/dL)

Mean corpuscular volume (fL)
Platelet (K/uL)

Neutrophils (%)

10.8 (6.1-12.5)
11.2 (9.7-12.6)
87.1 (84.5-93.7)
266.0 (192.5-320.5)
76.2 (68.5-86.0)

7.1 (4.9-8.5)
11.6 (10.2-13.0)
88.0 (85.6-94.2)
269.2 (209.0-334)
69.7 (61.0-82.0)

144 (8.4-15.4)
10.7 (9.4-12.1)
86.2 (82.5-93.0)
262.8 (187.0-317.0)
82.8 (80.0-90.0)

Lymphocytes (%) 13.8 (5.0-18.5) 19.4 (9.0-26.0) 83 (4.0-11.0)
Monocytes (%) 7.1 (4.0-9.0) 8.8 (6.0-11.0) 5.5 (3.0-8.0)
Eosinophils (%) 0.8 (0.0-1.0) 1.1 (0.0-1.0) 0.5 (0.0-1.0)
Respiratory parameters
PaO2/FiO2 Ratio N/A N/A 161.6 (98-211)
Positive-end expiratory N/A N/A 10.8 (10-12)
pressure (cmH20)
Inspiratory Plateau (cmH20) N/A N/A 22.8 (19.7-25.3)
Treatment - n (%)
Renal Relacement Therapy 12 (11.8%) 3 (5.9%) 9 (17.6%)
Hydroxychloroquine 87 (85.3%) 43 (84.3%) 44 (86.3%)
Antibiotics 98 (96.1%) 47 (92.2%) 51 (100%)
Antiviral 1 (0.98%) 0 (0%) 1 (1.9%)
IL6- Antagoinist 4 (3.9%) 1 (1.9%) 2 (3.9%)
Convalescent Plasma 26 (25.5%) 8 (15.7%) 18 (35.3%)
Steroid 46 (45.1%) 12 (23.5%) 34 (66.7%)
Therapeutic Anticoagulation 37 (36.3%) 2 (3.9%) 35 (68.6%)
non-COVID-19

Total non-ICU ICU
Variables n=26 n=10 n=16
Days Admitted Pre- 0.97 (1-1) 0.9 (0.8-1) 0.94 (1-1)
Enrollment (IQR)
Sex - n (%)
Male 13 (50%) 4 (40%) 9 (56%)
Female 13 (50%) 6 (60%) 7 (44%)
Age-year
Mean (IQR) 63.8 (52.3-76.8) 60.4 (47.3-74.0) 66 (55.3-80.3)
Ethnicity - n (%)
White 21 (80.8%) 8 (80%) 13 (81.2%)
Black 4 (15.4%) 2 (20%) 2 (12.5%)
Asian 0 (0%) 0 (0%) 0 (0%)
Hispanic 1 (3.8%) 0 (0%) 1 (6.3%)
Other 0 (0%) 0 (0%) 0 (0%)

BMI, kg/m2 Mean (IQR)
Severity Indexes (IQR)

Charlson comorbidity index
APACHEII

SOFA

SAPSI

Biomarkers (IQR)

Ferritin (ng/mL)
C-Reactive protein (mg/L)
D-dimer (mg/L FEU)
Procalcitonin (ng/mL)
Lactate (mmol/L)
Fibrinogen (mg/dL)
Albumin (mg/L)
Hemogram (IQR)

White blood cells (K/uL)
Hemoglobin (g/dL)

Mean corpuscular volume (fL)
Platelet (K/uL)

Neutrophils (%)

Lymphocytes (%)

Monocytes (%)

Eosinophils (%)

30.36 (26.53-33.10)

435 (2-6)
N/A
N/A
N/A

250.5 (80.5-382.5)
73.8 (20.0-110.2)
5.3 (0.5-4.6)
2.1 (0.2:0.7)
2.1 (0.9-2.5)
362.3 (257.3-550.0)
3.4 (29-3.8)

12.7 (7.2-17.3)
124 (9.9-14.7)
923 (88.6-95.4)
203.5 (151.8-247.8)
77.7 (74.0-87.0)
12.7 (6.0-18.0)

8.0 (4.0-9.3)

1.0 (0.0-1.25)

27.20 (23.68-30.38)

33 (1-5)
N/A
N/A
N/A

205.3 (58.0-411.0)
34.7 (8.9-56.8)

5.2 (0.4-1.9)

2.2 (0.1-3.4)

1.2 (0.8-1.5)
348.0 (256.75-441.5)

3.8 (3.4-4.1)

8.3 (6.7-9.7)
12.8 (10.45-14.85)
91.2 (87.2-94.6)
228.1 (163.5-278.0)
73.1 (58.8-82.5)
16.9 (7.0-26.0)
7.7 (4.0-10.3)
1.8 (0.0-3.3)

32.34 (26.98-37.67)

5 (3-7)
20.6 (12-26)
8.6 (3-11)
47.6 (33-65)

285.7 (92.0-438.5)
99.8 (37.8-175.2)
5.5 (0.6-10.2)
2.1 (0.3-1.21)
2.53 (0.9-3.4)
373 (257.3-572.0)
3.19 (2.6-3.8)

15.4 (8.2-20.9)
123 (9.6-14.5)
93.0 (89.4-97.8)
188.2 (127.5-229.5)
80.5 (79.25-89.25)
10.1 (4.3-10.8)
8.2 (4.0-9.0)
0.44 (0.0-1.0)
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TABLE 1-continued

Demographics and baseline characteristics of COVID-19
in ICU and non-ICU setting and healthy controls.

Respiratory parameters

PaO2/FiO2 Ratio N/A N/A 149.4 (73-184)
Positive-end expiratory N/A N/A 6.6 (73-184)
pressure (cmH20)
Inspiratory Plateau (cmH20) N/A N/A 23.9 (19.8-28.8)
Treatment - n (%)
Renal Relacement Therapy 3 (11.5%) 0 (0%) 3 (18.8%)
Hydroxychloroquine 0 (0%) 0 (0%) 0 (0%)
Antibiotics 16 (61.5%) 3 (30.0%) 13 (81.3%)
Antiviral 0 (0%) 0 (0%) 0 (0%)
IL6- Antagoinist 0 (0%) 0 (0%) 0 (0%)
Convalescent Plasma 0 (0%) 0 (0%) 0 (0%)
Steroid 4 (15.4%) 1 (10.0%) 3 (18.8%)
Therapeutic Anticoagulation 8 (30.8%) 1 (10.0%) 7 (43.8%)
Healthy
Total

Variables n=39

Days Admitted Pre- N/A

Enrollment (IQR)

Sex - n (%)

Male 18 (46%)

Female 21 (54%)

Age-year

Mean (IQR) 75.8 (71.9-78.8)

Ethnicity - n (%)

‘White 35 (89.7%)

Black 4 (10.3%)

Asian 0 (0%)

Hispanic 0 (0%)

Other 0 (0%)

BMI, kg/m2 Mean (IQR) 28.52 (24.15-30.40)

Severity Indexes (IQR)

Charlson comorbidity index N/A

APACHEIL N/A

SOFA N/A

SAPSII N/A

Biomarkers (IQR)

Ferritin (ng/mL) N/A

C-Reactive protein (mg/L) N/A

D-dimer (mg/L FEU) N/A

Procalcitonin (ng/mL) N/A

Lactate (mmol/L) N/A

Fibrinogen (mg/dL) N/A

Albumin (mg/L) N/A

Hemogram (IQR)

White blood cells (K/uL) N/A

Hemoglobin (g/dL) N/A

Mean corpuscular volume (fL) N/A

Platelet (K/uL) N/A

Neutrophils (%) N/A

Lymphocytes (%) N/A

Monocytes (%) N/A

Eosinophils (%) N/A

Respiratory parameters

PaO2/FiO2 Ratio N/A

Positive-end expiratory N/A

pressure (cmH20)

Inspiratory Plateau (cmH20) N/A

Treatment - n (%)

Renal Relacement Therapy N/A

Hydroxychloroquine N/A
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Demographics and baseline characteristics of COVID-19
in ICU and non-ICU setting and healthy controls.

Antibiotics

Antiviral

1L.6- Antagoinist
Convalescent Plasma
Steroid

Therapeutic Anticoagulation

N/A
N/A
N/A
N/A
N/A
N/A

[0228] DNA methylation in blood is altered in COVID-19
patients: Average DNA methylation abundance across the
entire genome did not significantly differ between COVID-
19 patients (58.8%) and healthy pre-pandemic controls
(58.7%), indicating that no global changes in methylation
abundance are related to COVID-19 (FIG. 2A). To investi-
gate locus-specific DNA methylation levels linked to
COVID-19, methylome data were subjected to a linear
regression model that accounted for batch effects, sex, and
leukocyte proportions for downstream analyses**. This
approach detected 1,505 differentially methylated regions
(DMRs) distributed across the entire genome comprising
clusters of =5 CpGs (false discovery rate (FDR) P-value
<0.05; FIG. 2B; Table 3). A total of 416 hyper-methylated
and 1,089 hypo-methylated DMRs were distinguished, indi-
cating that a majority of differentially methylated regions are
hypo-methylated, as noted in a recent report of 7 COVID-19
positive patients'®. A majority of DMRs (~75%) reside
within or near gene promoter regions, denoting a potential
role in gene regulation'® (FIG. 2C). The 1,505 DMRs were
annotated to 1,680 unique genes, indicating that several
DMRs spanned two contiguous genes that harbor alterations
in DNA methylation in the presence of SARS-CoV-2 infec-
tion. To test the relationships between the DMR-associated
genes, we conducted a gene ontological analysis and found
significant enrichments of immune-related terms, including
immune responsivity, leukocyte activation, and defense
responses, together with a diversity of recognized immune
function genes (cytokines/chemokines and receptors (in-
cluding IL-10, IL-1p, CXCR2/5/6), interferon-stimulated
genes (IFIT3, ISG20), and signal transduction genes
(TRAF2, ZAP70), (FDR P-value <0.05; FIG. 2D; Tables 4A
and 4B). A disease ontological analysis of methylation
regions that differ between COVID-19 patients and healthy
pre-pandemic controls indicated significant associations of
DMR-associated genes with autoimmune diseases, includ-
ing systemic lupus erythematosus and rheumatoid arthritis
(FDR P-value <0.05; FIG. 2E; Table 5A and 5B). We
observed no difference in the gap between chronologic age
and “‘epigenetic clock” age between COVID-19 patients and
healthy pre-pandemic controls, suggesting that there is no
difference between the two groups in predisposition and
resilience to an acute infection known to have enhanced
severity in the elderly*>*¢ (FIG. 3). These findings indicate
that differential patterns of COVID-19 DNA methylation in
blood occur in the promoter regions of immune-related
genes.

[0229] DNA methylation in blood is specific to SARS-
CoV-2 infection: To identify DNA methylation profiles that
distinguish concurrently enrolled respiratory patients with
and without COVID-19, we analyzed data of 128 patients,
with (N=102) and without (N=26) COVID-19 diagnosis
collected concurrently at Albany Medical Center (FIG. 1 and

Table 1). Four samples (two COVID-19 and two non-
COVID-19 patients) were removed due to unreliable meth-
ylation values (FIG. 1) and 95,447 probes were removed
leaving 770,412 for further analysis. Average DNA methyl-
ation abundance across the entire genome did not signifi-
cantly differ between groups (COVID-19 patients: 58.5%;
non-COVID-19 patients: 58.4%, FIG. 4A), indicating no
global changes in methylation abundance related to COVID-
19 status. To investigate locus-specific DNA methylation
levels linked to SARS-CoV-2 infection, methylome data
were subjected to a linear regression model that accounted
for age, sex, and leukocyte proportions for downstream
analyses**. This approach detected 254 DMRs distributed
across the entire genome comprising clusters of =5 CpGs
(FDR P-value <0.05; FIG. 4B; Table 6). A total of 101
hyper-methylated and 153 hypo-methylated DMRs were
identified, indicating that COVID-19 patients demonstrate
changes in specific DNA positions even when compared to
patients with acute respiratory decompensation due to other
causes. Mapping the 254 DMRs identified 230 annotated
genes, including known immune function genes (e.g., IRF7,
BCL6, MX1, and TNF). A gene ontological analysis iden-
tified significant enrichment of immune-related terms,
including defense response to viruses, type 1 interferon
signaling pathway constituents, and regulation of viral
genome replication (FDR P-value <0.05; FIG. 4C; Table 7).
Disease ontological terms disclosed significant links to other
virus-causing diseases, including influenza and hepatitis C
(FDR P-value <0.05; FIG. 4D; Table 8). These findings
indicate that COVID-19 patients demonstrate an altered
blood methylome compared to that of patients with respi-
ratory illness arising from other causes, and that differences
in DNA methylation occur at genes specific to COVID-19.

[0230] COVID-19 DNA methylation in blood and inter-
feron-stimulated gene (ISG) expression. To narrow our
focus on COVID-19 specific DMRs, we identified DMRs
from COVID-19 patients vs. healthy pre-pandemic control
individuals, and DMRs from COVID-19 patients vs.
patients with non-COVID-19 respiratory illness. Forty-
seven DMRs are shared between the 2 datasets (FIG. 5A;
Table 9). Twenty-five of the 47 DMRs are closely linked to
B lymphocyte, T lymphocyte, macrophage, and neutrophil
functions, including antiviral activity, cytokine production,
inflammation, and innate and adaptive immunity. Gene
ontology and pathway enrichment analysis revealed signifi-
cant enrichment in terms related to host defense responses
including interferon alpha and beta signaling, defense
response to organisms, and activation of the immune system
(FIG. 5B). DMRs were hypo-methylated in promoter
regions and contiguous sites in 2 prototypical interferon-
stimulated genes, IFI27 and OAS2, (FIG. 5C-4D), suggest-
ing possible regulatory effects on gene expression.
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TABLE 10

Shared genes with COVID-specific DMRs between a) COVID-19
patients vs. healthy pre-pandemic controls, and b) between
COVID vs. non-COVID respiratory patients.
Overlapping Covid DMR-associated genes

AC010731.2
ACOT7
AIM2
AMICAL
ATP1Al
BCL6
C8ORF31
CDK2AP1
CLASP2
CPNE6
DCTNI1-AS1
DDR1
DENNDIB
EHD1
FBX047
FGFBP2
FYB

GFI1
HTR2A
IF127

IFIT3
IFITM1
LAT

LTBP1
MGRNI1
NOTCH4
OAS2
PGLYRP1
PILRB
PLXNB2
PSMBS
RNF19A
RP11-290F20.3
RP11-323N12.5
RP11-546K22.1
S100A8
SEMA4A
SLCI1AS
SLC27A3
SNORA38
SORLI1
SP110
SP140

TNF
TNFRSF1A
VOPP1
VPS13D

[0231] To gain insight into the effects of DMRs on gene
expression, we compared DMRs between COVID-19
patients and patients with non-COVID-19 respiratory ill-
ness, with differentially expressed genes (DEGs) identified
in our RNAseq analysis of circulating leukocytes from the
same patients''. We identified 36 genes that were both
differentially methylated and differentially expressed in
COVID-19 patients (Table 10). This gene set was highly
enriched in the gene ontology term: defense response to
virus (27/36 genes) and a Reactome gene set: interferon
signaling (19/36 genes) (Table 11; Table 12A and 12B).
Eight in the interferon pathway were upregulated in parallel
with the presence of DMRs in their genes. All identified
DMRs were hypo-methylated with at least 5 consecutive
CpGs near promoter regions (Table 11).

Thirty-six genes that were both differentially methylated
and differentially expressed in COVID-19 patients.

Methylation Status Gene symbols  Methylation Location on Gene

Hypo ADAR Promoter (<=1 kb)
Hypo CCDC110 Promoter (<=1 kb)
Hypo CCNT1 Promoter (<=1 kb)
Hypo CD38 Promoter (<=1 kb)
Hypo CLASP2 Promoter (<=1 kb)
Hyper COMT Promoter (<=1 kb)
Hypo DDX60 Promoter (<=1 kb)
Hypo DENNDI1B Promoter (<=1 kb)
Hypo DTX3L Promoter (<=1 kb)
Hyper EHD1 Intron 1 of 4
Hypo EPSTI1 Promoter (<=1 kb)
Hyper GFI1 Promoter (1-2 kb)
Hypo HECTD4 Promoter (<=1 kb)
Hypo HERCS Promoter (<=1 kb)
Hyper HTRA3 Promoter (<=1 kb)
Hypo IF127 Promoter (<=1 kb)
Hypo IGSF11 Promoter (<=1 kb)
Hyper LAMBI1 Exon 24 of 32
Hypo LIN9 Promoter (<=1 kb)
Hypo LTBP1 Promoter (<=1 kb)
Hypo MX1 Promoter (<=1 kb)
Hyper NOTCH4 Promoter (<=1 kb)
Hypo OAS2 Promoter (<=1 kb)
Hypo PARP11 Promoter (1-2 kb)
Hypo PARP9 Promoter (<=1 kb)
Hypo PCSK4 Promoter (<=1 kb)
Hypo PPP4R4 Promoter (<=1 kb)
Hypo REEP6 Promoter (<=1 kb)
Hypo RNF19A Promoter (<=1 kb)
Hyer RNF39 Promoter (1-2 kb)
Hypo RSAD2 Promoter (<=1 kb)
Hyper SCNN1D Promoter (<=1 kb)
Hypo SPCS2 Promoter (<=1 kb)
Hypo SPRYD3 Promoter (<=1 kb)
Hyper VPS13D Intron 67 of 69
Hyper ZBTB48 Promoter (<=1 kb)

[0232] DNA methylation in blood and COVID-19 sever-
ity: The GRAM score is a validated outcome measure that
defines the risk of deterioration in COVID-19 patients*. We
obtained GRAM scores and mortality outcomes in our
cohort, which allowed comparison of different disease bur-
dens with DMRs in blood, and to test the potential value of
DMR analysis as a predictor of patient prognosis. The
GRAM-score risk percentage was dichotomized into a dis-
crete variable (i.e., low [<50%] and high [>50%]) and DNA
methylation data was regressed on this variable in the
COVID-19 respiratory patients (N=100). Because the
GRAM-risk score has been validated for specific use in
COVID-19 patients*, only patients with COVID-19 were
included in the analysis (Table 1). Nineteen DMRs with =3
consecutive differentially methylated CpGs were identified,
(P-value <0.0001, Table 13) between patients with low and
high GRAM-risk scores. In total, the DMRs comprised 145
differentially methylated positions (DMPs), of which there
were 84% located at gene promoter regions and ~65% were
hyper-methylated (FIG. 6A). Evaluation of mortality as an
outcome measure identified 18 DMRs comprising 113
DMPs, 62% of which were hyper-methylated (Table 14).
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TABLE 13

DMRs from the COVID-19 GRAM-score risk prediction analysis.

Max
Chromo- DMR of FDR differential Methylation Gene
some start DMR end CpGs p-value methylation* direction symbols
chr19 11784246 11785188 13  8.64E-12 0.06343425 Hyper
chr5 42756397 42757171 9  4.56E-09 -0.129054 Hypo CCDC152
chrll 2334892 2335053 4 9.53E-08 0.04305457 Hyper
chr2 47382287 47382903 11  2.56E-07 0.02795086 Hyper C2orf61
chrl 162467080 162467363 5  3.61E-06 0.09203851 Hyper UHMKI1
chr19 52390810 52391789 14  5.08E-06 0.06479766 Hyper CTC-
429C10.2
ZNF577
chrl5 101389272 101389394 3  5.13E-06 0.08044284 Hyper RP11-
66B24.2
RP11-
66B24.7
chr20 61583686 61584248 9  5.61E-06 -0.0243455 Hypo SLC17A9
chr7 965379 965534 3 5.65E-06 0.06265938 Hyper ADAP1
chrs 138210550 138211184 13 6.91E-06 0.02071477 Hyper CTNNAL1
LRRTM2
chr2 27301195 27301943 9  8.24E-06 -0.0516713 Hypo EMILIN1
chrl6 3355951 3356149 5 1.06E-05 0.06271509 Hyper HGD7
ZNF75A
chrl 40024971 40025415 4 1.60E-05 0.06345103 Hyper PPIEL
chrl3 110438578 110439234 8  2.66E-05 -0.0134248 Hypo IRS2
chrl 95698827 95699097 6 5.72E-05 -0.0677714 Hypo RP11-
57H12.3
RWDD3
chr 28829283 28829674 14  5.78E-05 -0.0248236 Hypo RPL13P
XXbac-
BPG308K3.6
chr5 102898463 102898733 8  6.32E-05 -0.0585313 Hypo NUDTI12
chr6 168393930 168394160 3 8.55E-05 0.05638026 Hyper
chrll 2891077 2891118 4  R.60E-05 0.03952959 Hyper KCNQI1DN
*Maximum differential methylation level for one of the CpGs in the DMR.
TABLE 14
DMRs from the survival of COVID-19 patient analysis.
DMR FDR Methylation
Chromosome start DMR end #of CpGs  p-value direction Gene symbols
chrl3 112861499 112861518 3 1.07E-05 Hypo
chrl0 76803669 76803925 3 4.22E-05 Hyper
chrl 63249197 63249213 4 1.26E-05 Hyper ATG4C
chrl7 6797466 6797771 4 3.33E-05 Hyper ALOX12P2
chrl6 49563759 49564462 4 3.41E-09 Hyper
chr5 180257691 180257804 4 7.23E-05 Hyper LINC00847
chrl4 72053146 72053361 4 8.24E-05 Hypo SIPAILL
chrl6 75568999 75569749 6 2.35E-08 Hyper CHSTS
chr2 121223534 121223964 6 4.40E-05 Hyper LINCO01101
chr7 151433178 151433561 6 4.07E-05 Hyper PRKAG2
chrl4 104394430 104394831 6 6.37E-06 Hyper TDRDY; Cl4or2
chr2 27301195 27301943 9 7.73E-06 Hypo EMILIN1
chrl6 67034309 67034882 7 4.75E-08 Hypo CES4A
chr6 28058187 28059208 10 9.55E-11 Hyper ZSCAN12P1
chr® 144635260 144635610 8 6.34E-06 Hypo GSDMD
chr5 110062384 110062618 8 8.24E-05 Hypo TMEM232
chr6 32164503 32165200 10 5.42E-07 Hyper GPSM3; NOTCH4
chrg 16859295 16860121 11 6.91E-11 Hypo FGF20
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[0233] To identify specific DMPs that best define GRAM-
score risk, the DNA methylation levels at these 145 GRAM-
risk score-associated DMPs were subjected to a recursive
feature elimination analysis*’. This algorithm revealed 77
DMPs with methylation levels that distinguish COV D-19
severity in a hierarchical cluster analysis (FIG. 63; Table
15). These data suggest that worse outcomes are associated
with hyper-methylation in promoter regions and that specific
positions throughout the genome may potentially correlate

Nov. 17,2022

TABLE 15-continued

Seventy-seven DMPs with methylation levels
that distinguish COVID-19 severity.

with COVID-19 severity.

TABLE 15

Seventy-seven DMPs with methylation levels

that distinguish COVID-19 severity.

Illumina cg ID Chromosome Genomic position
¢g19399165 chr2 27301252
¢g00727912 chr20 61583736
¢g00199007 chr20 61583910
cgll1615743 chr2 47382538
¢g01817521 chr20 61584108
cg04478428 chr20 61584072
cgl0243676 chrl 40024971
€g21929564 chrs 42757171
¢g03123541 chrl 95699097
cg14157549 chr6 168393963
cg19626861 chrl6 3356149
©g26329715 chr20 61583987
cgl2227172 chr19 52391411
cg14021880 chr2 27301369
©g22657016 chrl 162467115
cg00777011 chr19 11784344
cg08771171 chrs 138211084
cg20515447 chrs 138210749
¢g16301975 chr6 168394160
©g22862450 chrl 40025411
¢g20588660 chr20 61584248
¢g05029532 chr2 27301597
cgl6777413 chrs 138211013
¢g05291965 chr2 47382583
cg15895197 chr2 27301490
cgl4341579 chrl3 110438906
cg13060480 chrs 42757023
¢gl7315014 chrs 138211155
¢g17263716 chr2 47382462
cgl4686919 chr20 61584159
cgl1704876 chrl 40025232
cg16548362 chrls 101389394
¢g22883889 chr20 61583686
cgl7221377 chrl3 101389272
cgl1677683 chrs 138211043
cgl7865528 chrs 138210634
¢g07655627 chrs 102898729
¢g05382022 chrl 95698917
¢g02978008 chr2 47382666
¢g09166085 chrs 102898648
cg07173972 chr20 61583979
cg12585923 chrs 42756876
¢g18522909 chr2 47382903
cgl9772114 chr6 28829321
cg19815863 chr2 27301373
©g26537280 chrl 95699037
¢g14902598 chrs 138210650
cgl7774102 chr6 28829640
cg15057250 chrl 40025415
cgl8891081 chr2 47382427
¢g14533206 chrl3 110439006
¢g03514843 chr2 27301195
¢g20701556 chrl 95698924
¢g02320481 chrl3 110438578
¢g08625260 chrl3 110439234
cg18472410 chrs 42756786
¢g05654832 chr2 27301651
¢g01206378 chrl 95698827

Illumina cg ID Chromosome Genomic position
cg22472290 chrl9 52391480
cgl5206834 chr5 102898733
cg05529874 chrl6 3356081
cg20224754 chr2 47382567
cg06606949 chr5 138211149
cg24581408 chr5 42756397
¢g20279471 chrs 102898585
cg02976617 chr5 102898463
cgl9814518 chrl 162467080
cg04006194 chrll 2335053
cg25361850 chrl9 52391789
¢g23688479 chrs 42756851
cg21277452 chr6 28829340
cg20697204 chr2 47382593
cg00191629 chrl3 110439004
cg22047282 chr2 27301649
cg01156295 chrs 138211184
cg25878441 chrls 101389354
cg00859178 chrl 162467208

[0234] Corticosteroid response in COVID-19 patients: For
the corticosteroid response comparison, we took all CpGs
(1,281) residing in the DMRs (194, Table 16) found to be
associated with “response to steroids” and subjected them to
a recursive feature elimination algorithm to identify CpG
DNA methylation levels that best distinguish steroid
responders from non-responders. This approach identified 8
CpGs (cg08783928, cg25958766, cg26173986,
cg09612195, c¢gl19400076, cg09516805, cgl5280238, and
cg08322244) in a hierarchical cluster analysis (FIG. 7; Table
17A; Table 178).

TABLE 17A

Eight CpGs with methylation levels that best distinguish
steroid responders from non-responders.

Illumina cg ID Chromosome Genomic position
¢g19400076 chrl6 75681741
¢g08322244 chrl7 8066669
¢g25958766 chr20 5485268
¢g09516805 chrl3 49107564
¢g26173986 chrl7 8067016
cg15280238 chrl 1.54E+08
¢g09612195 chrl2 15039253
cg08783928 chrl7 8067323
TABLE 17B

DMRs encompassing the CpGs from Table 17B.

Chromo- DMR DMR # of Methylation
some start end CpGs  P-value direction
chrl2 15037755 15039432 6  2.25E-42 Hyper
chr20 5485144 5486007 10 3.64E-15 Hyper
chrl3 49107116 49108131 8  6.17E-11 Hyper
chrl? 8066669 8067323 4 1.99E-07 Hyper

chrl 154127462 154128443 9  8.20E-07 Hyper
chrl6 75681737 75682004 5 3.47E-05 Hyper
Discussion

[0235] In this prospective cohort study, we tested the
hypothesis that COVID-19 patients demonstrate patterns of
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DNA methylation in blood that are different from pre-
pandemic healthy individuals, and from patients with respi-
ratory illness who did not have COVID-19. We also tested
whether worse outcomes and steroid responsivity in
COVID-19 patients are associated with DMRs and DMPs in
blood.

[0236] DNA methylation in blood is altered in COVID-19
patients: In samples obtained within days of acute SARS-
CoV-2 infection, patients exhibit 1089 (72%) hypo-methyl-
ated regions and 416 (28%) hyper-methylated regions com-
prising 5 or more consecutive differentially methylated
CpGs in comparison with healthy control blood samples
collected before the COVID-19 pandemic (FIG. 2B). While
genome-wide DNA methylation data in circulating blood
from a large cohort of patients with acute viral infection are
not provided®?, a recent report comparing patients with and
without sepsis of unspecified origin indicates differential
methylation at genes that participate in interferon-gamma-
mediated (IFNg) signaling, MHCII antigen processing and
presentation, immunoglobulin production, and cell adhesion
pathways*®. In a limited study of 6 patients with SARS-
CoV-2 infection, 6 DMPs (not DMRs) were observed in
genes that encode proteins that participate in granulopoiesis
and B-lymphocyte-to-granulocyte trans-differentiation'®.
Viral infections induce aberrant methylation patterns in host
cells***°, For instance, H5N1 influenza and Middle Eastern
respiratory syndrome coronavirus (MERS-CoV) infections
down-regulate interferon-stimulated and antigen-presenting
genes, which are associated with hyper-methylation of gene
promoter regions in human airway epithelial cells in vitro®®
20. The large number of DMRs identified by the very
conservative criteria and inferential comparisons that we’ve
discovered, and the diversity of their corresponding loci and
pathways, are surprising in view of the short interval from
infection to hospitalization in the enrolled patients, thereby
denoting the role of the methylome as a rapid responder to
SARS-CoV-2 infection. Interestingly, a very recent report
focused on pediatric critically illness demonstrates a rapid
regulation of DNA methylation in circulating leukocytes,
taking place within the first three days of hospitalizations°.

[0237] Genes comprising DMRs between patients with
COVID-19 and healthy pre-pandemic controls include IFN-
stimulated genes (ISGs), with well-recognized antiviral
activity such as IFI27 and OAS2. Differential methylation of
type 1 IFN pathway genes in specific leukocyte subsets is
associated with autoimmune disorders including Sjogren’s
syndrome, Lupus, Grave’s disease, and rheumatoid arthri-
tis>*~>%, indicating a role for ISG methylation in the dys-
regulation of inflammatory processes, and autoimmunity as
a contributor to COVID-19 pathogenesis>**”. Less is known
about the impact of ISG methylation in blood on the control
of viral infections. Recently, a correlation between ISG
methylation and the outcome of HIV infection has been
reported, with hyper-methylation of interferon and antiviral
genes correlated with improved HIV control’®, In SARS-
CoV-2 infection, differential methylation and expression of
antiviral ISGs may influence viral replication and spread in
leukocyte subsets®®, or contribute to COVID-19 pathogen-
esis by altering immune cell activation or function. Multiple
DMRs reported here appear in genes recently found with
dysregulated expression levels in samples from the same
patients’'. Of note, these upregulated ISGs were differen-
tially hypo-methylated in gene promoter regions, suggesting
that methylation contributes to transcriptional regulation.
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[0238] DNA methylation in blood and COVID-19 sever-
ity: To determine if disease severity in COVID-19 patients
is associated with DMRs in blood, we tested the association
of DMRs with clinical outcomes including the GRAM risk
score*® and mortality. We found that worse GRAM scores
were associated with 19 DMRs comprising 145 differen-
tially methylated positions (DMPs) in 18 genes. Sixty-three
percent of the GRAM-score-associated DMPs were hyper-
methylated. Mortality was associated with 18 DMRs com-
prising 113 DMPs in 17 genes (Table 14). In this setting,
61% of the DMRs were hyper-methylated. Over 84% of the
DMRs associated with outcomes were located in gene
promoter regions; notably, promoter, hyper-methylation is
associated with transcriptional repression'>'%'®, Previous
research indicates that non-permissive (immunosuppres-
sive) transcriptomic states are associated with worse out-
comes in critical illness®®>%-%2, Moreover, protracted
COVID-19 is associated with blockade of T-cells prolifera-
tion®® and suppression of the innate immune system in
circulating blood"?.

[0239] Using recursive feature elimination, we identified
77 DMPs that discriminate clinical outcomes. Such an
approach predicts patients at risk for clinical decompensa-
tion, and thereby improves resource allocation and support
early intervention. Analyses using whole genome methyl-
ation sequencing can supplement these data.'’>%*%,

[0240] General considerations: While the global RNA
transcriptomic profiles in blood have been previously
reported in sepsis>, acute respiratory distress syndrome>*:°°
and COVID-19%%11:13 "and there are recently reported small
cohorts describing blood DNA methylation in COVID-19%7,
no prior reports compare differentially methylated regions
(i.e., DMRs not just DMPs) in blood samples from COVID-
19 patients to samples collected before the SARS-CoV-2
pandemic using a shared epigenotyping platform together
with predictors of severity, outcomes, and therapeutic
responsivity. Together, DNA methylation and RNA expres-
sion data will facilitate improved COVID-19 diagnosis,
prognosis and targeted treatments®®. COVID-19-induced
DMRs may persist long after acute care, contributing to the
post-ICU syndrome comprising physical and cognitive dys-
function®-72, Recent data indicate that blood DNA methyl-
ation profiles mediate worse neurocognitive development in
the pediatric ICU population®’, which is relevant in COVID-
19 as well”>7%,

[0241] Methodological considerations: Use of the Illu-
mina Infinium MethylationEPIC 850,000 BeadChip facili-
tates comparisons of data between investigations that
employ a shared platform comprising sites that span the
genome. This approach, which predominantly captures cir-
culating leukocytes DNA, has been recently used in the
intensive care setting>>. The use of mixed cell populations in
whole blood is of high relevance in infectious disease
diagnosis and prognosis®*, and has supported identification
of actionable subphenotypes®*~>:°%, Whereas the nucleotide
sequence of the genome is remarkably stable from concep-
tion to death!>*'°, our data demonstrate that DNA methyl-
ation is rapidly dynamic, influences the expression of genes
that regulate COVID-19 progression'’, and potentially
modifiable by acute insults which could be reversed by
targeted interventions””.
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Materials and Methods

Cohort Characteristics.

[0242] Human subject enrollment: Albany Medical Cen-
ter: We conducted a single-center observational study of
adult subjects admitted to either the medical floor or the
medical intensive care unit (MICU) of Albany Medical
Center in Albany, N.Y. Enrollment took place between Apr.
6, 2020 and May 1, 2020 and follow-up continued until Jun.
15, 2020. Patients were eligible for enrollment if they were
older than 18 years and were admitted to the hospital for
symptoms compatible with COVID-19. Exclusion criteria
were imminent death or inability to provide consent, which
was obtained from the patient or a legally authorized rep-
resentative. Patients were assigned to the COVID-19 group
only after receiving a positive test result via nasopharyngeal
swab testing using the Abbott Realtime SARS-CoV-2
Assay® (Abbott, I1.). SARS-CoV-2 test negative partici-
pants were assigned to the non-COVID-19 respiratory
patient group as controls. The cause of respiratory distress in
the non-COVID-19 patients is presented in Table 2. Pre-
hospital co-morbidities determined using clinical history
and hospital documentation were aggregated using the
Charlson comorbidity index**. APACHE II, SOFA, and
SAPS II scores were used to assess severity of critical illness
on ICU admission*?. Sex, age, and other relevant subject
data are provided in Table 1 and 2.

[0243] Blood samples were collected before 2017 from 39
healthy normal control participants. Participants were
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recruited from the community by advertisements and out-
reach events, and served as healthy normal controls in a
Wisconsin Alzheimer’s Disease Research Center (WADRC)
investigation®'. The healthy normal control participants
complete a yearly study visit consisting of a blood draw,
medical history questionnaires, psychometric testing, a
physical exam, and must have no known diseases that
interfere with study participation over time. Demographic
details of the healthy normal control participants are pro-
vided in Table 1.

[0244] Selection of outcome measures. We analyzed the
data with an outcome measure that: 1) is able to combine the
severity of disease with mortality in a single metric; 2) is
applicable to both ICU and medical floor populations; 3)
uses a timeframe that accounts for longer hospitalizations in
COVID-19 patients with respiratory failure compared with
non-COVID-19 individuals®*’%; 4) accounts for COVID-19
linear deterioration that transitions from mild respiratory
compromise to respiratory failure, followed by respiratory
distress requiring mechanical ventilatory support and even-
tually death. Thus, we selected the composite outcome
variable defined by the COVID-19 risk GRAM score™.
Characteristics contributing to the determination of the
COVID-19 risk GRAM score are shown in Table 18-19. To
simplify the analysis, patients were separated into two
groups based on a calculated risk percentage below or above
50%. The secondary outcome measure was in-hospital mor-

tality.
TABLE 18

Demographics and baseline characteristics of discrete Covid-GRAM risk percentage

Total Risk of severe outcome

n =102 Under 50% Over 50%
Variables n =102 n=>57 n=45 P-value
Outcome
Survived 77 (75.5%) 54 (94.7%) 23 (51.1%) <0.001*
Died 25 (24.5%) 3 (5.3%) 22 (48.9%) <0.001*
Sex - n(%)
Male 64 (62.7%) 35 (61.4%) 29 (64.4%) 0.75
Female 38 (37.3%) 22 (38.6%) 16 (35.6%) 0.75
Age-year
Mean (IQR) 61.3 (50.3-74.0) 55.0 (46.0-66.0) 69.2 (62.0-79.0) <0.001*
Ethnicity - n (%)
White 46 (45.1%) 22 (38.5%) 24 (53.3%) 0.14
Black 11 (10.8%) 5 (8.8%) 6 (13.3%) 0.46
Asian 2 (1.9%) 1 (1.8%) 1 (2.2%) 0.87
Hispanic 21 (20.6%) 16 (28.1%) 5 (11.1%) 0.04*
Other 22 (21.6%) 13 (22.8%) 9 (20.1%) 0.73
BMI, kg/m2 Mean 30.4 (25.5-32.2) 304 (26.7-32.4) 30.3 (24.0-31.6) 0.92
(IQR)
Severity Indexes
(IQR)
Charlson 3.3 (1.0-5.0) 2.4 (1.0-4.0) 4.5 (3.0-7.0) <0.001*
comorbidity index
Covid-GRAM 154.3 (118.0-181.0) 114.9 (105.0-130.0) 204.1 (169.0-218.0) <0.001*
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Demographics and baseline characteristics of discrete Covid-GRAM risk percentage

Total Risk of severe outcome

n =102 Under 50% Over 50%
Variables n =102 n=>57 n=45 P-value
Biomarkers (IQR)
Ferritin (ng/mL) 938.9 (303.3-1201.3) 7509 (206.0-1116.0)  1170.6 (436.0-1215.5) 0.06
C-Reactive protein 140.9 (52.5-203.7)  113.3 (43.4-149.6) 173.8 (93.6-254.3) 0.003%
(mg/L)
D-dimer (mg/L FEU) 11.7 (1.1-12.5) 5.5 (0.7-4.7) 18.3 (1.4-18.9) 0.007*
Procalcitonin 3.2 (0.2-1.7) 1.3 (0.1-1.28) 5.2 (0.3-1.8) 0.07
(ng/mL)
Lactate (mmol/L) 1.2 (0.9-1.5) 1.1 (0.8-14) 1.4 (1.0-1.6) 0.06
Fibrinogen (mg/dL) 543.6 (414.0-659.0)  550.1 (410.5-703.0) 537.3 (438.0-654.0)  0.77
Albumin (mg/L) 2.9 (2.6-3.3) 3.0 (2.7-3.4) 2.8 (2.5-3.1) 0.02*
Hemogram (IQR)
White blood cells 10.8 (6.1-12.4) 8.5 (5.1-10.2) 13.6 (7.1-15.0) 0.003*
(K/uL)
Hemoglobin (g/dL) 11.2 (9.7-12.6) 11.5 (10.1-12.7) 10.7 (9.4-12.5) 0.04%
Mean corpuscular 87.1 (84.6-93.6) 86.8 (84.5-93.0) 87.5 (86.1-94.1) 0.78
volume (fL)
Platelet (K/uL) 266.0 (195.0-318.0)  280.0 (225.0-338.0) 2482 (166.0-309.0)  0.18
Neutrophils (%) 76.2 (69.0-86.0) 71.1 (64.0-83.0) 82.7 (79.0-90.0) <0.001*
Lymphocytes (%) 13.8 (5.0-18.0) 18.1 (8.0-24.0) 8.4 (4.0-10.0) <0.001*
Monocytes (%) 7.1 (4.0-9.0) 8.0 (6.0-9.0) 59 (3.0-8.0) 0.02%
Eosinophils (%) 0.8 (0.0-1.0) 1.1 (0.04.0) 0.4 (0.0-1.0) 0.02%
Treatment - n (%)
Hydroxychloroquine 87 (85.3%) 50 (87.7%) 37 (82.2%) 0.44
Antibiotics 98 (96.1%) 54 (94.7%) 44 (97.8%) 0.43
Antiviral 1 (0.9%) 1 (1.8%) 0 (0.0%) 0.37
IL6- Antagonist 4 (3.9%) 2 (3.5%) 2 (4.4%) 0.81
Convalescent Plasma 26 (25.5%) 10 (17.5%) 16 (35.6%) 0.04*
Steroids 46 (45.1%) 20 (35.1%) 26 (57.8%) 0.02%
[0245] Sample collection and storage: At enrollment, densities being centered on O or 1, and that the majority of

blood samples were collected using BD EDTA Vacutain-
ers®. Whole blood was then aliquoted and frozen at -80 C
degrees for later processing and analysis.

[0246] DNA isolation and methylation microarray: DNA
was isolated from 500 pL of frozen whole blood using the
GenelET whole blood kit (Thermo Fisher Scientific, K0O782)
following manufacturer’s protocols. DNA concentration
was determined using a Qubit fluorometer (Thermo Fisher
Scientific) and normalized to 20 ng/ul for microarray analy-
sis. Samples were shipped overnighted to Genuity Science
Inc. (Boston, Mass.) for bisulfite conversion and methyl-
ation microarray analysis using the [llumina Infinium Meth-
ylationEPIC Beadchip array”. The shared collection and
processing of the blood DNA methylation levels from the
Wisconsin healthy individuals® cohort (WADRC) was pre-
viously published?*.

[0247] Illumina Human MethylationEPIC data prepro-
cessing: To identify methylation changes associated with
COVID-19, we compared COVID-19 patients (N=102) to
methylation data from pre-pandemic participants®' that were
enrolled 3 or years before the SARS-CoV-2 outbreak
(N=39). Raw .idat files from all (N=141) were imported to
the R environment. R package minfi was used to parse and
preprocess methylation microarray data®. The quality of
raw data was assessed, and no samples were filtered due to
high mean detection P-value (i.e., mean >0.05). Bisulfite
conversion of samples was assessed for each sample by
density and bean plots, and determinations, to assure that the
distribution of beta-values were bimodal with the largest

data was either methylated or unmethylated. All samples
were deemed to be successfully converted. Leukocyte pro-
portions were estimated from methylation signatures, and
cell counts were extracted for incorporation into models of
differential methylation. Samples were normalized using
functional normalization by background and dye correction
following the normal-exponential out-of-band method®'.
Following normalization, sex prediction was generated
using normalized values.

[0248] Two COVID-19 samples were removed due to
improper sex prediction from the COVID-19 and non-
COVID-19 cohorts each, suggesting unreliable methylation
values from these samples. Probes were removed from
remaining samples (N=139) if any of the following criteria
applied: probes measured methylation on sex chromosomes;
probes contained or reported methylation at SNPs; probes
measured methylation at CH sites; detection P-value of a
probe >0.01 for at most one sample; and probes were known
to be cross-reactive. This filtering approach removed 99,905
probes through quality processing, leaving 765,954 for
further analysis. Beta-values and log it M-values from the
remaining probe set were generated for differential analysis.
A one-way ANOVA was used to determine significant
differences between mean beta-values of patients between
groups.

[0249] To identify methylation changes associated specifi-
cally with COVID-19 versus non-COVID-19 respiratory
patients, or other variables of interest (i.e., GRAM score,
and mortality), raw .idat files from the AMC cohort (N=124)
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samples were imported to the R environment. R package
minfi was used to parse and preprocess methylation microar-
ray data®°. The quality of raw data and bisulfite conversion
were assessed, leukocyte proportions were estimated, and
samples were normalized, as above. After normalization, sex
prediction was generated using normalized values. Four
samples were removed due to improper sex prediction,
suggesting unreliable methylation values for these samples.
Probes were removed from remaining samples (N=124)
using the criteria as above. Filtering removed 95,447 probes
through quality processing, leaving 770,412 for further
analysis. Beta-values and log it M-values were generated for
differential analysis. A one-way ANOVA was used to deter-
mine significant differences between mean beta-values of
patients between groups.

[0250] Model selection for differential analysis: Several
potential models using available covariates were assessed to
generate the best fit for the data. To compare COVID-19
(N=100) samples with pre-pandemic samples (N=39), mod-
els accounting for COVID-19 status (positive vs. negative),
age, sex, and estimated leukocyte proportions (i.e., granu-
locytes, monocytes, natural killer cells, B lymphocytes, CD8
T lymphocytes, CD4 T lymphocytes) were generated. Model
selection was based on BIC score criterion. Of the tested
models, a model accounting for COVID-19 status, sex, and
leukocyte proportions was preferential and used for down-
stream analyses. Batch effects between microarrays were
adjusted using ComBat from the R package sva*’. Batch-
adjusted beta- and M-values were assessed by the R package
sva to identify unknown confounders such as with other
infections or complications. The surrogate variables found
were adjusted for during model fitting.

[0251] To compare COVID-19 respiratory patients
(N=100) with non-COVID-19 respiratory patients (N=24),
the model selection was performed as above.

[0252] When assessing methylation levels associated with
mortality of COVID-19 patients (N=100) and GRAM score
(N=100), model selection was performed as above. Based on
BIC criterion, models adjusted for surrogate variables using
sva were selected for downstream analysis. Two outlier
samples were removed from the GRAM score analysis
because their scores were greater than 3 standard deviations
from the mean.

[0253] Detection of differentially methylated regions: R
package DMRcate was used for the detection of differen-
tially methylated regions (DMRs)**. M-value matrices were
annotated to their chromosomal position, and test statistics
were generated for variables of interest using models as
described above. For comparisons of COVID-19 patients vs.
pre-pandemic healthy participants, and COVID-19 patients
vs. non-COVID respiratory patients, DMRs were identified
using an FDR P-value cutoff of 0.05 and a minimum of 5
CpG sites in the region. For the comparison of methylation
levels to GRAM score, and mortality, criteria for DMR
identification included a P-value cutoff of 0.0001 and a
minimum of 3 CpG sites in the region. Genes annotated to
DMRs were extracted for downstream ontological analyses.

[0254] Ontological analyses: Genes comprising DMRs
were assessed for ontological analyses of biological pro-
cesses and diseases using the R package clusterProfiler®. A
listing of background genes was generated from all tested
regions from DMRcate (N=20,899 genes). Gene symbols
were converted to ENTREZIDs. Significant terms were
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determined using an FDR P-value cutoff of 0.05, comparing
differentially methylated genes to the background gene list.
[0255] Plot generation: Manhattan plot generation used R
packages qqman and ggplot2. For the pie plot, R package
ChIPseeker was used to annotate regions®. Bar plots of
ontological terms were generated using the R package
clusterProfiler. Hypergeometric tests in the R environment
were used to identify enrichments of gene lists. Customized
Circos plots were generated using the R package BioCir-
cos®. For heatmap generation of dichotomous GRAM score
data, the R package caret was used for backwards feature
selection, starting with a matrix of M-values from all CpGs
in identified DMRs from the comparison. For model selec-
tion, cross-validation methodology and 5 iterations using
subsets of 1 to 100 CpGs were used. Heatmaps were
generated using the R packages gplots and heatmap.plus.
[0256] Data availability: Raw .idat files data are available
at GEO accession GSE174818.

Primer Design.

[0257] The following protocol can be employed to inter-
rogate the abundance of 5 mC and/or 5 hmC in regions of
interest. Once regions of interest are identified, genomic
sequences corresponding to each locus can be obtained from
a reference genome and imported to a methyl primer design
software package, such as the Thermo Fisher Scientific
Methyl Primer Express v1.0 software, to generate high
quality PCR primers pairs for methylation mapping. Ulti-
mately, a second pair of primers can be designed that
contains the initial primer sequence flanked by an Illumina
adapter sequence. Primers can be ordered through any
preferred provider.

Methyl Primer Express™ Software v1.0 (Thermo Fisher
Scientific) Design Primer

[0258] 1. Download Methyl Primer Express from the
Thermo Fisher Scientific Applied Biosystems website.
(thermofisher.com/us/en/home.html)

[0259] 2. Input target sequence into the box labeled Insert
Nucleotide Sequence.

[0260] To increase the likelihood of finding primers that
will create an amplicon of ~200 base pairs (bp) or
larger, be sure to input a minimum sequence of ~500
base pairs.

[0261] The longer the input sequence, the better chance
of finding suitable primers to target the region of
interest.

[0262] 3. Click on Design Primers. Choose Select Target
Sequence to select the specific region of interest within
the input DNA sequence.

[0263] Note that as above, the longer the target
sequence selected, the more likely it is to find suitable
primers.

[0264] 4. Following selection of primers, press Next and a
new window will open.

[0265] 5.Iffinding CpG islands within the target sequence
is of interest, click Find CpG Islands.

[0266] Be sure to check the current default parameters
that define a CpG island. If the input sequence is only
500 base pairs, consider shortening the defined mini-
mum length of the island, as the length of a CpG island
will later serve to help in choosing where to design the
primers.
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[0267] It is possible that these analyses may not yield
any CpG islands. If this is the case, simply move on to
the next step.

[0268] 6. In the bottom right corner of the new window,
select bisulfite sequencing primer design by clicking
Design BSP Primers.

[0269] BSP=Bisulfite Sequencing Primers.

[0270] MSP=Methylation-Specific Primers.

[0271] 7. Review parameters used to design the BSPs by
clicking Next.

[0272] Ideally, design primers that will generate an
amplicon length of 200 to 300 base pairs.

[0273] Amplicons <200 base pairs will result in
sequencing the adaptors, meaning it will not maximize
the data from the final sequencing run.

[0274] Primers should be between 20 to 30 base pairs in
length. Annealing temperature of the PCR should have
a small range (e.g., 58° to 60° C.).
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Support Protocol

[0275] 8. Initially weight performance towards the Low
Speed/High Accuracy setting (between 8 to 10). If no
appropriate primers were found, move the scale towards
the Hi Speed/Low Accuracy; however, this is not ideal.

[0276] 9. Log on to a standard primer provider’s webpage.

[0277] 10. Go to the Order Menu and click Custom
Synthesis. Press Order in the row beginning with “25
nmole DNA”.

[0278] 11. Order Primers with the following parameters
through any preferred provider:

[0279] a. Select synthesis scale: 25 nmole DNA oligo.

[0280] b. Select purification: Standard Desalting.

[0281] c. Select dilutant: RNase Free Water (unless
shipped desiccated).

[0282] If applicable, design two to three primer pairs
per target region, which can be tested simultaneously.

TABLE 20

SEQ ID NOs of DNA sequences used for primer design and exemplary primers.

Genomic DNA

SEQ ID NO

Bisulfite Primer-Targeted

Range for Primer Original Converted Forward Reverse Genomic DNA
Design DNA DNA Primer Primer Range

Chrl: 40024721- 1 2 3 4 Chrl: 40024971-
40025665 40025415

Chrl: 63248947- 5 6 7 8  Chrl: 63249197-
63249463 63249213

Chrl: 95698577 9 10 11 12 Chrl: 95698827-
95699347 95699097

Chrl: 154127212- 13 14 15 16  Chrl: 154127462-
154128693 17 18 154128443

Chrl: 162466830- 19 20 21 22 Chrl: 162467080-
162467613 162467363

Chr2: 27300945- 23 24 25 26 Chr2: 27301195-
27302193 27 28 27301943

Chr2: 47382037- 29 30 31 32 Chr2: 47382287-
47383153 33 34 47382903

Chr2: 121223284- 35 36 37 38  Chr2: 121223534
121224214 121223964

Chr5: 42756147 39 40 41 42 Chr5: 42756397-
42757421 43 44 42757171

Chr5: 102898213 45 46 47 48  Chr5: 102898463
102898983 102898733

Chr5: 110062134- 49 50 51 52 Chr5: 110062384-
110062868 110062618

Chr5: 138210300- 53 54 55 56  Chr5: 138210550-
138211434 138211184

Chr5: 180257441- 57 58 59 60  Chr5: 180257691-
180258054 180257804

Chr6: 28057937 61 62 63 64  Chr6: 28058187-
28059458 65 66 28059208

Chr6: 28829033- 67 68 69 70 Chr6: 28829283-
28829924 28829674

Chr6: 32164253- 71 72 73 74 Chré6: 32164503
32165450 32165200

Chr6: 168393680- 75 76 77 78  Chré6: 168393930
168394410 168394160

Chr7: 965129- 79 80 81 82 Chr7: 965379-
965784 965534

Chr7: 151432928- 83 84 85 86 Chr7: 151433178-
151433811 151433561

Chr8: 16859045- 87 88 89 90  Chr8: 16859295-
16860371 91 92 16860121

Chr8: 144635010- 93 94 95 96  Chr8: 144635260-
144635860 144635610
Chrl0: 76803419- 97 98 99 100 Chrl0: 76803669-
76804175 76803925

Chrll: 2334642- 101 102 103 104  Chrll: 2334892-
2335303 2335053
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SEQ ID NOs of DNA sequences used for primer design and exemplary primers.

SEQ ID NO

Genomic DNA Bisulfite

Primer-Targeted

Range for Primer Original Converted Forward Reverse Genomic DNA
Design DNA DNA Primer Primer Range
Chrll: 2890827 105 106 107 108 Chrll: 2891077-
2891368 2891118
Chrl2: 15037505- 109 110 111 112 Chrl2: 15037755-
15039682 113 114 15039432
115 116

Chrl3: 49106866- 117 118 119 120 Chrl3: 49107116-
49108381 121 122 49108131
Chrl3: 110438328- 123 124 125 126  Chrl3: 110438578-
110439484 110439234
Chrl3: 112861249- 127 128 129 130 Chrl3: 112861499-
112861768 112861518
Chrl4: 72052896- 131 132 133 134 Chrl4: 72053146-
72053611 72053361
Chrl4: 104394180- 135 136 137 138 Chrl4: 104394430-
104395081 104394831
Chrl5: 101389022- 139 140 141 142 ChrlS: 101389272-
101389644 101389394
Chrl6: 3355701- 143 144 145 146  Chrlé6: 3355951-
3356399 3356149
Chrl16: 49563509- 147 148 149 150  Chrl6: 49563759-
49564712 49564462
Chrl6: 67034059- 151 152 153 154 Chrl6: 67034309-
67035132 67034882
Chrl6: 75681487- 155 156 157 158  Chrl6: 75681737-
75682254 75682004
Chrl6: 75568749- 159 160 161 162 Chrl6: 75568999-
75569999 163 164 75569749
Chrl7: 6797216~ 165 166 167 168  Chrl7: 6797466-
6798021 6797771
Chrl7: 8066419~ 169 170 171 172 Chrl7: 8066669-
8067573 173 174 8067323
Chrl9: 11783996- 175 176 177 178  Chrl9: 11784246-
11785438 179 180 11785188
Chr19: 52390560- 181 182 183 184  Chrl9: 52390810-
52392039 185 186 52391789
Chr20: 5484894~ 187 188 189 190  Chr20: 5485144-
5486257 191 192 5486007
Chr20: 61583436- 193 194 195 196  Chr20: 61583686-
61584498 197 198 61584248

Example 2 impairments and increased risk of cardiovascular events®®.

The pathophysiology of Post-Acute Sequelae of SARS-

Summary CoV-2 Infection (PASC) is poorly understood, and instru-

[0283] We recently reported the COVID-19-induced cir-
culating leukocytes DNA methylation profile. Here, we
hypothesized that some of these genes would remain differ-
entially methylated after disease resolution. Fifteen partici-
pants previously hospitalized for SARS-CoV-2 infection
were sequenced one year after discharge. Of the 1,505 acute
illness induced differentially methylated regions (DMRs)
previously identified, we found 71 regions that persisted
differentially methylated, with an average of 7 serial CpG
positions per DMR. Sixty-four DMRs remained hypermeth-
ylated, and 7 DMR remained hypomethylated. These data
are the first reported evidence that DNA methylation
changes in circulating leukocytes endure long after recovery
from acute illness.

Background

[0284] The COVID-19 pandemic has caused 6 million
deaths worldwide. Many COVID-19 survivors fail to
recover their pre-infection status, with lasting physical

ments commonly used in clinical practice to assess organ
function fail to correlate with patient-reported symptoms.
Identification of biological mechanisms underpinning per-
sistent deficits will accelerate research to better understand,
predict, and manage PASC. Because an organism’s cells
share identical genetic information, different phenotypes are
established and maintained by epigenetic mechanisms*®.
DNA methylation is a covalent yet dynamic epigenetic
modification that influences gene expression profiles, espe-
cially when present in gene promoter regions'®. Differen-
tially methylated regions (DMRs) comprise serial cytosine-
guanine dinucleotide sites (CpG) positions that are
consecutively hyper- or hypo-methylated and can persist
over long periods of time®®. Accordingly, DNA methylation
is a plausible mechanism to maintain an abnormal cellular
phenotype after resolution of acute disease. Because PASC
is caused by prior SARS-CoV-2 infection and host inflam-
matory responses, circulating leukocytes are attractive tar-
gets to investigate differential DNA methylation induced by
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acute infection. We have shown that SARS-CoV-2 infection
disrupts the circulating leukocyte DNA methylome®” and
transcriptome'” in correlation with disease severity spanning
full recovery to death. We found that SARS-CoV-2 infection
is characterized by 1,505 DMRs compared to healthy con-
trol individuals, and gene ontological analysis indicates that
these genes participate in immune responses, leukocyte
activation, viral responses, and related processes. Thus, we
reasoned that a subset of these SARS-CoV-2 DMRs could
endure long after recovery from COVID-19.

Methods

[0285] To investigate this hypothesis, all the participants
from our original cohort who survived COVID-19 hospital-
ization between March and April 2020 were recontacted 1
year after discharge (FIGS. 8A and 8B). Specific description
of the cohort can be found in previous publications'*7-#%,
Fifteen patients out of the original 102 participants and
corresponding to 30% of surviving individuals consented to
a second office visit for clinical evaluation and a new blood
sample for further sequencing. Upon evaluation, these
patients expressed multiple PASC symptoms including
fatigue, sleep disturbances, and reduced general heath
scores. However, they denied dyspnea and showed normal
hemoglobin oxygen saturation while breathing ambient air.
As DNA methylation status is not yet annotated, we used
samples from 39 healthy volunteers which were analyzed
with the same platform as previously reported®’. These
participants were enrolled before the current pandemic,
ruling out possible differential DNA methylation caused by
asymptomatic COVID-19 infection. Healthy participants
were older than SARS-CoV-2 (78 versus 51 years old,
respectively); other characteristics are presented in FIG. 8B.
Leukocyte DNA was purified and bisulfite-converted for
DNA methylation analysis using the Infinium Human Meth-
ylationEPIC 850K BeadChip on an Illumina® platform. To
adjust for batch effects, and given that these were patient-
matched specimens, the model used for differential methyl-
ation was adjusted for patient ID. Following model selec-
tion, R packages ComBat and SVA were employed to adjust
for known batch effects and latent confounding variables,
respectively, and were adjusted for in the model. Differential
methylation analysis was then performed as recently
reported®”.

Results

[0286] Of the 1,505 acute illness induced DMRs we
previously identified®”, 71 DMRs remained significantly
differentially methylated 1 year thereafter, with an average
of 7 serial CpG positions per DMR. Sixty-four DMRs
remained hypermethylated, and 7 DMR remained hypom-
ethylated (p<0.0001). Over 90% of the lasting DMRs were
located near or within gene promoter regions (FIG. 8C),
suggesting an effect on gene expression regulation'®. DMRs
were uniformly distributed along the entire genome (FIG.
8D). Because of X chromosome inactivation in females, vast
differences in DNA methylation abundances may be
observed between females and males. Additionally, normal-
ization of DNA methylation data via microarray technology
may introduce a technical bias to CpGs harbored on auto-
somes. Moreover, removal of sex chromosome related CpGs
that may introduce a technical bias reduces the number of
multiple comparisons to correct for during differential analy-
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sis. For these reasons, sex chromosomes were omitted from
the analysis. Gene ontological (GO) enrichment analysis of
the genes harboring the lasting DMRs included pathways
related to viral responses and inflammation (FIG. 8E), see
also accession numbers GSE174818 and GSE197152. For
details regarding the specific genes that remain dysregulated
one year after hospital discharge, and their corresponding
chromosomal location, we provide the readers with that
information in the Table 21.

Discussion

[0287] More than 6 million deaths have been attributed to
COVID-19, primarily arising from acute respiratory fail-
ure'. Recent data indicate that disease severity predomi-
nantly depends on host factors®®, supporting the need to
better differentiate individual responses at the molecular
level. We and others have described outcome-specific multi-
omic profiles of COVID-19 patients'*****”. However spe-
cific host mechanisms that coordinate expression of these
profiles are unresolved. While an individual’s nucleated
cells share identical genomic sequences, distinct cellular
phenotypes are established and maintained by epigenetic
mechanisms**3, including DNA methylation, histone and
chromatin modifications, and non-coding RNA transcrip-
tion'®. DNA methylation regulates gene expression and is
sensitive to environmental factors'®'?">*. As previously
described, methylation of CpGs located at promoter regions
is canonically associated with transcriptional repression'®.
Mechanistically, methylated CpGs recruit complexes hold-
ing methyl-CpG binding domain-containing proteins and
other factors that aggregate into multiprotein repressive
complexes to silence transcription®*°. Critically ill patients
have altered circulating blood DNA methylation profiles®*
25, consistent with epigenetic regulation of gene expression.
We have recently reported a genome-wide DN A methylation
analysis of patients with COVID-19 in correlation with
clinical outcomes spanning full recovery to death and mul-
tiple sources have reported that DNA methylation is relevant
in the pathophysiology of acute COVID-19 infection® 3.
These findings introduce evidence of acute epigenetic regu-
lation of genes associated with COVID-19 severity®’.
Although many patients who survive COVID-19 develop
long term cognitive and somatic dysfunctions®®, no patho-
biological processes that account for these lingering deficits
have been identified. We present here evidence that epigen-
etic marks can persist beyond clinical resolution of acute
illness. These data are the first reported evidence that DNA
methylation changes in circulating leukocytes endure at least
1 year after recovery from acute COVID-19 illness, leaving
durable marks in the methylome that we predict condition
patterns of gene expression that regulate PASC pathophysi-
ology. Accordingly, DNA methylation may be a mechanism
regulating leukocyte adhesion and vascular injury and con-
tribute to the recently described higher risk of cardiovascular
events after COVID-19%°,

REFERENCES

[0288] 1 Zhou, F. et al. Clinical course and risk factors for
mortality of adult inpatients with COVID-19 in Wuhan,
China: a retrospective cohort study. Lancet 395, 1054-
1062, doi:10.1016/50140-6736(20)30566-3 (2020).

[0289] 2 Wu, C. et al. Risk Factors Associated With Acute
Respiratory Distress Syndrome and Death in Patients



US 2022/0364187 Al

With Coronavirus Disease 2019 Pneumonia in Wuhan,
China. JAMA Intern Med, doi:10.1001/jamainternmed.
2020.0994 (2020).

[0290] 3 Wang, Y. et al. Clinical Course and Outcomes of
344 Intensive Care Patients with COVID-19. Am J Respir
Crit Care Med 201, 1430-1434, doi:10.1164/rccm.
202003-0736LE (2020).

[0291] 4 Lucas, C. et al. Longitudinal analyses reveal
immunological misfiring in severe COVID-19. Nature,
doi:10.1038/541586-020-2588-y (2020).

[0292] 5 Zhang, X. et al. Viral and host factors related to
the clinical outcome of COVID-19. Nature 583, 437-440,
doi:10.1038/541586-020-2355-0 (2020).

[0293] 6 Dorward, D. A. et al. Tissue-specific Immunopa-
thology in Fatal COVID-19. Am J Respir Crit Care Med,
doi:10.1164/rccm.202008-32650C (2020).

[0294] 7 Group, R. C. et al. Dexamethasone in Hospital-
ized Patients with Covid-19-Preliminary Report. N Engl J
Med, doi:10.1056/NEJMo0a2021436 (2020).

[0295] 8 Baillie, J. K. Translational genomics. Targeting
the host immune response to fight infection. Science 344,
807-808, doi:10.1126/science.1255074 (2014).

[0296] 9 Pairo-Castineira, E. et al. Genetic mechanisms of
critical illness in Covid-19. Nature, doi:10.1038/s41586-
020-03065-y (2020).

[0297] 10 Bernardes, J. P. et al. Longitudinal Multi-omics
Analyses Identify Responses of Megakaryocytes, Eryth-
roid Cells, and Plasmablasts as Hallmarks of Severe
COVID-19. Immunity 53,1296-1314 1299, doi:10.1016/
jimmuni.2020.11.017 (2020).

[0298] 11 Overmyer, K. A. et al. Large-Scale Multi-omic
Analysis of COVID-19 Severity. Cell Syst, doi:10.1016/
j-cels.2020.10.003 (2020).

[0299] 12 Shen, B. et al. Proteomic and Metabolomic
Characterization of COVID-19 Patient Sera. Cell, doi:10.
1016/j.cell.2020.05.032 (2020).

[0300] 13 Arunachalam, P. S. et al. Systems biological
assessment of immunity to mild versus severe COVID-19
infection in humans. Science 369, 1210-1220, doi:10.
1126/science.abc6261 (2020).

[0301] 14 Waddington, C. H. The epigenotype. 1942. Int
J Epidemiol 41, 10-13, doi:10.1093/ije/dyr184 (2012).
[0302] 15 Goll, M. G. & Bestor, T. H. Eukaryotic cytosine
methyltransferases. Annu Rev Biochem 74, 481-514, doi:

10.1146/annurev.biochem.74.010904.153721 (2005).

[0303] 16 Singer, B. D. A Practical Guide to the Measure-
ment and Analysis of DNA Methylation. Am J Respir Cell
Mol Biol 61, 417-428, do0i:10.1165/rcmb.2019-0150TR
(2019).

[0304] 17 Berger, S. L., Kouzarides, T., Shiekhattar, R. &
Shilatifard, A. An operational definition of epigenetics.

Genes Dev 23, 781-783, doi:10.1101/gad.1787609
(2009).
[0305] 18 Goldberg, A. D., Allis, C. D. & Bernstein, E.

Epigenetics: a landscape takes shape. Cel/ 128, 635-638,
d0i:10.1016/j.cell.2007.02.006 (2007).

[0306] 19 Helmin, K. A. et al. Maintenance DNA meth-
ylation is essential for regulatory T cell development and
stability of suppressive function. J Clin Invest 130, 6571-
6587, doi:10.1172/JCI137712 (2020).

[0307] 20 Walter, J. M., Helmin, K. A., Abdala-Valencia,
H., Wunderink, R. G. & Singer, B. D. Multidimensional
assessment of alveolar T cells in critically ill patients. JCI
Insight 3, doi:10.1172/jci.insight.123287 (2018).

Nov. 17,2022

[0308] 21 Madrid, A. et al. DNA Hypomethylation in
Blood Links B3GALT4 and ZADH2 to Alzheimer’s Dis-
ease. J Alzheimers Dis 66, 927-934, doi:10.3233/JAD-
180592 (2018).

[0309] 22 Alisch, R. S. et al. Age-associated DNA meth-
ylation in pediatric populations. Gerome Res 22, 623-632,
doi:10.1101/gr.125187.111 (2012).

[0310] 23 Patel, N. J. et al. Ancestral Folate Promotes
Neuronal Regeneration in Serial Generations of Progeny.
Mol Neurobiol 57, 2048-2071, doi:10.1007/s12035-019-
01812-5 (2020).

[0311] 24 Binnie, A. et al. Epigenetic Profiling in Severe
Sepsis: A Pilot Study of DNA Methylation Profiles in
Critical Illness. Crit Care Med, do0i:10.1097/CCM.
0000000000004097 (2019).

[0312] 25 Guiza, F. et al. Effect of early parenteral nutri-
tion during paediatric critical illness on DNA methylation
as a potential mediator of impaired neurocognitive devel-
opment: a pre-planned secondary analysis of the
PEPaNIC international randomised controlled trial. Lan-
cet Respir Med 8, 288-303, doi:10.1016/S2213-2600(20)
30046-1 (2020).

[0313] 26 Schafer, A. & Baric, R. S. Epigenetic Landscape
during Coronavirus Infection. Pathogens 6, doi:10.3390/
pathogens6010008 (2017).

[0314] 27 Fang, T. C. et al. Histone H3 lysine 9 di-
methylation as an epigenetic signature of the interferon
response. J Exp Med 209, 661-669, doi: 10.1084/jem.
20112343 (2012).

[0315] 28 Menachery, V. D. et al. Pathogenic influenza
viruses and coronaviruses utilize similar and contrasting
approaches to control interferon-stimulated gene
responses. mBio 5, e01174-01114, doi:10.1128/mBio.
01174-14 (2014).

[0316] 29 Menachery, V. D. et al. MERS-CoV and H5N1
influenza virus antagonize antigen presentation by alter-
ing the epigenetic landscape. Proc Natl Acad Sci USA
115, E1012-E1021,  doi:10.1073/pnas.1706928115
(2018).

[0317] 30 Davenport, E. E. et al. Genomic landscape of
the individual host response and outcomes in sepsis: a
prospective cohort study. Lancet Respir Med 4, 259-271,
doi:10.1016/52213-2600(16)00046-1 (2016).

[0318] 31 Bos, L. D. J. et al. Understanding Heterogeneity
in Biologic Phenotypes of Acute Respiratory Distress
Syndrome by Leukocyte Expression Profiles. Am J Respir
Crit Care Med 200, 42-50, doi:10.1164/rccm.201809-
18080C (2019).

[0319] 32 Crimi, E., Benincasa, G., Figueroa-Marrero, N.,
Galdiero, M. & Napoli, C. Epigenetic susceptibility to
severe respiratory viral infections and its therapeutic
implications: a narrative review. Br J Anaesth 125, 1002-
1017, doi:10.1016/.bja.2020.06.060 (2020).

[0320] 33 Atlante, S. et al. The epigenetic implication in
coronavirus infection and therapy. Clin Epigenetics 12,
156, doi:10.1186/s13148-020-00946-x (2020).

[0321] 34 Calfee, C. S. et al. Subphenotypes in acute
respiratory distress syndrome: latent class analysis of data
from two randomised controlled trials. Lancet Respir Med
2, 611-620, doi:10.1016/52213-2600(14)70097-9 (2014).

[0322] 35 Calfee, C. S. et al. Acute respiratory distress
syndrome subphenotypes and differential response to
simvastatin: secondary analysis of a randomised con-



US 2022/0364187 Al

trolled trial. Lancet Respir Med 6, 691-698, doi:10.1016/
52213-2600(18)30177-2 (2018).

[0323] 36 Bates, S. E. Epigenetic Therapies for Cancer. N
Engl J Med 383, 650-663, doi:10.1056/NEJMral805035
(2020).

[0324] 37 Tomazini, B. M. et al. Effect of Dexamethasone
on Days Alive and Ventilator-Free in Patients With Mod-
erate or Severe Acute Respiratory Distress Syndrome and
COVID-19: The CoDEX Randomized Clinical Trial.
JAMA 324, 1307-1316, doi:10.1001/jama.2020.17021
(2020).

[0325] 38 Angus, D. C. et al. Effect of Hydrocortisone on
Mortality and Organ Support in Patients With Severe
COVID-19: The REMAP-CAP COVID-19 Corticoster-
oid Domain Randomized Clinical Trial. JAMA 324, 1317-
1329, do0i:10.1001/jama.2020.17022 (2020).

[0326] 39 Prescott, H. C. & Rice, T. W. Corticosteroids in
COVID-19 ARDS: Evidence and Hope During the Pan-
demic. JAMA, doi:10.1001/jama.2020.16747 (2020).

[0327] 40 Liang, W. et al. Development and Validation of
a Clinical Risk Score to Predict the Occurrence of Critical
Tllness in Hospitalized Patients With COVID-19. JAMA
Intern Med 180, 1081-1089, doi:10.1001/jamainternmed.
2020.2033 (2020).

[0328] 41 Webb Hooper, M., Napoles, A. M. & Perez-
Stable, E. J. COVID-19 and Racial/Ethnic Disparities.
JAMA 323, 2466-2467, doi:10.1001/jama.2020.8598
(2020).

[0329] 42 Ferreira, F. L., Bota, D. P., Bross, A., Melot, C.
& Vincent, J. L. Serial evaluation of the SOFA score to
predict outcome in critically ill patients. J4MA 286,
1754-1758 (2001).

[0330] 43 Charlson, M. E., Pompei, P, Ales, K. L. &
MacKenzie, C. R. A new method of classifying prognostic
comorbidity in longitudinal studies: development and
validation. J Chronic Dis 40, 373-383, doi:10.1016/0021-
9681(87)90171-8 (1987).

[0331] 44 Peters, T. J. et al. De novo identification of
differentially methylated regions in the human genome.
Epigenetics Chromatin 8, 6, doi:10.1186/1756-8935-8-6
(2015).

[0332] 45 Bell, C. G. et al. DNA methylation aging clocks:
challenges and recommendations. Genome Biol 20, 249,
doi:10.1186/s13059-019-1824-y (2019).

[0333] 46 Gindin, Y. et al. DNA Methylation and Immune
Cell Markers Demonstrate Evidence of Accelerated
Aging in Patients with Chronic HBV or HCV, with or
without HIV Co-Infection. Clin Infect Dis, doi:10.1093/
cid/ciaal371 (2020).

[0334] 47 M, K. Building predictive models in r using the
caret package. J Stat Software 28, 1-26 (2008).

[0335] 48 Binnie, A. et al. Epigenetic Profiling in Severe
Sepsis: A Pilot Study of DNA Methylation Profiles in
Critical Illness. Crit Care Med 48, 142-150, doi:10.1097/
CCM.0000000000004097 (2020).

[0336] 49 Paschos, K. & Allday, M. J. Epigenetic repro-
gramming of host genes in viral and microbial pathogen-
esis. Trends Microbiol 18, 439-447, doi:10.1016/j.tim.
2010.07.003 (2010).

[0337] 50 Verlinden, 1. et al. Time course of altered DNA
methylation evoked by critical illness and by early admin-
istration of parenteral nutrition in the paediatric ICU. Clin
Epigenetics 12, 155, doi:10.1186/513148-020-00947-w
(2020).

Nov. 17,2022

[0338] 51 Imgenberg-Kreuz, J. et al. Genome-wide DNA
methylation analysis in multiple tissues in primary
Sjogren’s syndrome reveals regulatory effects at inter-
feron-induced genes. Ann Rheum Dis 75, 2029-2036,
doi:10.1136/annrheumdis-2015-208659 (2016).

[0339] 52 Coit, P. et al. Genome-wide DNA methylation
study suggests epigenetic accessibility and transcriptional
poising of interferon-regulated genes in naive CD4+ T
cells from lupus patients. J Autoimmun 43, 78-84, doi:
10.1016/j jaut.2013.04.003 (2013).

[0340] 53 Coit, P. et al. Epigenome profiling reveals
significant DNA demethylation of interferon signature
genes in lupus neutrophils. J Autoimmun 58, 59-66,
do0i:10.1016/j.jaut.2015.01.004 (2015).

[0341] 54 Chen, S. et al. Genome-Wide DNA Methylation
Profiles Reveal Common Epigenetic Patterns of Inter-
feron-Related Genes in Multiple Autoimmune Diseases.
Front Genet 10, 223, doi:10.3389/fgene.2019.00223
(2019).

[0342] 55 Absher, D. M. et al. Genome-wide DNA meth-
ylation analysis of systemic lupus erythematosus reveals
persistent hypomethylation of interferon genes and com-
positional changes to CD4+ T-cell populations. PLoS
Genet 9, 1003678, doi:10.1371/journal.pgen.1003678
(2013).

[0343] 56 Ehrenfeld, M. et al. Covid-19 and autoimmu-
nity. Autoimmun Rev 19, 102597, doi:10.1016/j.autrev.
2020.102597 (2020).

[0344] 57 Canas, C. A. The triggering of post-COVID-19
autoimmunity phenomena could be associated with both
transient immunosuppression and an inappropriate form
of immune reconstitution in susceptible individuals. Med
Hypotheses 145, 110345, doi:10.1016/j.mehy.2020.
110345 (2020).

[0345] 58 Oriol-Tordera, B. et al. Methylation regulation
of Antiviral host factors, Interferon Stimulated Genes
(ISGs) and T-cell responses associated with natural HIV
control. PLoS Pathog 16, €1008678, doi:10.1371/journal.
ppat.1008678 (2020).

[0346] 59 Pontelli M C, C. 1., Martins R B, Veras F P, La
Serra L, Nascimento D C, Cardoso R S, Rosales R,
Lima™, Souza J P, Caetite D B, De Lima M H F,
Kawahisa ] T, Giannini M C, Bonjorno L P, Lopes M I F,
Batah S S, Siyuan L, Assad R L, Almeida S C L, Olivera
F R, Benatti M N, Pontes L L F, Santana R C, Villar F C,
Martins M A, Cunha™, Calado R T, Alves-Filho Marjorie
C Pontelli, Italo A Castro, Ronaldo B Martins, Flavio P
Veras, Leonardo La Serra, Daniele C Nascimento,
Ricardo S Cardoso, Roberta Rosales, Thais M Lima,
Juliano P Souza, Diego B Caetité, Mikhael H F de Lima,
Juliana T Kawahisa, Marcela C Giannini, Leticia P Bon-
jorno, Maria I F Lopes, Sabrina S Batah, [i Siyuan,
Rodrigo L Assad, Sergio C L Almeida, Fabiola R Oliveira,
Maira N Benatti, Lorena L F Pontes, Rodrigo C Santana,
Fernando C Vilar, Maria A Martins, Thiago M Cunha,
Rodrigo T Calado, Jose C Alves-Filho, Dario S Zamboni,
Alexandre Fabro, Paulo Louzada-Junior, Rene D R
Oliveira, Fernando Q Cunha, Eurico Arruda. Infection of
human lymphomononuclear cells by SARS-CoV-2.
BioRxiv, doi.org/10.1101/2020.07.28.225912 (2020).

[0347] 60 Tournier-Lasserve, E., Odenwald, W. F., Gar-
bern, J., Trojanowski, J. & Lazzarini, R. A. Remarkable
intron and exon sequence conservation in human and
mouse homeobox Hox 1.3 genes. Mol Cell Biol 9, 2273-
2278, doi:10.1128/mcb.9.5.2273 (1989).

[0348] 61 Pachot, A. et al. Messenger RNA expression of
major histocompatibility complex class I genes in whole
blood from septic shock patients. Crit Care Med 33,



US 2022/0364187 Al

31-38; discussion  236-237,
0000150958.20209.a3 (2005).
[0349] 62 Boomer, J. S. et al. Immunosuppression in
patients who die of sepsis and multiple organ failure.
JAMA 306, 2594-2605, doi:10.1001/jama.2011.1829

(2011).

[0350] 63 Avendano-Ortiz, J. et al. Proteins from SARS-
CoV-2 reduce T cell proliferation: A mirror image of
sepsis. Heliyon 6, €05635, doi:10.1016/j.heliyon.2020.
e05635 (2020).

[0351] 64 Sinha, P., Churpek, M. M. & Calfee, C. S.
Machine Learning Classifier Models Can Identify Acute
Respiratory Distress Syndrome Phenotypes Using Read-
ily Available Clinical Data. Am J Respir Crit Care Med
202,  996-1004,  doi:10.1164/rccm.202002-03470C
(2020).

[0352] 65 Sinha, P, Matthay, M. A. & Calfee, C. S. Is a
“Cytokine Storm” Relevant to COVID-19? JAMA Intern
Med, doi:10.1001/jamainternmed.2020.3313 (2020).

[0353] 66 Bos, L. D. et al. Identification and validation of
distinct biological phenotypes in patients with acute respi-
ratory distress syndrome by cluster analysis. Thorax 72,
876-883, doi:10.1136/thoraxjnl-2016-209719 (2017).

[0354] 67 Corley, M. J. et al. Genome-wide DNA meth-
ylation profiling of peripheral blood reveals an epigenetic
signature associated with severe COVID-19. J Leukoc
Biol, doi:10.1002/JLB.5SHI0720-466R (2021).

[0355] 68 Antcliffe, D. B. et al. Transcriptomic Signatures
in Sepsis and a Differential Response to Steroids. From
the VANISH Randomized Trial. Am J Respir Crit Care
Med 199, 980-986, doi:10.1164/rccm.201807-14190C
(2019).

[0356] 69 Herridge, M. S. et al. One-year outcomes in
survivors of the acute respiratory distress syndrome. N
Engl J Med 348, 683-693, doi:10.1056/NEJMo0a022450
(2003).

[0357] 70 Herridge, M. S. et al. The RECOVER Program:
Disability Risk Groups and 1-Year Outcome after 7 or
More Days of Mechanical Ventilation. Am J Respir Crit
Care Med 194, 831-844, doi:10.1164/rccm.201512-
23430C (2016).

[0358] 71 Iwashyna, T. J., Ely, E. W., Smith, D. M. &
Langa, K. M. Long-term cognitive impairment and func-
tional disability among survivors of severe sepsis. JAMA
304, 1787-1794, doi:10.1001/jama.2010.1553 (2010).

[0359] 72 Pandharipande, P. P. et al. Long-term cognitive
impairment after critical illness. N Engl J Med 369,
1306-1316, doi:10.1056/NEJMoal301372 (2013).

[0360] 73 Helms, J. et al. Neurologic Features in Severe
SARS-CoV-2 Infection. N Engl J Med 382, 2268-2270,
doi:10.1056/NEJMc2008597 (2020).

[0361] 74 Arnold, C. Could COVID delirium bring on
dementia? Nature 588, 22-24, doi:10.1038/d41586-020-
03360-8 (2020).

[0362] 75 Sakr, Y. et al. The Intensive Care Global Study
on Severe Acute Respiratory Infection (IC-GLOSSARI):
a multicenter, multinational, 14-day inception cohort
study. Intensive Care Med 42, 817-828, doi:10.1007/
s00134-015-4206-2 (2016).

[0363] 76 Fransquet, P. D. et al. Blood DNA methylation
as a potential biomarker of dementia: A systematic review.
Alzheimers Dement 14, 81-103, doi:10.1016/].jalz.2017.
10.002 (2018).

[0364] 77 El Baba, R. & Herbein, G. Management of
epigenomic networks entailed in coronavirus infections
and COVID-19. Clin Epigenetics 12, 118, doi:10.1186/
$13148-020-00912-7 (2020).

doi:10.1097/01.ccm.

Nov. 17,2022

[0365] 78 Wang, D. et al. Clinical Characteristics of 138
Hospitalized Patients With 2019 Novel Coronavirus-In-
fected Pneumonia in Wuhan, China. JAMA, doi:10.1001/
jama.2020.1585 (2020).

[0366] 79 Moran, S., Arribas, C. & Esteller, M. Validation
of a DNA methylation microarray for 850,000 CpG sites
of the human genome enriched in enhancer sequences.
Epigenomics 8, 389-399, doi:10.2217/epi.15.114 (2016).

[0367] 80 Aryee, M. J. et al. Minfi: a flexible and com-
prehensive Bioconductor package for the analysis of
Infinitum DNA methylation microarrays. Bioinformatics
30, 1363-1369,  doi:10.1093/bioinformatics/btu049
(2014).

[0368] 81 Fortin, J. P. et al. Functional normalization of
450k methylation array data improves replication in large
cancer studies. Genome Biol 15, 503, doi:10.1186/
$13059-014-0503-2 (2014).

[0369] 82 Leek, J. T, Johnson, W. E., Parker, H. S., Jaffe,
A. E. & Storey, J. D. The sva package for removing batch
effects and other unwanted variation in high-throughput
experiments. Bioinformatics 28, 882-883, doi:10.1093/
bioinformatics/bts034 (2012).

[0370] 83 Yu, G.,, Wang, L. G, Han, Y. & He, Q. Y.
clusterProfiler: an R package for comparing biological
themes among gene clusters. OMICS 16, 284-287, doi:
10.1089/0mi.2011.0118 (2012).

[0371] 84 Cui, Y. et al. BioCircos.js: an interactive Circos
JavaScript library for biological data visualization on web
applications. Bioinformatics 32, 1740-1742, doi:10.1093/
bioinformatics/btw041 (2016).

[0372] 85. Xie, Y., Xu, E., Bowe, B. & Al-Aly, Z. Long-
term cardiovascular outcomes of COVID-19. Nat Med,
doi:10.1038/541591-022-01689-3 (2022).

[0373] 86. Sharif, J. et al. The SRA protein Np95 mediates
epigenetic inheritance by recruiting Dnmt1 to methylated
DNA. Nature 450, 908-912, doi:10.1038/nature06397
(2007).

[0374] 87. Balnis, J. et al. Blood DNA methylation and
COVID-19 outcomes. Clin Epigenetics 13, 118, doi:10.
1186/513148-021-01102-9 (2021).

[0375] 88. Balnis, J. et al. Unique inflammatory profile is
associated with higher SARS-CoV-2 acute respiratory
distress syndrome (ARDS) mortality. Am J Physiol Regul
Integr Comp Physiol 320, R250-R257, doi:10.1152/ajp-
regu.00324.2020 (2021).

[0376] 89. Amabile, A. et al. Inheritable Silencing of
Endogenous Genes by Hit-and-Run Targeted Epigenetic
Editing. Cell 167, 219-232 €214, doi:10.1016/j.cell.2016.
09.006 (2016).

[0377] 90. Lyko, F. The DNA methyltransferase family: a
versatile toolkit for epigenetic regulation. Nat Rev Genet
19, 81-92, doi:10.1038/nrg.2017.80 (2018).

[0378] 91. Morselli, E. et al. Spermidine and resveratrol
induce autophagy by distinct pathways converging on the
acetylproteome. J Cell Biol 192, 615-629, doi:10.1083/
jcb.201008167 (2011).

[0379] 92. Castro de Moura, M. et al. Epigenome-wide
association study of COVID-19 severity with respiratory
failure. EBioMedicine, 103339, doi:10.1016/j.ebiom.
2021.103339 (2021).

[0380] 93. Saiz, M. L. et al. Epigenetic targeting of the
ACE2 and NRPI1 viral receptors limits SARS-CoV-2
infectivity. Clin Epigenetics 13, 187, doi:10.1186/s13148-
021-01168-5 (2021).



US 2022/0364187 Al Nov. 17,2022
41

[0381] 94. Al-Aly, Z., Xie, Y. & Bowe, B. High-dimen- [0382] 95. Franzen, I. et al. Epigenetic Clocks Are Not
sional characterization of post-acute sequalae of COVID- Accelerated in COVID-19 Patients. Int J Mol Sci 22,
19. Nature, doi:10.1038/s41586-021-03553-9 (2021). doi:10.3390/ijms22179306 (2021).

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 198

<210> SEQ ID NO 1

<211> LENGTH: 945

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

acatttctta gtatagcata tactaagtat ggccagactc tgggttttga ctctecgcetge 60
ttgtctccat tcaggcaaca gectggctcce caccttgget gettggttaa ctttgcatcet 120
ttcaaaccca tctctggact cagagcatcc cgaaagttta ccctcacctc tccggatggg 180
geggtcatte cccagtetgg tttcaacatc accgtcecatce atacaatcge catcacagca 240
ttcaccaact cgtgcagtga ggctgttcte gtaatttcce agectattectg ggacctectt 300
cctctaatgg accagagctg tggagtttgt ggaacgaacg aatgagggct gacgtcacgg 360
tagcagatcg caaccaccac tctgggtcca gggtcagaag gggtagggaa aagggatctg 420
ggcagctcta gcaggcacca ctcacaggtc gagagcgtga agcaccacaa gagacctggce 480
ccaggatgceg tagggccatg ggtccgcacce ccgeccactce tgcccacccece cagctcaatce 540
ttggcactgc ctgcgaggac cctgccttge tccacaccac cctacccttt gtgaacccte 600
tcggeggecg ccatcttget tccagegett ccgecggaag cccgcaccgt gecccacccec 660
atccggcacce agattaagga aagaaggggc cgtccggaaa caaggacatc tcctttagat 720
ctgttaaggt gacaccagat tttttttttt ttttttttga gacggagtct cgctctgteg 780
cccaggetgg agtgcagtgg cgegatcteg getcactget agctccgect cccaggttcea 840
cgccattcte ctgectcage ctcccaagaa gttgtaacta caggtgcccg ccaccacgcec 900
cggctaattt tttttgtatt tttagtagag acggggtttc accgt 945

<210> SEQ ID NO 2

<211> LENGTH: 945

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from
chr1:40024721-40025665

<400> SEQUENCE: 2

atatttttta gtatagtata tattaagtat ggttagattt tgggttttga ttttegttgt 60
ttgtttttat ttaggtaata gtttggtttt tattttggtt gtttggttaa ttttgtattt 120
tttaaattta tttttggatt tagagtattt cgaaagttta tttttatttt ttcggatggg 180
gcggttattt tttagtttgg ttttaatatt atcgtttatt atataatcgt tattatagta 240
tttattaatt cgtgtagtga ggttgttttc gtaatttttt agttattttg ggattttttt 300
tttttaatgg attagagttg tggagtttgt ggaacgaacg aatgagggtt gacgttacgg 360
tagtagatcg taattattat tttgggttta gggttagaag gggtagggaa aagggatttg 420
ggtagtttta gtaggtatta tttataggtc gagagcgtga agtattataa gagatttggt 480

ttaggatgcg tagggttatg ggttcgtatt tcgtttattt tgtttatttt tagtttaatt 540
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ttggtattgt ttgcgaggat tttgttttgt tttatattat tttatttttt gtgaattttt 600
tcggeggteg ttattttgtt tttagegttt tecgtcggaag ttegtatcgt gttttatttt 660
attcggtatt agattaagga aagaaggggt cgttcggaaa taaggatatt ttttttagat 720
ttgttaaggt gatattagat tttttttttt ttttttttga gacggagttt cgttttgtceg 780
tttaggttgg agtgtagtgg cgcgatttcg gtttattgtt agtttcgttt tttaggttta 840
cgttattttt ttgttttagt tttttaagaa gttgtaatta taggtgttcg ttattacgtt 900
cggttaattt tttttgtatt tttagtagag acggggtttt atcgt 945

<210> SEQ ID NO 3

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chr1:40024721-40025665

<400> SEQUENCE: 3

ggatggggcg gttatttttt ag 22

<210> SEQ ID NO 4

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: Rl Primer for Bisulfite converted genomic DNA
from c¢hrl1:40024721-40025665

<400> SEQUENCE: 4

gaaatcgcge cactacacte ¢ 21
<210> SEQ ID NO 5

<211> LENGTH: 517

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

cgctetgteg cccaggetgg agtgcagtgg cgcgatctet getcactgea acctttgect 60
cccgggttcea agcaattcte ctgectcagg ctecccgagta gotggaatta caggegeccg 120
ccgccacgece cggctaattt tttaattttt taacagagac gggctttcac catgttggec 180
aggttggtct cgaactccca acctcaageg atccaccege cteggectec caaagtgetg 240
ggattacaga cgcgaaccac cgcgcccgac tgtcctgtgt tttaatgctt gaaaataatc 300
tgaatatgga aaatgagtgc acatatccct tgatgtttta taaataacct acagtcctaa 360
taatggcttg gcttagagtt ccttcacaac aggaaaagaa ggcatcctgg cttttttttt 420
tttttttttt ttaaatcaaa gtgaggcttyg ggttggetet atcttggtee tgagtgegay 480
gaaggagggc cgcaatgcat gctggatctt gcagttce 517

<210> SEQ ID NO 6

<211> LENGTH: 517

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from
chrl:63248947-63249463

<400> SEQUENCE: 6
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cgttttgteg tttaggttgg agtgtagtgg cgcgattttt gtttattgta atttttgttt 60
ttcgggttta agtaattttt ttgttttagg ttttcgagta gttggaatta taggcgttceg 120
tcgttacgtt cggttaattt tttaattttt taatagagac gggtttttat tatgttggtt 180
aggttggttt cgaattttta attttaagcg atttattcgt ttcggttttt taaagtgttg 240
ggattataga cgcgaattat cgcgttcgat tgttttgtgt tttaatgttt gaaaataatt 300
tgaatatgga aaatgagtgt atatattttt tgatgtttta taaataattt atagttttaa 360
taatggtttg gtttagagtt tttttataat aggaaaagaa ggtattttgg tttttttttt 420
tttttttttt ttaaattaaa gtgaggtttg ggttggtttt attttggttt tgagtgcgag 480
gaaggagggt cgtaatgtat gttggatttt gtagttt 517

<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chrl:63248947-63249463

<400> SEQUENCE: 7

taggcgttcg tegttacgtt 20

<210> SEQ ID NO 8

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chrl1:63248947-63249463

<400> SEQUENCE: 8

tecttecteg cactcaaaac ¢ 21
<210> SEQ ID NO 9

<211> LENGTH: 771

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

aactgttatt tgaacagcaa aaagaccagg caaacatccg agagacagac ctaactgcag 60
ataagtcttg taatcttgtt cactatagtc aaaacagaat ggattgctta ttctgttacc 120
ctattggtat tgctcacatt ttaaaattta ggtgctgggce tcaagaatga taattttatt 180
attaagcttc aagagtcaca ttgtattgta tgcattgaat atcacgaaat cgaaaacact 240
gaaaagctag cgtttacatt cttggatcat acccccaaag gccaaggatt cccactggec 300
gettgcagea gggctgtete ctgtgaaggc aagagacaaa cgaggagcgt tatgacactt 360
tgctcccagg actttggege acagttccca tgagtccagg tccgtccagt caacatcctg 420
aagccaggac tggcaggtcce tgaccctcece tttttgcacce cgtaagggga agggccceggg 480
aatctggacc ttgtctagag tccecggegec agtaccagtt cggagggcat cctggaggtt 540
gttactaacc cgagcctctt ccaggcttce caggcaccag ggttgctaac agctccacgg 600
gggcgaataa ttttgtttat tttgttaact gtggttatct ccaacactca gttcagacct 660

gagccgggea aagtctcacce ttgtctectg gtcacttcce tgettgtttg tttettecta 720
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actcccaagt gtctttegee cagttcatce ccacctcage ageccaagge t

<210> SEQ ID NO 10

<211> LENGTH: 771

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from
chrl:95698577-95699347

<400> SEQUENCE: 10

aattgttatt tgaatagtaa aaagattagg taaatattcg agagatagat ttaattgtag

ataagttttg taattttgtt tattatagtt aaaatagaat ggattgttta ttttgttatt

ttattggtat tgtttatatt ttaaaattta ggtgttgggt ttaagaatga taattttatt

attaagtttt aagagttata ttgtattgta tgtattgaat attacgaaat cgaaaatatt

gaaaagttag cgtttatatt tttggattat atttttaaag gttaaggatt tttattggtc

gtttgtagta gggttgtttt ttgtgaaggt aagagataaa cgaggagcgt tatgatattt

tgtttttagg attttggegt atagttttta tgagtttagg ttegtttagt taatattttyg

aagttaggat tggtaggttt tgattttttt tttttgtatt cgtaagggga agggttcggg

aatttggatt ttgtttagag tttecggegtt agtattagtt cggagggtat tttggaggtt

gttattaatt cgagtttttt ttaggttttt taggtattag ggttgttaat agttttacgg

gggcgaataa ttttgtttat tttgttaatt gtggttattt ttaatattta gtttagattt

gagtcgggta aagttttatt ttgttttttg gttatttttt tgtttgtttg ttttttttta

atttttaagt gtttttcgtt tagtttattt ttattttagt agtttaaggt t

<210> SEQ ID NO 11

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

771

60

120

180

240

300

360

420

480

540

600

660

720

771

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA

from chrl:95698577-95699347
<400> SEQUENCE: 11

acgaaatcga aaatattgaa aagt

<210> SEQ ID NO 12

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

24

<223 > OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA

from chrl:95698577-95699347
<400> SEQUENCE: 12
attattcgcc cccgtaaaac t
<210> SEQ ID NO 13
<211> LENGTH: 1482
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

cacgcggece cacacggtat tcctgtggga tcttacagag ggaaccccece tcacccttac

21

60
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tggatggtag tgagggtgca tatccttgte acccaccacc cctcaccaag tgtagcagece 120
cecgetgggece tcecagcagga aaggcacccg gectggetet cggccgaagg gtagcaacac 180
ctgtggcacg ttaagtttgt tggccagggt cccacgcaaa accagaaaca acaacaggag 240
gcggtgtaga cgcaagaaga aaaagagccc gaagcectcegg cgtcecttgatg acgccggaca 300
gccagtcatyg gcgactgcca ggtctegggt teccgetcaa ctacagecgg ctcacagete 360
catcagccaa tccacaggcg tgacgtcage agagggggat gggacctget tcttgetegg 420
atgtgtgggce atttttaaat gcagtccttc agcaagccaa tataatggaa acttttggeca 480
caaacccagce taaaacacct caaactctcet taaagggctt tcectaaatac tggatggcag 540
acctttttaa cagtaaggaa caagcagaaa agtctaaaaa aaacccttta atttcttcca 600
gttttaattt cttctgttge acactgttta tcttaacacc acacccteeg cccgacaaaa 660
aaactttttyg caatgatttc cagttagcat tggtccatgc ctatcaacgg aaaattgtgce 720
agtctctggg ataaacagct cgactttgte aagggaaccg tgtattttta ctagaagtca 780
gattcacgtc cggectccag gccagaatge aggaaatgece agacactggce gtctcaaaay 840
cagctttcaa agttatccac tcacacagcc ggcctctaag caaatactct tgagagcact 900
tgttgtttte tccaaatatc caaacagaat ataaactcaa agctgtttca gtacagttgg 960

ttaaaaccac gcatttatag tagtgatcag cattatatat tgttttaagg agcataaatc 1020
catagtttat aaggattgat atggttgtga aggaaaatgt atatagttca gcctgagatg 1080
tcagtgttaa cctataaaag gcccagcaca ttaagtgttce tttctaatct tcatgtttac 1140
tctgacaata cttatctcca ttttacagat gataaaacta aacatttgct ctatattaaa 1200
tcctgttget ccagetgggt geggtggete acgeccgtaa tcccagcatt ttgggaaget 1260
gaggcaggtyg gatcacctga aggtcaggag ttcgagacca gcctggccaa catggtgaag 1320
ccctgtetet acttaaaata taaaaaatta cccgggcatg gtggcaggtg cctgtaatcc 1380
cagctactcg ggaggctgag gcaggagaat ctcttgaacc aggaggcgga ggttgcagtg 1440
agccgagatc gagccattac gctccagccce aggcaacaag aa 1482
<210> SEQ ID NO 14

<211> LENGTH: 1482

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from

chrl:154127212-154128693

<400> SEQUENCE: 14

tacgcggttt tatacggtat ttttgtggga ttttatagag ggaatttttt ttatttttat 60
tggatggtag tgagggtgta tatttttgtt atttattatt ttttattaag tgtagtagtt 120
tcgttgggtt tttagtagga aaggtattcg gtttggtttt cggtcgaagg gtagtaatat 180
ttgtggtacg ttaagtttgt tggttagggt tttacgtaaa attagaaata ataataggag 240
gecggtgtaga cgtaagaaga aaaagagttc gaagtttcgg cgttttgatg acgtcggata 300
gttagttatg gcgattgtta ggtttcgggt tttcgtttaa ttatagtcgg tttatagttt 360
tattagttaa tttataggcg tgacgttagt agagggggat gggatttgtt ttttgttcgg 420
atgtgtgggt atttttaaat gtagtttttt agtaagttaa tataatggaa atttttggta 480

taaatttagt taaaatattt taaatttttt taaagggttt ttttaaatat tggatggtag 540
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atttttttaa tagtaaggaa taagtagaaa agtttaaaaa aaatttttta atttttttta 600
gttttaattt tttttgttgt atattgttta ttttaatatt atatttttcg ttcgataaaa 660
aaattttttg taatgatttt tagttagtat tggtttatgt ttattaacgg aaaattgtgt 720
agtttttggg ataaatagtt cgattttgtt aagggaatcg tgtattttta ttagaagtta 780
gatttacgtt cggtttttag gttagaatgt aggaaatgtt agatattggc gttttaaaag 840
tagtttttaa agttatttat ttatatagtc ggtttttaag taaatatttt tgagagtatt 900
tgttgttttt tttaaatatt taaatagaat ataaatttaa agttgtttta gtatagttgg 960

ttaaaattac gtatttatag tagtgattag tattatatat tgttttaagg agtataaatt 1020
tatagtttat aaggattgat atggttgtga aggaaaatgt atatagttta gtttgagatg 1080
ttagtgttaa tttataaaag gtttagtata ttaagtgttt tttttaattt ttatgtttat 1140
tttgataata tttattttta ttttatagat gataaaatta aatatttgtt ttatattaaa 1200
ttttgttgtt ttagttgggt gcggtggttt acgttcgtaa ttttagtatt ttgggaagtt 1260
gaggtaggtg gattatttga aggttaggag ttcgagatta gtttggttaa tatggtgaag 1320
ttttgttttt atttaaaata taaaaaatta ttcgggtatg gtggtaggtg tttgtaattt — 1380
tagttattcg ggaggttgag gtaggagaat tttttgaatt aggaggcgga ggttgtagtg 1440

agtcgagatc gagttattac gttttagttt aggtaataag aa 1482

<210> SEQ ID NO 15

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chrl1:154127212-154128693

<400> SEQUENCE: 15

aataggaggc ggtgtagacg 20

<210> SEQ ID NO 16

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chrl1:154127212-154128693

<400> SEQUENCE: 16

tcccaaaaac tacacaattt tcec 23

<210> SEQ ID NO 17

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F2 Primer for Bisulfite converted genomic DNA
from chr1:154127212-154128693

<400> SEQUENCE: 17
ggaaaattgt gtagtttttg gy 22
<210> SEQ ID NO 18

<211> LENGTH: 23
<212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R2 Primer for Bisulfite converted genomic DNA
from chrl1:154127212-154128693

<400> SEQUENCE: 18

aaccaaacta atctcgaact cct 23
<210> SEQ ID NO 19

<211> LENGTH: 784

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 19

aaggtgggaa aactcgaagc gggaattggt ggggggagaa atgggtcctt ccaggttata 60
ggtagattta aaatttttct aattggcaat tggttgaaag agttatcaat agaaaggaat 120
gtctgggttyg tcataagaac ttgtggagac caaagttttg tcatgcagat gaagcctcca 180
ggtaccaggc ttccaagaaa atagattgta aatgtttctt accagaccga aggtctgtgt 240
tgaccttaac cggagaggta tgaggctagt cggaccccca cttececgtca tggactgaac 300
cagaatttta gagtgccctg gecctgggaga aagtccatte cgatggttgg cgacacgggg 360
ggcttagaat tgtattttcg gtttacatct aaaagaagaa caaaggtcta ggcttccaga 420
atcatgggtt ctggtgaccg tggacctgga ggtgatggta aactctcttt ttgttcctgg 480
ggtgttttece ttgggatcct ttctatgaga aatgtaggcc gggttttatt tttegggtte 540
ctagtggtga ggtaaggtga ggtgcctcaa caagaaaaag gaccagtttt ggcttcaggt 600
ctatgtgaaa gcggttaaca ctgggectgg aatggtagat actcaataat taaggttact 660
tcttattcte ggttettttt tccaaaccta gegegtctaa tctcettcectag gcccegeccec 720
ttctgagcee ccectectte ggectgtatg ataggctett cctecatttce cggettetgg 780
gact 784

<210> SEQ ID NO 20

<211> LENGTH: 784

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: Bisulfite converted genomic DNA from
chrl:162466830-162467613

<400> SEQUENCE: 20

aaggtgggaa aattcgaagc gggaattggt ggggggagaa atgggttttt ttaggttata 60
ggtagattta aaattttttt aattggtaat tggttgaaag agttattaat agaaaggaat 120
gtttgggttg ttataagaat ttgtggagat taaagttttg ttatgtagat gaagttttta 180
ggtattaggt ttttaagaaa atagattgta aatgtttttt attagatcga aggtttgtgt 240
tgattttaat cggagaggta tgaggttagt cggattttta tttttcgtta tggattgaat 300
tagaatttta gagtgttttg gtttgggaga aagtttattt cgatggttgg cgatacgggg 360
ggtttagaat tgtattttcg gtttatattt aaaagaagaa taaaggttta ggtttttaga 420
attatgggtt ttggtgatcg tggatttgga ggtgatggta aatttttttt ttgtttttgg 480
ggtgtttttt ttgggatttt ttttatgaga aatgtaggtc gggttttatt tttegggttt 540

ttagtggtga ggtaaggtga ggtgttttaa taagaaaaag gattagtttt ggttttaggt 600
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ttatgtgaaa gcggttaata ttgggtttgg aatggtagat atttaataat taaggttatt
ttttattttc ggtttttttt tttaaattta gegegtttaa ttttttttag gtttegtttt
ttttgagttt tttttttttc ggtttgtatg ataggttttt tttttatttt cggtttttgg
gatt

<210> SEQ ID NO 21

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

660

720

780

784

<223 > OTHER INFORMATION: F1l Primer for Bisulfite converted genomic DNA

from chrl1:162466830-162467613
<400> SEQUENCE: 21

gatcgaaggt ttgtgttgat ttt

<210> SEQ ID NO 22

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

23

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA

from chrl1:162466830-162467613
<400> SEQUENCE: 22
cacctcacct tacctcacca ¢
<210> SEQ ID NO 23
<211> LENGTH: 1249
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 23
atttagtgtyg tgttctcage ctcaccattg acttgctgtg ttaccttgga caagtcactce
tcccactetg acctcaattt tcacatctct aaaaggagac tgctagacta gacggtgagt
gaagtccetge tgageccctec gagttcatte tcecttgtec agtcagtect teccteccac
ccteceectet gggctececte tetggggcece teteccccag gggaggcectg ctecagecce
aggggagctg cggcecctgge tcecctgttcecece agtcggagtg accagccctg ggectectte
ccagettegyg cectggetcee atgtggecca tcetgagagge tggectcaag cccggeggca
actccacatt tctgtttttc ctttttttte cctcectttcecec ggagttaaca agaagcagat
gtggegeacg atggttggag aggtgggggg aggaaggggg aggccggacce gccagccaga
caggggggaa gggaggggag ccagcaggga ggaggaggcc agggcccgceco ccacagccac
tctegegect ccgaacagee acaggggcaa agecctgtea cccccaggat cceggtcatca
gggaaagagg acagggagac cagaagaggyg ccagctggga ¢gagggggcy gacgcccagg
aggcaacttc tgagacgcag ctcctgagag gggcagggac caggcgcggg aggccagagg
gggcacagag aacaaacccc ctcagaagtg aagaggagag cggaaggaac cgagagggga
cggacaggag ctgaggagga aagaggaggg gagaggggtc aggccaggca gccaaggaga
agacgtgtgg ccgggggcta tcagaaggaa actgggacgg acgggccggg ctegggetgt
cctgtggage agcagcatce ccggggecgg cagaggegee agtggcetggg cgggatgagt

ctctgaggge cactgtggag cgcccegeca tggecccceeg caccctetgg agetgctace

21

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020
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tctgetgect gectgacggca gctgcagggg ccgccagcta ccctectega ggtttcecagece 1080
tctacacagg ttccagtggg gccctcagec cecggggggece ccaggcccag attgecccecce 1140
ggccagecag ccgccacagg taagagtctg gatcccagec cgaggcttgg gtggtgagga 1200

aggggtcaga atgccacctce tgcectggete tetgetgtgt ccegctaatg 1249

<210> SEQ ID NO 24

<211> LENGTH: 1249

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: Bisulfite converted genomic DNA from
chr2:27300945-27302193

<400> SEQUENCE: 24

atttagtgtg tgtttttagt tttattattg atttgttgtg ttattttgga taagttattt 60
ttttattttg attttaattt ttatattttt aaaaggagat tgttagatta gacggtgagt 120
gaagttttgt tgagtttttc gagtttattt ttttttgttt agttagtttt ttttttttat 180
tttttttttt gggttttttt tttggggttt ttttttttag gggaggtttg ttttagtttt 240
aggggagttg cggttttggt ttttgttttt agtcggagtg attagttttg ggtttttttt 300
ttagtttcgg ttttggtttt atgtggttta tttgagaggt tggttttaag ttcggcggta 360
attttatatt tttgtttttt tttttttttt tttttttttc ggagttaata agaagtagat 420

gtggegtacg atggttggag aggtgggggyg aggaaggggg aggtcggatc gttagttaga 480
taggggggaa gggaggggag ttagtaggga ggaggaggtt agggttcgtt ttatagttat 540
tttcgegttt tcgaatagtt ataggggtaa agttttgtta tttttaggat tcggttatta 600
gggaaagagg atagggagat tagaagaggg ttagttggga cgagggggcg gacgtttagg 660
aggtaatttt tgagacgtag tttttgagag gggtagggat taggcgcggg aggttagagg 720
gggtatagag aataaatttt tttagaagtg aagaggagag cggaaggaat cgagagggga 780
cggataggag ttgaggagga aagaggaggg gdagaggggtt aggttaggta gttaaggaga 840
agacgtgtgg tcgggggtta ttagaaggaa attgggacgg acgggtcggg ttcgggttgt 900
tttgtggagt agtagtattt tcggggtcgg tagaggegtt agtggttggg cgggatgagt 960
ttttgagggt tattgtggag cgtttcgtta tggttttteg tattttttgg agttgttatt 1020
tttgttgttt gttgacggta gttgtagggg tcgttagtta tttttttcga ggttttagtt 1080
tttatatagg ttttagtggg gtttttagtt tcggggggtt ttaggtttag attgttttte 1140
ggttagttag tcgttatagg taagagtttg gattttagtt cgaggtttgg gtggtgagga 1200
aggggttaga atgttatttt tgtttggttt tttgttgtgt tcgttaatg 1249
<210> SEQ ID NO 25
<211> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223 > OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chr2:27300945-27302193

<400> SEQUENCE: 25

gggaggtttg ttttagtttt aggyg 24

<210> SEQ ID NO 26
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<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chr2:27300945-27302193

<400> SEQUENCE: 26

cctaatcect accectcete 19

<210> SEQ ID NO 27

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: F2 Primer for Bisulfite converted genomic DNA
from chr2:27300945-27302193

<400> SEQUENCE: 27

ttcggttatt agggaaagag ga 22

<210> SEQ ID NO 28

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R2 Primer for Bisulfite converted genomic DNA
from chr2:27300945-27302193

<400> SEQUENCE: 28

aacgacccct acaactaccg 20

<210> SEQ ID NO 29

<211> LENGTH: 1117

<212> TYPE: DNA

<213 > ORGANISM: Homo sapiens

<400> SEQUENCE: 29

agtagtggga agaagggaaa aatacagaaa acaaagggcg aaggagaagg aaaagggaag 60

aagcaagggg aaaagaaata aaacaaagga aatgtccaat aaagaccagg aaggaaggtc 120

cgcaggtgga gacgtgcgtg agggcaggga gagaagggta ggaagaggga acgagagcdg 180

cacgaaggce tgggattaga gageggtggyg aaaagggtag tgggectggt gaggggagea 240

ggagccagge cggcaagggg caggccatcet taccgaaget gtgatgaatg attctcecace 300
caccaggtct tcccttattg aggtggaage ggtggcgacg getggetggt ccatggtgge 360
ctectetete tetaggetga acctgagetce cggttgetag gaggegggtyg tggecegtgg 420
gcetecegage gegegegect gggaccgete cgggggaccee gecaggtttyg tetttagtge 480
tgcagggaag ggaagcggge acgcactttg aggtcccgeg cgaagaactyg cgcagaggaa 540
aaccctcgaa aagagacggt tatgaaaget tgtgagaaga aaatctagag ggctcetggag 600
ttgctagaga gecctegggt aaggatetge gaaaagggag gettgttaag ggettgageg 660
tacccacaat ctccattagt teccttecaa tecaccacca ategcacace ccagacaggg 720
aggcagtgtyg cttggtagge atacttaaga gaaatctgec ttagcaccca ctttctaaga 780
ttgtttctaa gctcctccaa atagaaactc tggggctgac ttetettget tctgacttge 840
agagtggagt gagcaccaga cacagccggt ttcactaget gtgaaaccac agaccacccec 900

attcttctca gtatagaccc tttttattgt cagcctctet aggctgtage ttcttcettaa 960
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cctaggaaca ttctcacctt taaaaacaaa ccctccacaa ccttaatttc attttataca 1020

gtacctactg tattccaggg acttcacaca cattagtctc atttaatctt cataccaacc 1080

ctacaaagta ggtattagtt tcattttctg gatgagg 1117

<210> SEQ ID NO 30

<211> LENGTH: 1117

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from
chr2:47382037-47383153

<400> SEQUENCE: 30

agtagtggga agaagggaaa aatatagaaa ataaagggcg aaggagaagg aaaagggaag 60

aagtaagggg aaaagaaata aaataaagga aatgtttaat aaagattagg aaggaaggtt 120

cgtaggtgga gacgtgcgtg agggtaggga gagaagggta ggaagaggga acgagagcgg 180

tacgaaggtt tgggattaga gagceggtggyg aaaagggtag tgggtttggt gaggggagta 240

ggagttaggt cggtaagggg taggttattt tatcgaagtt gtgatgaatg attttttatt 300
tattaggttt ttttttattg aggtggaagc ggtggcgacg gttggttggt ttatggtggt 360
tttttttttt tttaggttga atttgagttt cggttgttag gaggcgggtyg tggttecgtgg 420
gttttcgage gcgegegttt gggatcgttt cgggggattc gttaggtttg tttttagtgt 480
tgtagggaag ggaagcgggt acgtattttg aggtttcgeg cgaagaattg cgtagaggaa 540
aattttcgaa aagagacggt tatgaaagtt tgtgagaaga aaatttagag ggttttggag 600
ttgttagaga gttttcgggt aaggatttgc gaaaagggag gtttgttaag ggtttgagceg 660
tatttataat ttttattagt ttttttttaa tttattatta atcgtatatt ttagataggg 720
aggtagtgtg tttggtaggt atatttaaga gaaatttgtt ttagtattta ttttttaaga 780
ttgtttttaa gtttttttaa atagaaattt tggggttgat tttttttgtt tttgatttgt 840
agagtggagt gagtattaga tatagtcggt tttattagtt gtgaaattat agattatttt 900
atttttttta gtatagattt tttttattgt tagttttttt aggttgtagt ttttttttaa 960

tttaggaata tttttatttt taaaaataaa ttttttataa ttttaatttt attttatata 1020
gtatttattg tattttaggg attttatata tattagtttt atttaatttt tatattaatt 1080

ttataaagta ggtattagtt ttattttttg gatgagg 1117

<210> SEQ ID NO 31

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from c¢hr2:47382037-47383153

<400> SEQUENCE: 31

gggtaggaag agggaacgag 20

<210> SEQ ID NO 32

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA



US 2022/0364187 Al Nov. 17,2022
52

-continued

from chr2:47382037-47383153
<400> SEQUENCE: 32

cccttaacaa acctececttt te 22

<210> SEQ ID NO 33

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F2 Primer for Bisulfite converted genomic DNA
from chr2:47382037-47383153

<400> SEQUENCE: 33

gaaaagggag gtttgttaag gg 22

<210> SEQ ID NO 34

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R2 Primer for Bisulfite converted genomic DNA
from chr2:47382037-47383153

<400> SEQUENCE: 34

aaaataaaat aatctataat ttcacaa 27
<210> SEQ ID NO 35

<211> LENGTH: 931

<212> TYPE: DNA

<213 > ORGANISM: Homo sapiens

<400> SEQUENCE: 35

gtggggatgg tegtggetec tgtgttecee accaaccage aggggcacct ggggaaacct 60
ccagtgcaga aatcgtactc tgccatttec tgtatcteca getattccee atctgaagag 120
tgaggtggtt agaccaggtc cctggtttte ttecagtcac ccectgetgg aatgecagga 180
getetettet gtgetggggg aagetgecge tggectcage ttccccatct gtgagategg 240
gctecatgee cgtettgttg gactcatcaa gagacccatg gggaggaaag agcettgcaag 300
gagagcaget aaggaaagac cggaatcgte cgagececttt gtccettect gtatcageag 360
caggcgacct geccaccage cggggectee cgttceegtte cattcegttt aagtaagetce 420
tttcectgtyg caagggagca accgacctca aaggccegge ccacaaaggg geccecgaca 480
tggctgggaa caatgcggece tgtttacctg acagattgte cgetttettt tcatctegta 540
ggaaaagaac tcccacgggg agecgctaat cccagagtaa acagatgacc tegtggtgece 600
tttcteccgyg aggtggggtt cctagegcag caccccaact gtgcaaacag accctggagg 660

gctecgatgeg coctgeggggg cgtggcetyggyg gacctgggee tgggccagga ggggcectttce 720
cctetegeca gecctetttt cttectttgt gatttcaatt gaatggggag aagctcaaag 780
gcaggggcat gaaaggtcaa agecaatttg cagggecaag tgtgggggayg gagagaaggg 840
cccagaccaa geattctttt tggaggectg accttgacct ggaagcaact cctcectcete 900
tcggetcette tgaggacact gecctggcag a 931
<210> SEQ ID NO 36

<211> LENGTH: 931
<212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from
chr2:121223284-121224214

<400> SEQUENCE: 36

gtggggatgg tcgtggtttt tgtgtttttt attaattagt aggggtattt ggggaaattt 60
ttagtgtaga aatcgtattt tgttattttt tgtattttta gttatttttt atttgaagag 120
tgaggtggtt agattaggtt tttggttttt ttttagttat tttttgttgg aatgttagga 180
gttttttttt gtgttggggg aagttgtegt tggttttagt ttttttattt gtgagatcgg 240
gttttatgtt cgttttgttg gatttattaa gagatttatg gggaggaaag agtttgtaag 300
gagagtagtt aaggaaagat cggaatcgtt cgagtttttt gttttttttt gtattagtag 360
taggcgattt gtttattagt cggggttttt cgtttegttt tatttcgttt aagtaagttt 420
tttttttgtg taagggagta atcgatttta aaggttcggt ttataaaggg gttttcgata 480
tggttgggaa taatgcggtt tgtttatttg atagattgtt cgtttttttt ttatttcgta 540
ggaaaagaat ttttacgggg agtcgttaat tttagagtaa atagatgatt tcgtggtgtt 600
tttttttecgg aggtggggtt tttagcgtag tattttaatt gtgtaaatag attttggagg 660

gttcgatgeg tttgeggggg cgtggttggg gatttgggtt tgggttagga ggggtttttt 720

tttttegtta gttttttttt ttttttttgt gattttaatt gaatggggag aagtttaaag 780

gtaggggtat gaaaggttaa agttaatttyg tagggttaag tgtgggggag gagagaaggg 840
tttagattaa gtattttttt tggaggtttg attttgattt ggaagtaatt tttttttttt 900

tcggtttttt tgaggatatt gttttggtag a 931

<210> SEQ ID NO 37

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chr2:121223284-121224214

<400> SEQUENCE: 37

tgagatcggg ttttatgttc g 21

<210> SEQ ID NO 38

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chr2:121223284-121224214

<400> SEQUENCE: 38

aaacccctece taacccaaac ¢ 21

<210> SEQ ID NO 39

<211> LENGTH: 1275

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 39

getgetgegyg gteteggetyg gaatgcaatg gtgcgatcte cgctcactge aacctcecgec 60

tccegggtte cagcaattct cctgectcag ccteccaagt aggtaagatt acaggagccc 120
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gccaccacge ctggctaatt tttgtatttt tagtagagac ggggtttcac catgttggec 180
aggctggtcet ccaactcctg acctcaggtg atccacccee cteggectec caaagtgctg 240
ggattacagg cgtgagccac agcgcccggce agaggcaggc attataatta atctcttata 300
cagatgaaga tgcttaggtg catgaaatta agaacttacc cactatcacc cacggaaaaa 360
gagaagagtt ggggtttgaa tccacgcaag agcccacgcc cttaatcatt aagctaccaa 420
gatataactc tgtagatggg aaaccatatc tattaactgg ctctggaatt ttaaaaggca 480
attttataag ttacaaaaat agatatggat aattatttat tcaatggagc tgactcacaa 540
ttcagaacac ccaatgtgat ttattctttg gttggggaaa caattattga tcecggtgttg 600
attcatgttc tggaaaccac atgaaaatac ctaagcagcc gcagatgctg agcggagctg 660
ggccaagttyg gtaagaactyg ctggtggtag gagctccagc atagcgcaca gggegggcecc 720

agagaaaggc gggcccattg ttgggggatt cggetteegg aggaggggac agcattcagg 780

ggtgtaccag gccccagagg cagcggaaag ggagactgtg gggaactagg agcaacagca 840
ggtacactce aaattctatt gacggttcga aattcccget ttctccatag agattecttt 900
cttcatattt cattacagtyg ctcetgggtece attacagget tttettttea gacacctete 960

tcacatcecge gggtectegg cccccatect ttatttttge taggecgcta aggacgctag 1020
aaagcgattc gaaactcccg cttttteccat agagatgctt ttcttcecttat ctecttacag 1080
tgctetgggt ccatacaggt ttttgtctca ggcacttcte tcacatccge gggtcctegg 1140
ccecccatecet ttatttetge taggtceccta aggacactag gatgacggag agggagccag 1200
gggacccagg cttcaggact gagagtgaat tcttgagggg aggtgaggag gaaagaggag 1260
ggaccagagc gtggg 1275
<210> SEQ ID NO 40

<211> LENGTH: 1275

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: Bisulfite converted genomic DNA from

chr5:42756147-42757421

<400> SEQUENCE: 40

gttgttgcgyg gttteggttyg gaatgtaatyg gtgcgatttt cgtttattgt aattttegtt 60
tttcgggttt tagtaatttt tttgttttag ttttttaagt aggtaagatt ataggagttc 120
gttattacgt ttggttaatt tttgtatttt tagtagagac ggggttttat tatgttggtt 180
aggttggttt ttaatttttg attttaggtg atttattttt ttcggttttt taaagtgttg 240
ggattatagg cgtgagttat agcgttcggt agaggtaggt attataatta attttttata 300
tagatgaaga tgtttaggtyg tatgaaatta agaatttatt tattattatt tacggaaaaa 360
gagaagagtt ggggtttgaa tttacgtaag agtttacgtt tttaattatt aagttattaa 420
gatataattt tgtagatggg aaattatatt tattaattgg ttttggaatt ttaaaaggta 480
attttataag ttataaaaat agatatggat aattatttat ttaatggagt tgatttataa 540
tttagaatat ttaatgtgat ttattttttg gttggggaaa taattattga ttcggtgttg 600
atttatgttt tggaaattat atgaaaatat ttaagtagtc gtagatgttg agcggagttg 660

ggttaagttg gtaagaattg ttggtggtag gagttttagt atagcgtata gggegggttt 720
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agagaaaggc gggtttattyg ttgggggatt cggttttegyg aggaggggat agtatttagg 780

ggtgtattag gttttagagg tagcggaaag ggagattgtg gggaattagg agtaatagta 840
ggtatatttt aaattttatt gacggttcga aattttcgtt ttttttatag agattttttt 900
ttttatattt tattatagtg ttttgggttt attataggtt ttttttttta gatatttttt 960

ttatattcge gggttttcgg tttttatttt ttatttttgt taggtcgtta aggacgttag 1020
aaagcgattc gaaattttcg ttttttttat agagatgttt ttttttttat ttttttatag 1080
tgttttgggt ttatataggt ttttgtttta ggtatttttt ttatattcgc gggttttegg 1140
tttttatttt ttatttttgt taggttttta aggatattag gatgacggag agggagttag 1200

gggatttagg ttttaggatt gagagtgaat ttttgagggg aggtgaggag gaaagaggag 1260

ggattagagc gtggg 1275

<210> SEQ ID NO 41

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chr5:42756147-42757421

<400> SEQUENCE: 41

gacggggttt tattatgttg g 21

<210> SEQ ID NO 42

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chr5:42756147-42757421

<400> SEQUENCE: 42

ctccgetcaa catctacgac t 21

<210> SEQ ID NO 43

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F2 Primer for Bisulfite converted genomic DNA
from chr5:42756147-42757421

<400> SEQUENCE: 43

tcggtgttga tttatgtttt g 21

<210> SEQ ID NO 44

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R2 Primer for Bisulfite converted genomic DNA
from chr5:42756147-42757421

<400> SEQUENCE: 44
tctecegtcat cctaatatcee tt 22
<210> SEQ ID NO 45

<211> LENGTH: 771
<212> TYPE: DNA
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<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 45

cgcecctgteg cgggageccee tgcaaatgeg tcegtggete cegegectge gcoccaccaaa 60
ccactacgag gctccgcecac acaactcage agggccacge agggcagcgce gggaaccaaa 120
gagcccaggg aagtggtcac cgcccccaga ggaggcaatg agacgactaa ctccccactg 180
cttctactaa cccaaaggtg accacagtag aggcaaccag gatgcagtcc aaagattggg 240
atatcccact cgettttecct ggageccggat gcagtcttee cgacttcecgg tggagatcceg 300

g999tggggy gggggcggga ggggggeccee cgcggtttta tgggagatgt agtttgaagce 360

ccacaggttg tgcgcaaggg agaagggdtg gagattgggg gtggaagtgt ttgggagccg 420

gcgegggaga gatcgeggte taaaggattg gagetgaatg aagggctgaa aatccttcete 480
ctgagactgt gatgtgtaga tagaacgtgg tgcaggcgat cggaaaactyg taggectaag 540
gaaacgattt taaattttec agegtcteee acccaactee tagceectcte tecaatacag 600
tccaatgcaa ttgagtgctce aaagcattct ttectgttaa ataatcctgg actattgact 660
agaccaagtce actcttaaac gagatattcg gectctgtaa caccttaate attcacccca 720
tgggaaaact ggtatcatat actgacgcct aacttattca gtagtccttt a 771

<210> SEQ ID NO 46

<211> LENGTH: 771

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: Bisulfite converted genomic DNA from
chr5:102898213-102898983

<400> SEQUENCE: 46

cgttttgteg cgggagtttt tgtaaatgeg ttegtggttt tegegtttge gtttattaaa 60
ttattacgag gtttcgttat ataatttagt agggttacgt agggtagcgc gggaattaaa 120
gagtttaggg aagtggttat cgtttttaga ggaggtaatg agacgattaa ttttttattg 180
tttttattaa tttaaaggtg attatagtag aggtaattag gatgtagttt aaagattggg 240
atattttatt cgtttttttt ggagtcggat gtagtttttt cgattttcgg tggagattcg 300

g999tggggy gggggcggga ggggggtttt cgcggtttta tgggagatgt agtttgaagt 360

ttataggttg tgcgtaaggg agaaggggdtg gagattgggg gtggaagtgt ttgggagtcg 420

gcgcgggaga gatcgeggtt taaaggattg gagttgaatg aagggttgaa aatttttttt 480
ttgagattgt gatgtgtaga tagaacgtgg tgtaggcgat cggaaaattg taggtttaag 540
gaaacgattt taaatttttt agcgtttttt atttaatttt tagttttttt tttaatatag 600
tttaatgtaa ttgagtgttt aaagtatttt tttttgttaa ataattttgg attattgatt 660
agattaagtt atttttaaac gagatattcg gtttttgtaa tattttaatt atttatttta 720
tgggaaaatt ggtattatat attgacgttt aatttattta gtagtttttt a 771

<210> SEQ ID NO 47

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chr5:102898213-102898983
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<400> SEQUENCE: 47

agaggaggta atgagacgat t

<210> SEQ ID NO 48
<211> LENGTH: 25

<212> TYPE

: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA

from chr5:102898213-102898983

<400> SEQUENCE: 48

tcegtttectt aaacctacaa tttte

<210> SEQ ID NO 49
<211> LENGTH: 735

<212> TYPE

: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 49

gaggggccca
atggcaccct
ttgccctagy
tcttaatcac
ctgtgggagt
caatcaggac
caatttctaa
tagtaatgat
gaagcggcett
aaccagcacyg
gttcctttta
caaagcacct

gaacgecctcet

gatagcagge
gagaaaggag
atggtgaata
tcacegetge
cgetetgaga
ttataagtga
agaataaatg
ttgtttcgaa
cacagtgctt
cctatcatac
catagaaaat
agaatgttct

tttta

<210> SEQ ID NO 50
<211> LENGTH: 735

<212> TYPE:

DNA

ccagcctggyg
gctcagtatt
tgacaataac
gctetgagece
cagacgttge
atttccacct
caatgttgtg
tattgtacat
taatgtctcc
caaaagtagc
ttggagcagt

gctatgtact

gttgcgagta
ccectgtgag
ctgagctece
gctgggaace
tettttacgy
gcectgtece
tgaaagacct
acttgcatat
tcagtgtcett
tatgtcttta
cagtgteccte

aaacaccaga

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Bisulfite converted genomic DNA from

chr5:110062134-110062868

<400> SEQUENCE: 50

gaggggttta

atggtatttt

ttgttttagg

ttttaattat

ttgtgggagt

taattaggat

taatttttaa

gatagtaggt
gagaaaggag
atggtgaata
ttategttge
cgttttgaga
ttataagtga

agaataaatg

ttagtttggy

gtttagtatt

tgataataat

gttttgagte

tagacgttgt

atttttattt

taatgttgtg

gttgcgagta

tttttgtgag

ttgagttttt

gttgggaatt

ttttttacgg

gttttgttte

tgaaagattt

gtgtttette
gatctttgtg
aaatcatctg
aaggctggtt
tctegtgace
gtctecacca
ttattcgttt
cctgcaagaa
aatgctgcett
aattaaattg
agcaccegte

gggcgaattt

gtgttttttt

gatttttgtg

aaattatttg

aaggttggtt

tttegtgatt

gtttttatta

ttattcgttt

taacaaagct
ggtcttteag
aagcaggacc
gctaaggacy
agggcttage
catttgtgtt
ttaaagaaca
gccacggcaa
ccecaaaaca
cecgttegtaa
agtgagtaaa

aaacacaaaa

taataaagtt

ggttttttag

aagtaggatt

gttaaggacyg

agggtttagt

tatttgtgtt

ttaaagaata

21

25

60

120

180

240

300

360

420

480

540

600

660

720

735

60

120

180

240

300

360

420
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tagtaatgat ttgtttcgaa tattgtatat atttgtatat tttgtaagaa gttacggtaa 480
gaagcggttt tatagtgttt taatgttttt ttagtgtttt aatgttgttt ttttaaaata 540
aattagtacg tttattatat taaaagtagt tatgttttta aattaaattg tcgttcgtaa 600
gtttttttta tatagaaaat ttggagtagt tagtgttttt agtattcgtt agtgagtaaa 660
taaagtattt agaatgtttt gttatgtatt aaatattaga gggcgaattt aaatataaaa 720
gaacgttttt tttta 735

<210> SEQ ID NO 51

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chr5:110062134-110062868

<400> SEQUENCE: 51

tcgttgggaa ttaaggttgg 20

<210> SEQ ID NO 52

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chr5:110062134-110062868

<400> SEQUENCE: 52

aaaaacttac gaacgacaat tta 23
<210> SEQ ID NO 53

<211> LENGTH: 1135

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 53

tatgggctat ttaaaaaaaa caaccaccac caacattata gcaaaagatt tcactgcata 60
taacttattt ttcatttact gcagaaaaat taaccttatt ggtatgactg gaccaaaact 120
taagccattt aaaaagaaga taaaacatgt ctctgtcatc atcgatatat gcttttacct 180
aaacctcaaa atccaaaata tgatggtgat ttccctcata aaatgtgaat tcggtagcett 240
attttaaaag cgtgattcct tgttgaatgt acaagacata taaatgcaca gacttaccca 300
ttcttctgag cacattggag gctgcattca gtcgeggttg ttagactcaa cgcagtgagt 360
ctgtaaaagg ctctaacatg taggagcctt tgaccagttt cctgttttet gtgtcccagg 420
ctttccaagt aaaattgaat ccaccaggac gagttgtttt ttccttagga tatccctcetg 480
gaaagcattyg gtttcatttt ctgtgattge tctgatcect aaatcagttt tgaatataag 540
ttattaaatt tctccacctc taactgctca gctggttaat caaagcttca gtctecttte 600
cgcagcegtt agttctettg gtcttaactt gttgatggea gatgggtgge ttgttgcaga 660
gaagagctce tggagcagca tgagtgcatt tactgaaaag cttttccgag aaacggcaca 720
agaatggatt tgcttatgtg ctgcgaccac acagaactgt atataggctg acgtcaccgg 780
atgacgtgtc ttttgtttgg gttttccaga agctttactg ttataaagca ccatgctttg 840

taacagcatc ggggtcegttg caggacccce tgattacaat aaagcgagaa agaagaactc 900
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ctgacttaaa aacatgatat tccttcagtg taggaagcag cagtgaggtt gtaataaagg 960
ctgcattcaa gaagacccat ctgaacagtg agttgggtta gcagagtgat gatttttaat 1020
gcttgtgaga geccagtgtta gactgeccgat tcectgcataga gagatcatct aaatgggcag 1080

aagcctgcac aatttatgaa gtgctgattt aacaccagec tatgcaaggt agtgt 1135

<210> SEQ ID NO 54

<211> LENGTH: 1135

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: Bisulfite converted genomic DNA from
chr5:138210300-138211434

<400> SEQUENCE: 54

tatgggttat ttaaaaaaaa taattattat taatattata gtaaaagatt ttattgtata 60
taatttattt tttatttatt gtagaaaaat taattttatt ggtatgattg gattaaaatt 120
taagttattt aaaaagaaga taaaatatgt ttttgttatt atcgatatat gtttttattt 180
aaattttaaa atttaaaata tgatggtgat tttttttata aaatgtgaat tcggtagttt 240
attttaaaag cgtgattttt tgttgaatgt ataagatata taaatgtata gatttattta 300
tttttttgag tatattggag gttgtattta gtcgcggttg ttagatttaa cgtagtgagt 360
ttgtaaaagg ttttaatatg taggagtttt tgattagttt tttgtttttt gtgttttagg 420
ttttttaagt aaaattgaat ttattaggac gagttgtttt ttttttagga tatttttttg 480
gaaagtattg gttttatttt ttgtgattgt tttgattttt aaattagttt tgaatataag 540
ttattaaatt tttttatttt taattgttta gttggttaat taaagtttta gttttttttt 600
cgtagtcgtt agtttttttg gttttaattt gttgatggta gatgggtggt ttgttgtaga 660
gaagagtttt tggagtagta tgagtgtatt tattgaaaag ttttttcgag aaacggtata 720
agaatggatt tgtttatgtg ttgcgattat atagaattgt atataggttg acgttatcgg 780
atgacgtgtt ttttgtttgg gttttttaga agttttattg ttataaagta ttatgttttg 840
taatagtatc ggggtcgttg taggattttt tgattataat aaagcgagaa agaagaattt 900
ttgatttaaa aatatgatat ttttttagtg taggaagtag tagtgaggtt gtaataaagg 960

ttgtatttaa gaagatttat ttgaatagtg agttgggtta gtagagtgat gatttttaat 1020
gtttgtgaga gttagtgtta gattgtcgat tttgtataga gagattattt aaatgggtag 1080

aagtttgtat aatttatgaa gtgttgattt aatattagtt tatgtaaggt agtgt 1135

<210> SEQ ID NO 55

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chr5:138210300-138211434

<400> SEQUENCE: 55

aaaatgtgaa ttcggtagtt tatttt 26

<210> SEQ ID NO 56

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Rl Primer for Bisulfite converted genomic DNA
from chr5:138210300-138211434

<400> SEQUENCE: 56

cccaactcac tattcaaata aatcttce 27
<210> SEQ ID NO 57

<211> LENGTH: 614

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 57

agtaggtaac aagataaaag gagctccctc cctgatgact acagagccat cgtggcagcec 60
ctgggectece atttcagacg ttcatcttge ctaagccacc accatcaggg tctcagtcag 120
tcatcattct catttactcg ggtggetggg tgagggcgga atactacctt ccagetgtcet 180
gagattaagc ctaagccacc accatcaggg tctcagtcag tcatcattct catttacteg 240
ggtggctggg cgagggcgga atactacctt ccagctgtct gagattaagc agaacagcag 300
ctaaagcagt aacagcaggt ctccttcage agcttgccac agggaagagg gtcccgegtg 360
aaccgaactc aacttccacce tgcgcagagg tagctaccat ttgegtagag gtagetgggt 420

ctttaaggtt agagggaagg cgcagggagg gagagacggc gggtgggggt tgaacaaagt 480

ggagattcac aaaagcagac tagggcgggc gacgtgatca gatgacctgt gegggeggeca 540
gectectgee ctectecect tegtgcgecy gctggagcga agagttcttt tgacageegt 600
gagcttccee geca 614

<210> SEQ ID NO 58

<211> LENGTH: 614

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from
chr5:180257441-180258054

<400> SEQUENCE: 58

agtaggtaat aagataaaag gagttttttt tttgatgatt atagagttat cgtggtagtt 60
ttgggttttt attttagacg tttattttgt ttaagttatt attattaggg ttttagttag 120
ttattatttt tatttattcg ggtggttggg tgagggcgga atattatttt ttagttgttt 180
gagattaagt ttaagttatt attattaggg ttttagttag ttattatttt tatttattcg 240
ggtggttggg cgagggcgga atattatttt ttagttgttt gagattaagt agaatagtag 300
ttaaagtagt aatagtaggt tttttttagt agtttgttat agggaagagg gtttcgcgtg 360
aatcgaattt aatttttatt tgcgtagagg tagttattat ttgcgtagag gtagttgggt 420

ttttaaggtt agagggaagy cgtagggagy gagagacgge gygtgggggt tgaataaagt 480

ggagatttat aaaagtagat tagggcgggc gacgtgatta gatgatttgt gcgggeggta 540
gttttttgtt tttttttttt tcgtgcgtcg gttggagcga agagtttttt tgatagtegt 600
gagtttttte gtta 614

<210> SEQ ID NO 59

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223 > OTHER INFORMATION: F1l Primer for Bisulfite converted genomic DNA
from chr5:180257441-180258054

<400> SEQUENCE: 59

tegtggtagt tttgggtttt 20

<210> SEQ ID NO 60

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chr5:180257441-180258054

<400> SEQUENCE: 60

ccctacgect tceccectctaac ¢ 21
<210> SEQ ID NO 61

<211> LENGTH: 1522

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 61

gaagttggag gatagacaca ggataaccag gcttttactg gtttttggca cctttctggg 60
gtaagttgat agggactata aggagttctc ctaacagaaa ctgacagtaa cagaaactga 120
caggattctc cggcccgtgg caattgtgga agattactga ggaagttagt actggaaata 180
atggtcctga aatgttattt cgttgttgct ggctgctcte tacaaaaaag actgagaaga 240
gagtatagag cgatagtata tgaaagaggg tagggaggaa tgatttaagt cttaaacatt 300
ccacagtatg taaggctttt acattataaa atgtaaacag gaccttgatg ttagatgtat 360
gataatctaa tgtgaaatgt acaaaatctc ccactaagag gctttataag aaatagctta 420
gcatttattt tcaatgactt taaaaatgtc ctgacgggat ctaagtaaca caatatttgg 480
attgtttttt aaggtaatgt tgagcccaca gttttttaca ggtagtgtgc tagtatgtcc 540
tatctcattt tgtaactatt atttttcaca ttttatagat gagaaaattg agctgtagtg 600
aagttaacta tcttgctaaa gatcacatag taagtggtag aaccaggatt ttaacgcaca 660
ttttattcca gggccctagt tcttaatgct taaacttgat tatgtcactg aaaatattcce 720
tatgggatat aacatcagaa aagatagcgc ttgtacacca caactctaaa gttggtggcg 780
ggggaaacgg ggagacctag cacccttcta gaagattaat ccaccaacat ttcaaaatct 840
tgtaaggagc tgcgacccgce taggacggga gcctactgeg ccctcaaacc ccgceggeggce 900
tccctecceg gagggggege gtgaggecac cacccagage ctcttectag aggagccgga 960

agcatcggga gccgeggtac ccgcccatct teccggccagg atgtgtggtce ctggtgageg 1020
attgtcctgt ggcgtecggg accgagtttg tggeccaggg ttatgtgtge acttcacacc 1080
tctgactttt ttcagggttc ctattgatgg ttaggagcag gatttcgggg atgaaggcgg 1140
cagcagcaag aggaggctgce gactgecggac cccagatteg tcccccteca ccacacacaa 1200
cgccaagacg ggccccagga gggcgtgaag agaagactte ctttectecte ctetegecte 1260
ctggcgetgg ccgtatgaag gtgtctccca gaagcattag cagaggagec ctgtgggaga 1320
aatgaggtgt atagtcacac ttaaatctgt ttatgctgte attgaacctc taaacacaat 1380

tggatcattt tctaatgatc agaagtgtta tctgtagatg tatttgtagt gagacacatt 1440
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agcatgcttg ctttggtgtc ttaattttat aatatttgta gtcaagcgtc acattgtttce 1500

tattgttaaa cttaaaaaaa gt 1522

<210> SEQ ID NO 62

<211> LENGTH: 1522

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from
chr6:28057937-28059458

<400> SEQUENCE: 62

gaagttggag gatagatata ggataattag gtttttattg gtttttggta tttttttggg 60
gtaagttgat agggattata aggagttttt ttaatagaaa ttgatagtaa tagaaattga 120
taggattttt cggttcgtgg taattgtgga agattattga ggaagttagt attggaaata 180
atggttttga aatgttattt cgttgttgtt ggttgttttt tataaaaaag attgagaaga 240
gagtatagag cgatagtata tgaaagaggg tagggaggaa tgatttaagt tttaaatatt 300
ttatagtatg taaggttttt atattataaa atgtaaatag gattttgatg ttagatgtat 360
gataatttaa tgtgaaatgt ataaaatttt ttattaagag gttttataag aaatagttta 420
gtatttattt ttaatgattt taaaaatgtt ttgacgggat ttaagtaata taatatttgg 480
attgtttttt aaggtaatgt tgagtttata gttttttata ggtagtgtgt tagtatgttt 540
tattttattt tgtaattatt attttttata ttttatagat gagaaaattg agttgtagtg 600
aagttaatta ttttgttaaa gattatatag taagtggtag aattaggatt ttaacgtata 660
ttttatttta gggttttagt ttttaatgtt taaatttgat tatgttattg aaaatatttt 720
tatgggatat aatattagaa aagatagcgt ttgtatatta taattttaaa gttggtggcg 780
ggggaaacgg ggagatttag tattttttta gaagattaat ttattaatat tttaaaattt 840
tgtaaggagt tgcgattcgt taggacggga gtttattgeg tttttaaatt tcgcggeggt 900
tttttttteg gagggggcge gtgaggttat tatttagagt ttttttttag aggagtcgga 960

agtatcggga gtcgcggtat tcegtttattt ttecggttagg atgtgtggtt ttggtgageg 1020
attgttttgt ggcgttcggg atcgagtttg tggtttaggg ttatgtgtgt attttatatt 1080
tttgattttt tttagggttt ttattgatgg ttaggagtag gatttcgggg atgaaggcgg 1140
tagtagtaag aggaggttgc gattgcggat tttagattcg ttttttttta ttatatataa 1200
cgttaagacg ggttttagga gggcgtgaag agaagatttt tttttttttt ttttegtttt 1260
ttggcgttgg tcegtatgaag gtgtttttta gaagtattag tagaggagtt ttgtgggaga 1320
aatgaggtgt atagttatat ttaaatttgt ttatgttgtt attgaatttt taaatataat 1380
tggattattt tttaatgatt agaagtgtta tttgtagatg tatttgtagt gagatatatt 1440
agtatgtttg ttttggtgtt ttaattttat aatatttgta gttaagcgtt atattgtttt 1500

tattgttaaa tttaaaaaaa gt 1522

<210> SEQ ID NO 63

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chré6:28057937-28059458
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<400> SEQUENCE: 63

ttegttgttg ttggttgttt tt

<210> SEQ ID NO 64
<211> LENGTH: 22

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA

from chré6:28057937-28059458

<400> SEQUENCE: 64

cgttaaaatc ctaattctac ca

<210> SEQ ID NO 65
<211> LENGTH: 26

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: F2 Primer for Bisulfite converted genomic DNA

from chré6:28057937-28059458

<400> SEQUENCE: 65

tgagaaaatt gagttgtagt gaagtt

<210> SEQ ID NO 66
<211> LENGTH: 22

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223 > OTHER INFORMATION: R2 Primer for Bisulfite converted genomic DNA

from chré:28057937-28059458

<400> SEQUENCE: 66

cacctcattt ctcccacaaa ac

<210> SEQ ID NO 67
<211> LENGTH: 892

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 67

acacattttc

agtatgatcc

tctataaagt

catgatgttg

ccagaagatc

ggagagtcgyg

gtgegegeey

acccggacca

caggccaatg

cceteggece

acaggaccygyg

agaggaattg

geteggetet

aaattttcag

atgctacaaa

gtttectteg

aagccccact

cgcagaatca

gacccatcetg

gcagaggcett

ctggcatctce

tgcagcgtet

ccaagaaggg

tcatgcccat

caaagctttc

tcggcatatg

agctttectt

actcgccata

taggagggcce

tccacaagga

aggcccggea

gcecattgty

cagcctggag

tgtggatceg

gaatgagtat

agacagttct

caagaatgta

gctagtcetece

ggcaaaaaga

agactaaaac

aaaccttact

gtaggcagee

ctggcagcag

agccaaaggg

ctgtgeccty

ctcagggtgg

aggaggcaga

tgctccaaac

gctgaagaac

aggagaaagc

gcatggccgg

gccaaggaag

tttaccatca

atgtaacact

atggcgecea

cgtgtggceca

cgctgeateg

ctgtgegtta

cgggcattca

acaagtccac

tcatcctett

agaaattgge

ccgagtcate

tgccaatgcet

ctgaaaaaca

gtcctaaggt

gctatagaaa

gcaggaatgg

cgtggttcaa

ccecegegecce

tcacatcaag

caagaaggtg

cgattccctg

ccccagaaag

cacccagety

actgagaagt

tggcggcaat

ggatgtgtga

22

22

26

22

60

120

180

240

300

360

420

480

540

600

660

720

780
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aagcaaaaat aaagccctct tggggacttg taataaatac gttttaaaag aaatctataa 840
agtttaaact gattcttcct ctgacagaga aaggcagttt cttaacagat ag 892

<210> SEQ ID NO 68

<211> LENGTH: 892

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from
chré:28829033-28829924

<400> SEQUENCE: 68

atatattttt aaatttttag agtttttttt agattaaaat tttattatta gttttaaggt 60
agtatgattt atgttataaa attcgttata aaattttatt atgtaatatt gttatagaaa 120
tttataaagt gtttttttcg taggagggtc gtaggtagtt atggcgttta gtaggaatgg 180
tatgatgttg aagttttatt tttataagga ttggtagtag cgtgtggtta cgtggtttaa 240
ttagaagatt cgtagaatta aggttcggta agttaaaggg cgttgtatcg tttcgegttce 300
ggagagtcgg gatttatttg gtttattgtg ttgtgttttg ttgtgcgtta ttatattaag 360
gtgcgegteg gtagaggttt tagtttggag tttagggtgg cgggtattta taagaaggtg 420
attcggatta ttggtatttt tgtggattcyg aggaggtaga ataagtttat cgattttttg 480
taggttaatg tgtagcgttt gaatgagtat tgttttaaat ttattttttt ttttagaaag 540
ttttcggttt ttaagaaggg agatagtttt gttgaagaat agaaattggt tatttagttg 600
ataggatcgg ttatgtttat taagaatgta aggagaaagt tcgagttatt attgagaagt 660
agaggaattg taaagttttc gttagttttc gtatggtcgg tgttaatgtt tggcggtaat 720
gttcggtttt tcggtatatg ggtaaaaaga gttaaggaag ttgaaaaata ggatgtgtga 780
aagtaaaaat aaagtttttt tggggatttg taataaatac gttttaaaag aaatttataa 840
agtttaaatt gatttttttt ttgatagaga aaggtagttt tttaatagat ag 892

<210> SEQ ID NO 69

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chré6:28829033-28829924

<400> SEQUENCE: 69

agcegtgtggt tacgtggttt 20

<210> SEQ ID NO 70

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chré6:28829033-28829924

<400> SEQUENCE: 70
ccaaacatta acaccgacca 20
<210> SEQ ID NO 71

<211> LENGTH: 1198
<212> TYPE: DNA
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<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 71
ceggttteee acgggttetg gecttggggg aagggctatt cgggecgget ggtccctcaa 60
aggcgggaag cgttgcccag gagaccaccg gcctgcagga agtgttgcce tggtgacgtce 120

accagtgcge gggagggaca atggggeatt gttectggggt cggtgagacc gggagacagt 180

ctcececccac gagattecce ceccttteca cagacactgt gttecatgee agttecccag 240

taagctggag cggagggcca gtgtggtgtt gagggtggga gttggggggg gaaactcacg 300

cggccegtac ttccaccgca tctcagattg accgecgtaa cagcaggatg agagggaatg 360
ccectetget geacctatat tttgcacget atctcccace ccatctgete aacttetceta 420
tagcatacat caccccttce tctacatacc ccatttatet ctggecccca cgtetgettg 480
ggctgcaatce agttcttcaa ccaggtctte caccgecage ctggcageca geatcaaggg 540
tgtggteceg tectetgtge gagegtecac tgcagtttgt ctgetacgga gcagaagetyg 600
gggagacaga gggccagtga ccectggggt accttggact gcecaactcga gttecttaca 660
ctattaacce cactcgcaat ccatattcag ccatccteeg cagtttccet gtcaggttec 720
caatcacacc aatttcctce ttgtcaaact ctaggggatg cttctgtcca getttacttg 780
taagctcgee ccattcectyg tagggaccte agtgtgtget aacctggcag accteccgag 840
catcagcage cacagcagca tgaaggggtg tgcgeccctge ceggtetgge tggttggggt 900

tggctccage ctcaaggagg cggcegggcag cggttggeeg ggagaatcgg gcagccaggt 960

gcaggggggt ctccccagtg cccacggtgt gagcctgggg acaggcccct ccatccagea 1020

gaggttcecca gggctcagga catcccaacc atgccccttg gaaggtcccg gactgtactt 1080

ccccacagca aactgctgac atcaggggtg tcaccccatc tgttggtaag acagagtaat 1140

gggtcaatct aaaggacaca acaaggggga agggacaaca tgtaagctca gagagaat 1198

<210> SEQ ID NO 72

<211> LENGTH: 1198

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: Bisulfite converted genomic DNA from
chr6:32164253-32165450

<400> SEQUENCE: 72

tcggtttttt acgggttttg gttttggggg aagggttatt cgggtcggtt ggttttttaa 60

aggcgggaag cgttgtttag gagattatcg gtttgtagga agtgttgttt tggtgacgtt 120

attagtgcge gggagggata atggggtatt gttttggggt cggtgagatc gggagatagt 180

ttttttttac gagatttttt ttttttttta tagatattgt gttttatgtt agttttttag 240

taagttggag cggagggtta gtgtggtgtt gagggtggga gttggggggg gaaatttacg 300

cggttecgtat ttttatcgta ttttagattg atcgtcgtaa tagtaggatg agagggaatg 360
tttttttgtt gtatttatat tttgtacgtt attttttatt ttatttgttt aattttttta 420
tagtatatat tatttttttt tttatatatt ttatttattt ttggttttta cgtttgtttg 480
ggttgtaatt agttttttaa ttaggttttt tatcgttagt ttggtagtta gtattaaggg 540
tgtggttteg ttttttgtge gagegtttat tgtagtttgt ttgttacgga gtagaagttg 600

gggagataga gggttagtga tttttggggt attttggatt gttaattcga gttttttata 660
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ttattaattt tattcgtaat ttatatttag ttatttttcg tagttttttt gttaggtttt 720
taattatatt aatttttttt ttgttaaatt ttaggggatg tttttgttta gttttatttg 780
taagttcgtt ttattttttg tagggatttt agtgtgtgtt aatttggtag atttttcegag 840
tattagtagt tatagtagta tgaaggggtg tgcgttttgt tcggtttggt tggttggggt 900

tggttttagt tttaaggagg cggcgggtag cggttggteg ggagaatcgg gtagttaggt 960
gtaggggggt ttttttagtg tttacggtgt gagtttgggg ataggttttt ttatttagta 1020
gaggttttta gggtttagga tattttaatt atgttttttg gaaggtttcg gattgtattt 1080
ttttatagta aattgttgat attaggggtg ttattttatt tgttggtaag atagagtaat 1140

gggttaattt aaaggatata ataaggggga agggataata tgtaagttta gagagaat 1198

<210> SEQ ID NO 73

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chré6:32164253-32165450

<400> SEQUENCE: 73

agatattgtg ttttatgtta gttttt 26

<210> SEQ ID NO 74

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chr6:32164253-32165450

<400> SEQUENCE: 74

ctatccccaa actcacacc 19
<210> SEQ ID NO 75

<211> LENGTH: 731

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 75

catcttccca tggaagatcce ttgagataat ttcatgggga gaagaggact ttccacgcag 60
gacatcagtt gctttgctcc caaagttctc taaaagcgtt catatgtatt gtgcctggaa 120
ttttattatg tacatttaca tgttaagttg ttttcaccgg cccacgtttt ccaccatgtg 180
ctcgtgataa ttgagcttce agaaggcagg tctggatagt agattaggag ggtggtcccce 240
atttcacagg cggtgatgag aggctctgag cctgagccag catcgtgagg aagtcaacaa 300
tagacggaaa cacggctcge geccagcatce gecccacegt gcagtgageg gcccttecta 360
cggaaattgg tgaaacactt gactttctgt ttcttaaata ctttaagggc ataaaatcac 420
atgtactgct ttgaaagtag aaatcccaga tgtattgagt cagaacttct gtaagtgage 480
cgaggcacag dgcagcatgaa aacagtcctg gcgggcateg acaggcccgg gccgaagaac 540
ttctgcttta cacccttcca gttaacaaca tatcccttat attaattgtg tgggtatgtt 600
attattctat agaaacatat ataacaaatt cttatgtaat tatactgtga tcattaatca 660

tataatttta tgaatcgtgt atgttcttat tttatagaaa cttaaccagg atatacaggc 720
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gtttcattet

t

<210> SEQ ID NO 76
<211> LENGTH: 731

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Bisulfite converted genomic DNA from

chr6:168393680-168394410

<400> SEQUENCE: 76

tattttttta
gatattagtt
ttttattatg
ttegtgataa
attttatagg
tagacggaaa
cggaaattgyg
atgtattgtt
cgaggtatag
ttttgtttta
attattttat
tataatttta

gttttatttt

tggaagattt
gttttgtttt
tatatttata
ttgagttttt
cggtgatgag
tacggttege
tgaaatattt
ttgaaagtag
gtagtatgaa
tattttttta
agaaatatat
tgaatcgtgt

t

<210> SEQ ID NO 77
<211> LENGTH: 23

<212> TYPE:

DNA

ttgagataat
taaagttttt
tgttaagttg
agaaggtagg
aggttttgag
gtttagtatc
gattttttgt
aaattttaga
aatagttttg
gttaataata
ataataaatt

atgtttttat

tttatgggga
taaaagcgtt
tttttatcgg
tttggatagt
tttgagttag
gttttatcegt
tttttaaata
tgtattgagt
gegggtateg
tattttttat
tttatgtaat

tttatagaaa

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA

from chr6:168393680-168394410

<400> SEQUENCE: 77

tggatagtag attaggaggyg tgg

<210> SEQ ID NO 78
<211> LENGTH: 20

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223 > OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA

from chré6:168393680-168394410

<400> SEQUENCE: 78

aaattctteg

acccgaacct

<210> SEQ ID NO 79
<211> LENGTH: 656

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 79

gaagaggatt
tatatgtatt
tttacgtttt
agattaggag
tatcgtgagyg
gtagtgagceg
ttttaagggt
tagaattttt
ataggttcgg
attaattgtg
tatattgtga

tttaattagg

ttttacgtag
gtgtttggaa
ttattatgtg
ggtggttttt
aagttaataa
gtttttttta
ataaaattat
gtaagtgagt
gtcgaagaat
tgggtatgtt
ttattaatta

atatataggc

gecttecagg ggecttegga tccagtgagg acccctgatce ccactgccce ttcatggagce

731

60

120

180

240

300

360

420

480

540

600

660

720

731

23

20

60
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tcactgcagg gggcacagac cccaaacagg gccccggatg ctggggaaga cccectggte 120
actgcagtcce ccaccagcag ctecctgggca ggcagagcecce aggctgtcte agcccecgag 180

tcagggcaga gccagcaacyg gcacgtggge ccctcatggg ctgggaggece aggcgeccge 240
cgetttectyg cggcactgtt ggctcacace caaaccctge acccageteg tgeteggggt 300
atetetgegg ggtgggecct ctgctgagtyg ggttcacgga gtgagtcaac ggagggeggt 360

gcecagtgag getgggattyg aaccagggcea ggaagcatgg ggggecggga gggeaccecag 420

tgggccaaca cgtctttece ctgtgacagyg tacgaggggyg teggtgcgaa cagtcagget 480
gggccetgtyg tggttgtcac ctetcattece caccegtceegg gcagatgggg agactgagge 540
ttggagggge gggtgttggt gaaggcgget gatgtgatac cgagcaggece tcatteccte 600
tctccacaac ctcccgatce caggatgete agaggactgg gtcetcagget tcccca 656

<210> SEQ ID NO 80

<211> LENGTH: 656

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from
chr7:965129-965784

<400> SEQUENCE: 80

gttttttagg ggttttcgga tttagtgagg atttttgatt ttattgtttt tttatggagt 60
ttattgtagg gggtatagat tttaaatagg gtttcggatg ttggggaaga ttttttggtt 120
attgtagttt ttattagtag tttttgggta ggtagagttt aggttgtttt agttttcgag 180
ttagggtaga gttagtaacg gtacgtgggt tttttatggg ttgggaggtt aggcgttcgt 240
cgtttttttg cggtattgtt ggtttatatt taaattttgt atttagttcg tgttcggggt 300

atttttgegg ggtgggtttt ttgttgagty ggtttacgga gtgagttaac ggagggeggt 360

gtttagtgag gttgggattyg aattagggta ggaagtatgg ggggtcggga gggtatttag 420

tgggttaata cgtttttttt ttgtgatagg tacgaggggg tcggtgcgaa tagttaggtt 480
gggttttgtg tggttgttat tttttatttt tatcgttcgg gtagatgggg agattgaggt 540
ttggaggggc gggtgttggt gaaggcggtt gatgtgatat cgagtaggtt ttattttttt 600
tttttataat ttttcgattt taggatgttt agaggattgg gttttaggtt ttttta 656

<210> SEQ ID NO 81

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chr7:965129-965784

<400> SEQUENCE: 81

ggttaggcgt tcgtegtttt tttg 24

<210> SEQ ID NO 82

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chr7:965129-965784

<400> SEQUENCE: 82
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tatcacatca accgccttca cc 22
<210> SEQ ID NO 83
<211> LENGTH: 884
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 83
cgtggggtte cctcccaagg acagaccacce aggggcetegg gaatgggcag agtcctaccg 60
aaaaggccat gaggctccga ctggcgecte tecgtgectte gattttggte cttgtgttte 120
ttgttgctee tgaggctcce aaagegette atgggtaget gtggccacag gagtggcegac 180
aggtgaacat atcaggaccc acagaaccgg tgtcageccce aggtggccgg gagccagagg 240
agcatcagcc cgacaggcac agggcgeccce aaaagctcag agtggcagec tgtgctcagg 300
tgacagcceg ggttcaageg tectcaccag ggggtcttea gggegacctce accgcagccce 360
cagagtctgt gaggcgccag ggagtggagce cgtcctgacg gggctgcacc tccggccaca 420
gcagctggag cgtcagcccg gectgtectta agtagcaaga agctgccgga agcgcaaaca 480
gaacttcgca ggggatttgt tgatgtagtt aaggtcagct gctcactgat actctceccagg 540
getttttttt tttttttttt tctecttaaa attaaaaaaa ggagggaaga ccagataggce 600
aaaggaggca caagcctgca agtcatgtge agccgtgeat gatgtctctt taaacagact 660
gtaaaaggaa accaccctgg gcagacaatt cttggcacca attggccaga gcacattccce 720
attgtgacat gacatcacac aactattttg attcatgggt tccagggccc cacggggtca 780
gaaggcteceg gectgectgecg ggtggagaag ccacacaagt ccctgggctg gaaattgetg 840
aatctaccct ggctcacggt tccactcaat gaaagcagca atge 884
<210> SEQ ID NO 84
<211> LENGTH: 884
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223 > OTHER INFORMATION: Bisulfite converted genomic DNA from

chr7:151432928-151433811
<400> SEQUENCE: 84
cgtggggttt ttttttaagg atagattatt aggggttcgg gaatgggtag agttttatcg 60
aaaaggttat gaggtttcga ttggcgtttt ttcgtgtttc gattttggtt tttgtgtttt 120
ttgttgtttt tgaggttttt aaagcgtttt atgggtagtt gtggttatag gagtggcgat 180
aggtgaatat attaggattt atagaatcgg tgttagtttt aggtggtcgg gagttagagg 240
agtattagtt cgataggtat agggcgtttt aaaagtttag agtggtagtt tgtgtttagg 300
tgatagttcg ggtttaagecyg tttttattag ggggttttta gggcgatttt atcgtagttt 360
tagagtttgt gaggcgttag ggagtggagt cgttttgacg gggttgtatt ttcggttata 420
gtagttggag cgttagttcg gttgttttta agtagtaaga agttgtcgga agcgtaaata 480
gaatttcgta ggggatttgt tgatgtagtt aaggttagtt gtttattgat attttttagg 540
gttttttttt tttttttttt tttttttaaa attaaaaaaa ggagggaaga ttagataggt 600
aaaggaggta taagtttgta agttatgtgt agtcgtgtat gatgtttttt taaatagatt 660
gtaaaaggaa attattttgg gtagataatt tttggtatta attggttaga gtatattttt 720
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attgtgatat gatattatat aattattttg atttatgggt tttagggttt tacggggtta 780
gaaggtttcg gttgttgtcg ggtggagaag ttatataagt ttttgggttg gaaattgttg 840
aatttatttt ggtttacggt tttatttaat gaaagtagta atgt 884

<210> SEQ ID NO 85

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chr7:151432928-151433811

<400> SEQUENCE: 85

aggtggtcgg gagttagagg 20

<210> SEQ ID NO 86

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chr7:151432928-151433811

<400> SEQUENCE: 86

cccaaaataa tttectttta caatce 25

<210> SEQ ID NO 87

<211> LENGTH: 1327

<212> TYPE: DNA

<213 > ORGANISM: Homo sapiens

<400> SEQUENCE: 87

cggcgacaaa ccagcaggaa aatttctccee cgeggetget ctggecagec cttcageccce 60

agcctgegte ttgcaccgga tgggtccagg ggagetcegg gcetcecgegeg gcgatgacge 120

ccttggecagyg caaagaggga ggtgcaaggg gagggaacga ggagccgagce tggggegcag 180

atgggggtgg ggtcgggatg ctagtacgta ccgaagaggce tgtggtcctg ccgggtgecce 240

tgcacgctge cgtcegggcag gatctgcagg tggaagcegg tgcggcaata gagctgecgg 300

cggegecagga tgcegtgcag gtgegecage tgegecagece ceggeccgec gegegagete 360
cgetecgeeyg cgctectgeg ctcegeccage ageggeggece gcetecccgge aggaggcaac 420
aggaaatgcg aacccacctg ctggecccaag ccctccagge cgeccagaaa gcccccgact 480
tecggctaagg gagccatgga gggggagatc cggaacacaa aagacccccce cagtaaagag 540
tgttgtgggy gtgggatgga ggtggataga gaaaaattat agcaaaacga gcgcaaaaag 600
ttaaggceccg gttactcctce tgaggtcgcet ccggagggac tttgcactga aatggcaggg 660
aagctctcac tgtcttggag cgatcttete tecttgggta ggtgggagee ggetgetgge 720
tctgcagaaa tatctatage tgccgetgece aatactagga ctagggcetgt tggetgggge 780
tccaattceg caaactgatc agatcagagt cctgtgtaca tacacaccga gtatataage 840
gggtcctett gacatatgct aatcaagtcece tttcatgege getggggagg ttcectgtttga 900
aatcttaaac cggtctecctc tcaacacgtt tttgctctte ggaagtgacc aaaaggggcc 960

cttggcactt ctccatccat gecctcacaa aaaccattec tgcacttgge caaagecage 1020

cagcaacttc gaggaggtgc agtcgaggcc cctectttggg gttgteccttg ggacageggt 1080
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gatgctgttc agctgcggcce gtgcaaccgt ctttgatgtg agectttgcag tgataaatcg 1140

cctctaaaag gagcccaact tggcagggat atagaagaag aggaagggag gagggaggga 1200

aggcggggag ggagagaaag agaaggaggg cattggtagg aggaggaaag agaaaaggag 1260

aattggactc cttgggagcce tgcagtggac aggtgcaaag aaaggtaagc aagggagaag 1320

gaaaaag 1327

<210> SEQ ID NO 88

<211> LENGTH: 1327

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from
chr8:16859045-16860371

<400> SEQUENCE: 88

cggcgataaa ttagtaggaa aatttttttt cgeggttgtt ttggttagtt ttttagtttt 60

agtttgcgtt ttgtatcgga tgggtttagg ggagtttegg gtttegegeg gcgatgacgt 120

ttttggtagg taaagaggga ggtgtaaggg gagggaacga ggagtcgagt tggggegtag 180

atgggggtgg ggtcgggatg ttagtacgta tcgaagaggt tgtggttttg tegggtgttt 240

tgtacgttgt cgtcgggtag gatttgtagg tggaagtcgg tgcggtaata gagttgtcegg 300
cggcgtagga tgtegtgtag gtgegttagt tgegtagttt teggttegte gegegegttt 360
cgtttcgteg cgtttttgeg ttegtttagt agecggeggte gttttteggt aggaggtaat 420
aggaaatgcg aatttatttg ttggtttaag ttttttaggt cgtttagaaa gttttcgatt 480
tcggttaagg gagttatgga gggggagatt cggaatataa aagatttttt tagtaaagag 540
tgttgtgggg gtgggatgga ggtggataga gaaaaattat agtaaaacga gcgtaaaaag 600
ttaaggttcg gttatttttt tgaggtcgtt tcggagggat tttgtattga aatggtaggg 660
aagtttttat tgttttggag cgattttttt tttttgggta ggtgggagtc ggttgttggt 720
tttgtagaaa tatttatagt tgtcgttgtt aatattagga ttagggttgt tggttggggt 780
tttaatttcg taaattgatt agattagagt tttgtgtata tatatatcga gtatataagc 840
gggttttttt gatatatgtt aattaagttt ttttatgcgce gttggggagg ttttgtttga 900
aattttaaat cggttttttt ttaatacgtt tttgtttttc ggaagtgatt aaaaggggtt 960

tttggtattt ttttatttat gtttttataa aaattatttt tgtatttggt taaagttagt 1020
tagtaatttc gaggaggtgt agtcgaggtt tttttttggg gttgtttttg ggatagcggt 1080
gatgttgttt agttgcggtc gtgtaatcgt ttttgatgtg agttttgtag tgataaatcg 1140
tttttaaaag gagtttaatt tggtagggat atagaagaag aggaagggag gagggaggga 1200
aggcggggag dgagagaaag agaaggaggg tattggtagg aggaggaaag agaaaaggag 1260
aattggattt tttgggagtt tgtagtggat aggtgtaaag aaaggtaagt aagggagaag 1320

gaaaaag 1327

<210> SEQ ID NO 89

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chr8:16859045-16860371
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<400> SEQUENCE: 89
tttgtcgggt gttttgtacy
<210> SEQ ID NO 90

<211> LENGTH: 20
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

20

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA

from chr8:16859045-16860371

<400> SEQUENCE: 90

taaaacccca accaacaacce

<210> SEQ ID NO 91

<211> LENGTH: 18
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

20

<223> OTHER INFORMATION: F2 Primer for Bisulfite converted genomic DNA

from chrg8:16859045-16860371
<400> SEQUENCE: 91
gtgggagteg gttgttgg
<210> SEQ ID NO 92

<211> LENGTH: 19
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

18

<223 > OTHER INFORMATION: R2 Primer for Bisulfite converted genomic DNA

from chr8:16859045-16860371
<400> SEQUENCE: 92

accgcaacta aacaacatc

<210> SEQ ID NO 93

<211> LENGTH: 851

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 93

gcagggggca ggaggaccag caaaagtgaa
gaaaggceggg gaggggtagg gggcaggggt
ggggtagggg aggggagggt gcggggaggy
ggcagagaag ccagcgagga gtgaggctgce
cagaccccct cgggagctge tgccaggceca
geectgegeg gggetggtte ccegaggecgyg
tcgtgecectt cceggectegg ggattaccte
cgccteccace ctagegettg tecttggetcece
cagaggcgcce ccctectgagg ggctggeccce
gaccgeectt ccttggagee ccgecgeccg
cgtggtgtte cccaggetct ggecccccag
gccgacttece gtaaactggg cggagggatg

cctctegetg cagggttetg cectcaacac

gctgtgaaga

aggggagtgg

gaggggaggy

caggacatag

ggacagtgtc

gttgtccagy

tctggctggt

tagaaccagg

tcagccgcac

ccgeteacte

gacctgegey

aaccccgace

ttctggecee

ggcagggtgyg

ggggagggga

tgcggggagy

tggggacttc

tggcaggcac

tcgeggtetyg

ccectectee

ggCCtggan

tccgagacag

tgcacacgeca

gatctggece

caggggacgg

gcctgtgaat

ggcagagtgg

ggggagggty

ggacgggcaa

cceggcaccec

ctgaagtccc

gegtgagtece

gtgctcetgeg

ctgctcaggg

cegececegg

gcagaaggga

agggegecte

aggcgctege

gggggecgga

19

60

120

180

240

300

360

420

480

540

600

660

720

780
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gcgatgggge ggggecggec teecteccte cteccagget gacctetgee ctecttegag 840

cacttccegt t 851

<210> SEQ ID NO 94

<211> LENGTH: 851

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: isulfite converted genomic DNA from
chr8:144635010-144635860

<400> SEQUENCE: 94

gtagggggta ggaggattag taaaagtgaa gttgtgaaga ggtagggtgg ggtagagtgg 60

gaaaggcggyg gaggggtagg gggtaggggt aggggagtgg ggggagggga ggggagggty 120

g9g9gtagggy aggggagggt gcggggaggyg gaggggaggg tgcggggagg ggacgggtaa 180

ggtagagaag ttagcgagga gtgaggttgt taggatatag tggggatttt tteggtattt 240

tagatttttt cgggagttgt tgttaggtta ggatagtgtt tggtaggtat ttgaagttte 300

gttttgcgeg gggttggttt tcgaggtecgg gttgtttagg tcgeggtttg gegtgagttt 360

tcgtgttttt ttcggttcgg ggattatttt tttggttggt ttttttttte gtgttttgeg 420
cgtttttatt ttagecgtttg ttttggtttt tagaattagg ggtttggacyg ttgtttaggg 480
tagaggcgtt ttttttgagg ggttggtttt ttagtcgtat ttcgagatag tcgttttegg 540
gatcgttttt ttttggagtt tcgtegttcecg tcgtttattt tgtatacgta gtagaaggga 600
cgtggtgttt tttaggtttt ggttttttag gatttgcgeg gatttggttt agggegttte 660
gtcgatttte gtaaattggg cggagggatyg aatttcgatt taggggacgg aggcgttegt 720
tttttegttg tagggttttg tttttaatat ttttggtttc gtttgtgaat gggggtcgga 780
gcgatgggge ggggteggtt tttttttttt tttttaggtt gatttttgtt ttttttegag 840
tatttttegt t 851

<210> SEQ ID NO 95

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chr8:144635010-144635860

<400> SEQUENCE: 95

ggggacgggt aaggtagaga ag 22

<210> SEQ ID NO 96

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chr8:144635010-144635860

<400> SEQUENCE: 96
aaacgcccta aaccaaatcee 20
<210> SEQ ID NO 97

<211> LENGTH: 757
<212> TYPE: DNA
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<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 97
cttgggctaa gggcggagece taggetaggg geggagectt agtggggegg ggaaggggcyg 60

gggectaage tacgggceggg gcegagteggg geggggceggg geggggecga teggggeggy 120

geegegggte tettactgtyg gtegtegett agegetetgt cgatgaagge tgecgeeggg 180
tagaagaaga cactgaggtc gaaggtgggc aggtcgtegg cctcecacgece gtggtactgg 240
atgtccatgt cgcggtagta gtegggecca gtgtccacgt tecageggee gtgggecgeg 300
ttcagcacgt gegtgaacce cgecttetge agectatage ggtccagege cgtegecctg 360

ggcgcagggyg agagaaatct gtgggegege ggcgccctge cccgggtcecg ggaaactcag 420

gggccaccca cgettteege tgtggattee agttccagaa tgaggactag ttattgcaaa 480
tgaagtccca aagctetget cttacceggt ccectaggee acctgcactyg ttttgtgatt 540
ctggetegge tgtctcaaga aaggacaggyg tggaggcetgg ggtaggcaag ctgagetatt 600
cgttegteca ttagttettt catcattcag tatacacage ggaacctggt getggectet 660
acggtggtcg cagatctgga cctgccaaat cgectgaaag coctccagaa taacctgtte 720
atcagggctyg ccttetecca acctetgete tgaacct 757

<210> SEQ ID NO 98

<211> LENGTH: 757

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: Bisulfite converted genomic DNA from
chrl10:76803419-76804175

<400> SEQUENCE: 98
tttgggttaa gggcggagtt taggttaggg gcggagtttt agtggggcgg ggaaggggcy 60

gggtttaagt tacgggceggg gcegagteggg geggggeggy geggggtega teggggegyy 120

gtcgecgggtt ttttattgtg gtegtegttt agegttttgt cgatgaaggt tgtcgteggg 180
tagaagaaga tattgaggtc gaaggtgggt aggtcgtegg tttttacgtc gtggtattgg 240
atgtttatgt cgcggtagta gtcgggttta gtgtttacgt tttagcggtc gtgggtcgeg 300
tttagtacgt gcgtgaattt cgttttttgt agtttatagc ggtttagegt cgtcgttttg 360

ggcgtagggg agagaaattt gtgggcgege ggegttttgt ttcegggttcg ggaaatttag 420

gggttattta cgtttttcgt tgtggatttt agttttagaa tgaggattag ttattgtaaa 480
tgaagtttta aagttttgtt tttattcggt tttttaggtt atttgtattg ttttgtgatt 540
ttggtteggt tgttttaaga aaggataggg tggaggttgg ggtaggtaag ttgagttatt 600
cgttcgttta ttagtttttt tattatttag tatatatagc ggaatttggt gttggttttt 660
acggtggteg tagatttgga tttgttaaat cgtttgaaag ttttttagaa taatttgttt 720
attagggttg ttttttttta atttttgttt tgaattt 757

<210> SEQ ID NO 99

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chrl10:76803419-76804175
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<400> SEQUENCE: 99

gteggttttt

acgtcgtggt

<210> SEQ ID NO 100
<211> LENGTH: 22

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA

from chrl10:76803419-76804175

<400> SEQUENCE: 100

ccaacctcecca ccctatectt te

<210> SEQ ID NO 101
<211> LENGTH: 662

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 101

dgcaggaggy
ctgtgactgg
gggcagtgcet
agggggcetgt
aggtggagga
cgtecccacgt
ctgggtggea
gccagtgaga
tcagggctgg
attctcgagy
tttcaagagce

ca

ccactctgac
ctgeccaggg
gggacgtcac
gtceceeggat
cgecatgetg
ceggeggeag
gggcggtcag
ggtctggeca
gggcaaaaag
cccagtgcaa

attaaagcaa

<210> SEQ ID NO 102
<211> LENGTH: 662

<212> TYPE:

DNA

ggcecattgtg

acccaggtte

tcagcactaa

ctcccaccag

gacacctacyg

gagctggegg

cttetgetty

ggcaccgagg

ctcecacect

aacgagaggg

atacggggcc

tgaaggccec
cgctttgggy
gggcccacta
ggccaggace
acctggtata
ccatccagga
gactgcagtt
gggttecagg
ctgtcetgcecece

cagggeccty

gaacatagtg

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Bisulfite converted genomic DNA from

chrll1:2334642-2335303

<400> SEQUENCE: 102

ggtaggaggy

ttgtgattgg

gggt agtgtt

agggggttgt

aggtggagga

cgttttacgt

ttgggtggta

gttagtgaga

ttattttgac

ttgtttaggg

gggacgttat

gtttteggat

cgttatgttg

tcggeggtag

gggcggttag

ggtttggtta

ggttattgty

atttaggttt

ttagtattaa

tttttattag

gatatttacg

gagttggegyg

tttttgtttg

ggtatcgagg

tgaaggtttt

cgttttgggy

gggtttatta

ggttaggatt

atttggtata

ttatttagga

gattgtagtt

gggttttagg

atcgttgatg
agatccacct
gegtttggga
tccctgtggt
tgagcaggeyg
cgtggtgage
cagagaacag
acacaggcca
aggacaaggc
tattcagaaa

gctcacacct

ategttgatg

agatttattt

gcgtttggga

tttttgtggt

tgagtaggcg

cgtggtgage

tagagaatag

atataggtta

ttgggaagca
gctacaagga
tgtcgtgggy
cteteggtge
atgaaaggta
gtggggacgg
gcgcagggtg
gagttgccce
cgcectaccag
cactgaagga

gtaatcccag

ttgggaagta

gttataagga

tgtegtgggg

tttteggtgt

atgaaaggta

gtggggacgg

gegtagggty

gagttgtttt

20

22

60

120

180

240

300

360

420

480

540

600

660

662

60

120

180

240

300

360

420

480
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ttagggttgg gggtaaaaag tttttatttt ttgtttgttt aggataaggt cgtttattag 540
attttcgagg tttagtgtaa aacgagaggg tagggttttg tatttagaaa tattgaagga 600
ttttaagagt attaaagtaa atacggggtc gaatatagtg gtttatattt gtaattttag 660
ta 662

<210> SEQ ID NO 103

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: F1l Primer for Bisulfite converted genomic DNA
from chrll:2334642-2335303

<400> SEQUENCE: 103

attagcgttt gggatgtcegt 20

<210> SEQ ID NO 104

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chrll:2334642-2335303

<400> SEQUENCE: 104

cctaaaaccce cctcecgatacce 20

<210> SEQ ID NO 105

<211> LENGTH: 542

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 105

cgagggccag cggagcegtg ctgegegecag ggatggacge tgggegecca aggcccgtte 60

ccgtggacag gcgcgeggag ggcagcagga ccgatgcacce gacggacgca ccgacggacg 120

cgcggacaga tgcgecgace gecaggctcte cegecgtece ggggecgteg tgcccegtgea 180

ggcecgegage agcggcegggyg ccggctetge ggctgcagca geccccattgt gaggecggceyg 240

agacaatggg cggcccgagg aggcacctge tcgcctgaaa ggcccataaa tcgecgecge 300

gtecagetge ctteccgece cteccegegyg accegetage gggaagegeg geegeggeeg 360

ggagggggag gctcggtceg acagtceggge agggccgect gggccaccge cgegegetec 420

ctcecegectg ggegecagetg cccgeacgece ccgacgggag ctgegeccag cctccectet 480
ggagtcggceg ctccaggetg ctgccecggee ggtggccaag gccccagcac caccgtcect 540
cc 542

<210> SEQ ID NO 106

<211> LENGTH: 542

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from
chrl11:2890827-2891368

<400> SEQUENCE: 106
cgagggttag cggagtcgtg ttgegegtag ggatggacgt tgggegttta aggttegttt 60

tcgtggatag gegegeggag ggtagtagga tcgatgtatce gacggacgta tcgacggacg 120
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cgcggataga tgcgtcgatce gtaggttttt tegtegttte ggggtegteg tgttcegtgta 180
ggtcgegagt ageggegggg teggttttge ggttgtagta gttttattgt gaggteggeg 240
agataatggg cggttcgagg aggtatttgt tcgtttgaaa ggtttataaa tcgtcgtcge 300
gtttagttgt tttttegttt tttttcgegg attcgttage gggaagcgeg gtegeggteg 360

ggagggggayg gtteggtteg atagtegggt agggtegttt gggttategt cgegegtttt 420

ttttcegtttg ggecgtagttg ttcgtacgtt tcgacgggag ttgcgtttag tttttttttt 480
ggagtcggeg ttttaggttg ttgtteggte ggtggttaag gttttagtat tatcgttttt 540
tt 542

<210> SEQ ID NO 107

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chrll:2890827-2891368

<400> SEQUENCE: 107

tcgatgtate gacggacgta 20

<210> SEQ ID NO 108

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chrl1:2890827-2891368

<400> SEQUENCE: 108

caaacgaccc tacccgacta 20
<210> SEQ ID NO 109

<211> LENGTH: 2178

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 109

tgctgtacag aagtctccag agaaccttct tctctgattt attcagagec tgtttgagaa 60
cagggtcaaa gaggattaag aaggatccag aagacagcca ggtttctcca ggcaagagaa 120
ctacagggca gttgctctge tgggcttact agggcaggtt tctaagaggg ttccgaaagce 180
ctcttaagaa cctgtgttaa attggcagcece acagaaacca ctagctccag ctgacagcetce 240
accctgggea cgatgccagt tcagagagag aactgaaacg atatcaaagce cgaagtttte 300
ttetttetge cactctectyg agcacagcag ataaattttyg gaataagaag cttctattaa 360
tatttgccag caagtgaatt ttcttcaaaa cttaaaaagg aggtgaagaa atcaaatcct 420
ctaatacaga aaatttgtga atacaagagt gagaagcata atctttatgg ttgttaatgt 480
aatttaaatt ttaaaacaat gaaaatatct aggtaattga aacaaaagac tgaaataagt 540
aaataacttt gcttcagatt tccttttata agctttgaac aaatgcaggt atatttaatg 600
acatatagaa aacaggcaaa atttattttc tgacaacagg agttatgaaa atgattcttt 660
tctaaaattc ttttgatgta aaactttatt ttaaaattaa ttaactgaac aaacatagta 720

agttcatgag attgtccagt ccctagaaag ggctatactt aatacttcac ataaaaatgg 780
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attttctcaa aggcaagtgg tttaaacaat acccttaacc cattgatacc aaagtctaaa 840
taaatatcct taaaaatgag gatgcagggg gctgggaatt tggtatctte tttcectgaaat 900
atgagtttct agatatacag agacttacca ctgaacgggt ttgcctgtta agttgcataa 960

gactctggat atttaggata taaaaaagac ttaatagaac agatcagttt ctgcggagac 1020
tgggaaatgt gaaagtaatg gtactttaag attataacag agaaaggggg aagaagagga 1080
ggagggagag gaaaaataga agtaagccaa agtcagaggc agaaaagtaa acacagagaa 1140
atgggagaaa agtttctcac cataacacaa agttactacc gctaaggcgg ccaggatggce 1200
aagaaggatc aggctcttca tggtttegte ctgcaggtca gtctcagggt cttgtgtage 1260
agcagtaggg agagaggctc ctacgggatg ttagtggaag gctgtgaggt ttttataaga 1320
accagagcag ttgagagggg aggaaccagt gggagagagc tggagaaggt ggggaagggt 1380
tggcactgaa ctagcattgg aacttttccc aaacagtcat tccttccaga tattatctac 1440
tctgagtggg cagttttcce taactgectgg acctgactgt gttacacagg atgctgetcet 1500
ggtgcagaag ttttggccat cgtatgettg gggacagacc tgggcaaaag cccacagagg 1560
aagttgccac aaacacatga tctaccctece tggcecctgac cgcagggcett ttgggtttgg 1620
tccacagaca gagcecctagt gttetgtttg ttaccctgat tgattgatga gaggttttgg 1680
gggagaaagg acttcacttt cttttctttt cttcttttta acctttgcct cttcttctag 1740
gagaacttcg ctttctacac tgattataat ttagacatct tcccagtagg gctgaatcct 1800
agaccaatct atcaatccca gactaatcag gcatttgcct ggggatatgc atctttggca 1860
tttttccaag ggttcatcag gatggagata tccggtgcac catgagttct gtttceccttaa 1920
tcaacaccgt tgtaacttgc ccatccagtt ttgtgacatt aattcaaacc tgtgccctag 1980
tcctetttta ggcagegtat cagtgctgga aagtgcagca aggataagag ggtactgttce 2040
tctcatttet gagggegttg tctcgataat taactaactt gatagacttt ttagtgagtg 2100
gcaggtgaga tgcaaggtac tgtgctaggt gctgtggggg atgtacagac aaacaacaca 2160
cctcectaag gaggtaag 2178
<210> SEQ ID NO 110

<211> LENGTH: 2178

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from

chrl12:15037505-15039682

<400> SEQUENCE: 110

tgttgtatag aagtttttag agaatttttt tttttgattt atttagagtt tgtttgagaa 60
tagggttaaa gaggattaag aaggatttag aagatagtta ggttttttta ggtaagagaa 120
ttatagggta gttgttttgt tgggtttatt agggtaggtt tttaagaggg tttcgaaagt 180
tttttaagaa tttgtgttaa attggtagtt atagaaatta ttagttttag ttgatagttt 240
attttgggta cgatgttagt ttagagagag aattgaaacg atattaaagt cgaagttttt 300
ttttttttgt tatttttttg agtatagtag ataaattttg gaataagaag tttttattaa 360
tatttgttag taagtgaatt ttttttaaaa tttaaaaagg aggtgaagaa attaaatttt 420

ttaatataga aaatttgtga atataagagt gagaagtata atttttatgg ttgttaatgt 480
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aatttaaatt ttaaaataat gaaaatattt aggtaattga aataaaagat tgaaataagt 540
aaataatttt gttttagatt tttttttata agttttgaat aaatgtaggt atatttaatg 600
atatatagaa aataggtaaa atttattttt tgataatagg agttatgaaa atgatttttt 660
tttaaaattt ttttgatgta aaattttatt ttaaaattaa ttaattgaat aaatatagta 720
agtttatgag attgtttagt ttttagaaag ggttatattt aatattttat ataaaaatgg 780
atttttttaa aggtaagtgg tttaaataat atttttaatt tattgatatt aaagtttaaa 840
taaatatttt taaaaatgag gatgtagggg gttgggaatt tggtattttt tttttgaaat 900
atgagttttt agatatatag agatttatta ttgaacgggt ttgtttgtta agttgtataa 960

gattttggat atttaggata taaaaaagat ttaatagaat agattagttt ttgcggagat 1020
tgggaaatgt gaaagtaatg gtattttaag attataatag agaaaggggg aagaagagga 1080
ggagggagag gaaaaataga agtaagttaa agttagaggt agaaaagtaa atatagagaa 1140
atgggagaaa agttttttat tataatataa agttattatc gttaaggcgg ttaggatggt 1200
aagaaggatt aggtttttta tggtttcgtt ttgtaggtta gttttagggt tttgtgtagt 1260
agtagtaggg agagaggttt ttacgggatg ttagtggaag gttgtgaggt ttttataaga 1320
attagagtag ttgagagggg aggaattagt gggagagagt tggagaaggt ggggaagggt 1380
tggtattgaa ttagtattgg aatttttttt aaatagttat tttttttaga tattatttat 1440
tttgagtggg tagttttttt taattgttgg atttgattgt gttatatagg atgttgtttt 1500
ggtgtagaag ttttggttat cgtatgtttg gggatagatt tgggtaaaag tttatagagg 1560
aagttgttat aaatatatga tttatttttt tggttttgat cgtagggttt ttgggtttgg 1620
tttatagata gagttttagt gttttgtttg ttattttgat tgattgatga gaggttttgg 1680
gggagaaagg attttatttt tttttttttt ttttttttta atttttgttt ttttttttag 1740
gagaatttcg ttttttatat tgattataat ttagatattt ttttagtagg gttgaatttt 1800
agattaattt attaatttta gattaattag gtatttgttt ggggatatgt atttttggta 1860
tttttttaag ggtttattag gatggagata ttcggtgtat tatgagtttt gtttttttaa 1920
ttaatatcgt tgtaatttgt ttatttagtt ttgtgatatt aatttaaatt tgtgttttag 1980
ttttttttta ggtagcgtat tagtgttgga aagtgtagta aggataagag ggtattgttt 2040
ttttattttt gagggcgttg tttcgataat taattaattt gatagatttt ttagtgagtg 2100
gtaggtgaga tgtaaggtat tgtgttaggt gttgtggggg atgtatagat aaataatata 2160
tttttttaag gaggtaag 2178
<210> SEQ ID NO 111
<211> LENGTH: 25
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chrl12:15037505-15039682

<400> SEQUENCE: 111

tttttaagaa tttgtgttaa attgg 25

<210> SEQ ID NO 112

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from c¢hrl12:15037505-15039682

<400> SEQUENCE: 112

aattcccaac cccctacate ¢ 21

<210> SEQ ID NO 113

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: F2 Primer for Bisulfite converted genomic DNA
from c¢hrl2:15037505-15039682

<400> SEQUENCE: 113

ttaaaggtaa gtggtttaaa taat 24

<210> SEQ ID NO 114

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R2 Primer for Bisulfite converted genomic DNA
from chrl2:15037505-15039682

<400> SEQUENCE: 114

cttceccace ttetecaact 20

<210> SEQ ID NO 115

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: F3 Primer for Bisulfite converted genomic DNA
from chrl2:15037505-15039682

<400> SEQUENCE: 115

gggaggaatt agtgggaga 19

<210> SEQ ID NO 116

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R3 Primer for Bisulfite converted genomic DNA
from chrl12:15037505-15039682

<400> SEQUENCE: 116

ccctettate cttactacac tttceca 26
<210> SEQ ID NO 117

<211l> LENGTH: 1516

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 117

accgggccca cgccagcgga attgcgcatg cgcagggccyg CCtCthCtg ngCCtgggC 60
tgggtgtage cccggaacct agetcttaac teccgccage agttttacge atgegegacyg 120
acgcctagge ctgtggcacyg gtegeggete tagtccectg ggeccctceag ctgtetetgg 180

cggggaggte gggccgcagg ggcggggagg ggtggectge cccagtggta cctgacagca 240
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tcccacgtca cggecgegat cccectegge ctceccacacce actcectccac cctettacct 300
cctecgecagge cggagecttg tecgetecge ctectgggta geggttactg cacggtcagg 360
ggcceggege cgcgatgagt tggegectcee cectgaaacg geccggecte ggegggatge 420

gctcgggtge ccggecgaga cggaaacgaa gggagcgcag acaagaggag ggggctggeg 480

acggegtete geccctecte tectecectag getgeccace geegececte cecttteteg 540
cagacgcccee ctceectegg agttgaccee cgggagtete ccattgggge cgectecget 600
tttccaggga gttectecgt gggtcaccee caccttetec agggttatgt tetcgeaaat 660
tttgggaatt tgtggatacc cgacctagaa ggataaggcg tgtatgatge tgagagcaac 720
ctttteccaca gecectetee tecagectge cecagetttt cttetattge tggeccctet 780
atctggggge tccgatcact tcacgttttce accccattge tgtggggcegg aagtcettgta 840
geccecectgta gtacaaatge tgaaataatg aggatgtgtg ctggggggtt cagggggatg 900
acctcagtta ccttggggcee aagggctteg aaaacageca ccttctccee ttatgattat 960

attttgcagt aatttattat attacactgc acttctgttg gectttgtag atttaagtaa 1020
aatgcaccac aactttgcag tgtgcaataa tttcttccac tgcactacac ttaaattgac 1080
ctgagtgggt tttggttaaa tgctcaacaa ttaaatgtta ttagctattc ctgtgaagta 1140
agctacttge ttttatactg getgtttecat gaggacactg gttectctac agtgtagage 1200
caaaagtagt aaagccaaag agaaaaacta acattccaaa ccacagtgac cgtgtcagtc 1260
tgtttegtet ggettttgte atttecttecgg aaaaacatca ttctaaaatg tataactgcec 1320
tttctgctac atagggcaga catttatctc tattctctga gcatagccca ctgagcectca 1380
gaaggaggca cgcaaaatgg tacacaggta tttcttgtag agctctaaat ggaagaaaaa 1440
gtaagtatac attaacagga agttgcagcg atagtgcaga gaggcatcgt gtgcctgcecc 1500
caagtttctc cactgg 1516
<210> SEQ ID NO 118

<211> LENGTH: 1516

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: Bisulfite converted genomic DNA from

chrl13:49106866-49108381

<400> SEQUENCE: 118

atcgggttta cgttagcgga attgcgtatg cgtagggteg tttttgtttg cggtttgggt 60
tgggtgtagt ttcggaattt agtttttaat tttcgttagt agttttacgt atgcgcgacg 120
acgtttaggt ttgtggtacg gtcgecggttt tagttttttg ggttttttag ttgtttttgg 180

cggggaggte gggtegtagg ggcggggagy ggtggtttgt tttagtggta tttgatagta 240

ttttacgtta cggtcgcgat tttttteggt tttttatatt atttttttat ttttttattt 300
tttcgtaggt cggagttttg ttcgtttcegt tttttgggta gcggttattg tacggttagg 360
ggttcggegt cgcgatgagt tggegttttt ttttgaaacg gtteggttte ggegggatge 420

gttcgggtgt tcggtcgaga cggaaacgaa gggagcgtag ataagaggag ggggttggeg 480
acggegttte gttttttttt ttttttttag gttgtttatc gtegtttttt tttttttteg 540
tagacgtttt tttttttecgg agttgatttt cgggagtttt ttattggggt cgttttegtt 600

tttttaggga gttttttegt gggttatttt tatttttttt agggttatgt tttcgtaaat 660
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tttgggaatt tgtggatatt cgatttagaa ggataaggcg tgtatgatgt tgagagtaat 720
tttttttata gttttttttt tttagtttgt tttagttttt tttttattgt tggttttttt 780
atttgggggt ttcgattatt ttacgttttt attttattgt tgtggggegg aagttttgta 840
gttttttgta gtataaatgt tgaaataatg aggatgtgtg ttggggggtt tagggggatg 900
attttagtta ttttggggtt aagggtttcg aaaatagtta tttttttttt ttatgattat 960

attttgtagt aatttattat attatattgt atttttgttg gtttttgtag atttaagtaa 1020
aatgtattat aattttgtag tgtgtaataa ttttttttat tgtattatat ttaaattgat 1080
ttgagtgggt tttggttaaa tgtttaataa ttaaatgtta ttagttattt ttgtgaagta 1140
agttatttgt ttttatattg gttgttttat gaggatattg gtttttttat agtgtagagt 1200
taaaagtagt aaagttaaag agaaaaatta atattttaaa ttatagtgat cgtgttagtt 1260
tgtttegttt ggtttttgtt attttttcgg aaaaatatta ttttaaaatg tataattgtt 1320
tttttgttat atagggtaga tatttatttt tattttttga gtatagttta ttgagtttta 1380
gaaggaggta cgtaaaatgg tatataggta ttttttgtag agttttaaat ggaagaaaaa 1440
gtaagtatat attaatagga agttgtagcg atagtgtaga gaggtatcgt gtgtttgttt 1500

taagtttttt tattgg 1516

<210> SEQ ID NO 119

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: F1l Primer for Bisulfite converted genomic DNA
from c¢hrl3:49106866-49108381

<400> SEQUENCE: 119

gggaggggty gtttgtttta g 01

<210> SEQ ID NO 120

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chrl3:49106866-49108381

<400> SEQUENCE: 120

aaaataatcg aaacccccaa a 21

<210> SEQ ID NO 121

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F2 Primer for Bisulfite converted genomic DNA
from chr13:49106866-49108381

<400> SEQUENCE: 121

gggggtttceg attattttac g 21

<210> SEQ ID NO 122

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: R2 Primer for Bisulfite converted genomic DNA
from c¢hrl3:49106866-49108381

<400> SEQUENCE: 122

aaaactcaat aaactatact caaaaa 26
<210> SEQ ID NO 123

<211> LENGTH: 1157

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 123

tgttgttgtt gttgaggttyg gggccgtete cgetcgeegg cecgggcegge cegtgecgeg 60
gegggetege categeggge gettcaggee gegeggeceg ggcceggege ccaggggttg 120
gggcgagggyg cggdagggggc gegggeggygg gcggetccect cccacccttyg cgeccggecg 180
ccegeccgat cacgegtece tegggeccag geggtgggga aggteegggg aggcecegegyg 240
gggccagcac cgceteggegg cgecgegecee tcegegetet ggggetectg aggatgeceg 300
gegegggegyg tggecgecee ccteccegge tgectgegge cgctgectee tegggetete 360
gggcggegee gggggacgeg ctegetggge cgggagtegg ggtccccgag ccgeggggec 420
gagcctaagg cgegegegge cgcaccegggg ctgetgecge cgegtegege tecgggaagce 480

cggggtgege cegggegete ggggteegeg cegecgeegg ggetgetget getgetggtg 540

ttgctgetge tgctgccaac ggcgaccegg getegtegeg gteccegecg cacagtgagt 600
aacacatcge gecaccgagtg actgaactaa gaagagcaaa acaacatgtyg actcggegtt 660
acgcaggcac acacagcgceg gecgecccge cccgetgect cgeattggeg ccegegeccece 720

cgacggacgg cgcgetegge caatcggege ggegetegeg ggggegggeco gcegcegcececec 780

gecccegeece cctttetece cgggecgegt ttcccgecegt ccccteccce teccgegaag 840

gececceggece ggecgggegyg ggtggggcegyg ccccggecte attaatcage ggettgttgt 900

ggatgcecgge ggaggagatg ccacccaggdg cgggaaaagg ggcgcggaag aggggcgggy 960

cgggccacgg cgcgcaggge ccttcecectee cgectceggac tcaattaatt gggcttgage 1020

tteccgecggg gagggggcege cgggegggge cgeggetggg cggggcegggg gatcgggatce 1080

ggcggegggg getgeggect tgcagtggaa gcatgggcgg cgagccgggce cgtgctcteg 1140

gggcgcegggg tccccat 1157

<210> SEQ ID NO 124

<211> LENGTH: 1157

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from
chrl3:110438328-110439484

<400> SEQUENCE: 124

tgttgttgtt gttgaggttg gggtegtttt cgttegtegg ttegggeggt tcegtgtcegeg 60

gegggttegt tatcgeggge gttttaggte gegeggtteg ggttceggegt ttaggggttg 120

gggcgagggg cggaggggygc gcgggcgggy gcggtttttt tttatttttg cgtteggteg 180

ttcgttegat tacgegtttt tegggtttag geggtgggga aggttegggg aggttegegg 240

gggttagtat cgttcggcgg cgtcgegttt ttcgegtttt ggggtttttg aggatgtteg 300
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gcgegggcegg tggtegtttt tttttteggt tgtttgeggt cgttgttttt tegggtttte 360
gggcggegte gggggacgeg ttegttgggt cgggagtegg ggttttegag tcgeggggte 420
gagtttaagg cgcgcegeggt cgtatcgggg ttgttgtegt cgegtegegt ttegggaagt 480

cggggtgegt tegggegtte ggggttegeg tegtegtegg ggttgttgtt gttgttggtg 540

ttgttgttgt tgttgttaac ggcgattcgg gttcgtegeg gttttegteg tatagtgagt 600
aatatatcgc gtatcgagtg attgaattaa gaagagtaaa ataatatgtg attcggegtt 660
acgtaggtat atatagcgcg gtcgtttcegt ttcecgttgttt cgtattggeg tcecgegttttt 720

cgacggacgg cgcgtteggt taatcggege ggegttegeg ggggegggte gegegtttte 780
gtttcgtttt tttttttttt cgggtcegegt ttttegtegt tttttttttt tttegegaag 840

gtttcggtte ggtegggegg ggtggggegyg ttteggtttt attaattage ggtttgttgt 900

ggatgtegge ggaggagatg ttatttaggg cgggaaaagg ggcgcggaag aggggcgggy 960

cgggttacgg cgcgtagggt tttttttttt cgtttcggat ttaattaatt gggtttgagt 1020

tttegteggg gagggggegt cgggeggggt cgeggttggg ©ggggcegggg gatcgggatce 1080
ggcggegggg gttgeggttt tgtagtggaa gtatgggegg cgagtcgggt cgtgtttteg 1140

gggcgcgggg tttttat 1157

<210> SEQ ID NO 125

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chr13:110438328-110439484

<400> SEQUENCE: 125

ggttecgeggg ggttagtat 19

<210> SEQ ID NO 126

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chr13:110438328-110439484

<400> SEQUENCE: 126

ccctaaataa catctcectcece 20
<210> SEQ ID NO 127

<211> LENGTH: 520

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 127

gttgtecttte tcaacataat ctcagaattt cagtgttcag agctgctatc tatacacggg 60
aaaacaagtt ttaaaattca gggacagaga aaaatagaaa aataaagata aacaatagaa 120
ttagacaaac tagacgtttc tttcattgat gatgcaggtt ttcttecttt tttatttttt 180
atttttttat tatactttaa gttctagggt acgaggccag ggagaaggag aagccaccct 240
gaggaaggtg cggaatgtcg cgtggagccece ggctctcectge ctttgaagca ggattttceat 300

gcactcgeca gcatggcetgg cttttcagac tggccagatt taactcggga ccgttgtata 360
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gaggatcagg tttgagcctg ccttccaaag aaagcagaag tctccagaaa caaagcectcece

cagatccage ttacaggctyg atggetgtga aggaagaatt tgaagggcaa ttaagtgtge

tgtgaaacat agcaagaaag gcattaattc ctcactctcet

<210> SEQ ID NO 128

<211> LENGTH: 520

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from
chrl3:112861249-112861768

<400> SEQUENCE: 128

gttgtttttt ttaatataat tttagaattt tagtgtttag agttgttatt tatatacggg

aaaataagtt ttaaaattta gggatagaga aaaatagaaa aataaagata aataatagaa

ttagataaat tagacgtttt ttttattgat gatgtaggtt tttttttttt tttatttttt

atttttttat tatattttaa gttttagggt acgaggttag ggagaaggag aagttatttt

gaggaaggtg cggaatgtcg cgtggagtte ggttttttgt ttttgaagta ggatttttat

gtattcgtta gtatggttgg ttttttagat tggttagatt taattcggga tegttgtata

gaggattagg tttgagtttg ttttttaaag aaagtagaag tttttagaaa taaagttttt

tagatttagt ttataggttyg atggttgtga aggaagaatt tgaagggtaa ttaagtgtgt

tgtgaaatat agtaagaaag gtattaattt tttatttttt

<210> SEQ ID NO 129

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

420

480

520

60

120

180

240

300

360

420

480

520

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA

from chr13:112861249-112861768
<400> SEQUENCE: 129

agggatagag aaaaatagaa aaa

<210> SEQ ID NO 130

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

23

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA

from chrl3:112861249-112861768
<400> SEQUENCE: 130
ctteettcac aaccatcaac ¢
<210> SEQ ID NO 131
<211> LENGTH: 716
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 131
agcccagcca gagctegect caccctgeat tetgcaggea geatgecattt tttttttttt
tttttgaaac acccctacat gttccagect ttaaatagca gcgagtctte taaagtgatg
ctgtgtgetyg caagagaaat gaaagcgect gecttggagg caggaagccg actagggaga

tgcttaatta tcgtggaagt aggtgettgt taccattgag tggagagtgc agcaagtgca

21

60

120

180

240
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ggtcgtecte cggtgtcaga geccgtgattt gtagacaatg cegccctgte agctcagtgce 300
tggttcagca gcatctttce aaacatgtat ttggcaagaa tttaaaggcc acctcttgtg 360
taatttgtgg agtcttggaa aaggagcctce tgcctttett ttcagaatgt acgcaaccat 420
gcagaatttt gtactcagaa tctgtgtctc ctgccttctg cctgacgtge tcatgaggaa 480
gtttgtttce atgcccgtca cctggaagga tgctaacagt tctcectgtaat ctgttgggga 540
tatggagagg gccacccaga gctgtgtttt gtttctgecyg tcttcataaa ttagcactga 600
tggggtggag taggttgtac tgcatgagga aatgcaggca ttttgttcat tagtgagata 660
cttctagett ttaagagtac aagaaactaa ggagagcttg ggaagaggtg gtggtg 716

<210> SEQ ID NO 132

<211> LENGTH: 716

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from
chrl4:72052896-72053611

<400> SEQUENCE: 132

agtttagtta gagttcgttt tattttgtat tttgtaggta gtatgtattt tttttttttt 60
tttttgaaat atttttatat gttttagttt ttaaatagta gcgagttttt taaagtgatg 120
ttgtgtgttg taagagaaat gaaagcgttt gttttggagg taggaagtcg attagggaga 180
tgtttaatta tcgtggaagt aggtgtttgt tattattgag tggagagtgt agtaagtgta 240
ggtcgttttt cggtgttaga gtcgtgattt gtagataatg tcgttttgtt agtttagtgt 300
tggtttagta gtattttttt aaatatgtat ttggtaagaa tttaaaggtt attttttgtg 360
taatttgtgg agttttggaa aaggagtttt tgtttttttt tttagaatgt acgtaattat 420
gtagaatttt gtatttagaa tttgtgtttt ttgttttttg tttgacgtgt ttatgaggaa 480
gtttgttttt atgttcgtta tttggaagga tgttaatagt tttttgtaat ttgttgggga 540
tatggagagg gttatttaga gttgtgtttt gtttttgtcg tttttataaa ttagtattga 600
tggggtggag taggttgtat tgtatgagga aatgtaggta ttttgtttat tagtgagata 660
tttttagttt ttaagagtat aagaaattaa ggagagtttg ggaagaggtg gtggtg 716

<210> SEQ ID NO 133

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chrl4:72052896-72053611

<400> SEQUENCE: 133

ggaggtagga agtcgattag gg 22

<210> SEQ ID NO 134

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: Rl Primer for Bisulfite converted genomic DNA
from chrl4:72052896-72053611

<400> SEQUENCE: 134
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accctcteca tatccccaac 20
<210> SEQ ID NO 135
<211> LENGTH: 902
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 135
tcagccatca gggccgectg cecteececta taaccetggg tggtectceeg tctggcegeat 60
tccceegtat cctgecagggg tcetgectgge gttactttet ccgagacctt cctgacctte 120
ttcttgecee tcteccccca tattaggtge aaggatgtec tggtacgtet gacccacgaa 180
cgcaaatcce ttctetggtt tgecttecat ctectcacce tgaggtgctc aagaaacgta 240
tgtagggtcce cggtccgete aaagcgcaca aacctccgag gcagcagcct ctaaatagag 300
aggccaggga gtgaccggag ggcattttct tgtacacaca ggggttgcca cggaactccc 360
gtgaaacaga ctccegggece agccgeggeg ctcaagette cectgaggte ctagaaaggce 420
tcaccctggg ctegeteggg geggeggete ccggcaggece tagegeggeg gggcggggec 480
ggcggcacga ggaccaggca gcgcegggcag cacgcgccceg ggccggagcece cgcccacaag 540
ggcgegegge gegttcetgat tggaaggect cgagcggggyg cggggcttcce agggtgeget 600
tccgecgteg ccetgtteccg ccgeggagac ccggcagttyg ggggatgeccg acgcectggge 660
cttgaggatg ctgcggaagc tcaccatcga gcagatcaac gactggttca ccatcggcaa 720
gacggtgacc aatgtggagce tgctgggege gccgcccgece ttcccggcag gggeggecag 780
ggaggaggtyg cagcgccagg acgtggccce cggcegcetggt cccgeggece aggcetecegge 840
tctggecccaa geteceggece ggeeggecge tgcgttcecgaa aggtaggacyg cgggeggggce 900
g9 902
<210> SEQ ID NO 136
<211> LENGTH: 902
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Bisulfite converted genomic DNA from

chr14:104394180-104395081
<400> SEQUENCE: 136
ttagttatta gggtcgtttg ttttttttta taattttggg tggttttteg tttggegtat 60
tttttegtat tttgtagggg tttgtttgge gttatttttt tcegagatttt tttgattttt 120
tttttgtttt ttttttttta tattaggtgt aaggatgttt tggtacgttt gatttacgaa 180
cgtaaatttt ttttttggtt tgttttttat ttttttattt tgaggtgttt aagaaacgta 240
tgtagggttt cggttcgttt aaagcgtata aattttcgag gtagtagttt ttaaatagag 300
aggttaggga gtgatcggag ggtatttttt tgtatatata ggggttgtta cggaattttce 360
gtgaaataga ttttcgggtt agtcgcggceg tttaagtttt ttttgaggtt ttagaaaggt 420
ttattttggg ttegtteggg geggeggttt teggtaggtt tagegeggeg gggeggggte 480
ggcggtacga ggattaggta gcgcgggtag tacgcgttcg ggtcggagtt cgtttataag 540
ggcgegegge gegttttgat tggaaggttt cgagcggggyg cggggttttt agggtgegtt 600
ttegtegteg tttgtttteg tecgeggagat tcecggtagttg ggggatgteg acgtttgggt 660
tttgaggatg ttgcggaagt ttattatcga gtagattaac gattggttta ttatcggtaa 720
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gacggtgatt aatgtggagt tgttgggege gtegttegtt tttteggtag gggeggttag

ggaggaggtyg tagcgttagg acgtggtttt cggcgttggt ttcgeggttt aggttteggt

tttggtttaa gttteggtte ggteggtegt tgegttegaa aggtaggacyg cgggcegggge

g9

<210> SEQ ID NO 137
<211> LENGTH: 24
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

780

840

900

902

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chr14:104394180-104395081

<400> SEQUENCE: 137
ggtgtttaag aaacgtatgt
<210> SEQ ID NO 138

<211> LENGTH: 20
<212> TYPE: DNA

aggg

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

24

<223 > OTHER INFORMATION: Rl Primer for Bisulfite converted genomic DNA
from c¢hrl14:104394180-104395081

<400> SEQUENCE: 138
aacttccgca acatcctcaa
<210> SEQ ID NO 139

<211> LENGTH: 623
<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 139

tagcegggeg tggeggeggy

agggcgtgaa cccgggagge

cctgggggac agagcegagac

ggtggacaaa tcgatgggga

gtaaggecge cgetgecace

ggtgccagga ctccaaccag

tccaacgaga gecgtgtece

ttccctgeeg ctttetgttt

caagttaagt ctttcaagga

ctcatgegte tcagggaaat

aagctttctt atttgccatc

<210> SEQ ID NO 140

<211> LENGTH: 623
<212> TYPE: DNA

cgectgtagt
ggagettgea
tcggtctcaa
ggcggetcaa
cactgccect
caaggagegt
gaacgccatce
ttecatcaggg
aaatgactct
tagcaacctg

taa

ccecagetget
gtgagecgag
gaaaaaaaga
cctttttect
gaaaggacat
ttegcacaga
cacttagcte
ccttggaact
tggtttccag

attcttgece

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

cgggaggctyg
ategcaccac
aaaagaaaaa
tctecaggecag
ctgagcacag
gctgeagaga
tcactctect
cgctagtaca
cctggatgtyg

tgactgtcat

aggcaggaga
tgegetccag
aagaaaacgg
aagccectga
tgattcceggt
gtetgtgect
ccttectect
gaccgacttt
tcattacacc

ttaaaataaa

<223 > OTHER INFORMATION: Bisulfite converted genomic DNA from

chrl15:101389022-

<400> SEQUENCE: 140

101389644

20

60

120

180

240

300

360

420

480

540

600

623
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tagtcgggeg tggeggeggg cgtttgtagt tttagttgtt cgggaggttg aggtaggaga 60
agggcgtgaa ttcgggagge ggagtttgta gtgagtcgag atcgtattat tgegttttag 120
tttgggggat agagcgagat tcggttttaa gaaaaaaaga aaaagaaaaa aagaaaacgg 180
ggtggataaa tcgatgggga ggcggtttaa tttttttttt ttttaggtag aagtttttga 240
gtaaggtcgt cgttgttatt tattgttttt gaaaggatat ttgagtatag tgatttcggt 300
ggtgttagga ttttaattag taaggagcgt ttcgtataga gttgtagaga gtttgtgttt 360
tttaacgaga gtcgtgtttc gaacgttatt tatttagttt ttattttttt tttttttttt 420
ttttttgteg ttttttgttt tttattaggyg ttttggaatt cgttagtata gatcgatttt 480
taagttaagt tttttaagga aaatgatttt tggtttttag tttggatgtg ttattatatt 540
tttatgcgtt ttagggaaat tagtaatttg atttttgttt tgattgttat ttaaaataaa 600
aagttttttt atttgttatt taa 623

<210> SEQ ID NO 141

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: F1l Primer for Bisulfite converted genomic DNA
from chrl5:101389022-101389644

<400> SEQUENCE: 141

ggaggcggag tttgtagtga 20

<210> SEQ ID NO 142

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chrl5:101389022-101389644

<400> SEQUENCE: 142

aacgaattcc aaaaccctaa 20
<210> SEQ ID NO 143

<211> LENGTH: 699

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 143

ggccgecaggg aggcagcecat tttcegtagg cggtggecege ggcegcttceeg ggecegegegyg 60
ctggagectg aggeggggec accgteggge acgagaaacce attctctcec cgettttege 120
agctgtatcce cagaggegeg getgaagete gectgggacac tgeccgettg cccagtgecce 180

acgggcacge ctygtcgcaga cacaggetgt ggcgaatceg agtgetggeg ggcageagty 240

cectgcagetyg cgccegcaga ctettteceg ccteecgeegg catttceegtg teceggecgat 300
gtcatgeggt cggttgagece tcagggctag cagcecttctac tgatgcaaaa acataggaag 360
tgtctectttg cttectggaac cggggtgggce agcaaggagce tggccacttce tttgaatacce 420
ggtggcatce tgggcagaat ttcggtgceg tttectgetgg ctcacttcag gaaaagtgag 480
gctcacgget ctectcagee ccccttagaa gtctaaatga cetttggaga aatacaaagt 540

cagcagaaag tttcactttc atcgtcacca actcctgttg gagttgatat ttcataaaca 600
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tcagegacag aaagaaaata cgacttgata ttttgtaaat aaaatatcet tttttacaag 660

ttgatatttt gtaaacagag gtcagctgta attttctcce 699

<210> SEQ ID NO 144

<211> LENGTH: 699

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from
chrl6:3355701-3356399

<400> SEQUENCE: 144

ggtcgtaggg aggtagttat ttttcgtagg cggtggtcge ggegttttcg ggtegegegyg 60
ttggagtttg aggcggggtt atcgtcgggt acgagaaatt attttttttt cgtttttegt 120
agttgtattt tagaggcgcg gttgaagttc gttgggatat tgttcgtttg tttagtgttt 180
acgggtacgt ttgtcgtaga tataggttgt ggcgaatteg agtgttggeg ggtagtagtg 240
tttgtagttg cgttcgtaga tttttttteg ttttcecgtcecgg tattttegtg tteggtcgat 300
gttatgcggt cggttgagtt ttagggttag tagtttttat tgatgtaaaa atataggaag 360
tgtttttttg tttttggaat cggggtgggt agtaaggagt tggttatttt tttgaatatc 420
ggtggtattt tgggtagaat ttcggtgtcg tttttgttgg tttattttag gaaaagtgag 480
gtttacggtt ttttttagtt ttttttagaa gtttaaatga tttttggaga aatataaagt 540
tagtagaaag ttttattttt atcgttatta atttttgttg gagttgatat tttataaata 600
ttagcgatag aaagaaaata cgatttgata ttttgtaaat aaaatatttt tttttataag 660
ttgatatttt gtaaatagag gttagttgta atttttttt 699

<210> SEQ ID NO 145

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chrl6:3355701-3356399

<400> SEQUENCE: 145

gtattttaga ggcgcggttg 20

<210> SEQ ID NO 146

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chr16:3355701-3356399

<400> SEQUENCE: 146

aaaaccgtaa acctcacttt tcc 23

<210> SEQ ID NO 147

<211> LENGTH: 1204

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 147

gacttttgte tccaaaagca tttgatccct ggcagacaca tacttatttc catacgggtce 60

ttgggggaag ccaggaggag agagagctga ttatcagaat cctgaaggtg aagctcaggt 120
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gggccecact gatgtcaaag gcaggectgg gecacacatte ggaggecata atttgetgece 180

tgggagggag gagcggcggg ctgcageggg gtgtggacgg ggcattgttc tegggetcetg 240

gtgcactgag cgtgacctge tccagccaca acggatagtc cctgcctacce ccctetcetta 300
gcaggaacce ccctegggaa agctgaccece agagtggcat cattaatgca cacacctgtce 360
taggagaaga ccaatgactt ccgcctggtg ttgactaggg gcatgactag ccacctacat 420
ccaggatgtyg gcaatgaagg acacaaaagc tagagccggg aacacttggg tttgagecct 480
agttccacca ctcactcget gtgtggactg gagtaagtta ctttgcectcet ctgagettet 540
gcttetgeca ctagaaaata ggcagagtca ttacgggget tttgtatgge agccaagcag 600
tecttatttgg ccacaggaca tctgeecttg ctgagaccee cagaccatcc cacactectt 660
ccctcactac actcaggggt ctgcctaaag gacacctect cagggaggec ttactcgaga 720
ccecccatecta acacagcaca cacccccgte ctttecagea ccotggeccac ctttaattcce 780
tggatagcge ttactaccac ctggtatatt acagggttca ttgtttaatt cattctcatt 840
cecteegtee ctecectecct ccggcacaca gacagagtaa cataaactcc atgagggetg 900
ctttgcccac tgctatgtca ccagtgecta gaacaggatce tggcaccagg agacgcttga 960

cgagcaggaa atgaatgatt tatgtaaagc acttagcaca gagtttgcegg tagggtggga 1020
gtgctggtaa atgccatcac tatgcaccca tggtcacccce taatctcaca ggactcgget 1080
tgtaaaaacc tcaactccag taacgctttc tggaacccca cggaacaaca gcctgctcca 1140
agactgaggg cgtggagagg ctcectcage tgacagaaga ggaagggacg cttagagagg 1200
cagg 1204
<210> SEQ ID NO 148

<211> LENGTH: 1204

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: Bisulfite converted genomic DNA from

chrl6:49563509-49564712

<400> SEQUENCE: 148

gatttttgtt tttaaaagta tttgattttt ggtagatata tatttatttt tatacgggtt 60
ttgggggaag ttaggaggag agagagttga ttattagaat tttgaaggtg aagtttaggt 120
gggttttatt gatgttaaag gtaggtttgg gtatatattc ggaggttata atttgttgtt 180

tgggagggag gagcggcggg ttgtageggg gtgtggacgg ggtattgttt tegggttttg 240

gtgtattgag cgtgatttgt tttagttata acggatagtt tttgtttatt ttttttttta 300
gtaggaattt ttttcgggaa agttgatttt agagtggtat tattaatgta tatatttgtt 360
taggagaaga ttaatgattt tcgtttggtg ttgattaggg gtatgattag ttatttatat 420
ttaggatgtg gtaatgaagg atataaaagt tagagtcggg aatatttggg tttgagtttt 480
agttttatta tttattcgtt gtgtggattg gagtaagtta ttttgttttt ttgagttttt 540
gtttttgtta ttagaaaata ggtagagtta ttacggggtt tttgtatggt agttaagtag 600
ttttatttgg ttataggata tttgtttttyg ttgagatttt tagattattt tatatttttt 660
tttttattat atttaggggt ttgtttaaag gatatttttt tagggaggtt ttattcgaga 720

tttttattta atatagtata tattttcgtt ttttttagta tttggtttat ttttaatttt 780
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tggatagcgt ttattattat ttggtatatt atagggttta ttgtttaatt tatttttatt 840
tttttegttt tttttttttt tcggtatata gatagagtaa tataaatttt atgagggttg 900
ttttgtttat tgttatgtta ttagtgttta gaataggatt tggtattagg agacgtttga 960

cgagtaggaa atgaatgatt tatgtaaagt atttagtata gagtttgcgg tagggtggga 1020

gtgttggtaa atgttattat tatgtattta tggttatttt taattttata ggattcggtt 1080

tgtaaaaatt ttaattttag taacgttttt tggaatttta cggaataata gtttgtttta 1140

agattgaggg cgtggagagg tttttttagt tgatagaaga ggaagggacg tttagagagg 1200

tagg 1204

<210> SEQ ID NO 149

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chrl6:49563509-49564712

<400> SEQUENCE: 149

ttgttttegg gttttggtgt 20

<210> SEQ ID NO 150

<211> LENGTH: 20

<212> TYPE: DNA

<213 > ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chrl16:49563509-49564712

<400> SEQUENCE: 150

ccaccctacc gcaaactcta 20

<210> SEQ ID NO 151

<211> LENGTH: 1074

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 151

tgacatagtc cgccagagtg tggccgagga gtaggaggag tgtgaagagg ctggggtact 60

gtccagacca gagacggtgg tggcecttgac atctccccag agatggggat ggaggggagyg 120

gaccatatte cagagctgtt tgggaggcag aagggagact gaggggaggg tggggcatga 180

aagacaggga ggtgcccagg gcaggcaggt tcctgecttg acagcaccaa caggagcagg 240
aatctctecca cggactgagg cgccgggcag ggaggggatg gttectgaga ggccaacctg 300
ccteccagte ctgggeccceg gggetggegg aggectcctg tacacgcaca cgcacgcaca 360
tgcgcacgca cacgcacgcy cacagacgcet gectggattt tgetttgggt tecgtettet 420
cactgcggac cctggattga aacgatctcee ccgeggecege cgecgctacce tggtgeccge 480
aggtgcctge aggagtcctg gggecagetg gectegatgt acgtcagcac gegggaacgg 540
tacaagtggce tgcgcttcag cgaggactgt ctgtacctga acgtgtacge gceccggegcegce 600
gecgeceegggg atccccaget gecagtgagt gecaggtcete cegegeccge ggteccaccey 660
cegeccacceyg cecccgetecag atcceggect tettegteca ggtgatggte tggtteccgg 720

gaggcgectt catcgtggge getgettett cgtacgaggg ctctgacttg gecgeccgeg 780
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agaaagtggt gctggtgttt ctgcagcaca ggctcggeat ctteggette ctgaggtgge 840
ggggceggta cectttggga cegeagetgt ggecagageg geggggactyg ggtgggaagg 900
gaggggcggyg gectggggceg gggatggggyg gggtggggee gegaggceggg ggcggggect 960
ggcgeteggt ggaaggggeg ggcegetccat accatctgga tggggegage taactccaag 1020

gaagggggtg tggtcgcagg actgggtctt agaggggcaa ggctgggctg ggtg 1074

<210> SEQ ID NO 152

<211> LENGTH: 1074

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from
chrl6:67034059-67035132

<400> SEQUENCE: 152
tgatatagtt cgttagagtyg tggtcgagga gtaggaggag tgtgaagagg ttggggtatt 60
gtttagatta gagacggtgg tggttttgat atttttttag agatggggat ggaggggagg 120

gattatattt tagagttgtt tgggaggtag aagggagatt gaggggaggg tggggtatga 180

aagataggga ggtgtttagg gtaggtaggt ttttgttttg atagtattaa taggagtagg 240
aattttttta cggattgagg cgtcgggtag ggaggggatg gtttttgaga ggttaatttg 300
ttttttagtt ttgggtttcg gggttggcgg aggttttttg tatacgtata cgtacgtata 360
tgcgtacgta tacgtacgcg tatagacgtt gtttggattt tgttttgggt ttcgtttttt 420
tattgcggat tttggattga aacgattttt tcgcggtcgt cgtcgttatt tggtgttegt 480
aggtgtttgt aggagttttg gggttagttg gtttcgatgt acgttagtac gcgggaacgg 540
tataagtggt tgcgttttag cgaggattgt ttgtatttga acgtgtacgc gtcggcgcege 600
gcgttcecgggg atttttagtt gttagtgagt gttaggtttt tcgegttcege ggttttatceg 660
tcgtttateg tttegtttag attteggttt ttttegttta ggtgatggtt tggttttegg 720
gaggcgtttt tatcgtggge gttgtttttt cgtacgaggg ttttgatttg gtcegttegeg 780
agaaagtggt gttggtgttt ttgtagtata ggttcggtat tttcggtttt ttgaggtggce 840

ggggtecggta ttttttggga tcgtagttgt ggttagageg geggggattg ggtgggaagg 900
gaggggcggy gtttggggceg gggatggggyg gggtggggte gcgaggceggg ggcggggtet 960

ggcgtteggt ggaaggggcg ggcgttttat attatttgga tggggcgagt taattttaag 1020

gaagggggtg tggtcgtagg attgggtttt agaggggtaa ggttgggttg ggtg 1074

<210> SEQ ID NO 153

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chrl16:67034059-67035132

<400> SEQUENCE: 153

agggaggtgt ttagggtagg 20

<210> SEQ ID NO 154

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Rl Primer for Bisulfite converted genomic DNA
from chrl6:67034059-67035132

<400> SEQUENCE: 154

ccacaactac gatcccaaaa a 21
<210> SEQ ID NO 155

<211> LENGTH: 768

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 155

tttecggeteg ctgccatcca ctttcaccte ggecgectge acggecgeca tetteccgga 60

gggcccgace caaaagtaag gaggatagta cgttaatttc caggtcaagg tgcgaagccc 120

cacctettee gggggagagy gggcgggcac tcetegatgeg cegeggctge tgctgegeag 180

gceccagtget gegettegeg gcagaggegt ctgeggtgac agetcagtca gttgagetcet 240
gtgtgeccagg cgctecgcgag ggggtagcete ttctagtagt getcggegte agacatggey 300
gaggcgatgg atttgggcaa agaccccaac gggcccaccce attcctecgac tctgttegtg 360
agggacgacg gcagctccat gtecttctac gtgecggcecca gcecccggceccaa gegteggetg 420
tcgacgetca tectgcacgg cggeggcace gtgtgcecgag tgcaggagec cggggecgtg 480
ctgetggece ageccgggga ggcegetggece gaggectegg gtgatttcat ctecacgeag 540
tacatcctgg actgegtgga gcgcaacgag aggctggage tggaggccta tcggctggge 600

ccegectegyg cggcggacac cggcteggaa gcaaageceg gggecctgge cgagggegeco 660
gcggagecgg agecgcageg gcacgecggg cggatcegect tcacggatge ggacgacgta 720

gccatectta cctacgtgaa ggaaaatgcc cgctcgccca gctcegte 768

<210> SEQ ID NO 156

<211> LENGTH: 768

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: Bisulfite converted genomic DNA from
chrle6:75681487-75682254

<400> SEQUENCE: 156

tttcggtteg ttgttattta tttttatttc ggtcgtttgt acggtcgtta ttttttegga 60
gggttcgatt taaaagtaag gaggatagta cgttaatttt taggttaagg tgcgaagttt 120
tatttttttc gggggagagg gggcgggtat tttcgatgeg tegeggttgt tgttgcgtag 180
gtttagtgtt gecgtttcgeg gtagaggcegt ttgcggtgat agtttagtta gttgagtttt 240
gtgtgttagg cgttcgcgag ggggtagttt ttttagtagt gttcggcgtt agatatggeg 300
gaggcgatgyg atttgggtaa agattttaac gggtttattt atttttcgat tttgttegtg 360
agggacgacg gtagttttat gtttttttac gtgcggttta gttcggttaa gecgteggttg 420
tcgacgttta ttttgtacgg cggeggtatce gtgtgtcgag tgtaggagtt cggggtcegtg 480
ttgttggttt agttcgggga ggcgttggtc gaggtttcgg gtgattttat ttttacgtag 540
tatattttgg attgcgtgga gcgtaacgag aggttggagt tggaggttta tcggttgggt 600
ttcgtttegg cggeggatat cggtteggaa gtaaagtteg gggttttggt cgagggegte 660

gcggagtegg agtcgtageg gtacgtceggg cggatcgttt ttacggatgce ggacgacgta 720
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gttattttta tttacgtgaa ggaaaatgtt cgttcgttta gtttcgtt 768

<210> SEQ ID NO 157

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chrlé:75681487-75682254

<400> SEQUENCE: 157

gegtttgegyg tgatagttta g 21

<210> SEQ ID NO 158

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chrl6:75681487-75682254

<400> SEQUENCE: 158

ccgataaacc tccaactcca 20
<210> SEQ ID NO 159

<211> LENGTH: 1251

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 159

agacccaagt atggaataag aacccgeacc cegaccectg cectgegecag tgaggattec 60
cgegtgcage cgaagcccca gcaagacact tccaaaccag cgctagcagg ggagatgaac 120
tttccacgtt getgatggaa aagccacccee cagetcttece cgecaacceca ggtetetggt 180
gcaggacaga ggagcgtcac agcetgggeca ctggeccgge ccccagecca accgagtgtg 240
gggacaccte cggtggagaa tgaagaacca aagtacctca aagcttggeg tgtctgecag 300
agctggagca gcagccagag ggacgcectcet cccectggge tcagcaaaag ctcccagacg 360
tcgtetette caagttccac cgcacageca getctttete ttcactggga ggttecgeag 420
gggetgactt getecttaag gteccaagac tattaaggga cacccagtga ggcetgggaaa 480
ggggctctaa gaggcatgga cgaagagtcg ggggtaacca agccactgga agcetcctgga 540
gactcgagge agagcgaatc tgggaacagg gcaggagtee cagaatggga tgttgaggat 600
gggggtgtcee tggggctacce acagggaagg acccggcegca gagctcecectce cggageccegg 660
cactgeggee cgcegecctcet actcccegeg cgecggecaa caaccctegg cgetgecccyg 720
caatcttcag cgctgectgg tgaggagett tcagacgtgg ctgeggtcce agggtggecg 780
gcgggageca gggaaatggg agaaggaagg aaggagcagg ttttgcccce agetccctcet 840

cececcaccece gaccgagggg ccatgteteg gggaggggeg ctggcecgagg gcagagcagg 900
agggcccagg tgggetgggg ctctaagagg cgcacctttt ageccggggat gtcaaaggac 960
gctggcagag tcacttctca tctaactgac cacaaatgaa cgttgtaacc cttcectcacce 1020
ccecccaatceg ccagagaacce tgggagctcece tgggaggaca aaggccctag tgaaggaagt 1080
cgaatcttaa tcttggecct cctegetett gggggcatce ttgcagcecaa gggacttgga 1140

atccaaaccc ttcccaagge cccaacctca gecctaagec aagacccagg caccttgatg 1200
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acacaggaat ccgtgetgee teccggtgca gtgtcccage tgggaggagt t

<210> SEQ ID NO 160

<211> LENGTH: 1251

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from
chrl6:75568749-75569999

<400> SEQUENCE: 160

agatttaagt atggaataag aattcgtatt tcgatttttg ttttgcgtag tgaggatttt

cgegtgtagt cgaagtttta gtaagatatt tttaaattag cgttagtagg ggagatgaat

tttttacgtt gttgatggaa aagttatttt tagttttttt cgttaattta ggtttttggt

gtaggataga ggagcgttat agttgggtta ttggttcggt ttttagttta atcgagtgtg

gggatatttt cggtggagaa tgaagaatta aagtatttta aagtttggcg tgtttgttag

agttggagta gtagttagag ggacgttttt ttttttgggt ttagtaaaag tttttagacg

tcgttttttt taagttttat cgtatagtta gttttttttt tttattggga ggtttegtag

gggttgattt gttttttaag gttttaagat tattaaggga tatttagtga ggttgggaaa

ggggttttaa gaggtatgga cgaagagtcg ggggtaatta agttattgga agtttttgga

gattcgaggt agagcgaatt tgggaatagg gtaggagttt tagaatggga tgttgaggat

gggggtgttt tggggttatt atagggaagg attcggegta gagttttttt cggagttegg

tattgeggtt cgegtttttt atttttegeg cgteggttaa taattttegg cgttgttteg

taatttttag cgttgtttgg tgaggagttt ttagacgtgg ttgeggtttt agggtggtcg

gegggagtta gggaaatggg agaaggaagg aaggagtagg ttttgttttt agtttttttt

ttttatttte gatcgagggyg ttatgttteg gggaggggeg ttggtcgagg gtagagtagg

agggtttagg tgggttgggyg ttttaagagg cgtatttttt agtcggggat gttaaaggac

gttggtagag ttatttttta tttaattgat tataaatgaa cgttgtaatt tttttttatt

tttttaatcg ttagagaatt tgggagtttt tgggaggata aaggttttag tgaaggaagt

cgaattttaa ttttggtttt tttegttttt gggggtattt ttgtagttaa gggatttgga

atttaaattt tttttaaggt tttaatttta gttttaagtt aagatttagg tattttgatg

atataggaat tcgtgttgtt ttteggtgta gtgttttagt tgggaggagt t

<210> SEQ ID NO 16l

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

1251

60

120

180

240

300

360

420

480

540

600

660

720

780

840

960

1020

1080

1140

1200

1251

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA

from chrlé:75568749-75569999
<400> SEQUENCE: 161

ttgggttatt ggtteggttt

<210> SEQ ID NO 162

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

20

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA

from chrlé:75568749-75569999



US 2022/0364187 Al

97

-continued

Nov. 17,2022

<400> SEQUENCE: 162
aaccgcaacc acgtctaaaa
<210> SEQ ID NO 163

<211> LENGTH: 20
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

20

<223> OTHER INFORMATION: F2 Primer for Bisulfite converted genomic DNA
from chrlé:75568749-75569999

<400> SEQUENCE: 163
tttcggegtt gtttegtaat
<210> SEQ ID NO 164

<211> LENGTH: 20
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

20

<223> OTHER INFORMATION: R2 Primer for Bisulfite converted genomic DNA
from chrlé6:75568749-75569999

<400> SEQUENCE: 164

tcccaaaaac tcccaaattce

<210> SEQ ID NO 165

<211> LENGTH: 806

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 165

tgccaccggt gtggggaaag gtgagcgegy
agaggtgtca ctgggggccg gggccatteg
ctgggaagceg gggtagggge tgaggteggy
gaggaacagg agagatgaga ggcattttec
ggggtgggca cggcaggece ggggggaggce
cacctccace tcteecegge tgtgetgtgg
ttcaccgace ccgeegtect cectgaagac
ggaggcagag tttgagatcg acgtcccect
gcgcaaacac aacgtgetgt tgagtctega
cceggggace caaggegagg cctttttece
tatctgectyg cctgagggta ctggtgaget
ctggaggaag aagcgggtgg ggggaggcta
agatggggag aagtgaaggg ggagggtggce
ccagggaggg catgtgetcet tgtcce
<210> SEQ ID NO 166

<211> LENGTH: 806
<212> TYPE: DNA

actgcggtga
gagggtgctg
tgcacttggt
tgececcgageg
tggegecceg
aggggaaacg
cccaaaacct
gcacctgggg
ctggttetge
ctgctaccege
cggtggagaa

ctgtaaaaga

tgatggggag

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

gagetgggge
ctgcecccace
gegectgata
gaaggacaga
cagtaccagce
gagccaggat
gagetgtgta
cgectectga
aagtggatct
tgggtgcagy
ggggcacage
gggaaaatga

acccgagcege

cctgggacte
catgagaaac
ggaaaagcga
gacgeeeget
tgctectect
tctetgaagyg
ctgtegegea
tggtgaaget
cagtgcaggg
gccacggaat
ccetggecagy
gagatgaggg

ggaggggtga

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from

chrl7:6797216-6798021

20

60

120

180

240

300

360

420

480

540

600

660

720

780

806



US 2022/0364187 Al Nov. 17,2022
98

-continued
<400> SEQUENCE: 166
tgttatcggt gtggggaaag gtgagcgcgg attgcggtga gagttggggt tttgggattt 60
agaggtgtta ttgggggtcg gggttattcg gagggtgttg ttgttttatt tatgagaaat 120

ttgggaagcg gggtaggggt tgaggtceggg tgtatttggt gegtttgata ggaaaagcga 180
gaggaatagg agagatgaga ggtatttttt tgttcgagcg gaaggataga gacgttegtt 240

ggggtgggta cggtaggtte ggggggaggt tggegttteg tagtattagt tgtttttttt 300

tatttttatt ttttttcggt tgtgttgtgg aggggaaacg gagttaggat tttttgaagg 360
tttatcgatt tcgtcegtttt ttttgaagat tttaaaattt gagttgtgta ttgtcgegta 420
ggaggtagag tttgagatcg acgttttttt gtatttgggg cgttttttga tggtgaagtt 480
gcgtaaatat aacgtgttgt tgagtttcga ttggttttgt aagtggattt tagtgtaggg 540
ttcggggatt taaggcgagg tttttttttt ttgttatcgt tgggtgtagg gttacggaat 600
tatttgtttg tttgagggta ttggtgagtt cggtggagaa ggggtatagt ttttggtagg 660

ttggaggaag aagcgggtgg ggggaggtta ttgtaaaaga gggaaaatga gagatgaggyg 720
agatggggag aagtgaaggg ggagggtggt tgatggggag attcgagcge ggaggggtga 780

ttagggaggg tatgtgtttt tgtttt 806

<210> SEQ ID NO 167

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chrl7:6797216-6798021

<400> SEQUENCE: 167

gttcgagcgg aaggatagag 20

<210> SEQ ID NO 168

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chrl7:6797216-6798021

<400> SEQUENCE: 168

tccgtaacce tacacccaac 20
<210> SEQ ID NO 169

<211> LENGTH: 1155

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 169

caggaccacg ggccccgege caccatgccee cggcagctee cteggcacte gegggacccc 60
aaggcgggcet getgeggett ccccaaacce accgecacce caccctgtet gaccacagece 120
cceccaaace gectgecgece tgecccttag agcacaacge agectggecce tacacctaac 180
cceccagacca ctccectcaat cgtgaaccca gtaaaccage ctgcacccca cacagcccaa 240
ggtcttgcee cgegeccagg tcccagcace tagcgacceg ccttcagcac ttggaatggyg 300

ctggagttgg gaaatcagag agggccagtg caggtgctgg ggcagtatcg agagcgggga 360
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ccttactget agggtggaga ggagtggggyg agattggtce caacccatca ccgetggtgg 420
atgtctcaga ggaagcctgg ggtecctgge cactgggtag gagggtagga agaaaagatg 480
aggcaggcte ttccecgecca aacaagtcca gggggcggag gacgggggag tgtctacagg 540
gtgtggggag ggggctgccee cgcctcacga ttaaggttca gactaggggt acttaaccgce 600

tggagcaggce ccgactgagg tggggtgage tgaggaccece gaggaggagg gcacaaggcet 660

gcegggggty atgggggcag gggetgette acgtggtgge tgctgactgg ccaagaccta 720

getttgecee aggettaggt cagegacceg actgcaggaa agggetcagg ctttggtece 780
aggcacaggg cctgggccaa aaaaaaaaaa aaagectttt ttetttttet ctcatttttt 840
tttetttagt agtaggcaca gtgggcacag gttacaaggt getgetttac atgegtatte 900
gectegeagg tgtgaccttg gacegttgee ctectctete tggaccccaa atacattgea 960

tatgtaggta ctaaatccat atttgttaaa tggcttgatg tggataacat aggagattat 1020

ccctggetgg tcetecattag gecctctaag cacacccage agctgtatac actcccacce 1080

agcttgtcag agaagatggg accaggggag ctgtegetet ggtggagtge agggggtcaa 1140

agcaagcctc aaggg 1155

<210> SEQ ID NO 170

<211> LENGTH: 1155

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from
chrl17:8066419-8067573

<400> SEQUENCE: 170

taggattacg ggtttcgegt tattatgttt cggtagtttt tteggtattc gegggatttt 60
aaggcgggtt gttgeggttt ttttaaattt atcgttattt tattttgttt gattatagtt 120
tttttaaatc gtttgtcgtt tgttttttag agtataacgt agtttggttt tatatttaat 180
ttttagatta tttttttaat cgtgaattta gtaaattagt ttgtatttta tatagtttaa 240
ggttttgttt cgcgtttagg ttttagtatt tagcgattcg tttttagtat ttggaatggy 300

ttggagttgg gaaattagag agggttagtg taggtgttgg ggtagtatcg agagcgggga 360

ttttattgtt agggtggaga ggagtggggg agattggttt taatttatta tcgttggtgg 420
atgttttaga ggaagtttgg ggtttttggt tattgggtag gagggtagga agaaaagatg 480
aggtaggttt ttttcgttta aataagttta gggggcggag gacgggggag tgtttatagg 540
gtgtggggag ggggttgttt cgttttacga ttaaggttta gattaggggt atttaatcgt 600

tggagtaggt tcgattgagg tggggtgagt tgaggattte gaggaggagg gtataaggtt 660

gtegggggtyg atgggggtag gggttgtttt acgtggtggt tgttgattgg ttaagattta 720

gttttgtttt aggtttaggt tagcgattcg attgtaggaa agggtttagg ttttggtttt 780
aggtataggg tttgggttaa aaaaaaaaaa aaagtttttt tttttttttt tttatttttt 840
tttttttagt agtaggtata gtgggtatag gttataaggt gttgttttat atgcgtattc 900
gtttcgtagg tgtgattttg gatcgttgtt tttttttttt tggattttaa atatattgta 960

tatgtaggta ttaaatttat atttgttaaa tggtttgatg tggataatat aggagattat 1020

ttttggttgg tttttattag gttttttaag tatatttagt agttgtatat atttttattt 1080

agtttgttag agaagatggg attaggggag ttgtcgtttt ggtggagtgt agggggttaa 1140
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agtaagtttt aaggg 1155

<210> SEQ ID NO 171

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chrl7:8066419-8067573

<400> SEQUENCE: 171

cgtagtttgg ttttatattt aattttt 27

<210> SEQ ID NO 172

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chrl7:8066419-8067573

<400> SEQUENCE: 172

taccetecte ctcgaaatcec 20

<210> SEQ ID NO 173

<211> LENGTH: 20

<212> TYPE: DNA

<213 > ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: F2 Primer for Bisulfite converted genomic DNA
from chrl7:8066419-8067573

<400> SEQUENCE: 173

gagggggttg tttcgtttta 20

<210> SEQ ID NO 174

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R2 Primer for Bisulfite converted genomic DNA
from chrl7:8066419-8067573

<400> SEQUENCE: 174

caacgatcca aaatcacacc t 21
<210> SEQ ID NO 175

<211> LENGTH: 1443

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 175

ctgggattac aggcgcccac catcatgcct ggctaatttt tgtattttta gtagagacgg 60
ggtttcaccg tattggcaag gtttgtctcg aactcctgac ctcaggtgat ccatccgcat 120
tggcctecca aaatgetggg attacaggtg tgagecacceg cacceggect ctggggaccce 180
atttcaacag tctggcaccc atggttggga atatgtttaa cctctaaatt ggggttttcc 240
tgctgaactg cgtctgaaag actgcttcte tgagctaget catgtttttg ctttttctet 300
ctattgattc ctttatagaa tattgctgtc atataagtcc agettttccg tgaatttaac 360

agttttatcc tgttatcgat gtgtttttat tttcttgaaa ataagcagat tgagacatca 420



US 2022/0364187 Al Nov. 17,2022
101

-continued
gatgggagaa aggcttgact atgtcgccag cagcctcatg ccaaattcct gattcctgga 480
ggacagagce ccectectge tccaaggcca ggagatggeg ccactggaca gtgagtcetgg 540
gattcctage acacacttgt gattgctggt ccaggaaaaa gaagcaggaa gggccattag 600
tacaatcagt caggaaattc tgcttaagtg cacatttctce cccaggagag tcgggtcact 660
gcactgggag gaagcccgcce tgccaagggce tgtgtctgga acctgttcat cgegctccac 720
tcagcacagt gagatcgcct cttetgttac tcggtcteca gggggceggga cctggagcecg 780
tatccaatca gggccatggg gtggggtcegt gagaactgtg gatcaggcgce actgcaggga 840
ggtgggtgceg cggcatcttce acccctcetaa atgeggetece tactcetgtag ctgacagaca 900
cccacagacg tgtctgtage atcctetgte acactgggac ccgtactgge agcaggagcc 960

gtagggagga ctgggacacc tggaagccag gaattggtga gtgtgcgggg ctgagggtcc 1020
cgagactagg atgggactgg ttggaaccgg caggaataga ccgtggeggg acccgggect 1080
cttcgtagtt gactctgggt tctgagaccce aagtccccct ggcgcacctce ggccctggtt 1140
cctctcagge cgcagggtgg ggctgegacg gcagccgaga cccctagecg tccggtccag 1200
tcectgtgea actgactgtg geccccaggcee cagcgceccte tcetggtcage teecgegeceg 1260
ctgcceccagt cacgeccget gectecegtgt ctecccagat tgtacggggg ccactagagg 1320
gtcatggggg aaatcctgcc tcgagtatgg ggttegtgtg agaggagctg taggcetgtgg 1380
ggtccccagt tcectettte tcaccagggg cttttgtatt ttatctgagt ttcccaaata 1440
tac 1443
<210> SEQ ID NO 176

<211> LENGTH: 1443

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from

chr19:11783996-11785438

<400> SEQUENCE: 176

ttgggattat aggcgtttat tattatgttt ggttaatttt tgtattttta gtagagacgg 60
ggttttatcg tattggtaag gtttgtttcg aatttttgat tttaggtgat ttattcgtat 120
tggtttttta aaatgttggg attataggtg tgagttatcg tattcggttt ttggggattt 180
attttaatag tttggtattt atggttggga atatgtttaa tttttaaatt ggggtttttt 240
tgttgaattg cgtttgaaag attgtttttt tgagttagtt tatgtttttg tttttttttt 300
ttattgattt ttttatagaa tattgttgtt atataagttt agttttttcg tgaatttaat 360
agttttattt tgttatcgat gtgtttttat ttttttgaaa ataagtagat tgagatatta 420
gatgggagaa aggtttgatt atgtcgttag tagttttatg ttaaattttt gatttttgga 480
ggatagagtt ttttttttgt tttaaggtta ggagatggcg ttattggata gtgagtttgg 540
gatttttagt atatatttgt gattgttggt ttaggaaaaa gaagtaggaa gggttattag 600
tataattagt taggaaattt tgtttaagtg tatatttttt tttaggagag tcgggttatt 660
gtattgggag gaagttcgtt tgttaagggt tgtgtttgga atttgtttat cgcgttttat 720
ttagtatagt gagatcgttt tttttgttat tcggttttta gggggcggga tttggagtcg 780

tatttaatta gggttatggg gtggggtcgt gagaattgtg gattaggcgt attgtaggga 840
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ggtgggtgcg cggtattttt atttttttaa atgcggtttt tattttgtag ttgatagata 900
tttatagacg tgtttgtagt attttttgtt atattgggat tcgtattggt agtaggagtc 960
gtagggagga ttgggatatt tggaagttag gaattggtga gtgtgcgggg ttgagggttt 1020
cgagattagg atgggattgg ttggaatcgg taggaataga tcgtggcggg attcecgggttt 1080
tttcgtagtt gattttgggt tttgagattt aagttttttt ggcgtatttc ggttttggtt 1140
ttttttaggt cgtagggtgg ggttgcgacg gtagtcgaga tttttagtcg ttcggtttag 1200
tttttgtgta attgattgtg gttttaggtt tagcgttttt tttggttagt ttcgegtteg 1260
ttgttttagt tacgttcgtt gttttegtgt ttttttagat tgtacggggg ttattagagg — 1320
gttatggggg aaattttgtt tcgagtatgg ggttcgtgtg agaggagttg taggttgtgg 1380
ggtttttagt tttttttttt ttattagggg tttttgtatt ttatttgagt tttttaaata 1440
tat 1443

<210> SEQ ID NO 177
<211> LENGTH: 23
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: F1l Primer for Bisulfite converted genomic DNA
from c¢hrl19:11783996-11785438

<400> SEQUENCE: 177
tttggtattt atggttggga
<210> SEQ ID NO 178

<211> LENGTH: 18
<212> TYPE: DNA

ata

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

23

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chrl9:11783996-11785438

<400> SEQUENCE: 178
aaatcccgee ccectaaaa
<210> SEQ ID NO 179

<211> LENGTH: 20
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

18

<223> OTHER INFORMATION: F2 Primer for Bisulfite converted genomic DNA
from chrl9:11783996-11785438

<400> SEQUENCE: 179

ttgggaggaa gttegtttgt

<210> SEQ ID NO 180

<211> LENGTH: 20
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

20

<223 > OTHER INFORMATION: R2 Primer for Bisulfite converted genomic DNA
from chr19:11783996-11785438

<400> SEQUENCE: 180

caacgaacgc gaaactaacc

<210> SEQ ID NO 181

20
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<211> LENGTH: 1480
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 181
aatacgaagt tgacaagatyg ttattaaaga cgaataaaat tataccaata cctagacacc 60
tgatcccaac attaaacatyg aaatacacta aaccagagtt attttctgga ggagtattta 120
aaatgatggg gatgttatta cttgggtcge aatgaacctg aaaacccatt ttctacagaa 180
tatacagcag cagggaagca aggggaccag cagacccctt tttaagtacg catgtgataa 240
gcaatgaaca cgaactgccc agagcagtcet ccaacactga cacgattcege ttccccacca 300
cgacgcecta gegctactgt gecaacgaaga cctceccaage actggttcca atgeggagac 360
catgggctee cagactctgg gaactccaac acgactgcega aacgaactcce gagcgaggac 420
tceccecgagag ctccccgcaa cacggacctce acgegctage gaacaacaga aaaaaaaaag 480
cgegetcetee ctgccectga aacattecca gaageccacyg cagaccagac cgatgacctyg 540
tctccactge tggaggcgag tcagggacce gaagtctceta aacactcgec tctacccegec 600
gcceccgegaa ccccacacac tgecagacgeg acactegcaa gtttegggga tggeggeegg 660
cgagggccat actgegtctt tccggagaca cggaatacgg caccagccgt cectttatga 720
tgcaatatgt ctgcgcccag gggacgcttyg ctgggageag ccattttcaa ccectactgec 780
gtagagcagg cggagtccct cttttegege cttaagacag gtaggttctg acgatgaaaa 840
gcaattgaaa acgacccatt tcaccctttt tccagtccac gtgaactget agatcttgge 900
tttgcaacat tagccagggg cgctacataa actgcttagt ttetcaaagg ctcaagectyg 960

ccctgatetg tctacaggat gggtagagat ggtcacagac atttaggcac tttgatccta 1020
agaagaatgg aaagaaacca tgtggegegg cagtcttaca ggaatttcaa gagggaggga 1080
cctgagcaac aatcggaggg gttattactc ctgaggatge atctggctgg agaaagcagce 1140
ctttgagaac tgcctaagaa gtatctttac atctacatca gatgtagcct cagaggaagg 1200
agtcagtcat agaatggata aaacaaccgc gtgttaaagc tttggttata attggtgtgg 1260
agaatggaga acacagttga tcagcagttg acaaagtggg gaaccaacac gaaaacaggg 1320
ctctetcace ctggaaaage caaaggcaga acaagecttt acatccagga aggtgggage 1380
aacttgaaat caaaactctg aaggggagat gattctgttc aatactgaaa ctcagctgat 1440
caattaactg atgaattcta gcaccaaacc tgctccctat 1480
<210> SEQ ID NO 182

<211> LENGTH: 1480

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from
chrl19:52390560-52392039

<400> SEQUENCE: 182

aatacgaagt tgataagatg ttattaaaga cgaataaaat tatattaata tttagatatt 60
tgattttaat attaaatatg aaatatatta aattagagtt attttttgga ggagtattta 120
aaatgatggg gatgttatta tttgggtcgt aatgaatttg aaaatttatt ttttatagaa 180
tatatagtag tagggaagta aggggattag tagatttttt tttaagtacg tatgtgataa 240

gtaatgaata cgaattgttt agagtagttt ttaatattga tacgattcgt ttttttatta 300
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cgacgtttta gcgttattgt gtaacgaaga ttttttaagt attggtttta atgcggagat 360
tatgggtttt tagattttgg gaattttaat acgattgcga aacgaatttc gagcgaggat 420
ttttcgagag tttttcgtaa tacggatttt acgcgttage gaataataga aaaaaaaaag 480
cgcgtttttt ttgtttttga aatattttta gaagtttacg tagattagat cgatgatttg 540
tttttattgt tggaggcgag ttagggattc gaagttttta aatattcgtt tttattcgtce 600
gtttcgecgaa ttttatatat tgtagacgcg atattcgtaa gtttcgggga tggeggtegg 660
cgagggttat attgecgtttt ttcggagata cggaatacgg tattagtcegt ttttttatga 720
tgtaatatgt ttgcgtttag gggacgtttg ttgggagtag ttatttttaa ttttattgtce 780
gtagagtagg cggagttttt tttttcgegt tttaagatag gtaggttttg acgatgaaaa 840
gtaattgaaa acgatttatt ttattttttt tttagtttac gtgaattgtt agattttggt 9200
tttgtaatat tagttagggg cgttatataa attgtttagt tttttaaagg tttaagtttg 960

ttttgatttg tttataggat gggtagagat ggttatagat atttaggtat tttgatttta 1020
agaagaatgg aaagaaatta tgtggcgcgg tagttttata ggaattttaa gagggaggga 1080
tttgagtaat aatcggaggg gttattattt ttgaggatgt atttggttgg agaaagtagt 1140
ttttgagaat tgtttaagaa gtatttttat atttatatta gatgtagttt tagaggaagg 1200
agttagttat agaatggata aaataatcgc gtgttaaagt tttggttata attggtgtgg 1260
agaatggaga atatagttga ttagtagttg ataaagtggg gaattaatac gaaaataggg 1320
tttttttatt ttggaaaagt taaaggtaga ataagttttt atatttagga aggtgggagt 1380
aatttgaaat taaaattttg aaggggagat gattttgttt aatattgaaa tttagttgat 1440

taattaattg atgaatttta gtattaaatt tgttttttat 1480

<210> SEQ ID NO 183

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: F1l Primer for Bisulfite converted genomic DNA
from c¢hrl9:52390560-52392039

<400> SEQUENCE: 183

agggaagtaa ggggattagt aga 23

<210> SEQ ID NO 184

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R1 Primer for Bisulfite converted genomic DNA
from chrl9:52390560-52392039

<400> SEQUENCE: 184

ccaacaaacg tcccctaaac 20

<210> SEQ ID NO 185

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F2 Primer for Bisulfite converted genomic DNA
from chr19:52390560-52392039
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<400> SEQUENCE: 185

ttcggagata

cggaatacgg

<210> SEQ ID NO 186
<211> LENGTH: 20

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: R2 Primer for Bisulfite converted genomic DNA

from c¢hr19:52390560-52392039

<400> SEQUENCE: 186

ttctceccatte

tccacaccaa

<210> SEQ ID NO 187
<211> LENGTH: 1364

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 187

dggagggagy
gtgactcccee
tccaaggece
gtcaccteee
tctagagtcet
gagacgtggg
ctgattggcet
ctgectgtea
aggecggggy
ctttretette
aaaatgtaca
¢gagggggca
ttgccaacat
tgtgtgettyg
agatagaagt
agaccctgte
cacagaattyg
agaaaggggt
ccttettecag
tgagatgect
tatatgatat
ttatgaataa

tctgettata

gcttgtettg
atccgcggag
ggtgcaggag
tgaccacgaa
cgactacccy
ctttgtcagt
cagcecgegty
aacgcacagc
tcaggtggcet
ccagcagett
atgggccegg
gcggggatgyg

ggcaaaaccc

taatcccagyg

tgctgtgacc

tctaaaataa

tgcaatcatc

cttgctatgt

cctgtgcaat

cacctggecec

ttatccagtc

agctgctatg

taagtaggag

<210> SEQ ID NO 188
<211> LENGTH: 1364

<212> TYPE:

DNA

ctceggeccee

gcteccecge

caccetttgt

tactctgeca

gggtgaccca

ttaacagatt

ccecacgtgac

cctgttggge

tcectetatgyg

tattaagtta

cgcggtgget

gggtggcgygy

tgtetetact

tactcgggag

tgaaatcgca

aatgaaataa

ggcaccatct

tgtccagget

acctatgett

agaacttagt

atcagctgat

agcatttgtg

tataatttct

tgtgatgagt

tgaccccaag

CCCtgggtgg

actgcctect

atagtcccga

ctgcctecgyg

cgaccaaaac

ccceggagag

gecctttaat

taattcacac

cacgcctgta

tcacctgagg

aaagatacaa

gctgaggcag

ccacttcact

aatagaatat

aatttgagaa

ggtcttgaac

gcacgggtge

tttttactga

ggacttttga

tagaagtttg

gggtcaaagt

<213> ORGANISM: Artificial Sequence

ccectettac

tcececcaccege

cctgaccctg

gagtgaccga

cteccecgaga

gaaccaactg

cggecaccag

gaagagccga

ccacctcact

acgatgtaat

atcccagcac

tcatgagtte

aaaatatcca

gagaatcget

ccagcctggg

acactggtte

cattttctat

tCttggggtg

aagcatcagce

aaaatattcc

actgtttcca

tgtagattta

ataa

ccggcaggtyg
tectgtectte
ctgaccacgg
gacagctcag
cagggacccg
ccgggagatt
ggtctcccaa
gaaggaggcec
tttttatctt
tcgcccattt
tttgggaggce
aagaccagcc
ggcatagttg
tgaacctggg
tgacagagtg
ttagtatagt
atatatgtag
aaaccatcct
attacaggca
cttgtatgca
cttctgttta

tgttttcatt

20

20

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1364
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<220> FEATURE:
<223> OTHER INFORMATION: Bisulfite converted genomic DNA from
chr20:5484894-5486257

<400> SEQUENCE: 188

gggagggagg gtttgttttg tttcggtttt tgtgatgagt ttttttttat tcggtaggtg 60
gtgatttttt attcgcggag gttttttegt tgattttaag tttttatcgt tttgtttttt 120
tttaaggttc ggtgtaggag tattttttgt ttttgggtgg tttgattttg ttgattacgg 180
gttatttttt tgattacgaa tattttgtta attgtttttt gagtgatcga gatagtttag 240
tttagagttt cgattattcg gggtgattta atagtttcga tttttcgaga tagggattcg 300
gagacgtggg ttttgttagt ttaatagatt ttgttttcgg gaattaattg tcgggagatt 360
ttgattggtt tagtcgcgtg tttacgtgat cgattaaaat cggttattag ggttttttaa 420
ttgtttgtta aacgtatagt tttgttgggt tttcggagag gaagagtcga gaaggaggtt 480
aggtcggggg ttaggtggtt ttttttatgg gttttttaat ttattttatt tttttatttt 540
tttttttttt ttagtagttt tattaagtta taatttatat acgatgtaat tcgtttattt 600
aaaatgtata atgggttcgg cgcggtggtt tacgtttgta attttagtat tttgggaggt 660

cgagggggta geggggatgy gggtggeggy ttatttgagg ttatgagttt aagattagtt 720

ttgttaatat ggtaaaattt tgtttttatt aaagatataa aaaatattta ggtatagttg 780
tgtgtgtttg taattttagg tattcgggag gttgaggtag gagaatcgtt tgaatttggg 840
agatagaagt tgttgtgatt tgaaatcgta ttattttatt ttagtttggg tgatagagtg 900
agattttgtt tttaaaataa aatgaaataa aatagaatat atattggttt ttagtatagt 960

tatagaattg tgtaattatc ggtattattt aatttgagaa tattttttat atatatgtag 1020
agaaaggggt tttgttatgt tgtttaggtt ggttttgaat ttttggggtg aaattatttt 1080
ttttttttag tttgtgtaat atttatgttt gtacgggtgt aagtattagt attataggta 1140
tgagatgttt tatttggttt agaatttagt tttttattga aaaatatttt tttgtatgta 1200
tatatgatat ttatttagtt attagttgat ggatttttga attgttttta tttttgttta 1260
ttatgaataa agttgttatg agtatttgtg tagaagtttg tgtagattta tgtttttatt 1320

tttgtttata taagtaggag tataattttt gggttaaagt ataa 1364

<210> SEQ ID NO 189

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chr20:5484894-5486257

<400> SEQUENCE: 189

tttgattttg ttgattacgg gtta 24

<210> SEQ ID NO 190

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: Rl Primer for Bisulfite converted genomic DNA
from chr20:5484894-5486257

<400> SEQUENCE: 190
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ttctatctece caaattcaaa cga 23

<210> SEQ ID NO 191

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: F2 Primer for Bisulfite converted genomic DNA
from chr20:5484894-5486257

<400> SEQUENCE: 191

attcgggagg ttgaggtagy 20

<210> SEQ ID NO 192

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: R2 Primer for Bisulfite converted genomic DNA
from chr20:5484894-5486257

<400> SEQUENCE: 192

ttctaaacca aataaaacat ctca 24
<210> SEQ ID NO 193

<211> LENGTH: 1063

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 193

ccagaacctg gectgtgatyg ggtcecteagyg acaccttttyg tecaggaace caggggecaa 60
tgacaacctt cacaggcatc tgctgagaag acatgggceca gegetggatt tgtccagete 120
tceccaggett ggtccaaggg ctcaggagtyg gacccatcee tgecccgaaa gatccatttt 180
aaaaatcagt gaccctgtac ttttactcte tttgcacttg gttaagactt tatccctgat 240
tttatttgat cggtaaggca gggactgcca tcattcccca ttttatagac agaggacaga 300
cggcecccatyg getcegtgte gtgtccaagg gatgggetgg cacctettgg accaggetta 360
ccaccaggge ccttetetga agecccagte tgaccggect getgetggga atcccectet 420
gececcacac taacctetge tggggetgag ccagggegeg tceggacagte agggcegacee 480
agccagggeg accgttggee cegetectat ggggcagcag ggaccgacgt cagcagggtg 540
gggegggeac cegagtggta tgeccegece tgeccegect gecegecctyg gtggecgtet 600
gggggcgaca agtcctgaga gaaccagacg gaagcegeget gggactgaca cgtggacttg 660

ggcggtgetyg ceegggtggg teagectggg ctgggaggea geccegggac acagetgtge 720
ccacgccegte tgagcaccce aagceccgatg cagcecacccee cagacgaggce ccgcagggac 780
atggecgggg acacccagtg gtecaggtgt ggegggggty aggggagggy gggtgggage 840
ggtggagatg gggccegtggg gagggagetg agatactgece acgtgggacyg atgctaggtg 900
gggagggetyg agetgggegg getectetgg ctgtggggee cectgtgtte cttgtgggag 960
gtggaaggaa gtgagtgccce tgtccttect ccctgeccatg agattccagg accggacctg 1020
gcaagtgcece tatcccagec agtgttectg gggetcttece agg 1063
<210> SEQ ID NO 194

<211> LENGTH: 1063
<212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bisulfite converted genomic DNA from
chr20:61583436-61584498

<400> SEQUENCE: 194

ttagaatttg gtttgtgatg ggtttttagg atattttttg tttaggaatt taggggttaa 60
tgataatttt tataggtatt tgttgagaag atatgggtta gcgttggatt tgtttagttt 120
ttttaggttt ggtttaaggg tttaggagtg gatttatttt tgtttcgaaa gatttatttt 180
aaaaattagt gattttgtat ttttattttt tttgtatttg gttaagattt tatttttgat 240
tttatttgat cggtaaggta gggattgtta ttatttttta ttttatagat agaggataga 300
cggttttatg gtttecgtgtc gtgtttaagg gatgggttgg tattttttgg attaggttta 360
ttattagggt ttttttttga agttttagtt tgatcggttt gttgttggga attttttttt 420
gtttttatat taatttttgt tggggttgag ttagggcgceg tcggatagtt agggcgattt 480
agttagggcg atcgttggtt tcgtttttat ggggtagtag ggatcgacgt tagtagggtg 540
gggcgggtat tcgagtggta tgtttegttt tgtttcgttt gttegttttg gtggtegttt 600
gggggcgata agttttgaga gaattagacg gaagcgcgtt gggattgata cgtggatttg 660

ggcggtgttg ttegggtggg ttagtttggg ttgggaggta gtttcecgggat atagttgtgt 720
ttacgtcgtt tgagtatttt aagttcgatg tagttatttt tagacgaggt tcgtagggat 780
atggtcgggg atatttagtg gtttaggtgt ggcegggggtyg aggggagggg gggtgggage 840
ggtggagatyg gggtcegtggg gagggagttg agatattgtt acgtgggacg atgttaggtg 900
gggagggttg agttgggcgg gtttttttgg ttgtggggtt ttttgtgttt tttgtgggag 960
gtggaaggaa gtgagtgttt tgtttttttt ttttgttatg agattttagg atcggatttg 1020

gtaagtgttt tattttagtt agtgtttttg gggttttttt agg 1063

<210> SEQ ID NO 195

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: F1 Primer for Bisulfite converted genomic DNA
from chr20:61583436-61584498

<400> SEQUENCE: 195

tttggttaag attttatttt tgattt 26

<210> SEQ ID NO 196

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Rl Primer for Bisulfite converted genomic DNA
from chr20:61583436-61584498

<400> SEQUENCE: 196

ctaacccacc cgaacaacac ¢ 21

<210> SEQ ID NO 197

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: F2 Primer for Bisulfite converted genomic DNA
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from chr20:61583436-61584498
<400> SEQUENCE: 197
gttcgttttg gtggtegttt 20

<210> SEQ ID NO 198

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: R2 Primer for Bisulfite converted genomic DNA
from chr20:61583436-61584498

<400> SEQUENCE: 198

aaccctccee acctaacatce 20

1. A method comprising:

determining a methylation level of any one or more CpG
sites in any one or more genomic regions of a genome
of a subject, wherein the one or more genomic regions

positions 5485144-5486007 of chromosome 20; and

positions 61583686-61584248 of chromosome 20.

2. The method of claim 1, wherein the determining
comprises determining the methylation level of each CpG

comprise one or more of:
positions 40024971-40025415 of chromosome 1;
positions 63249197-63249213 of chromosome 1;
positions 95698827-95699097 of chromosome 1;
positions 154127462-154128443 of chromosome 1;
positions 162467080-162467363 of chromosome 1;
positions 27301195-27301943 of chromosome 2;
positions 47382287-47382903 of chromosome 2;
positions 121223534-121223964 of chromosome 2;
positions 42756397-42757171 of chromosome 5;
positions 102898463-102898733 of chromosome 5;
positions 110062384-110062618 of chromosome 5;
positions 138210550-138211184 of chromosome 5;
positions 180257691-180257804 of chromosome 5;
positions 28058187-28059208 of chromosome 6;
positions 28829283-28829674 of chromosome 6;
positions 32164503-32165200 of chromosome 6;
positions 168393930-168394160 of chromosome 6;
positions 965379-965534 of chromosome 7,
positions 151433178-151433561 of chromosome 7,
positions 16859295-16860121 of chromosome 8§,
positions 144635260-144635610 of chromosome 8;
positions 76803669-76803925 of chromosome 10;
positions 2334892-2335053 of chromosome 11;
positions 2891077-2891118 of chromosome 11;
positions 15037755-15039432 of chromosome 12;
positions 49107116-49108131 of chromosome 13;
positions 110438578-110439234 of chromosome 13;
positions 112861499-112861518 of chromosome 13;
positions 72053146-72053361 of chromosome 14;

positions 104394430-104394831 of chromosome 14;
positions 101389272-101389394 of chromosome 15;

positions 3355951-3356149 of chromosome 16;
positions 49563759-49564462 of chromosome 16;
positions 67034309-67034882 of chromosome 16;
positions 75681737-75682004 of chromosome 16;
positions 75568999-75569749 of chromosome 16;
positions 6797466-6797771 of chromosome 17,
positions 8066669-8067323 of chromosome 17,
positions 11784246-11785188 of chromosome 19;
positions 52390810-52391789 of chromosome 19;

site in any one or more of the genomic regions.

3. The method of claim 1, wherein the determining
comprises determining the methylation level of each CpG
site in any five or more of the genomic regions.

4. The method of claim 1, wherein the determining
comprises determining the methylation level of any one or
more CpG sites in any five or more of the genomic regions.

5. The method of claim 1, wherein the determining
comprises determining the methylation level of any one or
more CpG sites in each of the genomic regions.

6. The method of claim 1, the determining comprises
determining the methylation level of each CpG site in each
of the genomic regions.

7. The method of claim 1, wherein a methylation level is
determined for no more than 800,000 CpG sites in the
genome of the subject.

8. The method of claim 1, wherein the subject is a subject
presenting with respiratory illness.

9. The method of claim 1, wherein the subject is a subject
infected or suspected of being infected with coronavirus.

10. The method of claim 1, wherein the subject is a
subject infected or suspected of being infected with SARS-
CoV-2.

11. The method of claim 1, wherein the subject is a subject
diagnosed with SARS-CoV-2 infection.

12. The method of claim 1, wherein the determining
comprises:

treating genomic DNA from the subject with bisulfite to

generate bisulfite-treated genomic DNA;

amplifying the bisulfite-treated genomic DNA using

primers specific for a portion of the bisulfite-treated
genomic DNA comprising the one or more genomic
regions; and

measuring the methylation level of the one or more CpG

sites in the one or more genomic regions.

13. The method of claim 12, wherein the portion of the
bisulfite-treated genomic DNA has a length less than 1000
bases.

14. The method of claim 1, wherein the methylation level
is measured by methylation-specific PCR, quantitative
methylation-specific PCR, methylation-sensitive DNA
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restriction enzyme analysis, or bisulfite genomic sequencing
PCR, or quantitative bisulfite pyrosequencing.

15. The method of claim 1, wherein the one or more
genomic regions comprise one or more of:

positions 40024971-40025415 of chromosome 1;

positions 95698827-95699097 of chromosome 1;

positions 162467080-162467363 of chromosome 1;

positions 27301195-27301943 of chromosome 2;

positions 47382287-47382903 of chromosome 2;

positions 42756397-42757171 of chromosome 5;

positions 102898463-102898733 of chromosome 5;

positions 138210550-138211184 of chromosome 5;

positions 28829283-28829674 of chromosome 6;

positions 168393930-168394160 of chromosome 6;

positions 965379-965534 of chromosome 7,

positions 2334892-2335053 of chromosome 11;

positions 2891077-2891118 of chromosome 11;

positions 110438578-110439234 of chromosome 13;

positions 101389272-101389394 of chromosome 15;

positions 3355951-3356149 of chromosome 16;

positions 11784246-11785188 of chromosome 19;

positions 52390810-52391789 of chromosome 19; and

positions 61583686-61584248 of chromosome 20.

16. The method of claim 15, wherein the one or more CpG
sites are located at any one or more of the genomic positions
shown in Table 15.

17. The method of claim 15, further comprising deter-
mining from the methylation level of the one or more CpG
sites a likelihood of developing critical illness comprising at
least one of admission to an intensive care unit, invasive
ventilation, and death.

18. The method of claim 1, wherein the one or more
genomic regions comprise one or more of:

positions 63249197-63249213 of chromosome 1;

positions 27301195-27301943 of chromosome 2;

positions 121223534-121223964 of chromosome 2;

positions 110062384-110062618 of chromosome 5;

positions 180257691-180257804 of chromosome 5;

positions 28058187-28059208 of chromosome 6;
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positions 32164503-32165200 of chromosome 6;
positions 151433178-151433561 of chromosome 7;
positions 16859295-16860121 of chromosome 8;
positions 144635260-144635610 of chromosome 8;
positions 76803669-76803925 of chromosome 10;
positions 112861499-112861518 of chromosome 13;
positions 72053146-72053361 of chromosome 14;
positions 104394430-104394831 of chromosome 14;
positions 49563759-49564462 of chromosome 16;
positions 67034309-67034882 of chromosome 16;
positions 75568999-75569749 of chromosome 16; and
positions 6797466-6797771 of chromosome 17.

19. The method of claim 18, wherein the subject is a
subject infected with SARS-CoV-2 and the method further
comprises determining from the methylation level of the one
or more CpG sites a likelihood of dying from the SARS-
CoV-2 infection.

20. The method of claim 1, wherein the one or more
genomic regions comprise one or more of:

positions 154127462-154128443 of chromosome 1;

positions 15037755-15039432 of chromosome 12;

positions 49107116-49108131 of chromosome 13;

positions 75681737-75682004 of chromosome 16;

positions 8066669-8067323 of chromosome 17; and

positions 5485144-5486007 of chromosome 20.

21. The method of claim 20, wherein the one or more CpG
sites are located at any one or more of the genomic positions
shown in Table 17A.

22. The method of claim 20, wherein the subject is a
subject infected with SARS-CoV-2, and wherein the method
further comprises determining from the methylation level of
the one or more CpG sites a likelihood of the subject
responding to treatment.

23. The method of claim 22, further comprising treating
the subject.

24. The method of claim 23, wherein the treating com-
prising treating with a steroid.

* * * * *



