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Methyl-C, 5mC accounts for ~1% of

nucleic acids in the human genome
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Dnmt3a
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“AACTGTCGGCA ° ’ AACTGTCGGEA.S DNA methylation pathways
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Intergenic Regions

v’ Repress potentially harmful genetic elements expression

v Repress ncRNA expression

CpG Islands/CpG shores_Promoter&1stExon
The majority of gene promoters, roughly 70%, reside within CpG
islands, ~50% of CpG islands contain known transcription start sites
CpG islands promote gene expression by regulating the chromatin
structure and transcription factor binding(rich GC)
CpG shores have highly conserved patterns of tissue-specific
methylation
The methylation of CpG shores is highly correlated with reduced
gene expression

Gene Body

v" DNA methylation of the gene body is associated with a higher level
of gene expression in dividing cells ,or negatively correlated with
gene expression

v" Still unclear
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v' DNMTs may recruit histone deacetylase and histone
methylase resulting in transcriptional repression

v" DNA methylation can directly decrease expression by
preventing transcriptional factors from binding to the DNA

v' DNA methylation can repress transcriptional elongation
caused by reduced RNA polymerase Il occupancy and
chromatin accessibility over the gene body

v" methyl-CpG-binding proteins (MBPs) can identify
methylated DNA and recruit corepressors in order to
silence the transcription and alter the surrounding
chromatin
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Centromere o .
[ poten e e i e [I1] P DNA methylation and cancer

Hypermethylated g CpG island
pericentromeric (hypomethylated)
heterochromatin

lHypomethwation Hypermethylation ‘

Mitotic recombination, Transcriptional repression,
genomic instability loss of TSG expression
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Unmethylated . Methylated

ASM HSM

Allele 1a A

Allele 1b cC T

Controls

Allele Za G T

Allele Zb cC C

A T G G

Allele 4a

Allele 4b c T T T

 iDMR — imprinting-specific differentially methylated region

* tDMR — tissue-specific differentially methylated region

 rDMR — reprogramming-specific differentially methylated region
 cDMR — cancer-specific differentially methylated region

« aDMR — ageing-specific differentially methylated region
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Discovery Phase (Human Blood)

| DNA methylation Microarray |
75 Cohort : 40 MDD vs. 40 CTL
|Delta Beta| > 0.2; p< 3.6 x 1078
[

RNA Expression Microarray

2" Cohort : 20 MDD vs. 20 CTL

|Log: fold change| > 1; p < 0.01
|

I
[ Gene:BiCD2 |

MSE-qPCR/qPCR: Combined analysis
of DNA methylation & mRNA expression
4t Cohort: 30 MDD vs. 30 CTL

Sequenom MassARRAY |
34 Cohort: 528 MDD vs. 818 CTL

Validation of
human results in
CUMS model

Mapping of brain regions with
altered Bicd2 DNA methylation
and mRNA expression

Functional studies
in vivo & in vitro

DNA Methylation Microarray RNA Expression Microarray
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hippocampal Bicd2-knockdown mice PNAS 2022 July
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HARLERIGE !
v" Peripheral tissues can be used as surrogates for DNA methylation in
the brain ?

v" Blood, saliva, buccal, and live brain tissue

EWAST RE#3E -
v'HumanMethylation450 (n = 12) [IZ
v'HumanMethylationEPIC BeadChip arrays (n= 21)

HEAREEGENE X XS -
v saliva—brain correlation (r= 0.90) . blood-brain (r =0.86). buccal-brain (r=0.85 [IB
v’ blood had the highest proportion of CpGs correlated to brain (20.8%)

Genome-wide DNA methylation comparison between live human
brain and peripheral tissues within individuals 2019
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Key advantage Key disadvantage

Case versus control (singletons)

Cannot easily control
Many cohorts exist for environmental and
versus .
genetic confounders

Families

Cﬂ: ﬂt:dﬁf' Few large cohorts
inheritance of this type exist

Disease-discordant monozygotic twins

Can control for Few large cohorts
genetics of this type exist

Prospectively sampled, longitudinal

Can establish Slow and difficult
@ T > i causality to establish
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Methylation odds ratio (methOR)

methOR
Mean Methylationcyee X (1 — Mean Methylationcgnerol)

(1 — Mean Methylationc,s) X Mean Methylationcgpeol

s 20.8RIHEIE I EE
HEFEESE>200

Tsai, et al. International Journal of Epidemiology, 2015
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Infinium MethylationEPICv2.0 BeadChip

* Over 935,000 methylation sites

» Enhancers and super-enhancers identified by

ChIP-Seq in cancer and cell line samples

» Expanded coverage of CpG islands

« miRNA promoter regions

» DNase hypersensitivity sites
« Compatible with FFPE Sample
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EIEIIE 5 o) = teromo
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o
00 02 04 06 08 1.0
beta
ooy,
M = RTEBOHE
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1 sample0 samplel sample2 sample3 sampled sampleb
2 cgl 0. 29433 0. 28877 0. 29933 0. 34376 0. 49576 0. 189859
3 cgl | 0, 62762 0. 49305 0. 064414 0. T3TH6 0. 45355 0. 74551
4 cgl 0, 24081 0. 10491 0, 75838 0. 62884 0. 91626 0. 13541
H cgd 0. 73783 0. 45985 0. 0454359 0. 526 0. 04393 0. 2247
4] cegd [ N, 2742 0. 74456 N, 83392 0. 57176 0. 60745 0. 27522
= ceh 0. 35956 0. 52509 N, 92509 N, 36041 N, 89452 0. 67379
8 cgh 0, 56192 0. 28362 0, 34886 0. 22754 0. 80877 0. 50571
g cgT | 0.13997 0. 99088 0.13815 0.17224 0, 4355 0. 026827
10 cgh | 0. 30218 0. 907¥1 0. 92043 0. 84802 0. 55574 0. 36847
il cgl 0. 379059 0.11527 0. 16601 0. 68918 0. 90051 0. 12646
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lne—CTE7-2: 7-GeneBody, chr20: 5745948657 483865 :— | lne—CTS
11 lne—CTEZ-2: 7—GeneBody, chr2i: 5745048A—57 405865 : — | Lne—CTE

T331500-schrl : 6452re37027650;17; 48 Inc-ESFN-5:53-GeneBody, chril 645361 4-6454451 : +|lnc—ESPH-E

5 UTR-islchr?:50849752-5085805871

1lne—IEZF1-9:1-GeneBody, chry:50850752-50853616 : +| lnec—TE?

Body—shel chrl7:27Ers20125520: 20 31 F lne-TADK1-8: 2—CeneBody, chrl7:278%45A5— 27858678 1 +| 1ne—Ti

Bodv-1slachrl5:96frs145013E18; 22
TS551500-1chr2l : 38 rs THRAAAL 25 ; B0
5 UTRE—she chr4: 698 rs1 8489350
IGE—shelichrif:115rs147819:
TS5200-skchrlf:235rs1842140
5 UTRE-1islchrlf:285rs200105¢
1stExon—ichré: 262 rs7o2044831 ;25
TS551500-1chrlf:432rs550151¢
ICE—zshelichr22:43Frs583114€27; 43
TE5200-1ischrl ;1505 rsBETTET:

Bodv—shorchr5:12535rsT9A142251 ;18
Bodv-1slezchrf: 2997 rs 36804671018,

Body-1slechr22:417rs5T425TE
Body—shorchrl:1677rs5T4525¢

IGRE—shorechrl:14TErsa87T01T23;19;
ExonBnd-ichr%:84530rs14 7523238, 29,

T551500-s chr5: 497 rs 5554691

WREZF2-451:29-TS51500, chrl5: 98A23845- 98873578 :— |HR2F 2-4F
lnec—HLCE-5:1-GeneBody, chrzl : 38441 5AA—-38445025 : — | lne—HLC
358 lnc—HYLE—Z:l—TSSlEOU,chr4:6995?0—?25134:+|
0 lnc—MPPE1-7:1-GeneBody, chr18:11979245-11980925:— | lnc—MF
49 lnc—EBRSZ—l:l—TSSIEOU,chrlﬁ:23506663—23521808:—|lnC—EAR
47 lne-TUFM-3: 2—GeneBody, chrlfi: 288323680-28834413 :— | Lne—TUF
lnc—HIST1HZEI-1:1-TS51500, chrf: 2627 2385- 26272940 1 + |
43 lne-TFAP4-2:1-CeneBody, chrlf:4310498-45323076 :— | lnc—TF4AF
1ne—TSP0-5:1-GeneBody, chr2? : 43535484 435406842 : + | lnc—TSF
18 lne—ANELS—1:1-CeneBody, chrl : 150945598—1 50948010 +| 1nc—i
16 lne—CEP120-1:1-GeneEody, chrf:123984580-1 24036931 1 |
30 lnc-RHF35%—4: 40-GeneBody, chrfi: 29973897-29974893 :— | lnc—ZH
4lnc—TOBZ—S:l—TSSlEOU,chr22:41?62056—417??285:—|lnc—TOBE
8 lnc-MP7L1-1:1-GeneBody, chrl:1677E9643-167 790452 +| 1nc—N
9;llnc—GPRBQE—lT:l—TSSZUU,chrl:14?80?1?5—14?80821?:+|1nC—G
26 lnec—SPAT431D4-1:1-TSS200, chrd: B4304A27-84301815: + | 1nc—=
5 lnc—EME-f:1-GeneBody, chrh: 408590853 40733082 : — | Lnc—PARPE
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MAP
ID CHR INFO gene

€g27236629 15 96877720  NR2F2
€g23023285 7 50850635 GRB10
cg08576184 6 151814892 Cé6orf97

€g23159236 20 57464002 GNAS

chr
chr3
chrs

chr?

P.Value

3.405543e-10
3.795204e-10
4.159995e-10

5.653920e-10
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chr14 e e e P P Ll
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chré N e T et BT i S St e e
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KEX53tr--DMR

D DMEindex CHE MAFINFO Strand Tvpe zene feature cgi feat. cgl adj.P.ValdeltaEeta 22

Example a-DMR in GATA4 gene in adipose tissue
Chromosome 8 o

c2155434<DME_1 £ 33386036 R II CITA 1stExon island  1stExen—i 0.013385 0.028329326 $g

c20235422DME_1 & 33385065 F II CITA 1stExon island  1stExen—i 0.02933% 0.032856908 T 16 o

cg0904505DME_1 & 33305067 F II CUT4 1stExen island  1stExeri 0. 032301 0. 028526937 s 1; o 2

cg028331<DMR_1 & 33385344 R I CUT4 Body shore Eody-shor 0. 65866 0, 082499274 & 10

cg0937TEEDNE_1 6 33380582 F II CUT4 Body shore Eody-shor 0. 60699 0, 088980087 3_’ g __________________________________
cg2307345DME_1 & 33385236 F I CUTA Body shore Body—sher 0. 77043 0. 079701109 'og

cg000877ZDME_1 & 33385262 F I CUTA Body shore Body—sher 0. 678473 0. 059245709 z o Prers
cg1162885DME_1 f 33385246 F I CUTA Body shore Body—sher 0. 679073 0. 095595376 11532468 _I 11619511
cg2356582DME_1 & 33385086 R I CUT4 Body shore Body—-shor 0. 75155 0. 058304400 R 35 a8 GATA4
cg130184<DME_1 & 33385440 F I CUT4 Body shore Body—shor 0. 762975 0. 017147783 ' ' C8orf49
cg139629<DME_1 & 33385608 R I CUT4 Body island Body-isle 0. 843354 0. 004863854

cg215836CDME_1 & 33385779 F I CIT4 Body island Body-isle 0. 868997 0. 002681564 3 <
cz2553965DME_2 & 28391121 R I TRINZ? 1stExon island 1stExon—i 0. 003152 0. 035993432 CG Istand i
cg2721966DNE_2 & 28391728 R I TRINZ?T 5 UTR island 5 UTR-isl 0. 003314 0. 075410629 Broad ChromHMM " .

c22356971DME_2 & 28391915 R I TRINZ7 T33200 island TS5200-i: 0. 003429 0. 079615105 mqﬂmﬁs‘;ﬁf; ) e PR S-S -1

cg036714<DMR_2 & 28391045 F I TREINZ7 1stExon island 1stExon—i 0.004202 0. 056052559 SNP UCSC

c2Z074107DNE_2 & 28391917 F II TRINZ7 T55200 island TSS200-ic 0. 004872 0. 042326551 R —
c207T914CDNE_2 & 28391716 R I TRINZ7 5 UTR island S UTR-izl 0.00714 0.058870813 || !!/k'

c20364732DME_2 & 28391109 R II TREINZ7 1stExon island 1stExon—i 0. 00714 0. 029170548 -

cg00BTE2Z(DNR_2 6 28B91298 F 1 TRINZ7 1stBxon island 1stExon-i 0. 007518 0. 07028657 RE2BBETABART - 82
cg0980531DMR_2 6 28891289 F I TRINZT 1stExon island 1stExen—i 0, 010096 0. 069654145 BBONG S ST
cg032703<DME_2 & 28891204 R I TREIMNZ7 1stExon island 1stExen—i 0. 014551 0. 053188134 DOTBE Tz Leoononn
cg0EE056CDME_2 § 28891945 R II TRIMZ27  TS5200  island  TSS200-ic 0, 016278 0. 03076428 O o G888 3333
cg116294<DME_2 & 28891340 R I TRIMNZ7 1stExon island 1stExen—i 0. 019955 0, 044307781

Physical Distance: 87 kb
Correlation Matrix Map Type: spearman

m (.
Outside

1 06 02 -02 06 -1 @  Mothyation
® cg25216696
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Iy & (Xl 51k

v HIERR - B EFHIERNA-seq. WES,
GWASZ% ; AFF#IBEETCGA, GEO,
GTEXS ; Xiia

v EFEAE 1 mRNA, miRNA, LncRNA,

$E‘.r"JCpG site EEAE;N

i@ EMassarrayFEAR
v SBEZMulti-PCR NGSEAR

ciRNAZ £ WEB S
v D EMIR R E R KB T
v KRN
v QTMIEIE T
BB AL XI5 ik S

v FfEPromoter/1stExon XI5
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CpG islandiist

BEiZhttp://www.ebi.ac.uk/Tools/segstats/emboss_cpgplot/

SHASIFESHERNCPG islandERE 57 X1,

WINDOW SIZE

MIMIMURM LEMGTH

MINIMUM OBSERVED PERCENTAGE

MIMIMUIR

100

| 200

.6

|50

DM,"‘E:D
OO0 20, 400680, 8100 .2

Parcentage

Thrazhold

—-SINCE2009-

Obaerved ve Expected

y

£

1000 1500 2000
Bose Aumbar
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2
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21
= : 'l 1 i " " P " 'l L " " i 1
a 500 1000 1500 2000
Bose number
Putative Islands
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o
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o
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o
=
& 3 L s )
S0 0] 1000 1500 2000
Base Humnbar

CPGPLOT izlands of urmsual CF composition
EMEOSS 001 from 1 to 2233

Obzerved/Expected ratio » 060
Fercent C + Fercent & » 50.00
Length > 200

Length 323 (931, 1253)


http://www.ebi.ac.uk/Tools/seqstats/emboss_cpgplot/
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E1djaspar.genereg.net/searchf

1 TTTGCCAACG TTAAGGACGC GCAGCTGTGA CACAGCCCCA GGAAGTCCAG entry

M00048 ADRI
MO0175 AP-4
M00176 AP-4
M00175 AP-4
M00032 c-Ets-
M00176 AP-4

MO0263 Stulp
MO0O253 cap

X fiERise IR T R E TN

s5COore

95. 4
93.8
91.9
91.7
90. 2
89.2
87.7
86. 7
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TACTITTATAATTITTTATGCCTGTCTTTGCTTTAATCTCTTAATCCTGT TATCTTCATAAGCTAAGGATGTACGTCACCTCAGGACCACTGTGATAATT
CdxA CdxA NIT2

GTGTTAACTGTACAGATTGATTGCAAAACATGTGTGTTTGAACAATATGAAATCAGTGCACCTTGAAAAAGAGCAGAATAACAGCAATTTTTAGGGAACA
CDPCR Sox-5 HSF HSF

AGGGAAGACAACTATAAGGTCTGACTGCCTGLGGLGT CGGGCAAAGGGAGCCATATTTTTCTTCTTGCAGAGAGCCTATAAATAGACCTGCAAGTAGGAG
ADR1 TATA

AGATATTGCTAATTTICTTTTIGCTAGCATGGAATAT TAATATTAACACCCTGGGAAAGGAATGCATTCCTGGGGGEAGGTCTATAAATGGCCGCTCTGGGA
CdxA ADR1 TATA

C(rs4728096) T(rs12536535)

ATGTCTATCCTACGCAATGGAGATAAGGACTGAGATACGCCCTGGTCTCCTGCAGTACCCTCAGGCTTACTAGGGTGGTGAAAAACTCCGCCCTGGTAAA
GATA-X

TTIGIGGTCAGACCAGTTTTCTGCTCTCGAACACTGTTTTCTGTTGTTTAAGATGTTTATCAAGACAATACGTGCACCGCTGAACACAGACCCTTATCAG
AML-1a NIT2 cap

TAGTTCTCCTTTTTGCCCTTTGAAGCATGTGATCTACTCCCTGTTTTACACCCCCTCACCTTTTGAAACCCTTAATAAAAACTTGCTGGTTTGAGGCTC
Hb

—-SINCE2009-
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) The Epigenomics first approach—ui & i # o it 4 ¥

87% of cis-eQTL SNPs, 82% of cis-pQTL SNPs, and 59% of GWAS Catalog SNPs are also cis-meQTL variants

cis-meQTL trans-meQTL

Total N of the Fold P-value N of the | Fold P-value

SNPs overlap Change overlap Change
cis-eSNPs FHS 460,536 399,670 1.66 0 84,591 2.33 0
(1e-7)
cis-eSMNPs Eur- 398,524 356,500 1.71 0 70,810 2.25 0
Meta
cis-pQOTLs FHS- 12,401 10,176 1.57 0 2,045 2.09 0
1000g
pQTLs FH5- 19,942 16,660 1.6 0 4,428 2.81 0
1000g
cis-pQTLs 376 318 1.62 0 53 1.78 1.63E-05
NC2016
pQTLs NC2016 456 385 1.61 0 68 1.89 1.79E-07
metabolism 135 111 1.57 8.38E-14 26 2.44 6.52E-06
QTLs
GWAS Catalog 32,260 19,000 1.13 0 3078 1.21 0
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IL_TI_L| GWASHEM/RNA-seqfiiE

v" Illumina zhonghuav1.4

v" Illumina ASAMD

v Illumina CGA

v BERNA-seqiaill#iz/ A7 EDERAH
#UEEERNA-seq v KEXDHrmQTL (cis-

O

EHhsE /trans-)

v" SNP-meth-RNA-
phenotypeE RN MiRE
e Al 2T oAk

v BABR: FTWIE
RS

v HEZARZEEL: SNE.
B, R

EWASHE;
@ v lllumina EPIC(850K)
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SNP-methi&{&Es
T(rs12536535)

— CG = = CG //'/— = CG =

Associated with methylation of a nearby CpG site

Allele-specific methylation (ASM) 3 "gnp itself destroyed a CpG site by changing the C or G

Haplotype-specific methylation (HSM) {Associated with methylation of a nearby CpG site

SNP1 SNP2 SNP3 SNP4 SNP5 CG SNP6 SNP7SNP8 SNP9 SNP10 SNP11 SNP12
— >1M = oM = >I1M ————
frans-Regulation c/s-Regulation frans-Regulation

c/is-Regulation: cisacting regulation by DNA elements in or adjacent to each CpG site

frans-Regulation: trans-acting regulation by factors from the genomic regions distant from the CpG sites,
including from different chromosomes.
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Two-step epigenetic mendelian randomization: A strategy for establishing the causal role of epigenetic processes in pathways to disease
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@ (Xig£BtEM/RNA-seqfiiiz

v JEEEREECEaE

v BZERNA-seqtG R/ AFF
HUEZERNA-seq

O

EUEE T
v KEXDHFTmMQTM
FlimsE v' meth-RNA-metabolimics-
v REIFFBEHR: DNAH phenotypeE SR K EHF]
ERME B LB R S
AR

v EWASHAZEEL: 5b

A, ER. EE EWASHS
v BTEEARREY: @ v Illumina EPIC(850K)
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Locus CpG Chr Pos Metabolic trait Beta’ r P-
name value
ACADS cgl24768164 12 121 Elut}.ufry.-'l‘t::almi’[ineEI -0.998 0221 20 x
163 1071%
261
PYROXDZ2  cg26690318 10 100 X-12092° 2171 0.138 22 %
-0
167 10
465
MNATS cg13584399 2 73 .“~.-'-ac:etg.rh::urnithinne:EII -0.850 0120 89 x
-52
907 10
327

ACADM cg10523679 1 76 HE:n::annjurll:arnitineﬂ -0.456 0065 186 x
189 107
770
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@ EHRAHEN/RNA-seqfiiE
v £ERRAE=EEN
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EUEE T
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CpG pQTM (this study) Pparm Beta,

cg07708453 (PRDM?2) PAPPA (4148-49_2) 310% | 565

chr1:14,032,034 chr9:118,916,083-119,164,601 10716 '

cg19393755 (CPSFA4L) 203x |

chr17:71,258,101 PAPPA 10714 0.24 )

%

cg10831642 (SH3PXD2A) 819x

chr10:105,378,344 PAPPA 1072 70 ~

cg26272069 (GABBRT) 925x .

chr6:29,591,706 PAPPA 10712 0.22 )
Snionibgl I

920290167 (METRNL) 5.58 x 4

chr17:81,040,724 PAPPA 10711 0.21 MNO' (Coe)—

(Total: 72 PAPPA pQTMs)
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v 16SIFE
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EWAS Atlas: EWASFFRZUE TR

Databases Tools Standards Publications About

EVWAS Atlas Browse 2 EWAS Tookit X Downloads .l Statistics ~ B AP a Help i EWAS Data Hub

Filter Hide€ Traits (426) Probes (248079) Genes (34188) Studies (1062) Publications (631)
Trait(s)
| RIS ocmcinioion [itpomethyiaion T oteeport
| SIIRLCLL T oo [ Won cance sease | Phenotype | Environmentaifctor | eetavior
= Show detail information or genome browser
|Gene symbol | Click on a hyperlink will use it as a search condition
. - #H- A~
Promoter/Body
Probe ID@ Studies Correlations@® Location Related genes (transcript: location) CpG islands Related traits
R
cgo5575921 72 + [ chr5:3733784  AHRR (ENST00000505113: body) Shelf
AHRR (ENSTO00000316418: bod :
Probe 1D ( _ ¥) cardiovascular risk | HIVf
. ' AHRR (ENST00000512529: body) m
N AHRR (ENST00000514523. body) -
: itive funct
AHRR (ENSTO00000510400: body) m
P value rank
from i[3] GGl zulatio oo fi
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Wanderer: DNAFEM&RNAE R TR

maplab tools~

Wanderer Documentation Support

Wanderer

Gene Symbol or Ensembl Gene 1,08

Id

BRCA1

Examples: BRCA1 or ENSG00000141510

Important: Press refresh after entering a

new gene name

=== Select a probe:
|

41,095,000

| £012984107| -

T cg16029534
€g16919093
| 918830083
€g07054526
| cg13782816
€g04582861

919531713

log2{normalized rsem + 1) of BRCA1

10

An interactive viewer to explore DNA methylation

and gene expression data in human cancer

Frwnmn

BRCA1 MNormal
Breast invasive carcinoma
n=84 Pearsonr=-0.124

log2{normalized rsem + 1) of BRCA1

- @ .
Py ™ 7 2 4
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BRCA1 Tumor
Breast invasive carcinoma
n=720 Pearsonr=-0.421

10 - Y

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

methylation beta value of cg12084107

T T T T T T
0.0 0.2 0.4 0.6 08 1.0

methylation beta value of cg12484107
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mqtldb: SNP&methiFiz

M QTL Database Home Search Download Help

% University of Integrative

Epsdemialogy

B BRISTOL Lieks

Search

Perform a quick search for mQTLs across the ARIES mQTL database.

Take the tour »

SNPs/CpGs rs498045
cg24851651
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IMETHYL: DNARE{YELESSNPRRNARESE

Available Tracks Track  View  Help =2 Share

% filter tracks | 20,000,000 40,000,000 50,000,000 80,000,000 100,000,000 120,000,000

o oo 1 @.’.:—:) @ Q Q @ G’l chr12| « || chr12:69740795..69748869 (8.07 Kb) Go = &

69,742 500 69.745.000 69.747 500

Reference sequence

i Reference sequence i - -
v 2. IMM: 3 cell-types 18 “w | ‘ Zoom in to +E sEqUENCE Zoom in to +e sequence Zoom in to s}ae

[]cpG_co4T
[ CpG_CD4T RI gencode_vw19_trs
CpG_CD4T _ave
[] cpG_CD4T_sd
[] CpG_Mone

[] cpG_Mono_RI
CpG_Mono_avg
[] cpG_Mono_sd
[ CpG_Meu

[] cpG_Meu_FRI
CpG_Meu_ave i

E CpG_Meu_sd CpG_CD4T |ave
FPKM_CD4T
[ FRKM_Mano

L = | I
L [ ——

A3

—
RF11-1143G8.4

[ FPKM_Neu
[ SNV_CD4T
[] sMv_Mono
[ 5MV_Meu u

100
* 3. IMM: 8 cell-populations 8 CpG_Mono_avg

[ Cp6_B_x20_ave | |||‘ |. | ”I

[ ren COAT 70 awve
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Lnc2Meth: LncRNA&methiFiz 5

Lne2Meth

requlatory relationships between human long non-coding RNAs and DNA methylation

[+] : &9;
1igpl ooyl

Welcome to Lnc2Meth

Long noncoding RNAs (IncRNAs) play an important role in modulating gene expression or participating in
some essential epigenetic regulation processes, including chromatin modification or DNA methylation. DNA
methylation is a fundamental feature of epigenomes that can affect the expression of protein-coding or non-
coding transcripts. Here, we constructed Lnc2Meth, aimed to provide a comprehensive resource and web tool
for clarifying the regulatory relationships between human IncRNAs and associated DNA methylation in diverse
diseases.

Service Provided

8886 Pofo?
PubMed Probe R:—:T-a n?notation

Disease-Centric @
Differential Methylation

Patterns ldentification

®O®

DM> DMR DME

o’ .. 25 2
ane T P 2 A
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Quick Search

ex:MEG3, Breast Cancer

e.g. IncRNA "MEG3", disease "Breast Cancer"

Lnc2Meth Statistics

Statistics of curated regulatory relationship between human IncRHAs
and DMA methylation

- [ | Aberrantly Trans-methylation
.H,r.ﬁ"" oo — PRegulated LncRMAs
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WY PubMeth

Reviewed methylation database in cancer

r Home

PubMeth: start searching

* Search PubMeth reviewed methylation database in cancer

* Tutorials There are two ways of gsearching the database:
, PubMeth Gene-centric:

creation

which cancertypes (and subtypes) are reparted as being methylated in the genes that are searched?

Contact & > browse through genes
b F =

disclaimer

@ Browse through the genes in PubMeth: select a gene and discover in which cancer types it is described as methylated. Then continue browsing to see the full details for the chosen gene in a certain
. cancertype.

3 Submit data to + Fast browsing as everything is precomputed, simply browse to discover

PubMeth ) ) ) ] ) )
- Mo summarsed overview of the genes of your inferest, user could get lost in too much (levels of) information

> gtart a gene-centric gsearch

@ Specify the genes of your interest, check if they are present in PubMeth and get a summarized overview with only the genes you selected

+ Strong focus: only the genes of interest are included; summarisation views are good guides
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DiseaseMeth: AXEFBENBFEAVEREIEE

\ DiseaseMeth version 2.0 ”

he human disease methylation database

Analyze DisMethBrowser Download

DiseaseSearch

[ »

b ¥ Cancer

. b [ | Genetic Disorder
Disease: - ‘

» [ | Metabolic Disorder
¥ [ | Autoimmune Disease

# | | Neurolobical Disease -

Gene Symbol: | | Example:TP53
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Technigque

Whole-genome bisulfite
seguencing (BS-5eq or
WGBS)

Reduced-representation
bisulfite sequencing
(RRBS) or restriction
enzyme-enriched
seguencing (rrBS-5eq)

Affinity-enrichment-based
seguencing technigues
(MBD-Seq or MeDIP-Seq)

DMNA methylation arrays

Locus-specific DMNA
methylation analysis

Characteristics

In bisulfite-treated DNA, unmethylated cytosines are converted into thymidines.*? Next-
generation sequencing provides a complete overview of CpG methylation level at base-
pair resolution.

RRES involves digesting DMA with 2 methylation-insensitive enzyme to enrich the sample
for CpG islands. The CpG-enriched sample is then bisulfite-treated and sequenced. RRBS
is an efficient technigue that is suitable for obtaining information from most CpG islands
and information about sequences outside CpG-rich regions.” **

MBD-Seqg™ and MeDIP-seq®™ combine the advantages of next-generation sequencing and
enrichment of methylated regions by immunoprecipitation.

CpG-specific array technology is an altermative option for determining a genome-wide
DNA methylation profile. The Human Methylation 450 beadchip assay (Illumina) covers
99% of all human RefSeqg”™ genes and approximately 450,000 CpGs overall.”

In addition to genome-wide technologies, locus-specific identification of the DNA
methylation level is a cost-effective strategy, especially if single genes are already
established as biomarkers for diagnosis or prognosis.
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Quantitative comparison of DNA methylation assays for biomarker

development and clinical applications JULY 2016 Nature biotechnology

=N ERRENENEAR

v Among the absolute DNA methylation
assays, AmpliconBS and Pyroseq
showed the best all-round performance,
closely followed by EpiTyper

v' Global arrsays present lower accuracy

RIERAWL

v Pyroseq can work well even on minute
amounts of highly fragmented DNA

v' EpiTyper provides the highest sample
throughput

v AmpliconBS is the best choice for
assaying dozens of genomics regions in
parallel

Bt

v ¥EEN6Fhglobal assaysEA
&21#hlocus-specific assays

v 320 ER, RBTNDARBT
91813086 == I <7 4G

vV BURRBE. EEM%. EEE.

BESRILL
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— CG CG = CG = CG =— ;
ae GR — GC o — Genomic DNA
Methylated DNA - \|\|cir1_|\/|ethy|ated DNA
Bisulfite treatment
— CG CG == CG = CG =— — UG UG = UG = UG =—
h\ h\
T7 promoter T7 promoter A
l PCR l PCR
— CG CG = CG = CG —_TG TG =— TG —— TG 2
— GC GC — GC GC — AC AC = AC AC S
£
In vitro transcription ) In vitro transcription
g—— GC GC — GC —— GC —5, #— AC AC — AC —— AC —, +16 +16 +32
U-specific cleavage U-specific cleavage #1 #3 #2 m/z
Y Y
3U_ GC _5_ .................................. #1 _._..3 U_ AC_S’
3 U_ GC _— GC _51 TrTrTrTr T T T #2 _______________ 3 U_ AC — AC _5|

3‘U_ GC _5‘_._.. #3 S 3’U_ AC _5‘
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Multi-PCR NGS(AmpliconBS) FREWIHARE
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Multi-PCR NGS(AmpliconBS) R EHEUERE=

Chr
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
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Start
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End
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EEE: 1EAI20-200 MR ERIhES
ISuE

SSRER: TEE49100-250bpKENX
7 IVA]

=R TIEFRBENCPG sitesi#tfT
EREE, JINRFRE>1000

—ErEE: TR K EAISNP
5B, WITASMEBIEDH
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BRI
v EAREL: 1HERR AR SMEM. 1B

@ Parkinson’ s disease is
associated with DNA
methylation levels in
human blood and saliva

v B ER: AISNE MR ERSFSPDESHERNPEMMLAR
HE, MRPARREERTGTREEMRRIN, ZRERNI

PO
Genome Medicine (2017) R A

v Global assay: EWAS-450Kit A

HERITIE

v REEXRKREUMNFEZETU AR A MR FAIESREATEE(
v X G RERBEO T SRREERTEX
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HTEWASESI BRI SRS

DNA methylation array
analyses identified
breastcancer-associated
HYAL2 methylation in
peripheral blood

Int. J. Cancer 2015 Apr

. @
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BRI
v EANREL: ZLERRE AR SMEM
v MftBfR: EEIMNEIPREREMALRHTRIBCZH

FEAR

v Global assay: EWAS-27KiSH
v' Locus-Specific assay:Massarray$sz/N

SR
/ SUBC/RBARS EEWASTH KBS, RSB RUDAREE.
3 SRNAFIAHTeQTMA, PSR
R
v RESENSETNER, XS SHBCRERABAUC=089), HAE
BERRBIER L EEIBC (AUC=0.87)
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FRIR

TElevated BICD2 DNA v REAKEL: SEREHARE REAKEL: SMEM

methylation in blood of v BB B eEEETESRNASREANBEHTT, itk
major depressive disorder EEEEE, FHEin vivoRin vitrork T FIRETIAE ST
patients and reduction of
depressive-like behaviors . .
in hippocampal Bicd2- HISZAN

knockdown mice PNAS v EREL: EWAS-450KEH
PNAS 2022 v RNARRA: RFEFNECH

EERITIE

v BIIEWASE FFIRNARIAE S F XS SITARIL, BICD2ERE 2@ DNAREE o1 EZIRY
REWESENBENER, FHEIUTRRHNCg1434 11 77 AEEEEEEPRNASEE
£, MRNARKIES Aot B EEEIERELE /NI M BICD2AIMRNARIA/KF TE,

v EFAgena MassARRAYJSiAFF IR K ASBANM AIE, BT AR HURFIHERIE.

v BEFIEMEEVNG, BISEXRSEERSA. BRRASHITAFENESE#17TBICD2
BIZhREFOHLHIFR SR,




2> RETHRARIE s 72

—-SINCE2009-

FRIRH

Trans-ancestry genome- v REATERL: ESINE AR SMNEM

yvlde g;soaahon st.udy : v BRIERFERR: 9HTSNP-meth-blood pressurefiEX MR KIEE
identifies 12 genetic loci 24| AR
influencing blood
pressure and implicates a A .
role for DNA methylation. TN

v BREA: EWAS-450KithF
Nature Genet. 2015 " npos: AT

SERITIE
v SMESZEEEXRASNPURESFEMUREFERZRCs-/trans-mQTLFE KR
v KOXEZRBEERAMHEI— 1 SNPUREZES SEEARERE29CpG siteshIH
BUZK
v EIRERR-FRWERFEN - MEZRRIE SRIEEN
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@ Untargeted
metabolomics reveals

multiple metabolites
influencing smoking-

related DNA methylation
Epigenomics. Mar 2018
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BRI

v EAREL: BB AR SMEM . MR

v BiEIR: DRI IRESGETIRREE, TRIRSREMWRIR
EXME, ARSRIREEEXCETIREWASSHT,

raMFAR
v BREA: EWAS-450KithF
v fBI4E: LC-MS/MSHEEEE{IBERA

ZEERITIE

v BB THIET 121N SRR S A A
v RIS BRRSHAREMBXREI S
VSRR R A B
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e PRI

Epigenetics meets v REAEREL WEHERAR AR SMEN . M
proteomics in an v RIFFEHR: RTSNEMRRE SEEROERAT, AETRE
€plgenonmes HE SRR AER

wide association study with
circulating blood . .
plasma protein traits AN

NATURE COMMUNICATIONS] (2020 v BE: EWAS-450KEH
v EEA4E: SOMAscan

SR

v BIpQIMSI, THEREICis-Retrans-pQIMNWREAIAREEE, 192
B3 A BB

¢ EIMRGERRAH, RIVFEDNAFE(-SEEE - S BB,
o ABHB AR TR T ST




29> KF| U HRARIE B 752

—-SINCE2009-

BRI

v BEAREL: PBREAE HEASKEY: SNVEM . WAERSRRAELR. EE

v BitEIR: BHEARZENENERSEERUERREWE
BXREX, MRS S

Gut Microbiota
Composition Is
Associated With the
Global DNA Methylation
Pattern in Obesity

FEAR

Front. Genet,, JUIy 2019 v EBEK: EWAS-850Ki

v MEWMEREA: 16S U (EEERNAEE: RT-qPCR

S

v B 6SRARTIER A BRI RREIN, FRIEBrRER SR
TS,

v BRI RBREWASKIEMEE ABEESBIERBAH, 95 THERET

DUEPS
v BEMEY R INEEERPEMSEE, ARESEIEHRE
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Association of BEIRLT
norepinephrine v HEAREL ERNBESHE BHAKE: SNEM
transporter methylation v BEASE: 23 MADHDBER2INMERIR; 18 MIEPETH
with in vivo e RIS RRINE TR EE R IR
NET expression and
hyperact|V|’Fy—|mpuI5|V|ty O A
symptoms in ADHD
measured with PET

v FBEL{Y: Massarray—SLC6A2 promoter
v  SNP4EY: Massarray—44~SNP

MOLECULAR PSYCHIATRY 2019

BAZEIS

v ADHDEEH, RI— M HREMNURSRNERAREEMNETIRESIAEX
v —MRE(W K SADHDEIEE AR

v REBISNPSDNAREMWIZEIER N KB
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