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—., IIEHA

SERXMEREHEFEKFR (epigenome-wide association studies, EWAS) 5 GWAS
(Genome-wide association study) Z&{k, #EEEEREKFE LS SHEmaRELMRE

KEAIAIR, FERIESITET GWAS XiETF SNP fUEF EWAS ZFTFEMSITHNESR.
EWAS HHRINEME T EZYRmaF LS MIN R ReZRIRMSEHIAVEE, MR LRIE
BIEIENER, BT XEEOTIHREE], EWAS 2—Iu JHARFER, HskisnsiEN
G ESHR TRZ 585 ER. REMEREBEXIMR. BRl EWAS RSN AR
ITZRETREMWEIRINXE DT, EARENEBREERRRBEFNEENE. KRFREW
EinitErteEN, LUK BRIRIREMWRNRISRAREZ A E, 818 lllumina450K, 850K
BEALE F AR E M RRME RE XA R RSIEAIRA.

EAIRESHIEA lllumina Infinium EPIC & (850K ) XEZM&ERHIT EWAS
o, EERES IEE X REHES R REINRIEEFRC, BEKERIRCH—2E
NSHEFEINERER, HRRES FUSREEE.

=. BAEENE
EERAREMENTTE (Illumina 850K)

Illumina 7R 450K &R EXRMINAIESL E, #EH 73— DNA BEME A lllumina
Infinium Methylation EPIC BeadChip itxR (TR3ZHLA 850K B H4KHR) , AR ERM T —
MNIEEZEFERNREADTES. 850K SAMEFE T CpG B, EFEFXIE
HEZ, MFAIBETIEEFX FiE T 333,265 MRETEERE ENCODE K FANTOMS
THRIRNEEF) URERRESXART B S, | ZNATTEEAR. MEflE S wmit
R, EEARESRNERBSXEKOTHRNESERESE DNA REWE .

1) 850K B HAYRART R

& FTE "BREWDNARGHEE" | IREBEECIEEREHE DNABRIRH T B SCLE; Infinium
& FAESHEIE>98%,

& E{FEER, M PCRIE, BEIREREKE 250ng,
¢ &7 FFPE#am.
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)

EPIC

850K (EPIC)

450K

42,859

439,562 413745

430540:

303
11010

1 Infinium 850K ith 7 5 450K REMWTH RN IR HENES .
850K it A X EEANINEETTHEIL ¥ RIS H B =, NEIRFIEFRITRER 7 850K RS
TAREREGR, BERANRETHNBERS . U ENIRITAMETNZ -5 F R RBXI%A
EotRENE, *ELERBRVWEEXRIKAR (EWAS) fRFEEE(EA, 850K thH
BEN—RINENERINLR:

CpG BLAMY CpG 7=

ASEFFREEAYAE CpG FEMAIR (CHH iImR)

PR (ZFPRERYEE) VS EEFATHNARREMAIR, TGS ARZEE
FANTOMS 1&g+

ENCODE FiErEEAtEET

B AR B R L=

miRNA [ZahF X1

i#&z= Infinium  Methylation 450 BeadChip A H > 90%HIAZ

DNA BEMWRIAR, RAETEREHENTFEMRTESM, FIF lllumina Infinium B
B R SIS AES. AN ERIEENES TE. BERNBERUNRETFHIRANIS
SR, FekNEBIERMERAS(EWAS)EREMRTS .,

a) YMEIAER lllumina REMLE R ESLIGIT Rt IEIRZE?
T BEZCRERBARRTR ZNA, BRIESREFFHAFT llumina 450K FFE

s F R R a3 — AR IE S B& (Liu, Aryee et al. 2013; Buhule, Minster et al. 2014; Fortin,
Labbe et al. 2014)15H#tENRZEIEEIERAR.

HTFAXNEESMEAMERS, AURER—RISHERARTTM, FIESERIRt
o, FENSRARARISUSLIOMINZEGIRIT(Byrne, Carrillo-Roa et al. 2013;
Dempster, Wong et al. 2014; Nilsson, Jansson et al. 2014; Tan, Frost et al. 2014; Lemire,
Zaidi et al. 2015):

v BiNE-RES R85 HER Case 5 control i DNA #7;
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v URBEREEES, WENRRER—SHIImMEB=M. (WTEH Sample two)

Sample One

L HE Bl Bl =Ea

T r

N . - g
R1 R3
= = ..,

Chip 1 Chip 2 Chip 3 Chip 4 Chip 5 Chip 6 Chip 7 Chip 8

Sample Two

®s [l || | . H b

Chip 1 Chip 2 Chip 3 Chip 4 Chip 5 Chip 6 Chip 7 Chip 8

FIGURE 1 Chip layout in Sample One (unbalanced) and Sample Two (balanced); green and red represent lean and obese, respectively.

h) EERsEE IR (pyrosequencing)s illumina BREMEE: B 45 RAS—EUEITA,

% EBRUFRAR CpGC RENVEENSINE. SBERNFTLASHINESZ A CpG IR
LB MR EREREEENEE MR ENSTEREIRE. NENIMRERS SRR T
TALRINFPEFTERAVER TSR, ERE TR KA REAER,

HRIRSCIRERAIT =M, (FH lllumine 450k methylation array X EREEBEINREWL
SEHTEN, A Pyrosequencing SEANMRENXIFFHITEEMIQIE, REWIFRIZERE
BAEIRN S A A B RIFH—EE (Roessler, Ammerpohl et al. 2012),

1.0

e o
@ @
i 1

450K [B-value]
e
&

=]
2
i

0. o-ﬁv : : ) = . : ; )
20 40 60 80 100 20 40 60 80 100
PyroSeq [%methylation] PyroSeq [%=methylation]

—. 850K HEMN S HEFEAREK

1. FERLHEE: OD 260/280 {ER{E 1.7 ~2.0 Zid; RNA RizERTFE: ~MEEH
R H YA DNA iS5,

FERIRE: REAETF 50ng/ul;

HREE: BMEREERDT 2ug .

FERRIST: VAREIE TE .

FERIEH: DNA{ERIEH (-20°C) ; EzmidfEHism parafilm FEOHEIF,
LABTHEL SR,

v o~ N
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6. FEAEBRIRIIERE:
MFEARBREE, —RENEEESMRNEFHIEREEGEXMRIER, R
SRR LREA NS R, AT S L Mai B4,
(Bf: —LLERFRSRABRIMRL, EWR) (Castillo-Fernandez, Spector et al. 2014)

Table 1 Epigenetic studies using discordant MZ twins*

Phenotype Assay Tissue (cell Major findings Identification Validation/
heterogeneity cohort replication
correction)

Adolescent lllumina 450 K Buccal cells Two differentially 18 discordant Validation

depression (no correction) methylated positions pairs of MZ bisulfite

reproducible in brain twins pyrosequencing

Alzheimer's Immunohistochemistry  Temporal neocortex  Significantly reduced 1 discordant

disease for 5-methylcytosine (no correction) levels of DNA MZ twin pair

methylation
Autism spectrum  Custom array® Lymphoblastoid cells 73 differentially 3 pairs of male Validation:
disorders (no correction) methylated discordant MZ bisulfite
CpG islands twin pairs sequencing and
methylation-
specific PCR

Autism spectrum  lllumina 27 K Whole blood Differentially 34 discordant Validation:

disorders (no correction) methylated and 5 concordant  bisulfite

regions in genes MZ twin pairs for pyrosequencing
already mentioned ASD or a related
in the literature trait

Bipolar disorder  lllumina 27 K Whole blood Hypomethylation in 11 discordant MZ
(no correction) the upstream region twin pairs

of GPR24

Bipolar disorder ~ MS-RDA Lymphoblastoid cells Hypomethylation 1 discordant MZ Validation:

(no correction) of PPIEL twin pair, 23 bisulfite
unrelated cases, pyrosequencing
and 18 unrelated
controls

Birth weight lllumina 450 K Saliva (correction for 45 differentially 17 discordant Validation:
buccal epithelium methylated CpG moncechoricnic bisulfite
and leukocyte sites. MZ female twin sequencing
subtypes) pairs

Breast cancer lllumina 450 K Whole blood (no DOK7 as a candidate 15 discordant MZ Validation: bisulfite
correction) for blood-based twin pairs pyrosequencing

cancer diagnosis of 21 discordant
MZ twin pairs
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=. SRS

1. lllumina 850K FRE{L T/ EWAS St A RS
¢ Hit#iBatrAREE

IR 25 %AR (idat )

AN RS

4 1,1 BZIEA Beta {H 4L

l

4

EERPEAA R ENITEBERESAREERFREUR
(DMPs) 1% (DMRs)
'
ERFRURE cp6 Lt
FEAARRRE AL SRR ERFRURBERSH
“at ERPRUREHERNLEBHIG
{
TR E AT KEGG BB Motif 4347 R Bk
HEDTAS:
Hitisth [ e ki
1. [RipEuETRLE 1. SEEREARERXENBELKTFE
2. BHFH beta (EZEHL 2. REASFRAERXESIT, MSEER
3. BRIt (REAGIRER, SFEER) | 3. ERFEAEEDNPERINFXIN
4. ERREMANS (SFFER) 4. IFEHFNSREATHRRENRI=R
5. ERPEAMSHEGH ST 5. HERRSPITAE. (FEEH)
6. IHERFESXEHERRAELKIH(6 %)
7. 12 CpG FESXRERERRAEMKIH (S %)
7. ERREAKIZERRITER

7/28



AR S #2k: 800-820-5086 / 400-880-5086

) Llﬁiﬂﬁimiimﬁﬂﬂl\—] Tel: 021-51320288 / Web: http://www.shbio.cn

SHANGHAI BIOTECHNOLOGY CORPORATION

), TSR R X 2Rk 151 5 (201203)

¢ EWAS XEXB RIS 5!

KRB F
Association Study
FeRAE HHAE
Unrelated individual Related individual
953 ) %o HE F 5/ BE LA BE B 5 E &30 5
Case-control study/Population-based study Family-based
R el PR i AR B PR
Qualitative trait Quantitative trait Qualitative trait Quantitative trait
3 A4 330 AN ST 1 A B
J7 K38 Chisquare test TOT
oi’ijs;jfllé@;on # 41 ¥t Analysis of variance
v G .
U B 5% AF h75 2255 i Analysis of co- T3 R MR b7
P B s B P AR k14 [8] 5 Linear regression FBAT/PBAT

& EWAS KBS ARRE
[ #$Fi

( %ﬁ%ﬁ@ﬁ%%kﬁ

f K4 R

............... L | RARRRER
Detection p Beta callratef= i l
........ velue - owae [ mER SR

} |

( KL

f g 1
1 1 » KEGG
(> oMm KBB4 VT '> 6o !
[ Pyrosequencing % iiF

8/28



) AR S #2k: 800-820-5086 / 400-880-5086

Liﬁﬂ]géﬂ’m&mﬁﬂﬂﬂiﬂ Tel: 021-51320288 / Web: http://www.shbio.cn

SHANGHAI BIOTECHNOLOGY CORPORATION

F 9 17 KT Rl el X 220K % 151 5 (201203)

1) EiERYREN:
¢ CREIERMRIEN

DNA BEMWEIFHIMINEREAR, B DNA BEMLRIEINZE 0-100%8LLHIEE, HA
& SNP — ¥ RE=fo8, BEMiSE. FTLAE EWAS ARAH, LREIESZZINEMEZER
%2, SIEMWNECTHEEE., TFREMSHIEEES T, FIBERIRBE SWAN FiL#H
THENmENX. SWAN t2HBILLRE RN —FBEL TSR EBREXBNGIE
(Maksimovic, Gordon et al. 2012), FERftEEESE “DNA methylation and body-mass
index: a genome-wide analysis” —XHATAIRENGIE. NRBERHBIEKRIE, KB
B LA SEUERIRAEIL 757 (Dick, Nelson et al. 2014),

o, HARAIIRITAFSI ST AT AR INSEI SR, A TR0 Case 5 control
BRZRITTIE, (FRISFTA)
& RESURAITER

S, HARREERIEEENEIES T, —RAREESHMH, AT EZREE
ERBESIRESBSE TR TIREN, IUERESL,
2) HiEREIE
¢ ERMEREMS (FED:

5 GWAS #iED 3L, EWAS RIS TSRt ERREREARET. THFLLT
BURETROZIS SRR B T EWAS 1. AR detection p value>0.05 B9iRET; EBRE
5%FEAERHIIERAY “detection p value>0.05" FUIREL; EBRAIAMHEE SNP BIIREL;
EFRTE “Infinium HD Methylation SNP List” FEE MAF> 1% =0iRst. KRZEIARE

& ERREE:

ZB& PCA ifr(MethylPCA) P REEIRAIER (A GWAS HiA+HER, & EWAS
DT EALUEITHENANS T, RIELRERBERSERREIRIOEAR); Xb Call
Rate <95%HIEEAR,
3) EUERIDIRGIE:

& BXtEDR:

IS HIMIRE/RIFEFE X ZE (Pearson correlation coefficient) BEHIAIA

(e.g >0.8)
& [EASH:

IO R EREHAR AR EIREREE, SiEERENTFIR ARG, XREHHIE
EUKESEBHITRIMSHT. HRIE lllumina BEMLE B #RIE=R, FE SNP SHI=F
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DB, MBESENTE, UREFMIFERZNREWNTM, XERIPSFEHEIRRE,
FERIFREUH1TION, HEtRER FDR q {E<0.05, SaLEEFEE, M5, SROTTHXE
EREAMEEMADI T, LAIEFESEE (Mixed Models, 130 GLMM: generalized
linear mixed models),

¢ JemiFFhARRMIEIEELFIRGE:

FEEA EWAS INBH, HENDITZEMAREHEINSEZRMY. SARERMNEE, LIRK
EFABIENSRMERNEMNMERT RN, FE22MFARP BRI,
AEMALRAREZ BMARADNERBESXNEIE T RESHEAME. WATETLIA
minfi KEFEFNEELBEFEAPAEMIEAILLSG (10: granulocytes, monocytes, B cells,
CD4+,CD8+#0 NK cells), XE4REHESHEHRERILUMEANZEINIADHH, FALRIEL
#E. (Houseman, Accomando et al. 2012; Liu, Aryee et al. 2013)

Granulocytes
[ ] | | | }
| -
S et e B |
“wr » L g - 4
| \
i i
o | y s { ol T o -
A # N\ Y ’
CD4 (o213 CD56 CcD19 CD14 CD16 Siglec-8

& JiiEEHROEE (BE) #THENERSE
#l QQ-plot, Manhattan plot,
¢ FEDR(ARSA):

MREFEERETARSEH, IR AL ES AL BRI R E M RRI SRR T
EFOHT.

3. ERERYISIE

lllumina REWSHIERGE. IREESEMS, BE2EEEREHTARFERY
WUELAR AR AERIIGIE. BT lllumina BEMLE R HEIRIREWEIRRIERATRESTE 10%
LR, AR E—MRER/ NS T, SRERIFFamE — MRIEBRISIITS .
EERNFFErNRENESEMAE S%LUT, BMEER, BYRPEE CG URRIRE
RO TTIE,
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1.0 A)

[
@

e
&

450K [B-value]
450K [B-value]

e
o

20 40 60 80 100 20 40 60 80 100
PyroSeq [%emethylation] PyroSeq [%emethylation]

100+ c) 100+ D)

Difference
Ditference

0 20 40 60 80 100 0 20 40 60 80 100
Average Average

2 450K i 5 BB F BB A A K1 E .

HEARBNFEES, X 450K S FREHRIIEF, SRERNFRIEERER 7 RIFE—
i, ERFREFEERFNKXE, B 450K S HPHEEINER, EEMBRFEPRIIH
RIFAO—EUE.

<§10316922(pyrosequencing

26690648 ASOK beta 02760293 450K beta €USA29895 450K betn

13730105 pyrosequencing %)

%) )
1 bl s Bl |||.|||l|||| ...|||||.|.|

408641579 A5OK beta 04652097 450K beta §U5A26160 450K beta 413730105 450K beta

3 B3 450K D A EUER EBER IS IS R .

4. DERET
1) EWAS &R
¢ KUEIRRX MBI AR AR IHER R A0S i

FRMNENMERERSBEER, ARANSEHENMERERERSEER, AR
AR EE RSB ER. BIXN A EEERER R EE AR AR AR g 5 T
RIEfE, seEABUtE BT MAEERAREMHIAIREA IR, (Houseman, Accomando
et al. 2012; Liu, Aryee et al. 2013)
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Estimated Propaortion (% of Leucocytes)

Observed Proportion From FACS (% of Leucocytes)

Control Case Diff Control Case Diff
T cells 2667 18.33 -8.33 2360 17.01 -6.59
NK cells 3.18 0.76 242 4.40 247 -1.93
B cells 5.27 416 -1.11 3.34 2.21 -1.13
Manocytes 10.40 12.01 1.61 7.10 6.79 -0.31
Granulocytes £3.66 64 .61 10.75 28.15 £9.00 10.85

o

Without adjustment

—Log,, (P-value)

-0.10 -0.05 0 0.05 0.10
Methylation
difference (case vs. control)

¢ MWARREEZEST QQ-plot
SITERRERTONLFR. SN RERFRHITREDHT, BEXTAEERR

QQ-plot,

lambda=1.32

-log10 (p-value) 2

= N W ko ®
IR I N |

T T T T
2 3 4 5 6
-log10 (theoretical quantiles)

5QQ-plot, RIREAEREET, RN CpG SR RENEIREERRMXKEZEE. BEXMER

60 4
50 A
40 1
304
201
104
04
—0710—0:05 0 O.E)S O.I10

Adjusted with estimated
cell proportions

Methylation

difference (case vs. control)

4 ZEAFEMAEMARHRERZITKFRIER, XKEKRNRHHBEZERLD .,

6 ¢ 6
| A |

5 % 5

4 E 4|

3 © 3+

2| lambda=1.18 8 2]

|
14 1-

-log10 (theoretical quantiles)

2

RH P ENYNESHFEEITHFENRT,

€ Manhattan plot

IFRFERLAR P EBRIES4E] Manhattan plot, HAMRES MREHHIRE RIS,
WTRRE R p EELA 10 ARAIIEIRAERE. SEIERI GWAS 51, REXER
SRR RABESHIME MHC Xkt EEERIHTH, ATLUE MHC KIgRAY ARSIt T

.

3

lambda=1.03

I I
4 5
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20

15
|

-Log1o (p-value)

T T T T T T L T T T T T T T T T 11T
1 2 3 4 5 6 7 8 9 10 M1 13 15 17 19 22

og,, (pvalue)

Chromosome

& 6 Manhattan plot &, AILUARMUE M RAEAREEERREMREHRI SRS . ERE
ARG X- R, BE Y- AT EEREWKFERIRE P- BRI,
¢ H=E
T ESHREZE, AILIBE SR ERRHEEERN SRR R A SiRIERE
ROKREATERE. EE, WMRBARYNERREKENE, IS RIRENKFESE
B FESERAHERE.,

45{ ... . 7.0
. c
(=]
‘w
c 40 - 5 6.5
o a .
g 25 | g 6.0
@ 5 :
= 30/ g 55
2 p S
i g £ 50
25 4 .
45
20
50 60 70 80 20 25 30 35 40 45

phenotype % Methylation

B 7 FABSERTHESEOMLSREOEXY, LUMABNMAHRELEZIFREESEEN
RIERIRRE

¢ FRZE
INFRIEREARESRE, JUIBERLE RS IRNREWKFEESREIKIKEER.
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)

1.0
0.8
0.6

»
o L
|

0.2 |

= =

Asthma/ Asthma/ Control
high IgE low IgE

8 BiF AL ERRAERREMNIEIHK T SRIBREEAHEXM

Methylation

2) BRSHER:
L LIS EWAS SHHIEEER,
BAh, S4F—Aa llumin EEHLAS VKRS, ABILTHOSIRESR:
& HAH beta (EEEMLE
S AN R EEIEENT 02, FREANEEEEAT 08, SME
AWREFH MRS ECRRENEEIEE, PENREEE), #A10 Beta @2
BT —H
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y

Beta
o -
<+
z o
=
Q
a
o
o
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Beta

& 9 HAH beta EZEMLZLE, BRREMEAX beta EFELZ, DFIMERERELITEANEH
EBIRER.

& HARIRKE
REDERIUREABIER—ME (cluster) &, RER—MEIERERAEE
BERNEMZFINEE. BEREDITI USRS EER SRR,

sample cluster

= _
P~
o _
©w
= _]
uw
o _
=
5
B o |
- o«
8_
§28% [ ]
m o3 -

'“}EC'Bascu 28 o s

ssggfitddnsmsns ® TooSg

e lze88gn /228880888252 533

002992 W 0088 Dd BB 17

VOSSEZIIQUEO==299 4 10 11200909

22T X 0=t LW OO Z0952222

T rpg==axI I uwSPY 2> 220 T

FELE PO SR ZE0IIITELIG6583

b s p 0= =W O 7]
S29% Vv UgugvEBagYPR "33g 2
I-Iugma'-" « w

B 10 HAREE, MHEANREWEIHESRIEEERE, RB\EASHFREBOBIE, FREWL
EEENEARE—E.

¢ MDSHE
MDS EIRXRAZHREDH (MultiDimensional Scaling) FiT75ATEFA
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Z ARIEEERSHEE, ETRIR (WR) RBEERMN 7 EMNREUESRERE (R
FRIELE) .

Beta MDS
485512 most variable positions

20
|

7r2igUe-miad=2
7721GUO-mi29-3

10
|

o - HERIRSS=S
i
FraieaS
$ — gl g2 g3 g4
-1‘50 -1‘00 —|50 C‘) SIO WE‘)O 1;0

11 MDS [, LT PCA B, AEZHFEPHFRMNEABERENOME. FE TR
TEER .

¢ ERNRENNREREIS
AT ZREESRENSERPFECHNER ESEREARIIRFAM SRS MR AR S EHE

EFREMNREMEREN £, HPIafRLRAQEREM IR, ZBRERLRSA (91)
BREMERNR, KEeFRTREUNSEARREEN.
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