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# # 5474120630 : MAJOR MEDICAL SCIENCE
KEYWORDS : METHYLATION MICROARRAY, TISSUE SPECIFIC DETECTION, DNA
METHYLATION, CU-DREAM

TACHAPOL MUANGSUB: ANALYSIS OF METHYLATION MICROARRAY FOR

TISSUE SPECIFIC DETECTION. ADVISOR : PROF. APIWAT MUTIRANGURA,

M.D. Ph.D., CO-ADVISOR: ASST. PROF. NAKARIN KITKUMTHORN, D.D.S.

Ph.D., 122 pp.

DNA methylation is the notable marker used for tissue identification.
Therefore, the purpose of this study is to use bioinformatics to analyze methylation
data and discover the specific methylation marker for definite tissue. We collected
DNA methylation profiles from 39 Illumina® HumanMethylation27 BeadChip Kit
databases, which contain 18 common tissues, involving 27,578 CpG loci along the
whole genome. The entire data was processed as follows; 1) Analyzed by CU-
DREAM program for calculating the methylation’s mean value. 2) Organized by
Microsoft Excel program. 3) Used to plot graphs of each CpG locus by program R.
Then, the complete database was analyzed to identify the most discriminative peak
of each graph and validated the peak by methylation specific PCR. In this study, we
selected DSU: ¢g12620499 as an indicator of liver tissue. We expect to establish the
specific methylation markers for liver. The results show the methylation value form
liver is clearly higher than the other organs. Interestingly methylation value from
hepatoma patient group and cirrhosis patient group are higher than healthy with
significant (p=0.0002 and p=0.0047 respectively Furthermore, our database

prospect to useful not only in forensic medicine but also in the other clinical

applications.
Field of Study : Medical Science Student's Signature
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Exclude 133 GSE series

{cell line, stem cell, disease tissue, non-human tissue)

Search human tissue GEO datasets from h 4
http:/fwww.ncbi.nlm.nih.gov/seo At December 217 2012, we were able to
retrieve one hundred and seventy-two GSE
by using platform GPL8490-65 (Infinium series from NCBI GEO dataset
Human hMethylation 27 BeadChip Kit)

¥
Include 39 GSE series

(normal human tissue)

L d

Analyze all 39 GSE series with CU-DREAR
Create graphs of each CpG site (27,578 graphs) (http://pioneer.netserv.chula.ac.thf~achatcha fcu-dream)

with R program (http:f/fwww.r-project.org)

atall CpG sites (27,578 sites) along the whole genome for
calculate methyation mean value and then organize
these data with Microsoft BExcel

\ 4

Scan and discover the CpG methylation graphs
which specific for each tissue organ

BExtract human tissue’s DNA from paraffin blocks
with standard phenol chloroform method

Design primer for MS-PCR with specific
CpG site that depend on microarray’s

probe sequence 3
Treat all DNA sample with bisulfite treatment

v
Test quality of BS-DNA sample with
BS-primer for f-actin gene in PCR

Collect sample

L
Test experiment with MS-PCR
for methylation tissue specific

4—{ Include amplified sample | | Bxclude unamplified sample

A
Run electrophoresis gel for measure PCR

_.‘ Analyze result data |

product size with 8% polyacrylamide gel

h 4 A 4

Methylation value ‘ Specific CpG position Analyze with
on genome Bioinformatics
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naaesi winawadululasueisd lumina® HumanMethylation27 BeadChip Kit 28413%%

a a Yy [~ [ Qi =& a o dgj %
QU LW?’]%N‘H@H@\?WHVI@@@\?Lﬂu@’]u’)uﬂ’]ﬂ%@ﬂﬂﬂ 172 3UNARDY Lmﬂummwuim

' v
o A 4 P o o

Antaandayanimasesiiduiiediodnfvesuyss 117981 39 N19NAADT LATINIUY

u

a &

ANlRAtIaaA AU LN AR TulaazAurtsrasinauualuy Tael4lilsinsy CU-DREAM
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P NCBL Resswoes & Mow To =

GEQ DataSets GED DMasets w m
Addvanced 1%

GEO DataSets

A 6 AUl uae GEO (hitp://www.ncbi.nlm.nih.gov/gds/)

CU-DREAM

CU-DREAM (Connection up- and down-regulation expression analysis of
microarrays) [29] +Hulilsunsuni1edaansauind (Bioinformatics) NANNITOATUILLAL
Usziinpanduiudaesusasiu 5xnd1e feyanimaaeddaeaniamaass o lugtluuy
GSE lugudieys GEO [29, 37-40] anidulasi NCBI Inandnnisaes CU-DREAM azifly
nisutianguszansvesdedaedigluaasaunaasseaniiuasinguszains 1Hun naw
NAARN (Experimental group) LLazﬂzjﬁJm‘LI@N (Control group) ﬁ@ﬂiugﬂuuuiﬂﬁ Microsoft

A :// o 1 dl | dln/ ¥ o A dl A !

Excel (N1 7) aantiuAnuanmAmanvesandntiainlulasueistisegluuuinld iy
ANITLARANEDNTDEUN YiTRAALELIBLNTIARTW ANy N|ReFIRE 19189 GEO  luuwsiay
Aunengadnaaslulasualse lngaddaaidisdsainivadiayanesisaas GSE 411190
pnvlnanliainiiulss NCBI wiaAuaniminasingmes 2 ngulseansnaumimsadn
o 1 = o dl o 1 d‘ 1% o aa d‘ v o & = ! ¥
AundaiReaiy et A lfnAu st Rem A NANTUTI09EY sendnsdiays 2
NN TANNITABNAANANRUS AT up- 1isa down-regulation TneiNa1snINaNAN p-

4 v 2w
value Nau1rnLlsusaanls
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|Please fill the following boxes.

GSE file: Series matrix file downloaded from www.nchi.nlm.nih.gov
Annotation file: Annotation file downloaded from waww.nchi.nlm.nih.gov
T-test parameter (tail): Parameter for ttest() in Microsoft Excel
T-test parameter (type): Parameter for ttest() in Microsoft Excel
Differential expression: Direction of differential expression
P-value threshold: P-value threshold for t-test i

Warning for paired t-test: subjects in the same row are paired.

Experimental group Note (optional) Control group Note (optional)

AN 7 mar’lzﬁmaLmzrﬁlgqﬁ'ﬁmiﬁmqmmmzﬁ“uﬁuﬁ'mmqmmm@ﬂﬂugﬂLLUU”L‘V\I&'
Microsoft Excel 1@4l1slnsn CU-DREAM
Tisunss CU-DREAM @nxnsa L GEO dataset Mivanagiluuy fadnd
wweadululasuaise (Expression microarray) Wag wiatadululasueisd Inelulnsualsdi

6

tn i anflufieafluldninedusifieyaaes Gene Symbol MiluTaaasauatingng
waldlunsutlana 9lisunsy CU-DREAM Hiunisanudsaanunsninunissgne 1lunng

b 4 = dl 1 = A o 1 = Q‘I o %
4519311893 AN 19T TAUIN ATILARS AN L REIIITEA WL LR TuNTIgnRaadnaanuTLé
Tunguanunaaasi i lulasuasdvisegduuudamasiulunisdndi visAinisuanieanaes

v 1
a o a o

= PN a o =y A oy -
AunazAAduewmiandy lunuidetasldiaanaunasssilfiniandululasuaisd
lllumina” HumanMethylation27 BeadChip Kit 194135n8gH1n wesanilululasuaised
anusnian A uanubion Tlsunsu CU-DREAM 16 uazdidiaganimaaasunnigaiiu
Au'lst NCBI

nuidslfenduAnuiiaadueanresuiaznguaaatnglundaznig
NAaadlUENA LaazALMUIULATUN A1uau 27,578 A1unis NignAtuanianidsunss
CU-DREAM sl lunisueuimaumasuannislunsazilodie saadeny aintiuasld
Tsunsn Microsoft  Excel  luni1sdniasrnads wazdnnguassadanslugindeya

dgl a o o Yo Y 1 a @ a uI/ dgl dl a "

uanaINInNwudd e lFiudeyaaasaniduemiiandy sesliaEialnfaeanyed 14
#1im N9 1Hann HumanMethylation27 BeadChip Kit aMnenuddtnesiisinagivinlag b6y

m’mfﬁ@mﬂ?‘ﬁﬂgjmﬂ’m Professor Kevin L Gunderson (Genome-wide DNA methylation
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profiing using Infinium” assay) [11] #1714 lun1s3msziifiays ainANLsugILas

ﬂQﬁNﬂ?@UﬂQNﬂ@ﬂﬁﬁuﬁﬂH@

Tdsunsuans (R Program)

o

Tlsunsuanfifluldsunsndndaginisatanianwuniduldsunsuie

(Open source software) Nau1TRINN M ATMINEETATI LT ANNATA gL uLLsinge

v
o

= o ¥ o v a A !
souDedNnInNn 19 lun191n L@H’ﬂ‘llm;ll@ﬂ\igﬂm_l‘]_lﬂﬁ"]w AU N UTBUNUNTWFN Tung
o v Ao

WFaulilsunsuanflusiaaldn12@auA 998017 R ANANHUEARILARTLANEN S N4

Tunrsdauadanepannamas nn s u1nlda1d3a1nnien S W lddausiulullsunsy

L%

anflfatinsdnanie uenainildsunsuandtaiiiulisunsunimonutangulunisinnzyi
N9a0A wazdsusanisatuaeld asanunsatnda lduldivainuanalsvinn Nty

% a nl/ Ly
NN RaatululasuaLsed [12]

R B (32t -] = |
Fie Ehl Wiew Mog Facieges Wiadows Help A

2l1u xlel ol 2

(B wersisn 2.15.2 {2043-00-26) == "Trick of/Treag"

Copycighe [C) 2013 The B Foundazion fer Statispica] Cospitics
foms JI-S00051-07-0

| Flatform: d30d-vid-mingeI2/ind (12-Bit)

‘R in Fres sofftware and comss with ABICLOTELY X9 WARRANTT.
Tou are welcome to redistribute it under certadn conditicss.
| Type "license(]' or "licescel)’ for distribocion details,

| & is & collabarative project vith many coarribupdzs:
| Type "ooncributerad)l” for more Informarics and
| ‘citationid’ on how to cite R or R packeges in publicaticas.

Type "demo()’ for some demos, 'helpd]l ) Tor om-line help, or
| "relp.starc()’ for an ETML Drowser infeffete.rs help.
| Type "qil" oo quir K.

0

A 8 Tusunsuans

N1991139 8 181N T 2N 20 a1 NN 1 1N 1985199 LA A AN LN ALAT L D
o , Aaa o , o ~ g o o
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o o \ o PR a o ey o A o
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FAWALLFIASFLLIALN sﬁﬂﬂ?ﬁﬂﬂiﬂqqﬂtﬂ?uﬂ?ﬂ@q?@zt;]ﬂuqll'mLﬂﬁ‘qgﬂ NAAALAANATLLAUITNA

HAnAaduna Iz luedaaratingne
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Tdsunsuemam (DAVID bioinformatics resources)

Tsunsuwman (DAVID: the database for annotation, visualization and

Ao

integrated discovery) tHulisunsunns@aasawma nNIRnUsrasluniseau inadnun
a e A a [ v dl | A o dl I
A TaebUNEANANRUTIR TN NIEesTLLTINgNE N uaunNaula [41] ngX

(2
J =

= o o % v o A [ 3 A = =) %

gusananall dnlduinainnisldlulasnardlunisianaviras alaanty saNDeldn1nann
= ~ a Alaa . a a s 1 A o

nsAne lsAuludedl@dn (Proteomics) TlsunIntadnaunInRLAIILINANEUIIUIUNIN

TAAULATZAL 100 T3 AU 92A1 1,000 81 asddszlagiasineuinlunis@nenssuy vige

o 1 QI Aaa
ﬂﬂiﬂV]'\\‘iwuﬁ‘ﬂﬁ‘ﬁ‘ﬁJﬁ]’]\T’] FRHISERRG Gl
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Aramyurs Wrsann

LR R SRR el

Pug . Sy R g Wl v FTRTE

¢
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N Y ]

- - N -

A7 9 Talsunsuiean [41]
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Wsunsuwinidiuldsunsuieguuiulas nttp//david.niaid.nih.gov #aiflu

Tlsunsundlalildeu Inaldi@apnldane (Freeware) warddunaunisldanuiluigeain

|
a A

- y . Y “ o . d oo A L
\WeNNIaNeTeneIngNEunfiasnisdne wredninansedatiuniotluguuulng sne
114 Notepad  u&ataansiansad (Identifier) waz aUT4 (Species) 199ngueiy aniiuaans
o e A a '8 a 1 dl v
stluuurRINadnEUTaNIIimes (Parameter) alinsne) N4
a o K v A d” k% a c v Qi o a a
nvudapastiinenidsunsuiunlilunisiime i naesnguiuanai

1
o

= a dlo dl o | 1 dl oA
AUNNAATUNANUNIE INDAAITNANNUDUNTDUUINTBINYNL U

Faqulaln (Sequence Logo)

[ o

al FZN~1 = n:ll v o A
AAUTA AU TUN T NN T A1 241N AN I TN LAUAVTD LA AN ATBI AN AL

v
v A @ %

A4 A A - & =2 o o a a Ao
wavsetinaalalng 1e9iamiduia uazanfiduie sondvansunsnesiiluaesllsiuing
anwouziilunisFeeanduninisuasuulasiios Wsapsannn9iEeea1auls (Conserved

1 = Ql o 1 d‘ o a o o s
sequence) AMNNGNUTzTININTEAIAI2EN Beazvtiniaue lugtuuunwnaWiladoyansad
P9LUAMTaNIAaA Y AL luNINT 10 TnafiAdNgaassidnEsazLlaiunsanng

ajl = a d‘ o | 1
ﬂ'ﬂllﬂ‘?]@\‘iLU@MT@T]?@@ZNILWWHLLVL!\W]'N”] [42]

Qi o 1 o & o = ¥
AN 10 AReeNaanEUaIn 1TNTAIRTALT [42]

1%

o

o = va & di % a aalld [ o alld
m'imsnLmu‘im‘lﬁﬂmmﬂ?zmmvmﬂummmmmu neuziiuaauninIg

AEN NS 19r9AeuLe anfieule wazldsfu aldlun1s imsziniaudunuivse
£ dl a n’; 1 dl = % o a @ = -] ¥ o =S
wih luis ol iy luqedlilsfunnsunuaidue  suteaiuisatinun ldanisdnm

a o o P - @ 44 = a ada - [y
LﬁﬂﬂLV]ﬁU@’]ﬂUT@Q@L@uL@, ATLAULR W?@Iﬂ?mu ARAIRAINTIRNANE u:ﬁqlﬂ’m“’ﬂﬁ LW N9

Wheumeuaaiuiaadloda [43]
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&

lusnAseRldendaldsunsudimaulalisesdulalf (WebLogo) anniiulas

http://weblogo.berkeley.edu/ (nMw# 11 ) W1 lElunnsaipsziarsuiuanatasantisnnai

AanduniAua N zsaedtarse eAneuardAszizluuuresdnduianag

'
v a o

a g o
AANUANWAULNNALRTUNANLNTE

WEBLUGD - gbout - create - examples
po— : :
3 Updoad Sequenca Dals ey Tl
ol i Format VG [rarrag) v oo Sarm par L ] 4] m W

A 11 Tdsunsudmquiali


http://weblogo.berkeley.edu/
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=)

un
28ALUUNI5]8

dszg1ng

e ey
nguFaaanlElun1maans

dll d’lq a o K v % % a
Wasannimaaasililunimaaasin VH\NWHQ@H@\‘]VLQQ’]ﬂﬂﬂ’]ﬁ"ﬂ’]ﬂ‘ﬂﬂ

[

dld v a o dl o a v dl % a
PUIAUTEIINTANNNIINAARINK msrmzslﬂ@mmﬂummmumu‘[mﬂQmmsmm&l Iﬂ‘ﬂ@%‘l’ﬂ\i
ANN1INARDILTBY Epigenetic profiling of somatic tissues from human autopsy
specimens identifies tissue- and individual-specific DNA methylation patterns, Byun
HM., et al. [44] 39lunn9maaesfdananalauintedngufaesne 20 fatne dmiulu

a o d” % 1 1 o 1 [ 1 [ d’/
QWHQ@EILLVLG'WLL‘]_NﬂZpJMQQEWQ‘ﬂ@ﬂLﬂu’&‘NﬂQN AN

| % I a o n:la/ @ o ' d” dl' ai @ [ a <
ﬂ@qll fmmuwﬂlumm%u Lﬂumamm@m@mmu%iummﬂumm
(Paraffin blocks) l

%

ANNAINNITATIAAN (Autopsy) NNIARTINEIBINE ATLSUANEAARS

Ly a o dJ a o Yo d’ o P dl [ o 1
’ﬂW’]@\‘]ﬂﬁ‘m}HV’WWﬂW@ﬂ ‘ﬁ\‘]V]’]\N’]HQ@EﬂﬂTLI@HEQ’W wathun g lunmaaes ailusaating

1
a al

d” dl o ] e 2N a 1%
e iElaredadtazsineresnyed anfeenidsminllude 13 9e

ngueatsiassiludaetinbiduenainlfiaindiu (Serum) aavilaely

1
aa

TeANANIINaLe It eI Ias 8L LALA Nz59U (Hepatoma) 21 1, Auuda

(Cirrhosis) 9 3181, WFasueniaull (Hepatitis B virus, HBV) 15 318 waz afasusniaud

v v
%

(Hepatitis C Virus, HCV) 30 318 39809AULNRAN 24 398 29052281951L0L81aN NT FuITaRL

99 ¢l

'
a o 1

InUin13ARLAaNAIAAaEN

1 o 1

AANFIaE19A NN ULARATIUNA TN UNITATAR S U UNIINADS

q

qanssAil Inafifiaarounianendingn inaasatiuduaiinaesdematie waznmagaidn
desnasnglllfidananin sannednunsaiinBun AL aue L aiaaedesaasing THwn o
% &9’ A o % v o 1 o 1
nszan, tan, nduiile, vaaadanauns, a1ld, 1o, fawn, dudew, su, deuunanles, auas,
o . . L ¥ . 4 & 4 .
Hauila, wadlszann, sanunaed, ¥ala waznszinaeenuns dqillatiainanayyn
aa a :; dl dl A o 1 | d” dl a :/l o a
MIIRFBLNNNENTINENBNATINL inetiududufuiiaEelnsd aantduazgnianisuean
Roeladu (Xylene)  waztiannainmduiefoadsnuesnaelsnednunsgIy (Standard

phenol chloroform)
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s A 4 al o 1 o A al o 1 [ d” dl ad‘
INUFINTLAANLTINTR9R9ARAENN AzARLaaniandssaatatuilatialnan

Mya a a A a o |dl ) o QI a @
VLﬂJiﬁNﬂQWNN@ﬂﬂWﬁ?@LﬂﬁI?ﬂ LL@ZHQiNL@@N@ﬂWW ANNNTDUNNANALAZINNLT NUALAY

|
A

ald douinausinisAnaanuaddasnating azniniAaLanassnasnailuiiiawmtaninlng

U ANN9ENLEL Belda vizanalsm wardesaatinaiidananin auluaiuisnanavisaiia
o 1 v
AUUALEULE A
'8 [ % A 1 dl [~1 % 1 a @ a o
inausinisAntaanteangulscrnsiidusetenidueaindiuazgn
FINAAaLAMUNINLAZLTNN 0L TneldLATeada BN uansWugNIss (Nano drop) ANNTuAs

ﬁmmmmmi@mﬂﬁuumﬁ%ﬂﬁ
Asastianldlunisian
1. naesqanssatiuuylduas (Olympus, Japan)
2. Lﬁ%mﬂf;ummnu‘lﬁmwﬁﬂu (hot plate stirer) (Labtech, Korea)
3. Leetengng (votex) (Scientific Industries, USA)
4. iestaRanea (Precisa, Switzerland)
5. Lﬁd'almﬁm%”ulﬁ@%mim (microtome) (Leica, Germany)
6. \AregdnsLastURNAIAA (gel doc) (Syngene, UK)
7. aeihipnnusuguiuside (Hirayama, Japan)
8. Lﬂ%@ﬂﬂHLﬂ%ﬂxﬁ@’]?%ﬁ’W%ﬂM@ﬂm"ﬂuﬁm 1.5 ml (microcentrifuge) (Boeco,
Germany)

9. mrastlumesansduiumaantiin polypropylene conical (Boeco, Germany)

L
a

10. Lﬂ%@ﬂﬂﬁﬂiﬂﬁ‘@%ﬁ@mn}w@ (ultrapure water type 1) (Millipore, France)
11. Lﬂ%mLﬁmﬁ‘mmaLﬁuL@ (thermal cycler) (Eppendorf, Germany)

12. iisadlulasian (Sanyo, Japan)

13. WiseasarnAnalunse-sng (Denver Instrument, USA)

14. Lﬂ%ﬁmﬁ‘mmmwﬁuﬁ;mm (nano drop) (Thermo Scientific, USA)

15, iAresBLEnTns i da (Bio-RAD, USA)

16. Lﬂ?mm\iumﬂ'mqi (rotator) (Biosan, Latvia)

17. wA3esliiAanuseu (heat block) (Bockel, UK)



18.

19.

20.

21.

22.

23

24

25.

26

[ %

1.

2.

10.

11.

12.

13.

14.

15.

20

F1q19111mel (Mondotech, Thailand)

FAutudegnuunian -20°C uaz -80°C (Revco, Japan)

EAa

@jmﬂ"fu (fume hood) (S.K.Powerable, Thailand)

\fl1 (Misubishi, Japan)

e

rélz'a‘i_l (incubator) (Memmert, Germany)
lutmsthdmsiarnm P2, P20, P100 waz P1000 (Eppendorf, Germany)

. thms uee (Tecnomara, Switzerland)

a

@'NﬁﬁmuQM@qmuﬂu (water bath) (Memmert, Germany)

al

. Storm 840 and ImageQuanNT software (Amersham biosciences, UK)

Janalnsunldlunuiss

nszaENea (Aro, China)

NIzUanANIUIA 100 ml iaz 1,000 ml (Witeg, Germany)
ﬂ@f@\mmqmugﬁﬁmﬁmﬁam@ﬁ(Nalgene labware, USA)
29AALLTUIWIA 50 ml, 100 ml, 250 ml, 500 ml Lag 1,000 ml (Duran, Germany)
mmgﬂﬁﬁuwjmmm 250 ml, 500 ml, 1,000 ml wag 2,000 ml (Pyrex, USA)
IIARETAFIUA T25 LAz T75 (Corning, USA)

TAURNANT

DVALFTEINLAANTANUA (Bioer, China)

edaeNIwI9 (Handpro, Thailand)

Avlaunm 10 ul, 200 ul ag 1,000 ul (Axygen, USA)

wmaslulimas (Precision, Germany)

WYNUNLUAN (Agimatic-e, China)

WUINUaan (rack) (Autopack, USA)

Tulndunnsindeann 1ml, 5 ml, 10 ml ag 25 ml (Witeg, Germany)

NANAFNAMTUYA (Diamond, USA)
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16. W13 NaN (Parafilm M, USA)
17. UnAu (Forcep)
18. 1aaAULIA 0.2 ml, 0.5 ml kaz 1.5 ml (Bio-rad Elkay, USA)

19. Polypropylene conical tube 1115 15 ml wag 50 ml (Elkay, USA)

asiARTElunuide
1. @swaRnall
1.1 Absolute ethanol (Merck, Germany)
1.2 Agarose (Cambrex, USA)
1.3  Ammonium acetate (Merck, Germany)
1.4 Bromophenol blue (USB, Germany)
1.5 Chloroform (Merck, Germany)
1.6 Diethylpyrocaronate (DEPC)(Sigma, USA)
1.7 Dimethyl sulfoxide (DMSO)(Sigma, USA)
1.8 EDTA (USB, Germany)
1.9 Ethidium bromide (Gibco BRL, Scotland)
1.10 Formaldehyde (Merck, Germany)
1.11 Glycine (Amersham Bioscience, Sweden)
1.12 Glycogen (USB, Germany)
1.13 Hydroquinone (Merck, Germany)
1.14 Isopropanol (VWR, France)
1.15 Methanol (SK chemicals, Korea)
1.16 Nuclease free water (Fermentas, Canada)
1.17 Phenol (USB, Germany)
1.18 Potassium dihydrogen phosphate (Merck, Germany)

1.19 Proteinase K (USB, Germany)
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1.20 RNase A (DNase-free) (Applichem, Germany)
1.21 Sodium metabisulfite (Sigma-aldrich, USA)

1.22 Sodium chloride (Merck, Germany)

1.23 SYBR green | nucleic acid gel stain (Lonza, USA)
1.24 Tris (Tris[lhydoxymethyl] aminomethane) (Omnipur, Germany)
1.25 TritonX 100 (Bio-RAD, USA)

1.26 Trizol reagent (Invitrogen, USA)

1.27 Trypan blue (Sigma, USA)

1.28 Trypsin EDTA (Gibco, USA)

1.29 Tris base (USB, USA)

1.30 10 base pair DNA ladder (Promega, USA)

1.31 25 base pair DNA ladder (Promega, USA)

1.32 100 base pair DNA ladder (Promega, USA)

1.33 1K base pair DNA ladder (Promega, USA)

2.415ANEINTUYIN PCR
2.1 10X PCR buffer (Qiagen, Germany)
2.1 25mM Magnesium chloride (Qiagen, Germany)
2.2 10mM Deoxynucleotide triphosphates (dNTPs)
2.3 Oligonucleotide primers (Biodesign, Thailand)

2.4 Hot start Tag DNA polymerase (Qiagen, Germany)

nuanuazAnaaniayanufiaaduluadeazs1e

Mmu‘fﬁﬂiﬁ%ummemmqm%mﬂ@ﬁﬁumLu%LmjéuGlu@mewmjmm
nyed tneenAegiuiieya GEO dataset aniiulasi NCBI §QLﬂu§ﬁu%@H@@ﬂﬂQWuwmaﬂqﬁ
Wlalesuaindlunsdaua ililiteyasmounnnuasdpanuiidetia neenidseFEum
%’ﬂg@ﬁﬁmﬁ@L@ﬁLNﬁ@%MIMLL@Liﬁfﬁﬁm Infinium Human Methylation 27 BeadChip Kit

o

a a a . I 4 v % 1% dl dl = o a
1991358 NUN (lumina) insnzigudeyaliduiuliuinnge Wewsauinauiuwia
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winlulassdaiinaulugudeys GEO dataset TaRidiayan13nAfRININDY 172 N1INAAEY

v v
o 1o %

(Hayasausiduii 18 Feunau 2552 aufle 31 fuanaw 2555) wazufialadulasuedsail
ATN190RPIATATNA HNNTA 27,578 AU AABALLATUNTDIN T

lumsdmdenieyai 172 viunaaas n1esuddelfwannunaaesiiiy
wad latl (Cell line), ALANLEag (Stem cell), HaEefinalsn Lmzﬁmﬁ@ﬁiﬂﬂmwﬁﬁ@@ﬂ LAY
Aenamzauneaedifuile fetnfresuyed 11 GEO dataset ignanidanunilduau
39 vunaans LALN GSE19711, GSE20067, GSE20080, GSE20712, GSE21232,
GSE22249, GSE22595, GSE22867, GSE25062, GSE25706, GSE25869, GSE26033,
GSE26126, GSE26989, GSE27130, GSE27284, GSE27899, GSE28746, GSE29490,
GSE30229, GSE30601, GSE30760, GSE31788, GSE31835, GSE31979, GSE32867,
GSE33065, GSE33510, GSE34008, GSE34355, GSE35146, GSE36002, GSE36166,
GSE36194, GSE36353, GSE36637, GSE37988, GSE41037 ay GSE42510

neatwgudiayaremiandiuedsluaduarsiig

GEO dataset lfidnaanld 39 viunnaas azgninlilmsziidoailsunss
CU-DREAM tNaAMIMAN AT U AL 189 avNqguAaa1 LA 2I 1A B LUTNA
1 ° 1 ug// ° v dl 14 o A . dl
wnzAuMLs A niuidiayanliuisusniazanBasaslulilsunsy Microsoft Excel Live
v [ v o | dj b % A %
areguiiuiieyareseduazsine Tatlsznauson nszgn, lanszen, den, anes, Uan, A
uy, Wala, Ay, nszazanung, ald, 1, Augau, seuvuanls, saugnunnn, Unuagn,
Honily, ndnwiile, thane uazifiaynszinizilasns
dgj a o o Yo v A @ a aI/ nll dal dl
uANAINENINUIAEETFTudeyaresA S ue N Al TueatIDlo e
Unfresnyee 14 1ia dsznaufon anes, Uea, wiiuw, wala, sy, dau, nsewizainns,
anld, lm, dudew, dangnuuin, 59la, dtuns waz nduilialasesns NwTHAN Infinium
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Indgudeyaargnuilasindain Microsoft Excel (xis) 1ilu Notepad (.txt)
N llsunsuans (R Program) m’éwﬂmwmem'f]Luﬁm@ﬁuMﬂM@’g’]u%ﬁm@ﬁqﬂLLﬂm

wan Taeldns@auadaliiullsunsnseaniIng 12

I% C:\rdata\exGraph_2.R - R Editor -

pead = read.table("gene ex.txt", sep = ™ ", head = TRUE)
ex = read
rownames (ex) = read[,1]

ext = tiex)

®x_len = lengthiext[,1])
cg_len = lengthiext[1,])

for (i in l:icg_len) |
pny(paste (paste('exGraph/plot', i, sep = "_"),'png', sep ="."), width = 1600, height = 300}

plot{ext[3:(x_len-2j,1], type="line",
main = ext[1:2,1],
xlab
vlah
vlim
axes

LL
mexp®,

c(0,1),
FALSE )

axis(side
axis(side

1, at = 1:(x_len-4), labels= rownamesext][3:(x_len-2)], las=2, adj=1l, cex.axis=1)
Z

dev.off ()
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o Y

viiayalulnd GPL490-65 NElulsunsn CU-DREAM aululnd GPL Hazsvysiumibsnes

v
o '
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W
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a oI/ o a oI/ dI v o o o d”
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o ndl v y a nI/ 'S r2 [ % a al/ '8 s v y
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co a < 2 . di v 1 d} ' o‘:j al’j
waiAuadueilvung (Annealing) tvaainganssia [45] B9 Infinefvivaasgatiazeanuuy
WidgouunRnwiaiuwsiselnfipesiuwie liuegedund e ludfisenneeiu uilauaia

a15lsandnsnanu Janneanuisaliendaldsunsuledlnaea  (OligoCalc) vwiulas

http://www.basic.northwestern.edu/biotools/oligocalc.html Lﬁﬂmf;@muqmuqﬁummw

PNLUULDULATA (CG content) a4 InFLluasumas L&y

Enter Cligonuclectide Seguence Below

OD calculations are for eingle-stranded DNA or ANA

Mucleotide base codes

Reverse Complement Strand({5" to 37 is:

5' modification (if any) 2' modification {if any) Select molecule
b W | |ssDNA W
B0 | nM Primer

1| Measured Abscrbance at 280 nanometers
B0 | mM Salt (Ma")

[ calculate |[ swap Strands |[ sLasT [ mfold |

Physicul Constants Melting Temperature [T, ) Calculations

4 - ag,

Length: 0| Molecular Weight: [ GC content: 1 *C (Basic)
S Adiusted)
1 ml of a sol'n with an Absorbance of 1|8t 280 nm 2 G (Salt Adjusted)
3 *C {Mearest Neighbor)
is I'I'IiﬂDMD|E.IEE.I‘Id contains micrograms. = : -

nw 13 Tdsunsulaainaas
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JanuaanaalsneiuNIAIFIL (Standard phenol chloroform) R TUABUATH

1 v v
A o

1. Fafantingesinediaiaifelunisfunden deaatesdniuiiiesaln
(Microtome) uadatiunldlunaaanaaasaunn 1.5 mi

2. dladu (Xylene) 1 mi ileazanavnsueen A liTignugiidies 5 wiil
anifutfuuen hdauaesmaaiia il 2 Ak

3. 14 100% w5118 (Ethanol) 500 l fuuen dngauaeamaniia Syl 2 Ak

4. 18 95% Lasnuaa 500 pl uuen thaauaeamaniia

5. 1d 90% Las11aa 500 pl tulen Wgauamaia
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14 70% wws1uea 500 pl Tuuen H8utadian i

14 laGay) Laaniea (Lysis || SDS) uway lishuiuaia (Proteinase K) 1ud
g 50°C elAdnuAn

A o & A =~ P oA &
Wasadailaiteazanavunldiuaanaalsnain 500 pl dunmanuiza 12,000
RPM 5 w1# ihdaugaulagihannldnasanaassaniaan

14 10 M uanTuileazdmnn (CH,COONH,) 250 ul Az 100% Laguaa 500 i

TNAIUIRNNAIN

10. 1d 70% 198 U848 500 ul Tlen 1129128918979

11. thuaannaaaslagan (Hot air owen) A3 19

12. Mdtinnau 50 pl Ui 50°C augsanaduiieineaiu

NIZUIWAIT MR PN ANIN LU

1gadnTagl EZ DNA Methylation 984913%% Zymo research LitaLi/asiu

walalnaui il wiaWinaneduuagds Taiduneudan

1.

SEATiNEN CT Conversion Inerldtinnds 900 ul, M-Dilution 300 pl way M-
Dissolving 50 pl el 1#idinfi 10 W

Usumnuidinduaesaduaiana 1B 750 ng 1Bunns 20 i

lgrinen CT Conversion ashufiduieRufuAmdindiuuga 130 Hthilmsinn
uan i

a

ﬁu‘ﬁqmugu 98 9C 10 w1, 64°C 2.5 Falua (Wirreafidans) antiufud
founni 4°C 20 dalats

wisanAedNtrasgndFagl Inudssnaunednilidiniuaennaaetaesgn
4113931 aniasldinen M-Binding buffer 600 ul asliiAaanil
dREweanniunauiia adlupaanid MMTwnigananlidniu annifu fud
ﬂ’)’]ML%LﬁSJ‘ﬁ(M0,000 g) 30 3w ﬂﬂmmmmmﬁmﬂum@mwmmﬁ”\a

14 M-Wash buffer 100 pl aglAaanl fufPNUEUANT 30 AU

14 M-Desulphonation 200 pl aslupedul Linfigasmgfifies 15-20 il antiu
thufipauEadiui 30 Fund

1d M-Wash buffer 200 pl aglupaanil dufipauEauduit 30 Al il 2

AN
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10. framaanidunlalunasnnnansawin 1.5 mild M-Eluton 10 pl aslupaaud

TNANEUANA 30 AN

ﬂ’]ﬁ‘V]ﬁ@@UﬂMﬂ’]W“ﬂﬂ\‘]aLﬁuLﬂ
a @ dl 1 o o c v A
ﬂL@HL@‘V]N’]Hﬂi‘:ﬁﬂ’ll&ﬂ’]ﬁ‘iﬂﬁj@iﬁ/\lﬁmﬁ‘mLNH‘V]LLZ\]’J ’QZQﬂVl@’N'ﬂU@Mﬂ’]W el
a Aq L% 'S 'S = 1% @ a . 2 @ oA Y v '3
WALANDRNT ﬁ’lﬁli‘Wﬁ‘LN‘ﬂ?ﬁl‘ﬂ\‘iﬂuLUﬁﬂLLﬂﬂ[ﬂu (B—actm gene) sﬁ\‘iLﬂuﬂuL@'}U’]uﬁl‘ﬂ\W‘!ﬂLsﬁ@@

(Housekeeping gene) WanadAndantanizsiaasnamiduiendnisaiindsunasls

N3LUNUNITENLRANTAF

lunszusunindueaigeniilasldinfinesansgaluljiveineaiu

(Duplex) Bausznausag ihaadulniines vazsumiamdulniines Inalddauilsznay

ol
- 10mM dNTP 0.2 pl
- 10X buffer 1 v
- 256mM MgCl, 0.4 yl
- 20 uM Methylation Forward primer 0.15 pl
- 20 yM Methylation Reverse primer 0.15 ul
- 20 uM Unmethylation Forward primer 0.15 pl
- 20 yM Unmethylation Reverse primer 0.15 pl
- Hot Start Tag. DNA polymerase enzyme 0.1 pl
- fihndu 6.7 pl
- Fneeinamduentnunszuaunnsluga I 1l

a dl v aaa
gaungiuazszazinan g lulfisen

-95°C 15w
-95°C 45 AU
-65°C 45 Fu 40 7AU
-72°C 45 AU

-72°C 7w
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- 40% acrylamide 2 ml

- TEMED 10
- 10% APS 100 pl
- 10X TBE 1 mi
- sindi 7 ml

Taeldnszualwila 130 Taas 50 w? annduunueuaalilugly 1X TBE @1

HAN SYBR Green 40 w1 ansiuastinaa lldiegy
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¥nn9damnuidinaasiidanillsindresiamiiaadulniiuesuasduiia

adulnseiAnIuLwAs Faalilaunsy ImageQuant TL anthA Bauieu iy
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prudnzes methylation band

%methylation = x 100 WAILAINZUHA

panuduzes methylation band + unmethylation band
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Auniamealuuazniauanty (Intragenic, Intergenic)
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FNAladuaun (CpG Island, CGI)
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DAVID: Functional Annotation Chart Number of gene | p-value

Sequence variant 141 | 0.00012
Polymorphism 134 | 0.00071
Glycoprotein 52 0.064
Signal 46 | 0.0067
Extracellular region 29 0.048
Secreted 28 | 0.0065
Intracellular signaling cascade 23 0.031
Regulation of apoptosis 17 0.023
Response to organic substance 15 0.039
Transmembrane protein 11 0.094
Sexual reproduction 10 0.083
Differentiation 9 0.079
Germ cell development 5 0.029
Developmental growth 4 0.079
Digestion 3 0.088
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DAVID: Functional Annotation Chart
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DAVID: Functional Annotation Chart Number of gene p-value

Sequence variant 59 | 0.0000048
Polymorphism 56 0.00004
Phosphoprotein 34 0.028
Membrane 29 0.058
Glycoprotein 23 0.028
Cytoplasm 18 0.054
Mutagenesis site 14 0.021
Ribonucleotide binding 12 0.052
Regulation of apoptosis 11 0.0015
Intracellular signaling cascade 11 0.032
ATP binding 10 0.072
Receptor 10 0.09
Kinase 7 0.03
Protein amino acid phosphorylation 7 0.057
Anti-apoptosis 6 0.0016
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DAVID: Functional Annotation Chart (Hypermethylation CpG)
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DAVID: Functional Annotation Chart Number of gene | p-value
Seqguence variant 83 0.096
Signal peptide 32 0.0082
Extracellular region 25 0.0011
Secreted 24 | 0.00028
Developmental protein 12 0.0095
Sexual reproduction 10 | 0.0068
Multicellular organism reproduction 10 0.0099
Extracellular space 10 0.029
Calcium 10 0.064
Differentiation 9| 0.0082
Gamete generation 9 0.0089
Lipid binding 9 0.015
Endopeptidase activity 8 0.018
Response to wounding 8 0.097
Spermatogenesis 7 0.027
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DAVID: Functional Annotation Chart (Hypomethylation CpG)
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DAVID: Functional Annotation Chart (Hypermethylation CpG: Brain)
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DAVID: Functional Annotation Chart (Hypomethylation CpG: Brain)

Sequence variant - 28
Polymorphism 28
MNeurological system process = 6
Compositionally biased region: Ser-rich 5
Synapse = 3
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DAVID: Functional Annotation Chart (Hypermethylation CpG: Liver)
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DAVID: Functional Annotation Chart (Hypermethylation CpG: Testis)
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MET For primer 5'GGTGCGAGTGTTTGGAGGAGCGCH 62.4 BIANTALTEIR

MET Rev primer 5'CCGAACGACGCACCCACCTAACGT 62.4 BNATALTER
Nia15ldsAnd 69 wauns (Base pair)

UNMET For primer 5GTTGTGGGTGTGAGTGTTTGGAGGAGTGT3' 62.9 DIANLTA LT A

UNMET Rev primer 5’ CCCAACCCAAACAACACACCCACCTAACA3'62.9 AALTALTEE

NaanFllssnd 81 lwauns

a < aay 4
NANISNARBIANNLNAUALANLRANTRIT

dl o { ¥ N o na// a al/ o
AMNNANINAAEY LHadaRIAMNITNTasNEaN T sandvisiunalatulazau

b

wiatad ieAuaumAe fidumuiiaaduluisaz adeazainnguiszaang wudan

o

adtnzAuacunnlunguiszaing dAudefidumuniandungandnadaaslunguau A
Fatinglunng 42

100 bp

Pancreas Neg. Kidney Heart Stomach Liver Adrenal Spleen

a -— == Unmet. 81 bp

P2 T

75 bp
4= Met. 69 bp

NN 42 NANNINARDNLAN AN TA1FANAaL AN A ULEanT LN 11

v 1 1
wazatniulFn1dsenInIsAeatredle fifusiunaaduluLsay
1 o 4‘ 1 ai 1 o o a ai c @ 6 a cl/ 1 o dll 1
nquadely TenudinnguadutziuiAiedsresdefidufinnaadugininaduizanatig

iulddn saninwi 43



62

50 B

M - B3 s =

[ ]
100 - A1 .

1T L R TE T

100 - - TH
i
- 000 TR 11
| ~— —

IWEE  ACHTA  (OEON  YMPH  ADREMAL  HEARTSUDAGGCH SPIEEM MUSCLE BONE  EEMEY  (UMG  PAMRERS ERAN SEN HERY
RODES MARRDN

N 43 nanuansateasnlafiiudiniaadulunsaznguadtng

g0 Y Al a & o [ 4 OJ
n1suszandldanNainnaatundnnsluadaasau

N TalEinaaniA AN zaasTna N Aatatulusy Taani19tiNn

dszgnildlunisnssaniansiugnasuiseniduavesdulunszuaiaan (Circulating  liver
DNA)  dsanunsonulilugiaaninianisaiinataiilaitiavisaimasuessiu wu filas
19ANI3NFL (Hepatoma) vialsmsiuude (Cirrhosis) A9tiun199u3asaeblfnin1snaans

'
a aaa a o

nraaupeueaesulunszuaann tnelfinalingnaniaiaduaes cg12620499 1a4Ey

'
a & =

DSU funguanedeiiiiumduienannliaindineiuan 99 9a anntsaninisminany

' 1
aaa

Waltiauaasu 4 19A T9R1NHANIINARRINLINANRAt LU afIE UM N AT UIRITAA

a '

g 12620499 2848l DSU TunguautnidaAuwansieainnguiiaalsanzideiuuaszlonsiy

w9 adNNUEAATYNI9ATAN P = 0.0002 uaz P = 0.0047 AINAIAL AININT 44



dl ' dl o @ c A ul/ o A & ! '
N 44 neuansAneatitlefidudiuiiaaduluainmdueuiazngs

63



5

=b.

un

asUnanisiae aflsana wazdaiauauus

d7Unannsian

]
a ey a s

E']Uﬁ’ﬂg@‘ﬂWﬂLNV]ﬂL@‘ﬁ

[ %

st liAniaanuarsusndayasunaaasiag lugluuy GSE u

GEO dataset 284430 las NCBI 1l lunnsa$egnudeyaanamiiandulueduazsine tneg

U

AuualiAnaanianty GSE 71l wiawadululasuaise llumina® HumanMethylation27
BeadChip Kit Tunsdnamiiaiaduainadtnviisaiiiaitiolnfaaauyiel T9usRauannnig

a o Y o A a al/ & a dal dl o tdl v a oI/
QWHQ@EI@@@L@@HLNV]Z\]L@‘T]HINIF]?L?EI?]M@M bUBAIAINANUIULEY GSE VII‘TJLNVI@LZ‘VHHVLNIVQ?

= A

& Aa dyalo v =& [ dd‘ a oI/
wawstlniaitauunnluguiiagares GEO dataset 29NN UIUIAITANANIN A A LA L3
TAsuaLserNARA NN A LS (27,578 AWMLY HATANNITUEANIINAAA9UEY Genome-
wide DNA methylation profiling using Infinium® assay [11] wamaliiunatlsz@ansninaes

llumina® HumanMethylation27 BeadChip Kit #11170m29alenANNALaTUIRIadeNzTln

1 % dl o 1 % d” A P4 1 dl a < a aI/ o a
ﬁﬂ\i”’ﬂﬂ miumummmmnmﬂm@mﬂmammmmm@mL@ummmmmmmmmxﬂﬂm

au

a v 1

pasNyme] 14 1ta W1 liifunieevdsaandan wsiluilaqiiuiisdnaglunlfaniannisuas
wiandululasuaisdatiafiuda n9nudeaslininismundeyases GSE nlfwmiia

wiululasuaissfaiat anndulas NCBI aunadui 31 suanAN 2555 1wini

l
= A a o

annsdeziguiieyadeyadnamiiaiaduresnuidds Inanisasis

a
v v

nauanpfaaduIeInALsa A ueunATun 919 27,578 11 wudngduuureansw

Aaa A M °

FNARaadugIisnanungluuuaeana W linedu 5 giluuy Aagn degluuuaesnany

u

= aal o

a o Y o A dl A % dl [ % 1 a A dl
Q’W‘uﬁﬂﬁliﬂﬂﬂL@’ﬂﬂll’]LW@I‘ﬂ%ﬂ’]ﬁ‘ﬂMﬂ’WW@W@’]quzlu’ﬂﬁlﬁl’]um@tﬁjuﬂ AR ﬂﬁ"W\lgﬂLLlﬁ_W] 1

1 i 1 v
“lalefiniaiadu” uaznagtuuud 2 “lalhuiaadu” msznsmvisaasgluuusieia

'
= a o o

AR AT ungaiseaeduiulidalunguedacsuiailemeuiueduasau) uay

o A dddd‘ o 1 1 o 1 aa ddd‘ o 1 [ 1 a
'Q’Wﬂ&l@ﬂﬁﬁ‘ﬂﬂL@@ﬂGHWQV]Q’WLWW%ELLLLLG]@ZT]@‘N@QHQZ NWUINNTNINANNIEARRVLVSLANSTUR

AU 222 Aunud Teeudadle landefiunaaduaniunu 82 Atunus wazlalliufaiadu

1 v
aa aal a o a oA o

AU 120 AIund TeeduarnRINAWAaedunSwazingagudeyall Ae Ay

u

|
o

(lalasiuiaatu 22 Awvus laldwdhaadu 34 anunila) waz doune (lalesiuiaiady

' v
v o [

19 Anuuide lallwfAaiady 37 Aunid) n1sanvRsa@adntladanni ladatvisaesailaNE



65

' '
o o

aal a | o dl o v dl Y o A
‘W@LSJ‘V]@L@?JLL‘V]@WLW’]ZﬁLﬂu@’]uQuNWﬂVI@ﬁ ‘ﬂ’]"ﬁLW?WS@’]M’JH%@H@\‘]W‘L&‘V}@@‘ﬂ\‘i‘l’]‘lﬂV’W]L@ﬂﬂlﬂ

asegudieya viveeansveduaziisaeaiiafafiiviinannizuaznainuany

a

nanlugtuuu® 4 uaz 51 sneAAneiawdulllunaniamaaii lunn

1 '
o A o aaa a o w

aduny Aa dAudialadunavirags luynedeas asldatnnsoinanawiiaiaduaedns

Aanann 1 lunisuanadanield deunsnlugduunn 3 Brsdiaadunuansneiuly
o a aal a oI/ d”d 1 o v a o

Nnaduns TNAamAaaduresnsnluguun asldarunsatiun lusnafinaesadaazain

A AaTw A Y

o a & ao ' & A A o
%WqLN'V]@Lﬂ"ﬁuﬂquW'\zlﬂ’ﬂLuﬂLu’ﬂﬂiﬂﬂ'}]ﬂqgﬁ

1
o o

AINNANNTIATITHAIWUUIT ST NALN A A LA T U N Zhiada s 1S

o ] a ua// o ' Il = =3 a )
222 FLUUILUATUN esunidanne i N7NILUBANEY, LANTAU BUNTDL WAL CGl WU

' 1
a o

N o ) o y =~ a A @ @ =2
W@LNW@L@ﬁquqquzﬂquﬂ\l"lﬂﬂﬂﬂ%ﬂqﬂiuﬂu ANUTI UM U NTAU TINN1TNTZANY

o

siat1ain i lutounidu CGl wazlald CGl uavatlutiamnyingann TSS tszun

0-100 wa vilaledwdiadu uazlaliwiiawdu nansinszitiaenniesiuunaie)

' 1
o a o

a o dl 1 aAaa a 1 o o a dl 1 a
JMUYE V]T’]EI\T’WU"J’]SHW@LNV]@LZ\WH‘W@’WLW'W:ZGI@'P]']FJQ%NﬂWUELUU?LQMW@%ﬂ’]EIGLUﬂu A

nsvansfaatinedaszluiFnandle cal wazluld cal [11, 46]

NANTTALATIZF N NANINEAAU AN NAN A UTURIA LNUSTNANANN Y T
Bnusngen uazdunsaulnanisainensm fannnd 19 1 anduliananiiandu

"ﬂ’]LWW”@QHN’]H@”@HIMU?L’J&W]LﬂuL‘ﬂﬂsﬁ‘ﬂuﬂl‘ﬂ\‘]ﬂu LLN’J’]LN@V’]’]MQE‘IAVI’]\‘]@Q Al t-test WD

' 1
aaa a o o

Sunusesdiaisduiisunsiiedludnaeu adliliunnndidunseu edneiiaddyf

'
a

Ao R NoR A a a | | A o o
N Vn\‘]\‘ir]u']@ﬂqul,ﬁﬁﬂﬂql,wmlﬂm IﬁmLWNﬂWﬁ‘LLUQﬂZgN"HW@LN‘V]@LM]LWI@WLWWx mqﬂgﬂLLUU

]
a

gadlalefiunaadu uvazlaliliuiaadu A9n191990 5 BeaaInANT 9 Laad 1 TIuN9RN140 L

1 ' v '
o a o a o

a aa a o % a nl/ ! a =3
FRNALNAATUNI N mgmmﬂmﬂmmmL@@uLL@ziaiﬂLummmu azag luTionen

|
a o a

Y v
FAUNINNINBUNTAU ﬁqﬁmqmu 12 ﬂ"J’]sﬁ‘W@ LHNA Lﬂﬂ]u‘ﬂ@’] LWWVIM‘]J?LQML@WIJ@H%@QE‘IH

1
a

a1alAnneqdesiunsintunmAeiulumadusastin (Alternative splicing)

' '
a o

TUAUIARUINRNANHUANLANLIALIAY TNALNNALATUNANNIZFADATENY
\ = A a o o = o =2 @ \ o =
51197 NNIANHINLTOUANALILAT 0-100 wa Wuan 7SS aunilugmiiazlffunisdnm

a g =2 a dl | dl < =
WATIEY LTl nTauaLtiu



66

FAUTA LN DITNANNALATUNINLNIZARDILIE

v = % aaa qI/ dld o ] o a
aNN11a319aAUTaTATANTNALNNA AT UN R A NANNIZFaad I Lalin

' !
o Ao

AN 4222 Arumds wudadLiaTiegRaiudRamianduiianmizdaunanludiu 3

o

aziflualaindu noafin wazlniu (Thymine) AMNa1AL N9 udse laneauAnse

'
[z

Anmzimaaulalivesdnamiandunmvaenluiliinnudmizseadaacla an 27,356

o 1 dll a v aaa a nI/ dld o :j o 1 1 1
AL LW’BLLE‘EIUW]EIUTIUGHW’QLNV]@L@’HHV}NWJ’]N@’]LW’]ZZWQ 222 AULN LLMIN'NW&I’]?E]

o % Aill ¥ o [ = aa a o dl A = 1 =X 1 o
ﬂﬁ‘:ﬁ‘l’ﬂiﬁ WANATNTBHAATALLLATDITNIINNALATUNLIAD Nﬂluqﬁiﬂﬁylﬂﬂ@QiN@’m’ﬁ‘ﬂVﬂ

a cY = YN Y o 09; a o &R ¥ o a c
nnsdaszificalisunsndiaaulalils Asiunisuiseaslininisnasiuananuguiy

©

ladafiniaiadu wazlaliiuiaadu Lazaiuadany anad 6y Lavdnine @916 1ANanig

1
1 v aaa

AALINAAAARAITU AD AIALLLAZIUNINTAUAIUAU 3 NatRaTUINALNNALATUN

k1l

o A = = =
AUNNE At e laTw Ny wazlniu

] ﬂlq A a ‘:‘ o s 1
BUNUTNAUNNALATUNINNIZADDIEIZAY ]

o A Aaa A o oo ' o ' a o |
AMINNITAALADNTNALNNALATUNA WLWW::M@@QMWI’NW NAINNTUIRENLINDN

1 ¥ 1 1
a o o aAaa dd a

= o 1 o 1 = = A N =
ANNALATUNY 222 ATUMUS NTzAIARag U 197 81 IUASANNHEULNNEUNNTNALLAS

' '
o o

wiunamIzNInndn 1 Arumis InsEundanamiandunaimizuaningalugiudeys Ae

=

fu ESR1 Sedanamdiandunannnzsaadaazfuainis 4 aunds lugtuuulalediuiia

1 4
o o

o 1 dl a d’ v dl = 09; a 1 aa = dld v dl
TUNG 4 AU LAZLHANARNTUNNUUINLBNLUNT 197 &1 WUINNEW 50 84U NHIAUIN

'
= 'S a o

o ~ o e o | a o aaa A | o
quWWﬁM?ﬂm?QﬂU@QHQ:ﬁV]@’]Lqum@LNW@L@Tusﬁwauﬂuuu I@HLLUQL‘]JM VLETL‘]J@?LNV]@L@‘H‘H 1

'
! o 1 S aa a o

flu uarlaliiwiaadu 49 &u NIUIREFIANNAF U AUmsasTWALTiaLadu

=b_

Az luEumanii enafipnduiuslunisatuANNsLanteanYeEu luedaazse

FaNINIUAAL IFUEWTs 197 B ld3wmssifaaldsunsunin iamn
ANANRUSIRINANELT TuduauN1TASIZINLd1AINEY 197 BUAINNIIBLATIZRAYE

Tsunsnindnlf 188 Bu asanguinmasan 9 e ideyalugiudeyazeddlsunsunin

1
=

= a - ' oA & Ao o A Aao
PFINANTITALATISUNLIN ﬂ@‘ﬂﬂuﬁquﬂqﬂLﬂuﬂuV]N ﬂHm:ﬁLﬂuﬂumN@qﬂULumVINﬂqqm

WaINUAIY  (Sequence variant)  wAaziNedeeiusluuLTaANEUME A1 IR IAN

v
(Polymorphism) sﬁ\mu’mLL@v@ﬂ‘Hmyﬂ\m@WuWﬂﬁﬂ@’ﬂﬂﬂﬂﬂ’]?%ﬂ@ﬂﬂummﬁﬁﬁ%dd Wi

' '
o a o

ATUNAUNZFARRIUIZANT



67

1
a

AINN1TAIATILFAANLAN tNefUANENRUusseudgladefiuialadu

I 1
v aaa o

wazlalliiaaduine AUSuLasutinNuadtl NaaINA1T197 10 D9 11 wazAIwi 32 D9 33

v v 1
1 o 1 a 4 o A o

aznuduiinngaaulnnaesivnguivaninguazingadaei L unNanAuLL4

4 q q

=
A9

i)

bx

)

1 '
v aAaa = = =

wanuany Tunguiuannlalefiufianduinaaunsndinszild 67 8w an 70 8u G

2 dl 1 1 a 1 dy dl ¥ o A o 1 & dl A
Muﬁmmquiummﬂqauluﬂ@uu%mmmmﬂugﬂLmum@@ﬂﬁmmfm LANLTRAN VDUSNNQNEU

o o

anlallmiandudnaaunmmainszild 122 8w ain 128 Bu nguaiuiiaziuiinndaulug
Lﬁmzﬂmﬁum@ﬁﬁmui’quﬁummLﬂjm‘fﬁiwj i nnrasdryeunosndng (Signal peptide),
N13N9ULERLUENEAR (Extracellular region) WATN1TUAY (Secreted) Faunanalnaag

R S VI P o | Aaa A o Lo = A o
?z‘i_l‘i_lm‘i_lwuﬁ; @\‘lLﬂumﬂmLﬂmﬁﬁl’]Lmu\‘lsﬁ‘W@LNV]@L@%M%@QHQNHI&@WNMWNLﬂm‘ﬂer

o
b4 o

TAYATNAUNITAILANNNTLEAYRaNTREU Intanizasnatielunantunaadasiussuy
q ]

= o &

Ay o & a3 a - a o \ @ey A
AUNUD ?@@?W\TLT@@@UWH@ UBNATNU HANITAILATICULLENATNTUAUDNAIEIAE [ﬁlNﬂEL‘MN@‘VI

9

1% o A ! o a ql/ o :xj a dl &
ARAARBINU I@ﬂﬂ@}lﬂu’&‘)uﬂ’mlugﬂLLUUVLQL‘]_I@?LNV]@L'ZQ‘I]“LJ;"II@\‘I@’JE"J%‘V]\‘I 3 TUA AELNEIUAY

o

A o ! c dl oA a oI/ [ oA
Augtuuuvisednwizsiner seaaas tnsinguenlugduuulallniiandu azsiflunguiu

i
¥

| A o ‘ & . ) d ¥ -
‘]J'W\‘]@QUV]NMH']VWW']LququﬂQN@Qﬂqz LT 9d ﬁ‘zUUﬂ?z@ﬁW]Iuﬂ@‘N@N@\‘] NTANITATWNLLAR

A o 1 o
AuUUg UNgNEUNY

A a & a0 1 v
FNANNAATUNINNIZARAL

luntsAnm e NgadanuAgIuka AN Ll ng17893 14t 0y aTRA LN TIA
oI/ dl a o 1% 491 qu a o v A A a <3 N
wiunnuide ldisausnauntiu niwidelinenmatadueaidoflunimaaes

dl a dng a d” 1 A @ a ul/ o ol @ all
Lum@fmmﬂuﬂmﬂumﬁuﬁwugmﬁlumimm&mmmL@ummmLmumnim@h\mm@um 7

v A & o 1

Maalinnn uwazarnisansadnniduiesedenilsunntian- i [7, 47] Tan1enuide

1
o

laanuuuainniIsAnlaenTNANAaladuARWILe cg12620499 wa9iil DSU u M 1ie

1
o

aanuuuliinfiuafviauiataturazsuniamdy lngaanuuulindatasiu 3 aaanas

1
o a o o I

ac e o :j a aal a olx o o 1% , <
LQ?E”Ii‘W?LN@?VN'&’ﬂ\‘iM?GﬂUGﬁW@LNW@L@‘ﬁuﬂQﬂ@’]Q 1umv1mmu1wammﬂmamu 3 auiilu

1
a o & &

walalndu dousuiunataduinsinafifluwuglniu wsznaumdadanadou 33 aaqlng

1 v

o A v a 1

wasifluaunandn AR InfiuasdsuiuALEuIa it uuNe INed51947868 UINATLNLNT

7

D,

1%

te o a @ v 1 v 1 % ! dl 09; a o
Ldduivmdue il unaazldainisnaineanesials [45] ludowduiunisauisals

aanuuy i nfineiieaesuuudgungidindunminiu ive linadgAseansueeduly



68

FalaauelunIenIzuIunITfNeaNTans waNauIaNTansllssndnsneiu inaldly

NIAIUNA

ANHANIINAADI IUNITATIANLLDLEALTBIUU NUINNANITNARBIVE

a <3 = ¥ 1% [ a a o = o 1 A @ o
wmatlaldulegiTanflinagenAaediuaNNAF UL WIS insnz Resinatnamiiuedeny
Fudounnliidwiiadugandnadancaulunguiszaing lnglenizAiadaaadadeanysu
dulirnanduanegndiedaardu adnsdaan ulidnedunziuluietnaunesaas 1
HAnuadungangnlunguadaazainsetinaseaeniu iaunsIuistAIndnLiaziia

c A

AN ANNAIALARAUANNLANLAANTANS WTaNITIRANANINIRIAIADE19 INT12 T ULN9R

=

T @ s ey s o ga £ < a o
Fatatil WeNunszLaunnad@Nleaideniude iindenlsdndiintuas faufiaiadu
wazduniiandu uliIneeIudduasiIN1INIAReLLA AANTEYANIN N TBIABENNALEY

v v 1
Ane IS uefUa9S i UAN LA ARWWAYARIN B9RNINIUASt AR TULN9AIFIatiNga1anA

aaa o 1

WANWN2BIALE1LE (DNA break) ATNLBIIMLTNARILILG cg12620499 U098 DSU A4EINA

o

Wisnat9aLguanenatnluguIsadinatuausqe nsinasnattwrziua uniailé

v
a o

uaniaanilusnet e ARaaduluedtaraugandnadaas AUl n1seuast

ANA9IBNANAAINN13U WY (Contamination) 51919N19MAA89 A9 liAwAaLaTuRdR

1AAAAMNARIALARDL

n5iszgns LA NALNAALATUNANNISHRAL

A @ o & yAN A o
N@ﬂ’]?%ﬂ@‘ﬂﬁm?m%uﬁmLﬂuL‘M‘ﬂ\‘imuluﬂ?::LL@ AR A ImﬂlsﬁsﬁW@LNVI@Lﬂsﬁu

1 '
o

Nanmnzsasuneulse lfaanuunliuu nudngnauialadunAuus cg12620499 194

)}

8w DSU anunsansauannguifiiialsanziiediu uazlsnsuuds aanarnnguauln@ls tae

o o

TAnuianduedsnuans1esiuednelladAnynieada (P = 0.0002 waz P = 0.0047

1
o o IS a

Iy ¢ o o o « ~ - o
pauansy) wilunguitlaalsalafasdudniaud uarlafadudniaud Nanwiaiaduaned
v [ 1 a 3/’ dgj a o 1 7 09; 1 -dl 1
Indihasiunguanlng viatinaseidsenudnlunguiilavsaasisnasluszazaasisni
1 o ] o d"l dl o o va o/ v
winiu lunnsszezaeslsaaalinunisinanssesiiadiesy Mliaduweaesiulllfvgn

1
a aal a o

aseingnazuainen asindenaliiliaiunsnasanuanaunanduesiulungusaetng
- = = = A o = &
WA $9NDIR1ANAUMANIAINNTEBNANINTBIALEUIe AL YiTantsdwTeulu

FLUINNIINAAAY



69

@Wﬂm@ﬂ’]ﬁ‘ﬂ@@‘ﬂ\‘iﬁ melﬁﬁq ANNAINIIN INNTATIAUN @’]?W/Mﬁ;ﬂﬁ‘ﬁ‘ﬂ“ﬂ@\‘i

1
a o 1

a2z AulUNTZULALARATDY TNALNTAALATUNATLAUY cg12620499 18481 DSU T4
o dy o U A o dld (]
ANANIE AN nTNn sz g Nl lunnsasaanvisednuanisand an1arnisinany

dg/ dl I . o o ¥
bRLEIRNTR mmmmmmmuim

andsauanisIae

WmANAN1IATIaLeNTNATaHata Inta1AuuanniseuLaLNAaaTuTiu
- o 4 e . o C A .
Wumaianilan a5 un1sWenwn wazinisAnmetesaitiadlunaneulse s, 6, 9, 11,

L7 o a & a ql/ dl o = o [~ dl
23, 28, 46] LLNQWSLuﬂ'Q"!‘LIuﬂ@VLﬂ‘ﬂ‘ﬂ\‘]ﬂL‘ﬂuL@LNW@L@?HWﬂQUQNﬂ’]?G@ﬂﬁ‘ﬁ@‘ﬂ@\‘]ﬁluﬂx‘liﬂL‘]JLW]

o

NILUUT AR AN [46, 48] lumqmu%”ﬂi%lmmm@mswmm u’?@mﬁm%zﬁmmﬁmnu

I I
a aa a o o = a

I N T Pl R I C TR o s T IO PN L KR T ST IR BV EATE

b

ANaa A M

U TSS 18NTaU BUNTEL 138 CGl TIHANITHANITAATIZHANLMNUITBITNA NN ALATUN

D

[ ]

AUNZFARATENE AN THNARBAARRITL SIUNARDIYTAINUARLNAUNTILNIUIN T

' 1
a o A

naAaadunatnie douninazeglutsiomiu uazinisnszaiadaat1amneiu lu

13l cal wag luld CGl [11, 46]

1 '
o A a o = a

Tudaure9n1IAaRINANAAUTNALNAALATUNIUNIZFAAALIDITNAN

u

FUWLN cg 12620499 1848 DSU i @ﬁﬂml,@?q'wmmjmﬂi:smm wansliviuneALudia
L@fummﬂ@jmr‘fmxﬁuﬁmmﬂdﬂ@iﬂqzﬂ@:mﬁlujﬂﬂwLm'm‘j”m ufidAnfiaaduseseduaziy
f«a’mﬁq@ﬂwmqmmﬂﬁ%’@ﬂﬁqm Femaniiduaedienaiieananupaaiaaenlung
aaes wazanmslszgnalinaumandulunisamanadueresinlunszua deatiu
wuihgnansamsauenitaelaauseiuuaziiaalrasuude annguantnily e dsdia

v
o o @ o o =2

o Ay " e | Ao ° o A qu
L@'ﬁucﬂimﬂﬂQWNLLmﬂquﬂu@ﬂqﬂﬂuﬂ@’]ﬂm ﬂﬂuuﬁ@ﬂﬂq?@Q@qu?ﬂuqiﬂWB’Nu’]LW'ﬂshﬂuﬂ']?

o

o A a = dld o dﬁl dl o %
ATIAAANTANUTARAAMINIIAVTAANINZNNNIINIANEILRLTALED E°']1_|VL®

ADLAUDLUE

1
a o

nuAdstwnddsusnntauedayauasmaiinnisasmadnndueinia

oI/ zﬂl F a r-‘l” dll A o a ' & 4‘4‘ v
bR LW‘ﬂﬁlﬁluﬂ’]?ﬁ]?’J@V’]eﬁuﬂmﬂ\‘iLuﬂLﬂ@ﬁ?‘ﬂ‘ﬂQﬂQZ‘ﬂuﬁm’Nﬂ 1uﬂ’1ﬁ‘§"JU?’JﬁJ°ll‘ﬂ3;|l@LWﬂ'Zﬁ’1\‘i



70

v a @

gudeyaniduemiianduiy mnamisniudeyanunaaesize GSE MaaiuAuiia

u

wiuluadtnzsine Alfwiandululnsueise lumina® HumanMethylation27 BeadChip
Kit 15 denaziinanuusiuiuazanaraurgnaesguioyatld Tannwnuddaaands
' 14 | A A a oI/ A dgj = o d’l
31 luswiandieyaunnasy sive GSE Nlfwiaadululasuasdriniiazianuninay

P v a o I v a &
L‘W’ﬂﬁlﬂxﬂuﬁl'ﬁﬂ'N’]NW?Q?')U?’JN‘H@H@iﬁN’mH\WH

' '
o A o

UBNWNLAAINT  AINNANIINAAAIAIHA NN ZUBITNALUNALATUN A WAL

cg12620499 248 DSU Ref8E19AEWeaINnITAULAentl Nluu1edesietnaina

v
aaa o QQ/VLSJO/QJ

ANTEANANIN LB UTAAAILMUIAINa1Y  N1savRse lFfadagsldnluniamaniiie

9

A o oA &4 A a o o o A @ a e o PypRpuo
UL UTUAURIL LD LERAANNANAINE N Imﬂ“ﬂ’]ﬂﬂu@ﬂﬂq?"ﬂ@qmvﬂumLNW@L@?HHH ﬂrJﬁ‘GhjsﬁW@

'
o

IRALATUNRUNIZHINATIUTNA LS afinAdLdug lunNInmads  wasilaaru

A A a P @ a A aaa o
ﬂqqllﬂ@ﬁlﬁLﬂ@@um@q@Lﬂ@"’\’]ﬂﬂqﬂ@@ﬂﬂﬂqwsﬂﬂ\ﬁﬂL@uL@iu‘]J?LQmsﬁWQVW’]LW']Z PARARL

=

AN1TANNT NENAINARELITNUTNATIRINIE



[1].

[2].

[3].

[4].

[5].

[6].

[7].

[8].

[9].

[10].

[11].

[12].

518115919949

Phutikanit, N., et al., Different DNA methylation patterns detected by the
Amplified Methylation Polymorphism Polymerase Chain Reaction (AMP

PCR) technique among various cell types of bulls. Acta Vet Scand.

52,(2010):18.
Reik, W., F. Santos, and W. Dean, Mammalian epigenomics: reprogramming the

genome for development and therapy. Theriogenology. 59,1(2003):21-

32.
Ehrlich, M., et al., Amount and distribution of 5-methylcytosine in human DNA

from different types of tissues of cells. Nucleic Acids Res.

10,8(1982):2709-21.

Rougier, N., et al., Chromosome methylation patterns during mammalian
preimplantation development. Genes Dev. 12,14(1998):2108-13.

Shiota, K., et al., Epigenetic marks by DNA methylation specific to stem, germ
and somatic cells in mice. Genes Cells. 7,9(2002):961-9.

Song, F., et al., Tissue specific differentially methylated regions (TDMR): Changes
in DNA methylation during development. Genomics. 93,2(2009):130-9.

Sulewska, A., et al.,, Detection of DNA methylation in eucaryotic cells. Folia

Histochem Cytobiol. 45,4(2007):315-24.

Brena, R.M., T.H. Huang, and C. Plass, Quantitative assessment of DNA

methylation: Potential applications for disease diagnosis, classification,

and prognosis in clinical settings. J Mol Med (Berl). 84,5(2006):365-77.

Frumkin, D., et al., DNA methylation-based forensic tissue identification. Forensic
Sci Int Genet. 5,5(2011):517-24.

Zhu, Y., et al., GEOmetadb: powerful alternative search engine for the Gene
Expression Omnibus. Bioinformatics. 24,23(2008):2798-800.

Bibikova, M., et al., Genome-wide DNA methylation profiling using Infinium(R)
assay. Epigenomics. 1,1(2009):177-200.

Wang, D., et al., IMA: an R package for high-throughput analysis of Illumina's
450K Infinium methylation data. Bioinformatics. 28,5(2012):729-30.



[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

72

Virkler, K. and |.K. Lednev, Analysis of body fluids for forensic purposes: from
laboratory testing to non-destructive rapid confirmatory identification at

a crime scene. Forensic Sci Int. 188,1-3(2009):1-17.

Zubakov, D., et al., MicroRNA markers for forensic body fluid identification
obtained from microarray screening and quantitative RT-PCR

confirmation. Int J Legal Med. 124,3(2010):217-26.

Juusola, J. and J. Ballantyne, mRNA profiling for body fluid identification by
multiplex quantitative RT-PCR. J Forensic Sci. 52,6(2007):1252-62.

Zubakov, D., et al., Stable RNA markers for identification of blood and saliva
stains revealed from whole genome expression analysis of time-wise

degraded samples. Int J Legal Med. 122,2(2008):135-42.

Fleming, R.I. and S. Harbison, The development of a mRNA multiplex RT-PCR

assay for the definitive identification of body fluids. Forensic Sci Int

Genet. 4,4(2010):244-56.

Juusola, J. and J. Ballantyne, Messenger RNA profiling: a prototype method to
supplant conventional methods for body fluid identification. Forensic Sci
Int. 135,2(2003):85-96.

Haas, C., et al., mRNA profiling for body fluid identification by reverse

transcription endpoint PCR and realtime PCR. Forensic Sci Int Genet.

3,2(2009):80-8.

Zilberman, D. and S. Henikoff, Genome-wide analysis of DNA methylation
patterns. Development. 134,22(2007):3959-65.

De Bustos, C., et al., Tissue-specific variation in DNA methylation levels along

human chromosome 1. Epigenetics Chromatin. 2,1(2009):7.

Adorjan, P., et al., Tumour class prediction and discovery by microarray-based

DNA methylation analysis. Nucleic Acids Res. 30,5(2002):e21.

Bibikova, M., et al., High-throughput DNA methylation profiling using universal
bead arrays. Genome Res. 16,3(2006):383-93.

Clark, S.J., et al., High sensitivity mapping of methylated cytosines. Nucleic Acids
Res. 22,15(1994):2990-7.



[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

[35].

[36].

73

Colella, S., et al., Sensitive and quantitative universal Pyrosequencing methylation
analysis of CpG sites. Biotechnigues. 35,1(2003):146-50.

Dupont, J.M., et al., De novo quantitative bisulfite sequencing using the
pyrosequencing technology. Anal Biochem. 333,1(2004):119-27.

Frommer, M., et al., A genomic sequencing protocol that yields a positive display

of 5-methylcytosine residues in individual DNA strands. Proc Natl Acad

Sci U S A. 89,5(1992):1827-31.

Gitan, R.S., et al., Methylation-specific oligonucleotide microarray: a new potential
for high-throughput methylation analysis. Genome Res. 12,1(2002):158-
64.

Aporntewan, C.a.A.M., Connection up- and down-regulation expression analysis
of microarrays (CU-DREAM): a physiogenomic discovery tool. Asian
Biomedicine. 5,N0.2(2011):257-262.

Smalheiser, N.R., Informatics and hypothesis-driven research. EMBO Rep.
3,8(2002):702.

Breitling, L.P., et al., Tobacco-smoking-related differential DNA methylation: 27K
discovery and replication. Am J Hum Genet. 88,4(2011):450-7.

Cotton, A.M., et al., Chromosome-wide DNA methylation analysis predicts human
tissue-specific X inactivation. Hum Genet. 130,2(2011):187-201.

Sabbah, C., et al.,, SMETHILLIUM: spatial normalization method for Illumina
infinium HumanMethylation BeadChip. Biocinformatics. 27,12(2011):1693-
5.

Hennessey, P.T., et al., Promoter methylation in head and neck squamous cell
carcinoma cell lines is significantly different than methylation in primary
tumors and xenografts. PLoS One. 6,5(2011):e20584.

Zhu, H., et al., A genome-wide methylation study of severe vitamin D deficiency
in African American adolescents. J Pediatr. 162,5(2013):1004-9 e1.

Poage, G.M., et al., Global hypomethylation identifies Loci targeted for

hypermethylation in head and neck cancer. Clin_Cancer Res.

17,11(2011):3579-89.



[37].

[38].

[39].

[40].

[41].

[42].

[43].

[44].

[45].
[46].

[47].

[48].

74

Barrett, T., et al., NCBI GEO: mining millions of expression profiles--database and

tools. Nucleic Acids Res. 33,Database issue(2005):D562-6.

Edgar, R. and T. Barrett, NCBI GEO standards and services for microarray data.
Nat Biotechnol. 24,12(2006):1471-2.

Barrett, T., et al., NCBI GEO: mining tens of millions of expression profiles--

database and tools update. Nucleic Acids Res. 35,Database

issue(2007):D760-5.
Barrett, T., et al., NCBI GEO: archive for high-throughput functional genomic
data. Nucleic Acids Res. 37,Database issue(2009):D885-90.

Huang da, W., B.T. Sherman, and R.A. Lempicki, Systematic and integrative
analysis of large gene lists using DAVID bioinformatics resources. Nat
Protoc. 4,1(2009):44-57.

Schneider, T.D. and R.M. Stephens, Sequence logos: a new way to display
consensus sequences. Nucleic Acids Res. 18,20(1990):6097-100.

Flower, K., et al., Epigenetic control of viral life-cycle by a DNA-methylation
dependent transcription factor. PLoS One. 6,10(2011):e25922.

Byun, H.M., et al., Epigenetic profiling of somatic tissues from human autopsy
specimens identifies tissue- and individual-specific DNA methylation

patterns. Hum Mol Genet. 18,24(2009):4808-17.

Herman, J.G., Circulating methylated DNA. Ann N Y Acad Sci. 1022,(2004):33-9.

Wan, J., et al., Integrative analysis of tissue-specific methylation and alternative
splicing identifies conserved transcription factor binding motifs. Nucleic
Acids Res,(2013).

How Kit, A., H.M. Nielsen, and J. Tost, DNA methylation based biomarkers:
practical considerations and applications. Biochimie. 94,11(2012):2314-
37.

Yagi, S., et al., DNA methylation profile of tissue-dependent and differentially
methylated regions (T-DMRs) in mouse promoter regions demonstrating

tissue-specific gene expression. Genome Res. 18,12(2008):1969-78.



AWIANTAUAUIINY 1A Y
CHuLALONGKORN UNIVERSITY



MNMANUIN N

76



7

MANUIN N

NSLATENANTLAN

Phenol-chloroform-isoamyl alcohol (8Rg1&9u 25:24:1 Tnadsunnsnalzuing)

Phenol 25 A lo}!
Chloroform 24 AU
Isoamy! 1 Al

AN lidinAY RN 4 avAcTalEes

Ethanol (95%, 90%, 70%)

Absolute ethanol 950, 900, 700 ml
Wntnaulilfliunnsg 1000 ml

nan i Fufiguuuniifies

0.5M EDTA: Disodium ethylenediamine tetraacetate.2H20 (pH 8.0)
EDTA 186.6 g

azanelutinngu uianlsy pH i1 8.0 fael NaOH
FutinduliflEBunms 1,000 mi

HeanTenguugi 121 asrnaiiod 1ANNAL 15 psi WKW 20 WA AUN

Lysis Buffer Il

5M NaCl 15 ml

0.5M EDTA (pH 8.0) 48 ml
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WtnauliiliBuamng 1000 ml

dl | dl a = dl o . P 3 dl
WNATDNYUUNN 121 aNANEALEEA NAHAW 15 psi WU 20 U LNLN

GIINEE N

10% SDS

NaC,,H,.SO, 10 g
FurinaulflEBunns 100 ml

e lidiniu N nmnRivias

Proteinase K (20m/ml)

Proteinase K 10 g
wnvnaulilFiEiunms 1 ml

a

ran AL AungaumnR -20 evAEaTas

U

10M Ammonium acetate (CH,COONH,)

CH3COONH4 77 g
TNNAL 80 ml

v 1 v ] v 1
dsuilunmadlu 100 mi foaminau anndin hldsinmenguugd 121 a9

3

aFea Hnanusi 15 psi wu 20 Wi Wiufigouvniivies
10X Tris borate buffer (10XTBE)

Tris-base 100 o]

Boric acid 55 g

0.5M EDTA (pH 8.0) 40 ml
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WtnaulilfBuamg 1000

AN ldinA N Riies

u

10% APS (Ammonium persulfate, (NH,),S,0;)

(NH4)23208 1
Wusnnau s ldBunme 10

a

AL Aungaumni 4 asamaldes
1M Tris (pH 8.0)
Tris-base 12.11

azane luinnaw wanlsu pH 8.0 fael HCI

Wnsnnau s BN me 100

HeanTenguuugil 121 asrmaiiod NANAL 15 psi WM 20 WA UR

. 6X loading dye

Bromphenol blue 0.25
Xylene cyanol 0.25
Glycerol 50
1M Tris (pH 8.0) 1
FurinauliflaBunns 100
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AN lidn AL iR MR 4 aaActalTes
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s18%a GSE Ninlun1sasegutays

Series

GSE19711

GSE20067

GSE20080

GSE20712

GSE21232

GSE22249

GSE22595

GSE22867

GSE25062

GSE25706

GSE25869

Title

Genome wide DNA methylation profiling of United Kingdom Ovarian
Cancer Population Study (UKOPS)

Genome wide DNA methylation profiling of diabetic nephropathy in type

1 diabetes mellitus

Epigenome analysis of normal and preinvasive cervical smear samples

Epigenetic portraits of human breast cancers (methylation data)

DNA methylation profiling of male human pancreatic islets identifies loci

for type 2 diabetes

Epigenetic portraits of human breast cancers (methylation data 2)

Methylation Pattern of Human Dermal Fibroblasts

DNA Methylation Profiling of Glioblastoma: Impact on Gene Expression

and Clinical Outcome (lllumina)

Genome-scale analysis of aberrant DNA methylation in colorectal cancer

Epigenome analysis of patients with various myeloid malignancies

including differential levels of 5-hydroxymethylcytosine

DNA methylation represents one of the key regulator that transcriptional

control of highly expressed genes in gastric cancer.



GSE26033

GSE26126

GSE26989

GSE27130

GSE27284

GSE27899

GSE28746

GSE29490

GSE30229

GSE30601

GSE30760

GSE31788

GSE31835

82

A Genome-wide Study of DNA Methylation Patterns and Gene

Expression Levels in Multiple Human and Chimpanzee Tissues

DNA methylation profiling reveals novel biomarkers and important roles

for DNA methyltransferases in prostate cancer

DNA methylation analysis of ovarian cancers and normal peripheral

blood lymphocyte DNA by lllumina Infinium platform

Anti-cancer drug sensitive DNA methylation marker research

Prognostic Gene Expression Signature of Carcinoma Associated

Fibroblasts in Non-Small Cell Lung Cancer [methylation profiling]

Methylation profiling in Ulcerative colitis

Epigenome analysis of male identical twin pairs discordant for sexual

orientation, age 21 to 55.

A Genome-wide DNA Methylation Study in Colorectal Carcinoma

Peripheral blood DNA methylation profiles are predictive of head and

neck squamous cell carcinoma

Epigenetic analysis of gastric cancer

Cervical cancer

Aberrant DNA methylation epigenotype expanding to non-polycomb
target genes, induced by Epstein-Barr virus infection in human gastric

cancer [lllumina Methylation]

Global methylation analysis of psoriatic (involved and uninvolved) and

control skin



GSE31979

GSE32867

GSE33065

GSES33510

GSE34008

GSE34355

GSE35146

GSE36002

GSE36166

GSE36194

GSE36353

GSE36637

GSE37988

GSE41037

83

Genome-wide methylation analysis detects genes specific to breast

cancer hormone receptor status and risk of recurrence

DNA methylation and gene expression in lung adenocarcinoma

Genome-wide DNA methylation profiling of CpG islands in breast cancer

DNA methylation analyses of urothelial carcinoma reveal distinct
epigenetic subtypes and an association between gene copy number

and methylation status

Epigenome analysis of genomic DNA isolated from whole blood of non-

diabetic control and type-2 diabetic individuals

Clonal  Selection ~ Drives  Genetic Divergence of Metastatic

Medulloblastoma [lllumina Infinium HumanMethylation27 Beadchip v1.2]

Epigenome analysis of normal and IPF lung tissue samples

Integrative analysis reveals relationships of genetic and epigenetic

alterations in osteosarcoma [methylation]

Epigenetic analysis of healthy young men following a control and high-fat

overfeeding diet

North American Brain Expression Consortium: DNA Methylation

Genome wide DNA Methylation analysis of benign and malignant

adrenocortical tumors

Aberrant promoter methylation and expression of UTF1 during cervix

carcinogenesis

Methylation in Taiwanese HCC tumor and adjacent tissues

Aging effects on DNA methylation modules in blood tissue



GSE42510

84

Alterations in cardiac DNA methylation in human dilated cardiomyopathy
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Tissue Type Gene Probe ID Site in gene | CGI

adrenal methylation cg01663968 | intra | intron | TRUE
CTSz

€cg13021192 | intra | exon | TRUE

TNFRSF10C | ¢g27090216 | intra | exon | TRUE

unmethylation | MYO9B cg01103836 | intra | exon | TRUE

AGRP cg04176254 | intra | exon | FALSE

CYP11A1 cg17790333 | intra | intron | FALSE

FAIM2 €g25936385 | inter | intron | FALSE

ELA1 €g27114026 | intra | intron | FALSE

brain methylation SLC5A5 cg01655355 | intra | intron | TRUE

cg03096975 | intra | exon | TRUE
EML2

€g20427879 | intra | intron | TRUE

SP100 cg05091653 | intra | exon | FALSE

CSMD2 cg05382123 | inter | exon | TRUE

CASP4 cg08469834 | intra | intron | FALSE

DHRS4L2 cg10677787 | intra | intron | TRUE

TUBAG €cg12073537 | intra | exon | TRUE

GPR30 €g16127845 | intra | intron | TRUE

IER3 cg17067528 | intra | intron | TRUE

IL10RB cg17506742 | intra | intron | TRUE

TRIM38 €g21844956 | intra | exon | FALSE

unmethylation | NPFF cg01657380 | intra | exon | FALSE

STMN4 cg02130905 | intra | intron | FALSE

NLGNZ2 cg03169180 | intra | intron | FALSE

BLK cg03860768 | intra | exon | FALSE

GPR148 cg04037952 | intra | exon | FALSE

FAT2 cg04443324 | intra | exon | FALSE

RIT2 cg04711324 | intra | exon | TRUE
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Tissue Type Gene Probe ID Site in gene | CGI
brain unmethylation | 40148 cg04761824 | intra | intron | FALSE
KIAA0802 cg05104081 | intra | intron | FALSE
FABP7 cg05798712 | intra | exon | FALSE
C160rf45 cg07977490 | intra | intron | TRUE
FLJ37538 cg08626653 | intra | intron | FALSE
SLC35A4 cg08948050 | inter | exon | FALSE
DLGAP4 cg09276978 | intra | exon | FALSE
cg10071275 | intra | exon | TRUE
MYT1
cg16772207 | intra | intron | TRUE
ZNF574 cg11719283 | intra | exon | FALSE
ABHD7 cg15156367 | intra | intron | TRUE
C100rf11 cg17238009 | intra | exon | TRUE
ELAVL4 €cg18242139 | intra | exon | FALSE
MAPK4 €cg18450227 | intra | exon | TRUE
TCF20 cg20051177 | intra | intron | FALSE
cg20189782 | intra | intron | FALSE
MGC27121
€g26790059 | intra | exon | FALSE
GARNL3 €g20864636 | intra | intron | FALSE
ANK3 €g22150335 | intra | intron | FALSE
AKAPG6 €g24812523 | intra | intron | FALSE
C3orf40 €g25552889 | intra | exon | FALSE
MGC2747 €g25903122 | intra | intron | FALSE
GRM4 €Qg26424956 | intra | exon | FALSE
ACD €g26698580 | inter | exon | TRUE
cervix unmethylation | PADI1 cg17502536 | inter | intron | FALSE
KRTHAZ2 €g23674788 | intra | exon | FALSE
heart unmethylation | MYBPC3 cg10335931 | intra | intron | FALSE
C3orf45 cg17272094 | intra | intron | FALSE
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Tissue Type Gene Probe ID Site in gene | CGI
kidney methylation SPAG5 cg08062469 | intra | exon | TRUE
OXR1 €g16326979 | intra | exon | TRUE
unmethylation | CDH16 cg14221831 | intra | exon | FALSE
B3GALT7 €g19201019 | intra | intron | FALSE
PAQR5 €g20082641 | inter | exon | TRUE
liver methylation cg00655307 | intra | exon | TRUE
cg02720618 | intra | intron | TRUE
ESR1
€g11251858 | intra | exon | TRUE
€g20253551 | intra | exon | TRUE
cg02668581 | intra | exon | TRUE
DSU
912620499 | intra | exon | TRUE
cg04112019 | intra | intron | TRUE
IGF2AS cg10501065 | intra | intron | TRUE
cg16817891 | intra | intron | TRUE
cg04807655 | intra | intron | TRUE
TIAM1
cg15853125 | intra | exon | TRUE
LIMK1 €g05163588 | intra | intron | TRUE
GSTP1 cg09038676 | intra | exon | TRUE
SCYL1 cg10628098 | intra | intron | TRUE
NQO1 cg10708675 | intra | exon | FALSE
GPAM €g12137206 | intra | intron | TRUE
AMIGO2 cg13640200 | intra | intron | TRUE
PARDGA €g15426734 | intra | intron | TRUE
LRFN4 cg20358834 | intra | exon | TRUE
PTK7 €g21663580 | intra | intron | TRUE
RASSF5 €g23520347 | intra | exon | TRUE
PACS1 €g25034557 | intra | intron | TRUE
unmethylation | C140rf68 cg00239071 | intra | exon | FALSE
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Tissue Type Gene Probe ID Site in gene | CGI
liver unmethylation cg00881370 | intra | exon | FALSE

LOC55908

cg05718253 | inter | exon | FALSE
INHBC cg03399971 | intra | exon | FALSE
DAK cg03483654 | intra | exon | FALSE
ANGPTL7 cg04508649 | intra | intron | FALSE
SLC10A1 cg05633152 | intra | exon | FALSE
CCL16 cg05766474 | intra | intron | FALSE
SERPINA10 | cg05788638 | intra | exon | FALSE
LOC284912 | cg05976325 | intra | intron | FALSE
UROC1 cg06765947 | intra | intron | FALSE
HGFAC cg07364841 | intra | intron | FALSE
THPO cg09736922 | intra | intron | FALSE
PROZ cg09878269 | intra | intron | FALSE
F9 €cg10339201 | intra | exon | FALSE
[TIH1 cg10356463 | intra | intron | FALSE
CYP2D6 cg10840135 | intra | exon | FALSE

cg11221132 | intra | exon | FALSE
CYP2D7P1

€g19622372 | intra | intron | FALSE

cg11667117 | intra | exon | TRUE
CA5A

€cg12343082 | intra | intron | FALSE
MASP2 €cg12888113 | intra | exon | TRUE
NDST1 cg15467759 | intra | intron | FALSE
AGXT2 €g16297030 | intra | exon | FALSE
AGXT cg16358738 | intra | exon | FALSE
PGLYRP2 €g17915429 | intra | intron | FALSE
AKR1D1 €cg20647137 | intra | exon | FALSE
HPR €g20672044 | intra | intron | FALSE
APOC3 €g20691580 | intra | intron | FALSE
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Tissue Type Gene Probe ID Site in gene | CGI
liver unmethylation | OKL38 €g22309489 | intra | exon | FALSE
SERPINF2 €g25803583 | intra | intron | FALSE
TIH3 €g26099316 | intra | exon | FALSE
APCS €g26353877 | intra | intron | FALSE
APOC2 €g27436184 | intra | exon | FALSE
lung methylation MGC10471 | cg15078027 | intra | exon | TRUE
FLJ23577 cg15128898 | intra | exon | TRUE
muscle methylation EPHA1 cg02376703 | intra | intron | TRUE
TBX1 cg02887841 | intra | intron | TRUE
C1orf89 cg05588972 | intra | intron | TRUE
unmethylation | CASQ1 cg00327483 | intra | exon | FALSE
MYOG cg01194444 | intra | exon | FALSE
cg02810134 | intra | exon | FALSE
TNNC2
cg08201421 | intra | intron | FALSE
cg03555203 | intra | exon | TRUE
ZNF537
cg08458170 | intra | exon | TRUE
CHRND €g11695684 | intra | exon | FALSE
MYOZ3 €g13214422 | intra | exon | FALSE
cg14747072 | intra | intron | FALSE
STAC3
€g25189085 | intra | intron | FALSE
KRTHB4 €g24461814 | intra | exon | FALSE
CLCN1 €g26756862 | intra | intron | FALSE
ovary unmethylation cg00691625 | intra | intron | TRUE
NR5A1
€cg16666160 | intra | exon | TRUE
BPESCA1 cg03552688 | inter | intron | FALSE
FLJ25102 cg06785822 | intra | intron | FALSE
FASLG cg10161121 | intra | intron | FALSE
SSTR3 €cg14297029 | intra | intron | TRUE
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Tissue Type Gene Probe ID Site in gene | CGI
ovary unmethylation | GMEB2 €g24674220 | intra | intron | FALSE
pancreas | methylation ITPKB cg01259619 | intra | intron | TRUE
MXD3 cg02693857 | intra | exon | TRUE
TACC1 cg04017769 | intra | exon | TRUE
ZNF681 cg05520656 | intra | exon | TRUE
CKB cg05786809 | intra | intron | TRUE
HSF4 cg06621126 | intra | exon | TRUE
EXOSC6 cg09594067 | intra | exon | TRUE
GPX1 €g15900980 | intra | exon | TRUE
unmethylation | CTRL cg02126424 | intra | exon | FALSE
ELA2A cg05221264 | intra | intron | FALSE
AQP12A cg06356454 | intra | exon | TRUE
BHLHBS cg07740640 | intra | exon | TRUE
pancreas | methylation ACE cg02131967 | intra | intron | TRUE
& islet ITPKB €g16340268 | intra | exon | TRUE
FRY cg16941656 | intra | exon | TRUE
LDHA €g20429911 | intra | intron | TRUE
BTBD6 €g23034818 | intra | exon | TRUE
TNFAIP8 €g23917399 | intra | exon | TRUE
unmethylation | RBPSUHL cg16757724 | intra | exon | TRUE
prostate | unmethylation | CXorf2 cg07356189 | intra | intron | TRUE
spleen | unmethylation | C1orf54 €g15120247 | intra | intron | FALSE
stomach | methylation KCNKS9 cg01717150 | inter | intron | TRUE
cg06812977 | intra | exon | TRUE
C100rf59
cg06981182 | intra | exon | TRUE
NEU1 cg14976276 | intra | exon | TRUE
NKD2 €g26054540 | intra | intron | TRUE
testis methylation C6orf27 cg00728602 | intra | exon | FALSE
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Tissue Type Gene Probe ID Site in gene | CGI

testis methylation SLC25A22 | ¢g02973416 | intra | exon | FALSE
WFDCA1 cg04195127 | intra | exon | TRUE
RIN1 cg05998426 | intra | exon | FALSE
FAMG63A cg06433658 | intra | exon | FALSE
P2RX7 cg07602200 | intra | exon | TRUE
OASL cg11301598 | intra | exon | FALSE
GRIN2D cg11953334 | intra | intron | FALSE
BAK1 €g14666892 | intra | exon | FALSE
€Qg14696348 | intra | exon | TRUE

MC1R
€cg16790239 | intra | exon | TRUE
FAM57B cg16152813 | intra | exon | FALSE
PRND cg16977257 | inter | intron | TRUE
PTK6 €g18248891 | inter | intron | TRUE
GPR162 €g19286986 | intra | exon | TRUE
IKBKE €Qg22577136 | intra | intron | FALSE
CHRND €g23398241 | intra | exon | FALSE
GNG13 €g24889366 | intra | intron | TRUE
TSPAN1 €Qg26294850 | intra | intron | FALSE
unmethylation | H1T2 cg00601486 | intra | exon | TRUE
SYCP3 cg01127428 | intra | intron | TRUE
H2-ALPHA | cg02774486 | intra | intron | TRUE
DDXx4 cg02899723 | intra | intron | TRUE
cg03136712 | intra | exon | TRUE

DND1
€g16949889 | intra | exon | TRUE
SSX2 cg03712237 | intra | intron | TRUE
SLC25A31 €cg04382920 | intra | intron | TRUE
MOV10L1 cg05070690 | intra | exon | TRUE
ACTL7B cg05156613 | intra | exon | TRUE
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Tissue Type Gene Probe ID Site in gene | CGI

testis unmethylation | C3orf24 cg05291178 | intra | intron | TRUE
BCL10 cg05475904 | intra | exon | FALSE
PNLDC1 cg06479512 | intra | intron | TRUE
CETN1 cg06490951 | intra | exon | TRUE
PPP2R2A cg10207787 | inter | intron | TRUE
cg11675413 | intra | exon | TRUE

RNF113B
€g23934633 | inter | exon | FALSE
MGC26816 | cg11851098 | intra | intron | TRUE
FLJ35894 €Qg12441964 | intra | intron | TRUE
PRKACG €g12493160 | intra | exon | TRUE
ZNF690 cg12784172 | intra | exon | FALSE
AP3B2 €g13140464 | inter | exon | TRUE
MAEL €g13249256 | intra | exon | TRUE
PPM1G €g15296858 | intra | intron | TRUE
CT45-2 €g16144006 | intra | intron | TRUE
ANKRD7 cg16192029 | intra | intron | TRUE
Cborf14 cg17067942 | intra | intron | FALSE
RNF17 cg17806989 | intra | intron | TRUE
SLC25A2 €g19215261 | intra | intron | TRUE
LDHALGB cg19636871 | intra | exon | TRUE
PEG10 €cg19781251 | intra | exon | TRUE
HIST1H4G | cg19801560 | intra | exon | TRUE
CXorf2 €g23106779 | intra | intron | TRUE
DNAI2 €Q24274272 | intra | exon | TRUE
TCEB3B €g24883732 | intra | exon | TRUE
FLJ14768 €g26770281 | intra | exon | FALSE
C150rf2 €Qg27394486 | intra | exon | TRUE
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Tissue Type Gene Probe ID Strand | Distance to TSS
adrenal methylation cg01663968 | -
CTSzZ
cg13021192 | -
TNFRSF10C | ¢g27090216 | + 27
unmethylation | MYO9B cg01103836 | + 104
AGRP cg04176254 | - 287
CYP11A1 cg17790333 | - 298
FAIM2 €g25936385 | - 1011
ELA1 cg27114026 | - 205
brain methylation SLC5A5 cg01655355 | + 34
cg03096975 | - 95
EML2
cg20427879 | - 115
SP100 cg05091653 | + 493
CSMD2 cg05382123 | - 1142
CASP4 cg08469834 | - 251
DHRS4L2 cg10677787 | + 226
TUBAG cg12073537 | + 61
GPR30 cg16127845 | + 89
IER3 cg17067528 | - 193
IL10RB cg17506742 | + 299
TRIM38 Q21844956 | + 371
unmethylation | NPFF cg01657380 | - 101
STMN4 cg02130905 | - 310
NLGN2 cg03169180 | + 1155
BLK cg03860768 | + 50
GPR148 cg04037952 | + 227
FAT2 cg04443324 | - 199
RIT2 cg04711324 | - 24
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Tissue Type Gene Probe ID Strand | Distance to TSS
brain unmethylation | 40148 cg04761824 | + 978
KIAA0802 cg05104081 | + 358
FABP7 cg05798712 | + 261
C160rf45 cg07977490 | + 385
FLJ37538 cg08626653 | + 772
SLC35A4 cg08948050 | + 1247
DLGAP4 cg09276978 | + 73
cg10071275 | + 3
MYT1
cg16772207 | + 20
ZNF574 cg11719283 | + 199
ABHD7 cg15156367 | + 554
C100rf11 cg17238009 | + 63
ELAVL4 cg18242139 | + 199
MAPK4 cg18450227 | + 799
TCF20 cg20051177 | - 875
cg20189782 | - 78
MGC27121
€g26790059 | - 17
GARNL3 cg20864636 | + 1433
ANK3 €g22150335 | - 529
AKAPG6 cg24812523 | + 239
C3orf40 Q25552889 | + 575
MGC2747 €cg25903122 | - 816
GRM4 cg26424956 | - 83
ACD €g26698580 | - 1271
cervix unmethylation | PADI1 cg17502536 | + 615
KRTHAZ2 €cg23674788 | - 325
heart unmethylation | MYBPC3 cg10335931 | - 345
C3orf45 cg17272094 | + 705
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Tissue Type Gene Probe ID Strand | Distance to TSS
kidney methylation SPAG5 cg08062469 | - 571
OXR1 cg16326979 | + 67
unmethylation | CDH16 cg14221831 | - 52
B3GALT7 cg19201019 | - 550
PAQR5 cg20082641 | + 1039
liver methylation cg00655307 | + 57
cg02720618 | +
ESR1
cg11251858 | + 350
€g20253551 | +
cg02668581 | - 25
DSU
cg12620499 | - 331
cg04112019 | +
IGF2AS cg10501065 | +
cg16817891 | +
cg04807655 | - 462
TIAMA
cg15853125 | - 977
LIMK1 cg05163588 | + 622
GSTP1 cg09038676 | + 322
SCYL1 cg10628098 | + 283
NQO1 cg10708675 | - 225
GPAM cg12137206 | - 121
AMIGO2 cg13640200 | - 554
PARDG6A cg15426734 | + 410
LRFN4 cg20358834 | + 717
PTK7 €g21663580 | + 742
RASSF5 €Qg23520347 | +
PACS1 cg25034557 | + 821
unmethylation | C140rf68 cg00239071 | + 58




110

Tissue Type Gene Probe ID Strand | Distance to TSS
liver unmethylation cg00881370 | + 313

LOC55908

cg05718253 | + 767
INHBC cg03399971 | + 304
DAK cg03483654 | + 76
ANGPTL7 cg04508649 | + 352
SLC10A1 cg05633152 | - 143
CCL16 cg05766474 | - 145
SERPINA10 | cg05788638 | - 341
LOC284912 | cg05976325 | - 522
UROCH1 cg06765947 | - 148
HGFAC cg07364841 | + 421
THPO cg09736922 | - 44
PROZ cg09878269 | + 444
F9 cg10339201 | + 35
ITIHA cg10356463 | + 232
CYP2D6 cg10840135 | - 264

cg11221132 | - 233
CYP2D7P1

cg19622372 | - 121

cg11667117 | - 150
CABA

€cg12343082 | - 33
MASP2 cg12888113 | - 237
NDST1 cg15467759 | + 103
AGXT2 cg16297030 | - 53
AGXT cg16358738 | + 433
PGLYRP2 cg17915429 | - 243
AKR1D1 cg20647137 | + 93
HPR cg20672044 | + 627
APOC3 cg20691580 | + 420
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Tissue Type Gene Probe ID Strand | Distance to TSS
liver unmethylation | OKL38 €g22309489 | + 24
SERPINF2 | cg25803583 | + 336
ITIH3 cg26099316 | + 20
APCS cg26353877 | + 270
APOC2 Ccg27436184 | + 237
lung methylation MGC10471 | cg15078027 | + 134
FLJ23577 cg15128898 | + 40
muscle methylation EPHA1 cg02376703 | - 145
TBX1 cg02887841 | + 444
C1orf89 cg05588972 | - 409
unmethylation | CASQ1 cg00327483 | + 191
MYOG cg01194444 | - 444
cg02810134 | - 31
TNNC2
cg08201421 | - 198
cg035552083 | - 13
ZNF537
cg08458170 | - 301
CHRND cg11695684 | + 343
MYOZ3 cg13214422 | + 162
cg14747072 | - 139
STAC3
€cg25189085 | - 311
KRTHB4 Q24461814 | - 136
CLCN1 €cg26756862 | + 259
ovary unmethylation cg00691625 | - 108
NR5A1
cg16666160 | - 68
BPESC1 cg03552688 | + 658
FLJ25102 cg06785822 | + 179
FASLG cg10161121 | + 165
SSTR3 cg14297029 | - 677
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Tissue Type Gene Probe ID Strand | Distance to TSS
ovary unmethylation | GMEB2 €gr4674220 | - 672
pancreas | methylation ITPKB cg01259619 | - 507
MXD3 cg02693857 | - 56
TACC1 cg04017769 | + 158
ZNF681 cg05520656 | - 48
CKB cg05786809 | - 308
HSF4 cg06621126 | + 473
EXOSC6 cg09594067 | - 27
GPX1 cg15900980 | - 200
unmethylation | CTRL cg02126424 | - 666
ELA2A cg05221264 | + 289
AQP12A cg06356454 | + 236
BHLHB8 cg07740640 | + 337
pancreas | methylation ACE cg02131967 | + 328
& islet ITPKB cg16340268 | - 23
FRY cg16941656 | + 174
LDHA €g20429911 | + 424
BTBD6 €g23034818 | + 419
TNFAIP8 €Qg23917399 | + 21
unmethylation | RBPSUHL cgl16e757724 | + 37
prostate | unmethylation | CXorf2 cg07356189 | - 109
spleen | unmethylation | C1orf54 cg15120247 | + 1153
stomach | methylation KCNK9 cg01717150 | - 1196
cg06812977 | - 28
C100rf59
cg06981182 | - 200
NEU1 cg14976276 | - 53
NKD2 €g26054540 | + 36
testis methylation C6orf27 cg00728602 | - 371
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Tissue Type Gene Probe ID Strand | Distance to TSS
testis methylation SLC25A22 | cg02973416 | - 152
WFDC1 cg04195127 | + 318
RIN1 cg05998426 | - 75
FAMGB3A cg06433658 | - 212
P2RX7 cg07602200 | + 197
OASL cg11301598 | - 12
GRIN2D cg11953334 | + 269
BAK1 cg14666892 | - 1
cg14696348 | + 509
MC1R
cg16790239 | + 228
FAM57B cg16152813 | - 503
PRND cg16977257 | + 961
PTK6 cg18248891 | - 765
GPR162 €cg19286986 | + 54
IKBKE €g22577136 | + 369
CHRND €cg23398241 | + 210
GNG13 €g24889366 | - 53
TSPAN1 €g26294850 | + 515
unmethylation | H1T2 cg00601486 | + 385
SYCP3 cg01127428 | - 207
H2-ALPHA | cg02774486 | + 261
DDX4 cg02899723 | + 1162
cg03136712 | - 103
DND1
€cg16949889 | - 289
SSX2 cg03712237 | - 118
SLC25A31 cg04382920 | + 48
MOV10L1 cg05070690 | + 258
ACTL7B cg05156613 | - 81
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Tissue Type Gene Probe ID Strand | Distance to TSS
testis unmethylation | C3orf24 cg05291178 | - 449

BCL10 cg05475904 | - 206
PNLDC1 cg06479512 | + 137
CETN1 cg06490951 | + 68
PPP2R2A cg10207787 | + 839

cg11675413 | - 39
RNF113B

€g23934633 | - 625
MGC26816 | cg11851098 | + 548
FLJ35894 cg12441964 | - 337
PRKACG cg12493160 | - 51
ZNF690 cg12784172 | - 151
AP3B2 cg13140464 | - 1388
MAEL cg13249256 | + 62
PPM1G €cg15296858 | - 739
CT45-2 cg16144006 | - 103
ANKRD7 cg16192029 | + 285
Cborf14 cg17067942 | + 152
RNF17 cg17806989 | + 52
SLC25A2 cg19215261 | - 538
LDHALGB cg19636871 | + 349
PEG10 cg19781251 | +
HIST1H4G cg19801560 | - 48
CXorf2 cg23106779 | - 439
DNAI2 Ccg4274272 | + 372
TCEB3B cg24883732 | - 263
FLJ14768 cg26770281 | - 918
C150rf2 €g27394486 | + 39
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Gene Gene_ID Gene size | Number of exon | Gene type

CTSZ GenelD:1522 13263 7 protein coding
TNFRSF10C | GenelD:8794 34283 8 protein coding
MYO9B GenelD:4650 139956 49 protein coding
AGRP GenelD:181 2443 4 protein coding
CYP11A1 GenelD:1583 31182 18 protein coding
FAIM2 GenelD:23017 | 38522 15 protein coding
ELA1 GenelD:1990 19437 8 protein coding
SLC5A5 GenelD:6528 24402 14 protein coding
EML2 GenelD:24139 | 39836 29 protein coding
SP100 GenelD:6672 129349 36 protein coding
CSMD2 GenelD:114784 | 653873 95 protein coding
CASP4 GenelD:837 27771 7 protein coding
DHRS4L2 GenelD:317749 | 37670 9 protein coding
TUBAG GenelD:84790 | 85796 11 protein coding
GPR30 GenelD:2852 12808 5 protein coding
IER3 GenelD:8870 2556 2 protein coding
IL1TO0RB GenelD:3588 32077 10 protein coding
TRIM38 GenelD:10475 | 23519 8 protein coding
NPFF GenelD:8620 2733 4 protein coding
STMN4 GenelD:81551 | 24298 8 protein coding
NLGNZ2 GenelD:57555 | 16187 10 protein coding
BLK GenelD:640 71804 19 protein coding
GPR148 GenelD:344561 | 2467 1 protein coding
FAT2 GenelD:2196 66502 23 protein coding
RIT2 GenelD:6014 373667 7 protein coding
40148 GenelD:50514 | 261942 14 protein coding
KIAA0802 GenelD:23255 | 128318 26 protein coding
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Gene Gene_ID Gene size | Number of exon | Gene type

FABP7 GenelD:2173 5800 4 protein coding
C160rf45 GenelD:89927 | 191934 33 protein coding
FLJ37538 GenelD:222950 | 12073 8 protein coding
SLC35A4 GenelD:113829 | 5848 3 protein coding
DLGAP4 GenelD:22839 | 263983 25 protein coding
MYT1 GenelD:4661 91661 24 protein coding
ZNF574 GenelD:64763 | 14273 7 protein coding
ABHD7 GenelD:253152 | 34755 7 protein coding
C100rf11 GenelD:83938 | 1129918 | 30 protein coding
ELAVLA GenelD:1996 16973 17 protein coding
MAPK4 GenelD:5596 172947 11 protein coding
TCF20 GenelD:6942 184804 11 protein coding
MGC27121 | GenelD:408263 | 5322 3 protein coding
GARNL3 GenelD:84253 | 170596 41 protein coding
ANK3 GenelD:288 706292 59 protein coding
AKAP6 GenelD:9472 50390 28 protein coding
C3orf40 GenelD:131408 | 11550 8 protein coding
MGC2747 GenelD:79086 | 30892 17 protein coding
GRM4 GenelD:2914 134972 18 protein coding
ACD GenelD:65057 | 4481 14 protein coding
PADI GenelD:29943 | 42080 16 protein coding
KRTHAZ2 GenelD:3882 8819 8 protein coding
MYBPC3 GenelD:4607 22497 36 protein coding
C3orf45 GenelD:132228 | 10287 5 protein coding
SPAGS5 GenelD:10615 | 22906 21 protein coding
OXR1 GenelD:55074 | 483651 30 protein coding
CDH16 GenelD:1014 12063 17 protein coding
B3GALT7 GenelD:374907 | 4572 4 protein coding
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PAQR5 GenelD:54852 | 110034 17 protein coding
ESR1 GenelD:2099 474130 21 protein coding
DSU GenelD:55686 | 92463 9 protein coding
IGF2AS GenelD:51214 | 9364 4 miRNA promoters
protein coding,
TIAMA1 GenelD:7074 442758 34 Cancer-related
targets
LIMK1 GenelD:3984 40793 20 protein coding
GSTP1 GenelD:2950 4266 2 protein coding
SCYL1 GenelD:57410 | 14828 15 protein coding
NQO1 GenelD:1728 21156 9 protein coding
GPAM GenelD:57678 | 66712 22 protein coding
AMIGO2 GenelD:347902 | 5445 3 protein coding
PARDGA GenelD:50855 | 3030 5 protein coding
LRFN4 GenelD:78999 | 5029 4 protein coding
PTKY GenelD:5754 86652 19 protein coding
protein coding,
RASSF5 GenelD:83593 | 82938 10 Cancer-related
targets
PACS1 GenelD:55690 | 175585 30 protein coding
C14orf68 GenelD:283600 | 8242 7 protein coding
LOC55908 | GenelD:55908 | 5642 6 protein coding
INHBC GenelD:3626 18516 4 protein coding
DAK GenelD:26007 | 21286 20 protein coding
ANGPTLY GenelD:10218 | 7841 5 protein coding
SLC10A1 GenelD:6554 23073 5 protein coding
CCL16 GenelD:6360 6204 5 protein coding
SERPINA10 | GenelD:51156 | 11159 6 protein coding
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LOC284912 | GenelD:284912 | 9342 2 unknown
UROC1 GenelD:131669 | 37693 21 protein coding
HGFAC GenelD:3083 8798 14 protein coding
THPO GenelD: 7066 7410 6 protein coding
PROZ GenelD:8858 14927 11 protein coding
F9 GenelD:2158 33901 8 protein coding
TIH1 GenelD:3697 15676 23 protein coding
CYP2D6 GenelD:1565 5608 9 protein coding
CYP2D7P1 GenelD:1564 5563 11 pseudogene
CA5A GenelD:763 49711 10 protein coding
MASP2 GenelD:10747 | 21911 10 protein coding
NDST1 GenelD:3340 73593 24 protein coding
AGXT2 GenelD:64902 | 51193 15 protein coding
AGXT GenelD:189 13224 11 protein coding
PGLYRP2 GenelD:114770 | 31512 6 protein coding
AKR1D1 GenelD:6718 116863 21 protein coding
protein coding,
HPR GenelD:3250 23824 11 Cancer-related
targets
APOC3 GenelD:345 4567 5 protein coding
OKL38 GenelD:29948 | 19251 12 protein coding
SERPINF2 GenelD:5345 13633 12 protein coding
ITIH3 GenelD:3699 15442 21 protein coding
APCS GenelD:325 2241 2 protein coding
APOC2 GenelD:344 8528 7 protein coding
MGC10471 | GenelD:81576 | 32737 11 protein coding
FLJ23577 GenelD:79925 | 197968 49 protein coding
EPHA1 GenelD:2041 19804 19 protein coding
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TBX1 GenelD:6899 28091 12 protein coding
C1orf89 GenelD:79363 | 9526 7 protein coding
CASQ1 GenelD:844 12592 13 protein coding
MYOG GenelD:4656 4105 3 protein coding
TNNC2 GenelD:7125 11732 9 protein coding
ZNF537 GenelD:57616 | 75803 6 protein coding
CHRND GenelD:1144 11875 13 protein coding
MYOZ3 GenelD:91977 | 19692 7 protein coding
STAC3 GenelD:246329 | 8941 12 protein coding
KRTHB4 GenelD:3890 9041 9 protein coding
CLCN1 GenelD:1180 37158 25 protein coding
NR5A1 GenelD:2516 27394 9 protein coding
BPESCA1 GenelD:60467 | 22183 4 miRNA promoters
FLJ25102 GenelD:348738 | 71543 6 protein coding
FASLG GenelD:356 9061 4 protein coding
SSTR3 GenelD:6753 9285 3 protein coding
GMEB2 GenelD:26205 | 40640 11 protein coding
ITPKB GenelD:3707 108834 14 protein coding
MXD3 GenelD:83463 | 12497 12 protein coding
protein coding,
TACC1 GenelD:6867 126043 28 Cancer-related
targets
ZNF681 GenelD:148213 | 20897 4 protein coding
CKB GenelD:1152 4653 6 protein coding
HSF4 GenelD:3299 7761 10 protein coding
EXOSC6 GenelD:118460 | 2900 2 protein coding
GPX1 GenelD:2876 2625 2 protein coding
CTRL GenelD:1506 5975 3 protein coding
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ELA2A GenelD:63036 | 16564 8 protein coding
AQP12A GenelD:375318 | 7839 7 protein coding
BHLHBS8 GenelD:168620 | 1906 1 protein coding
ACE GenelD:1636 45984 46 protein coding
FRY GenelD:10129 | 266558 65 protein coding
LDHA GenelD:3939 15238 10 protein coding
BTBD6 GenelD:90135 | 3804 2 protein coding
protein coding,
TNFAIP8 GenelD:25816 | 127108 7 Cancer-related
targets
RBPSUHL GenelD:11317 | 11513 13 protein coding
CXorf2 GenelD:1527 26067 9 protein coding
C1lorfo4 GenelD:79630 | 13928 11 protein coding
KCNK9 GenelD:51305 | 103419 7 protein coding
C100rf59 GenelD:55328 | 311867 8 protein coding
NEU1 GenelD:4758 6448 3 protein coding
NKD2 GenelD:85409 | 31315 11 protein coding
C6orf27 GenelD:80737 | 12942 19 protein coding
SLC25A22 | GenelD:79751 | 9042 15 protein coding
WFDC1 GenelD:58189 | 39399 7 protein coding
RIN1 GenelD:9610 7799 9 protein coding
FAMG63A GenelD:55793 | 13027 13 protein coding
P2RX7 GenelD:5027 54455 14 protein coding
OASL GenelD:8638 20125 6 protein coding
GRIN2D GenelD:2906 51257 13 protein coding
BAK1 GenelD:578 8891 8 protein coding
MC1R GenelD:4157 10059 4 protein coding
FAM57B GenelD:83723 | 29752 16 protein coding
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PRND GenelD:23627 | 7751 2 protein coding
PTK6 GenelD:5753 10146 8 protein coding
GPR162 GenelD:27239 | 7076 5 protein coding
protein coding,
IKBKE GenelD:9641 27633 22 Cancer-related
targets
GNG13 GenelD:51764 | 3893 4 protein coding
TSPAN1 GenelD:10103 | 12086 12 protein coding
H1T2 GenelD:341567 | 2500 1 protein coding
SYCP3 GenelD:50511 12025 7 protein coding
H2-ALPHA | GenelD:113457 | 8042 6 protein coding
DDX4 GenelD:54514 | 80341 27 protein coding
DND1 GenelD:373863 | 3993 2 protein coding
SSX2 GenelD:6757 11494 10 protein coding
SLC25A31 GenelD:83447 | 45116 6 protein coding
MOV10L1 GenelD:54456 | 73012 29 protein coding
ACTL7B GenelD:10880 | 3569 1 protein coding
C3orf24 GenelD:115795 | 28115 19 protein coding
BCL10 GenelD:8915 13041 4 protein coding
PNLDC1 GenelD:154197 | 21636 19 protein coding
CETN1 GenelD:1068 2358 1 protein coding
PPP2R2A GenelD:5520 82390 18 protein coding
RNF113B GenelD:140432 | 2681 3 protein coding
MGC26816 | GenelD:164684 | 60932 12 protein coding
FLJ35894 GenelD:283847 | 47845 21 protein coding
PRKACG GenelD:5568 2771 1 protein coding
ZNF690 GenelD:146050 | 14054 8 protein coding
AP3B2 GenelD:8120 51834 31 protein coding
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MAEL GenelD:84944 | 34306 15 protein coding
PPM1G GenelD:5496 30694 9 protein coding
protein coding,
CT45-2 GenelD:158852 | 10826 6 Cancer-related
targets
ANKRD7 GenelD:56311 | 29259 9 protein coding
Cborf14 GenelD:79770 | 28923 8 protein coding
RNF17 GenelD:56163 | 116970 39 protein coding
SLC25A2 GenelD:83884 | 2617 1 protein coding
LDHALEB GenelD:92483 | 2864 3 protein coding
PEG10 GenelD:23089 | 14571 3 protein coding
HIST1H4G GenelD:8369 1574 1 protein coding
DNAI2 GenelD:64446 | 41838 16 protein coding
TCEB3B GenelD:51224 | 4246 1 protein coding
FLJ14768 GenelD:84922 | 11791 3 protein coding
C150rf2 GenelD:23742 | 9253 1 protein coding
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MARNUIN A

o Qv o o 4
[AAULUFURIEU DSU LL@&VLW%‘L&I@%‘

ANAULLUAUDIEY DSU NAULININTEUIUNT LUTA MW AVIFNLHUN

AGCCAATAAAAGGTACGAATAGATTCAGCCCAACCTCGTGCTCTGTGGCTCCAGGGCTTTCCCCTCCCC
GCCCTCCCCCAGCCCGGCTGCCAGCCTCCGGTGCCCTGGGATTTTGAGGACTGGCTGGAGTCCCTGCTT
CACCCTTAGAGGGCGGTAGCGGGGCGTCTCGTGGACGCATGCGCCCCAAATTGCGCTCGGGGAATTAAA
AGAGGGGAAAAAAAGCCCGAAGAAAACTCACGCCCCAAACAAAACGCAAGGAGAGGAGGGCGLGLGGLC
TGCAGCCCTCGCCCGCGTCCCCGGCCGCGGCGETGATGCGCGCGGACCAGCCCGCGACGCCCGGGLTGLC
GCTGTCCCCGCACCTGGACGCTGGCGCGGTGGCCGCGCCCCAGCCTCGATCGCTCGCCGCGGCGACTCG
GCCCCAGGCTTCCGGCGCCGGTGGGGGCCCTCGCTCTCCATGGGGCTGAGGGACTGGCTGAGAACCGTG
TGCTGCTGCTGCGGGTGCGAGTGCTTGGAGGAGCGE@KCCTGCCTGAGAAGGAGCCCCTCGTCAGGTGG
GTGCGCCGCCCGGGCCGGGATCTGGGCTTACCTGGGCCGTAGCCGGGCGCCGAGAGTGTGGACACCTGT
GTGCTTGTGTGAGTTGGGGAGGTGGGCTTGCTGGAAGGGCACGCGGAGGCGCCATCTCAGCCCCTTGGT
TCCTTATGGGATGTTTTGGGTTTGTTCCTTGAGTAAGATTTTTGCCGAAAAGCACAAATCTTCGGA

1
o

A o , A A Ao |
CG AR ANLLAUIUANTNWALNNALRTUNIVUNIEAB AL

ANAULLFURIEY DSU UAINIUNTLUIUNF LLUTANAVIFNLNUN

AGTTAATAAAAGGTACGAATAGATTTAGTTTAATTTCGTGTTTTGTGGTTTTAGGGTTTTTTTTTTTTC
GITTTTTTTTAGTTCGGTTGTTAGTTTTCGGTGTTTTGGGATTTTGAGGATTGGTTGGAGTTTTTGTTT
TATTTTTAGAGGGCGGTAGCGGGGCGTTTCGTGGACGTATGCGTTTTAAATTGCGTTCGGGGAATTAAA
AGAGGGGAAAAAAAGTTCGAAGAAAATTTACGTTTTAAATAAAACGTAAGGAGAGGAGGGCGCGCGGTT
TGTAGTTTTCGTTCGCGTTTTCGGTCGCGGCGTGATGCGCGCGGATTAGTTCGCGACGTTCGGGTTGTC
GTTGTTTTCGTATTTGGACGTTGGCGCGGTGGTCGCGTTTTAGTTTCGATCGTTCGTCGCGGCGATTCG
GTTTTAGGTTTTCGGCGTCGGTGGGGGTTTTCGTTTTTTATGGGGTTGAGGGATTGGTTGAGAATCGTG
TGTTGTTGTTGCGGGTGCGAGTGTTTGGAGGAGCGEEETTTGTTTGAGAAGGAGTTTTTCGTTAGGTGG
GTGCGTCGTTCGGGTCGGGATTTGGGTTTATTTGGGTCGTAGTCGGGCGTCGAGAGTGTGGATATTTGT
GTGTTTGTGTGAGTTGGGGAGGTGGGTTTGTTGGAAGGGTACGCGGAGGCGTTATTTTAGTTTTTTGGT
TTTTTATGGGATGTTTTGGGTTTGTTTTTTGAGTAAGATTTTTGTCGAAAAGTATAAATTTTCGGA

wSinasuastiu DSU

wnaatulniiued
MET For primer 5 GGTGCGAGTGTTTGGAGGAGCGLCTE 62.4 ﬂ\‘iﬂ’]ﬁ]@ﬁﬂ’&
MET Rev primer 5'CCGAACGACGCACCCACCTAACGT 62.4 @Qﬂ’?lﬁﬁ@@ﬂ@

Naanlalssnd 69 wawns (Base pair)
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Muufaatulniiuas
UNMET For primer 5'GTTGTGGGTGTGAGTGTTTGGAGGAGTGT3' 62.9 'ﬂ\?ﬁ']LsH@L%EI@

UNMET Rev primer 5’CCCAACCCAAACAACACACCCACCTAACA3'62.9 BIATALTEIE

Nia5Tlsand 81 lwauns
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dayangNlsernsnldlunisnaaas
1 a @ Y 1 o & a [
nandszannsiilunlagraiatgaannwisTiuuaan

¥ dl a aa dl o dl % o ://
N1 NgaeNAeTInN lane1u1aqinainanianuau 13 918 dtlsznauficuedanyyisuna
16 #tn 1Aun lanszan, dan, ndauiiie, vasaidenuas, a14, o, fw, suseu, Ay, sex

puanle, anag, Aovl, wadlsvam, Aanuvaed, ¥la LasnIsinizannig
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23892 (Wesdufrwiaadis)

_ |y _ naan _ )
FREina WA Ao Y NITINNY Fau L | 1as
@) lanszan | . auas| dam | @em | Wala | fu | dw ald | lm | suseu Rouila | néuidle
R DTN 219 wuan'le szam
Wala
1 83| T1el | absence 0 17.91 20.38 0 18.68 | 11.11 0 26.33
2 83 imﬂz 0 absence 41.27 0 0 44.43 36.74 27.74
3 71| e 0 37.84 0 0 31.21 29.41
4 50| T8 0 27.56 35.17 | 50.89 47.05 0 0 0
5 6| wega 0 | 291 38.7 0 0 0
6 73 J\_DMZ absence 0 41.5 14.61 23.86 0 0 0 0 0
7 65| e 0 0 27.28 0 |absence 0 0
8 79 Smﬂz 0 0 48.62 77.02 29.49 0 absence
9 83| e 23.42 0 0 47.36 | 35.35 | 21.36 0 34.62
10 48| e 23.1 12.41| 15.44 |23.79 | 44.35 | 17.89 0 0 15.69 | 30.93
11 72 imm/,_ absence 2359 | 58.9 | 10.79 0 13.92 8.64 0
12 70| gl 12.84 11.23 17 18.45 | 42.67 0 32.88 | 23.92 0 0
13 74 ing 24.87 0 48.75 0 30.3 47.57 | 42.82 8.41 0
Auedn| 1155 | 1843 | 0 |11.07 | 23.075 |13.47 | 41.81 | 12.77 | 12.915 |19.52| 11.35 | 7.99375 |17.048| 0 |11.9257| O




1 ‘N o 1 [=3 ar
nanszansiilumatenauaIngdsy

: . . ane ALNTARLATY
ﬂig&l AN GJ) LNA (Lﬂ’ﬂ%‘L%uG‘])
AULING 1 54 | sl 7.24
2 40 | 118l 26.85

3 36 | Tnel 22.94

4 48 | 118l 28.9

5 44 | 18l 0

6 44 | el 11.97

/ 42 | 118l 0

8 41 | 118 0

9 47 | 118l 31.87

10 47 | 108l 31.72

11 33 | el 0

12 45 | el 9.96

13 46 | w4 24.6

14 49 | w9 17.05

15 54 | YieUd 31.93

16 48 | T4 40.05

17 61 | ea 27.34

18 52 | v 0

19 49 | g4 37.44

20 52 | s 22.33

21 42 | vEa 0

22 34 | wia 23.54
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. . . ansl ALNRALATY
nau MDY ) LA (Wedidud)
AULING 23 51 | v 43.91
24 52 | UeUd 31.61

Anlede 19.64
Hrloelsmmuuts 1 60 | 18 32.32
2 59 | 118l 14.7

3 54 | YN 52.12

4 60 | wia 27.43

5 63 | T8 39.47

6 60 | UeUd 52.55

7 51 | 118l 29.14

8 49 | T8l 40.98

9 46 | 118l 36.68

AnLede 36.15
frlaalannsiaesiy 1 54 | el 35.9
2 67 | Nt 20.16

3 57 | sl 30.73

4 52 | Nl 44.87

S 58 | 118l 19.63

6 66 | e 35.42

/ 60 | ane 36.01

8 64 | T8l 25.3

9 53 | 118l 25.68

10 57 | sl 16.13

11 33 | 11 49.96

12 54 | neya 51.21
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. . . ansl ALNAALATY
HEEY MDY ) LA edidud)
frlaelannzisesy 13 49 | Wi 43.77
14 58 | 1 61.77

15 58 | 118l 57.74

16 48 | T8 52.62

17 66 | T 75.68

18 56 | T8l 30.75

19 43 | a0l 30.27

20 44 | 718l 17.69

21 32 | 11 34.3

AnLaAg 37.89
filaelsnladadudniaud 1 37 | e 15.97
2 53 | T8 5.67

3 53 | s 23.23

4 39 | wia 9.77

5 40 | g4 0

6 29 | oUd 0

7 19 | %o 27.13

8 38 | el 3.46

9 24 | el 25.49

10 43 | 1nel 38.32

11 35 | yeUd 23.08

12 42 | vEa 0

13 29 | @l 11.68

14 31 | wia 26.97

15 54 | @l 28.19
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: . . anel ALNAALATY
nay AN GJ) LNA (L‘]J’ﬂ%‘t.‘?u[;])
Alaat 1593
frloalsnlaFasudnian 1 37 | ne 19.16
2 36 | el 19.39

3 52 | @l 34.71

4 50 | el 35.13

5 39 | a8l 0

6 28 | T8l 47 11

7 53 | a8l 0

8 45 | a8l 25.92

9 34 | vieUd 32.91

10 41 | B 42.48

11 36 | a8l 7.7

12 28 | oUd 33.25

13 35 | el 0

14 39 | el 39.36

15 54 | @l 0

16 32 | el 17.9

17 39 | 1l 0

18 38 | el 15.39

19 40 | 118l 0

20 41 | sl 16.07

21 58 | v 17.77

22 52 | g4 20.29

23 32 | wia 13.34

24 37 | el 10.33

132



ansl ALNALAT
nau faagna | @) | wa | (Uesidud)
filoalsnloFasudnayd 25 40 | g 21.6
26 47 | 118l 0
27 21 | B 30.62
28 38 | d1el 0
29 39 | 1 38.53
30 39 | ueUd 40.04
AR 19.30
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UNETING LN Twe

28 AU1AN N.A.2530

NIUNNNNIUAS

TN IMENAARIITUNA (NATANITLNNED)
AMTANNTAERT  AWNaINIniNMAINeNAE

EutihLnisauuwnegd (natianisunnd) NAYEN
@NITAUAIAATARUN  ADzAMNTANART  nasnsd
NUINEAE  FAUALRBUNINDIAN  W.A.2552 TN LA
WO HNIAN W.A.2554

80399 ANNNAINUIBY Herpes Simplex Virus Type 1 (HSV-
1) 9EUINNNTNUTNELAZNITIURIAIDENT A9 UWITENT

a Cd o a dl o dl v

WmARANITWANE aUuln 37 et 2 wani ; 2819-

2826 TN.A. : 2552
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