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RACGAP1 (Rac GTPase Activating Protein 1) FAx}le] WEsl =55 ST ¢ Jd& AAE Essts, XA
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A7) ZAEL VHL (von Hippel-Lindau), KIF34 (kinesin family member 3A), KIFAP3 (kinesin associated
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A7 A, 7] B

e Yol YHgh o= wﬂﬂomur w}
w3y ks 93 ARAFT U,

37E9
Aol oA, 7] WS A B txdomiE Eed e ARREYH,

A) VHL (von Hippel-Lindau), KIF3A (kinesin family member 3A), KIFAP3 (kinesin associated protein 3) %
OPRM1 (Opioid Receptor Mu 1)o.2 FAE oAl AEig s} o) 429 wEs) 38 =45 dA;

B) 47 AR @ 3] vxwel vds £Ee mashs w9

) 71 A 7] A dAlA 5AHET Rt fEs o] A dxee] Wes R 22 A4S, A
| AAE XA wH5do] 3 Ao dEsAY I3 IS 5 FFow dFstes gAE Fz 23
st A, XA HEHE Ade 3 HRAT U

A3 10

A6gtel] dolA, A7l WU A L fRFLoRTE Eold AESHEH AERNH,

D) ALB(albumin) % IL5(Interleukin 5)2.& FAH oA Agld s} olate] #-xdzte] HE3 =535 S48}
= A,

F) 470 A1AlS) 471 D wAelA SA@ G WY sEel 47 dxie] Was fEut we A9, 3
] AAE AR Hsidel BEF Aoz BAGAY B WL BL Froz dFe: WAR I P
S A, Adg MY AR AT ARAT B,

AT 11
Aol oA, A7) B
‘?ji nj 5 :rL/K

A = 74
=4ste BAS TP, Ad4 9

— A=

MAZRE By PETA A gERE, A ¥
#QEfol =0 WEd ES Y S-S A3 ARAF E.

gige] 41y
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M

HS RACGAP1 (Rac GTPase Activating Protein 1) FAx¢ WE3}l =55 4T = = AAES T3
A HE Ahg 2AE, A7 ZAES 2P A W8 E Adg JE, @ AV 2AAE 2 7EE
o] &g XA HeH Xehs g AR AF Wil #Ae o).

HEwg vde] o3k x5 & (Subarachnoid hemorrhage, SAH)-2 WS Fshe Aoz, wy F
309 Qo 45%9] AlEEo| o]2: Auolrt, w3k, A AA iﬁ]fﬂQ(Delayed cerebral ischemia, DCI)& X|5=q}
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99 o FHoo dolA, A7 2AES AEHE 1 WA 3 2 6 WA 99 474 d F sk olAS E3het
= FEYoeel=9 HYs S =AHY £ JdE AAS FUIE E3etE A F 9gout, ol AFHE A
2 ojyr},

, A7 S fadEe Mus 99 Gge £
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- A4W3E 1: VHL(von Hippel-Lindau), 3¥ 34 10182523-10182524

- M9l E 2: KIF34A(kinesin family member 3A). 5% 34 132040050- 132040051

- E9WE 3: KIFAP3(kinesin associated protein 3), 1'H A 170044709- 170044710

- N9 S 4. RACGAPI(Rac GTPase Activating Protein 1), 12§ AA 50397469~ 50397470
- A9 E 5. RACGAPI(Rac GTPase Activating Protein 1), 12" AA] 50397685~ 50397685
- X935 6: OPRMI (Opioid Receptor Mu 1), 6% $IA1A] 154410759~ 154410760

- A9 E 7. ALB (albumin), 49¥ GAA| 74269995-74269996

- AdWs 8: IL5 (Interleukin 5), 5% XA 131879309~ 131879310

- A49¥% 9: IL5 (Interleukin 5), 5% SAA] 131891673~ 131891674

4 HAA AANA AFEEE &0, "HIE s (methylation)"®E+ "DNA “ﬂ%ﬁ]‘"‘—‘:‘ DNAS HA35tE 47]dd wWd
717F FEAEE S oulEhs AoR2A, oE 5o, AV WdEst q4%e 5
phosphate Guanine) 919 Alo]EZloA dojip= wEs) o i-& «]U]SM A
T Hdedsirh dojdk A9 m date] AR Adte] wejE WAl v
oo, widie, vHEs} £e AuEsit dojue 49 54 Ak 2

FEE AE A DNA o= A, C, G 2 T o gated, Alo]Eal o] Al ghio wE
Ui‘:é/\]-o]E/\ (5-methylcytosine, 5-mC)o]&}:= 5HA A717} & H?ﬂ'ﬂr. 5- ﬂﬂ‘%*}oli o] Wg3l= CpGelal &
= (6 O E=(5"-mCG-3")<] CollAwE dojrtar, CpGel HE2 rE E ig%ﬂr Aol WA
o] M= S JAgrt. wek, 7] CpGel 5-mC7F A o= ao}ﬂuﬁ}okﬁ (D)ol 7] {7] w&
o, CpGE EFeE AXolA dlf-Eo FAFAH W7t A5 dojue F-¢jolt.

2 WAA FANA APREE &o], "HEs F£Fe] SA"S 5A FHA, FAASE VHL (von Hippel-
Lindau), KIF3A(kinesin family member 3A), KIFAP3 (kinesin associated protein 3), RACGAP1 (Rac GTPase
Activating Protein 1), OPRM1 (Opioid Receptor Mu 1), ALB(albumin) @/ IL5(Interleukin 5) =A<
CoG F-91o WEst +3& A3 2oz, vdste d7)eh wWdsisEA] o4& d7]9 polE ol &sl= AY
= 9o, HEst Eo]4 PCR(methylation-specific polymerase chain reaction, MSP), AA|7t wHE3} Eo]%
PCR(real time methylation-specific polymerase chain reaction), WE3} DNA Eo]% A3 ¢z S o] &3
PCR, T+ A PR 5 E3 =4 = drt. ==, go|2AFA, MS-HRM (Methylation-Sensitive High-
Resolution Melting Analysis, WE3} So]- sjd= %6]]5'—*% )3 wgsl wigA ASEAS AR mg
st ofF S, DNA 3 2 wlo]duo]lE A AL ZE AFHrEA T WHoR A, DNA Wdd oA

fo]Z2olgo], E= wWEstE Cpe A7 =HQl = d-wEAlolEA IAE o] &3 WAHAY F& AEE

G glont, ole] A@HE AL ot

2
249 d Fdd w2d, "Wads FES SAHAY e AA'E EF DNA F99 wYs) 58 S435]
& AHgE = e BEAE Jgu|sty, FAFo® VHL (von Hippel-Lindau), KIF3A(kinesin family member
3A), KIFAP3 (kinesin associated protein 3), RACGAP1 (Rac GTPase Activating Protein 1), OPRM1 (Opioid
Receptor Mu 1), ALB(albumin) Z/¥: IL5(Interleukin 5) -2 x}ol] that wE3}-Eo]2 PC(RES F3Psl7] 3t

Hil

zefolm Hi Z2HE ¥ AY 5 oy, oo AlgE = AL ofy.
371 wEst s SA ARSEE Zefolvis, fAlAte] ddstd P Aol SolA<l etolw Bl H]
dEste fHdd Aol SolAl et E x5 9lar, A7) ZefolwE vEE} o FE BAshH: oY
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of H 54 Cp6 ¥ Aol mel wAsl 0408 5 gon, 2% Wastso] uholdstelEe| o3
MY A Y A ENS Foldow FEG 5 gt Zeholvy, R vjEsEA g} uho] st o] o3
MR Aol EAE Soldom 2EY 4 i Zebelngd 4

2 HAA A A AFEEE fo] "ZEtolH "=, 2 Af 3 ddk $4k87] (free 3' hydroxyl group)E 7}
A= G MGz ARH HEgoe o L oo
3 Az A HoR J)TE e FE MIE ouidt, Zelolms HHI dEFEd 9 2hoM FFES(F,
DNA EgHglo]z e A aER)S A% AloF B Aolg 4717 FEd AolE Eg XA o] E9 EA|atoA
DNA & 7HAIE = gk, oldf, PCR x4, A& B QMg Al Zetolm o] Zole FyAld 3" AL 7]

P

A7) WEsl FES SAHC AMREE TRHE EAS T28E onde AY £ Jon, dxe] duA sl
of Mg Bolxom A 4 dr LuFFUE=EE ougt. Av] Z2rE WfEd £EE 53 A
A4 WIS Hddstr] Sk JIEY o5 Wy Gl AHEE 4 Atk 8% Z2HE HAEY F AES 21X
g 5 oy, oF W A 39U4, FF s, vlole i 5E, g8t wag e, 34 2o
E EE 542 FXE F A, AV 22 Zz2Eg 498 A e AL gE HopilA deE LR 7]
soln, BH WS Bt A 5

2ol o FHAe] waw, Ay] Zgloln i IRHE FATEolu|tlolE uA AA|A W, EE= g @
g A" WS AHgete] gEtHoR AT 4 Ak, olEle it DS e FE] Fobdl] FAH ge
S ol gste] WAL 4 Ak, V] W v-AlgAQl 2= W, A3, A wEE el = sk o
o)l BEARS X%, 2 FEFULEo= 1o WY, oF W, sHyA e AZA (o WY FAFYo]
E, IAYEYAHE, IAZRoluHo|E, FulHolE §) Fi pdE AZAA (d: TAZRE QA |E,
FEAEZUEQoo]E F)&9o Ho] g}

el o FHAo QlojAl, 7] MEst S SAHAT F AT AARA, 6 A9 HWEs FEs SAe
= AAE vdEs AlolEAl 9718 WA= SFE e wWEs A Astas, fdxe ddss
gHEd Adel SolAl Zatoln, uvesty difddd Aol SolHl ko, wEshd Cp¢ 23 =d
o1, T wEsl DNAC] Soldor Adtets wWEs DNAZA (oS S0, WErto]EAld Sojdow Ag
3= @A) 58 =3¢ 4 gl
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2F vlolduo|EY S Q). wlo]dulolE WHE DNA & AARA mE o
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BstUI, Notl o] glom olo] Algs]=] ek=th, A7) Adtas 25919 ColAel wEst miE vjvd s

upe} Al E ol o3 A oyt dEhx]a HE%(Southern Blot) #41& &3l A& &+ 3l
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A gk, 7] AgEz olelel e WHs WP ATazE T WA 2% delA Ao,
@, dlgst DNA FA, DNA o WEstE drlel Seldor AWsE IAE B TAHoRE, o
YipolEAle] e FASE Fol, DNA AHE T vlEEhE APJEANS QXste] AFsHE 442 A A B
G ek, w@, Amsla e d"s A 34 FAA, 20 A8 dgst dee DAE Soldoz 9l
Hste] BolHom AR & At FAD & Ak,

WYs DM RAE WEsE 9r], W9s DA B gRow shel B4 Wyl oa ALY 5 Ak, o
g 5o, WAl EA gAE Azdr) AsiAe, s—ugAelEd, 5—mEAelEAl, Ei 5-wEAe| EAIS
RS DA 5 Lo dho] FAS AR F DA Fo] dEAo BN R Sojdel ARE AmeA A
e 5 ok

w3k, dEstye CpG 23 =92l (CpG binding domain: MBD) ¥+ wWESE DNA A& o] &3te] wE3)
55 ol&ste wEsd DNA & WIHAAZ 3, AAdER, PR, vwlo]AZ2ojgo], =
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Z-e}el ¥ AsElolA|(alkaline phosphatase) 5©°] A}
FITC, RITC &°] AM&d < A, EA7]H NS ABTS(2,2' -0} :e-H] 2~-(3-od
L AMEE S 9la, 19 AR

T e, oo AFdE= AL of

= o Fddel mEw, RACGAPT A= A4 HEd IdE A =
TA A o2 RACGAPL -xdzte] s}t Gejrt AAdA Hsd a8 vhr] =4
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Eol d F&doof w2, VAL (von Hippel-Lindau), KIF3A (kinesin family member 3A), KIFAP3 (kinesin
associated protein 3) & OPRM1 (Opioid Receptor Mu 1)2.& FAH FolA Ags 3} oA FHxE A
A4 HHE A A 2AEC 23EHE A F o, FAFNORE Y] FAe FAddst et Ad
A HEd AdE vbA 2= 2PEE AL 5 AT

2ol A FHojo w=w, ALB(albumin) % IL5(Interleukin 5)o2 AR oA Hdeld sk o] F4
A A9 H3E AEg wpA S 2FEE AY F e, FAFeR Y] fAxe] Audst e
7F A HEE Adg vlA 2AE ¥eEE AY 4 .

f
o
ol
=
>
rN
2
o
>
>
>
oo
i
Ir
> oo
2
g
=
A
)
o
=
o
D
=
i
o
=
o
to
o
=
il
Gl
1o,

B AN QAN AHEEE §o) e, 54 el st Ad W5 do] ofv] wslEA ojng
ek A ol g,

e JsAel Adthd 94 HEde] wE bsel BEH dlel wse] Fuon koA ons
@aeks AL olmart,

2ol o AAde] mEH, XA HsFo] TS Al 7] RACGAPT F-H A=, X AA w3 Po] A
SHA] &2 FAlo| HlE =2 WE3 S BT vl RACGAPL FdAke] WEst 3 Q1S Fal AN o
sdo] Iy o XA ¥ A Ttsd & IAEE ¢ IS & T U

Edo] A Ao EWH, XA HPo] LA A9l 7] VHL, KIF3A, KIFAP3 #/%E+ OPRML -7
A=, AAAD Hsido] A A Fe Al vl =& WEst £FE HoFe v, A AR WEs) ¢
T RIS B AAA HIH P U o AAAG WP WY JMeA 55 AdE F ASS & 5 Ar
Bl o AAdo wWaw, da HF o] wAd Dl A7) ALB L/EE IL5 SAAE, X AA 3
o] WASEA| g2 ZAlol] H|F Fe WY ¢S HAFE ub, Y] AR HEst £ g8 B A
A w3 WY oJf ZAA HIH] Y Ut 5 A F JS5s & 5y

2H A FEAA YA, BT 2AAES T E ofxJolRl S g o R AAA IS Xdstr] gk 24
4 F A

2 d Ao m2H, AFydst 28 ¢ XA WY I 3] FHA wds s AR
A4 A (epigenome-wide association studies, EWAS) Hlo]E]E 7|¥to g AEAH S (bioinformatics)S ©]
43t 2% Ay, VIL (von Hippel-Lindau), KIF3A(kinesin family member 3A), KIFAP3 (kinesin

associated protein 3), RACGAP1 (Rac GTPase Activating Protein 1) % OPRM1 (Opioid Receptor Mu 1) %
Aol A Ay Wald Bl @A) vy Held dxuch BiEsEe Gson, ABalbunin) @
IL5(Interleukin 5) A9 A4 AAAd HeE @ X7t A WP Y Avdsd s glsisl
Lo, ) A9E Bl 47 494 42 Bt od 23¢ vds WAn ogdd A4 ¥aEe
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w3y Ag 7ES AT,

L 29, A7) J1Ex A7 AR 6 F91o] MEst s SAse Ao=2A, Wi
Eo]z¢l PR 7]1E, o= Eo] WE3 Eo]% PCR(methylation-specific polymerase chain reaction, MSP) 7]
E, AX7 vEsl Eo]# PCR(real time methylation-specific polymerase chain reaction) 7]E, wl€3} DNA
S o]&3% PR 71E, e AF go]ZAHA 71E, MS-HRM (Methylation-Sensitive High-
Resolution Melting Analysis, WE3s} Eol-msNE FalZd B4) 712, Wds 7343 Astgsrs Apgs
HEst ofF 54, DNA 3 71E, DNA wldge]d mfe]aejge] 7|E, Ex wEstd Cp6 2 =ddd e
F-wdAtol Bl FAE o]&3 AFAAY JIE T F Jdo}, ol AgHE AL ofyrt.

o
)
—
«
=s}
X
[

£ PCRE 837 a8 das A+ 848 xdste 71EY
gk So]AQl EE I E = £ B

49, & ¢z (o 2 vt2dlg s%5E ), USA T2 e

oAl 2 A Fg A S &4, DNase, RNAse JAA|, L

Iy
H
LS
o
=
}_ﬂ
rorr
(K
fr

A9 o Faelel nhEw, 7] DNA F Z1EE DA Ae Sas] S8 Wew U5 24 EgE 7=
lom, DNA A 71EE 7] FA4E wE d9st g0 g Sol4el FewIAers, Tejelv] wi
27 Aol Qi e EFSHn 19 Y gET FA4 TE 10 afd] fPshs 93 23

a9 9%
govl, RI-PR 7158, 47 F445 £t Wgst J9d ta o5l 2z me
EE e A% Adeld, W FFAGH 2 BhadE FEE 0Y), HSAw

2

A<

T

E

A<

T

2o o el w2w, 7] RI-PR 71E& RT-PCRES F335k7] 91 Zad 2

_/]:

FH

HEA 728 QLEO] =(ddNTPs), Tag-E2|wefobAl 2 GAAtEA~S 22 F4, DNase, RNAse ©AA|, DEPC-
™
=

BYol A 3 =W MARRE EeEE AEEAH AF2HE, RACGAPI (Rac GTPase Activating Protein 1) &
Aol Wigsl =S SA4ste dAE Xste, A HEE AES Y% JRAT WHE At Al
WA A2EHY FHEE UES A3FH AAdY WY JAdS 9% HEAT YL 8] JgHTh
29 A Fdde E2d, A7) U MAZREYH EEE AETH As2HE, Adis 45 L 7 F
Yo Eto| =9 Hds) =58 S35t dAE s AY & AT

29 d Fdde Ed, 299 XA H3E A XAy 3E IS JAdstAY, XA HEHE i
e dSAY B XA HIHEY o385 JAdste A & o, Tk Y] XA HHde AR
3t 28 Fof #AS Ad 4 Jdoy, o Ay = AL ol

AN AN AEEE ol AAE Ay M Pol WysAY W sbegol gl

bl AR Az, vk, Qo] &, A, MUSA, R, A & ETFAE LREF, B

EFE & 9or], ol ARsE AL ok

A AN AANA AFHE Fof, AR AAH Hsido] wy
q

5 4 7hs
A& duistr, FAHCR 2, Ax, A9, #4, . g, A", HAH5d, 29§
2 FARSE 4 i
1

ETIN:
off 2 of
ol

o

=
o, ol AFH= AL ofyrk. I, o]F A&
Eo], DNA, mRNA, = mRNARFE FAEE= DNA &

SN =8 ’
e B4 fA4/ENA] BESFES AT £ dE @, 1 FRE o ARHE A ohrh,

Mo )y ooz 2 o iz
=5
ot

TAdel mER, A7) A [ ¢ dom, FAHOR =l s opAloReld 4 glont, o

wge]l 9 FAN m2w, ) g ) A fAAe) Mgst £ES viel A9 Az cut-of )3t
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wgle] 9 PR mEw, 4] wpe fEToRyE LY PRI ARV, RGP FA4e WY
8 578 F4se WA L A A R ] BET st £ES wuske BAE IR E@sE A
Q% gk,

B AN AANA AEHE o, "HRT'S AdY Mol WEEA B AW A EE BATS
onjah A 5 ek

wqlel o FRdel wEw, 47] wae A7) AAe RAGIPI fARe] WEsl el 47 uxwel W)
FERG EE A, 7 AAE AQY M5 Pl W Aow WAL WY NP2 Fe FFOR dF
S wAE 21 TP A9 & Ao

ol A Aol SlojA, A7l W iAl Bt owiE fud AESA AlE2FE, A) VAL (von

Hippel-Lindau), KIF3A(kinesin family member 3A), KIFAP3 (kinesin associated protein 3) % OPRM1

(Opioid Receptor Mu D)o& /¥ oA A& st oo fFHdxel mdst #=5& S48k 9 B) &

71 AR 2 A7 gizae] wEst S vaske 9Al 2 C) A7) JRAS] ] A @A Eigis

HElst ¢FEo] A7) dEwe] HEst FErt 52 49, A7 MAE AAAd Hs|do] EHe o s
o =

FToR d5dhs S F7kE 2¥ee Ad Ao

249 A FEdol 2o, vl WEHe JiA % dxveERy 2dd A=Y AS2ZYHE, D)
ALB(albumin) % IL5(Interleukin 5) S & = 1eny] i} o)ate]l SRR WEE fFEe =Ad=
Al E) A7 A 2 A7 dizTe] Wdst S vlasts 9 2 F) A7) AlAIe A7) D dAlelA SA
St FAxte] WEs) o] Y] gz WEst Rt $e AS, Y] AAE XA HE el e A
o2 PHEHIAL Y AES 2 FTOE A5 dAE FIE X AY 5 o

vl A PRl QolM, 7] Be AAZRE e YRIEH ARZPE, ADHE 1 U4 3L 6 )
A 99 A/IND F sht ol Egehe wIderel=el vEs £EE SR wAE T AL
2k,

(4]

ot BUE AN % APelE Fokol wrt FASA M@ 2t olF A % APels B dPL
ANH oz AHsr] AT Ao wele Wsk olE A R APelel e A ohnh

Al 1: DNA wlE3} Holg ¥ 7tF

TN A9 HEF AMEHEREH AFEE FH(SAH) o] AFAd A A3 A (epigenome-wide
association studies, EWAS) ©lolHE ®Asiitt. 471 delBl= Infiniun MethylationEPIC (EPIC)
BeadChip(Illumina, CA, USA)& A&3}e], w5 SAH 32} 409 CpG o AFA F4A Hes =y
A3t A=A At wIME dHolHe vy F8 LR H = minfi package (version 1.24.0)& o]&-3lo] ZH

Bkt FAA R, WA HE P-#(>0.05)& Ze WES AASNY. Eor, §S LEZHE ninfi #H7]
Ao F-# ¥ preprocessFunnorm &ald]lES AREsle] A tststsith. 37 WHS wEs) vlo]a 2 ool &
At Aol ZREE ARt 7MHAS AT RA vgA e A S WolE A7stE Aolth. mA|HoR,
2P A o7 WEsly Cpc H9 (differentially methylated CpG site, DMCpG)S 0.012] -3t Ao Z g Fols)
STk, ERlE DMCpG & HWEF(B) Ftol 0.28T & Ao]& Hol: (pG ¥98 F7F 49 ’\FC“EEE} DNA Uﬂ%

B AE 0ol g 2t B oglo® HAHW Bg 08 ST Cp6 F9I7h ds wsEsE AL ojnlsh,
e g8 dustE g odvidd. vtes, Zawe 99 (A AL RAA £2b)e] 91 DMCpG~
R FRAAE AEsta, fA4 28 Solol A NCpeel FAH Y)5e FESHE U Agd,
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AAld 2: BE AW B (Bioinformatics analysis)

L

7% &% ¥ (Functional enrichment analysis)< H-7]Wke] F-Hx} 5% 4(gene enrichment analysis)
2 AZ+s & (http://cbl-gorilla.cs.technion.ac.il) & o]&3}lo] S8}t v 2=, STRING(Search
Tool for the Retrieval of Interacting Genes/Proteins)S ©]-&3fo] vl a-vhald A3 28 (protein-protein
interaction, PP)E TF&dd. #-0=% 7]E& A3 Z& A4 (interact

Cluster-ONE o] Zg|Alo| A2 E5 4o A& F_‘Er% 1074

B fFHAE FH EEAdA A9 1009 52 AF44S 7

A4 1: 7]%5 5% £ (Functional enrichment analysis) Z3}

d F e Add Hsd Aol vidskE fFAztel tid YEgn

2

471 AAld 1o 71AE A FEkE &
(Bioinformatics) #41& $33}% .

TFAAeR AFwel 8 T X dA H3F Y (delayed cerebral ischemia)o] AYsE Skxjo} wAlstA] ke x|
Atolel Hudsl e AWds A 7% 5 248 FYsIT).

I A7, Hw|E3s}(Hypermethylation)olA] HAME 42 522 (gene ontology, GO) A9 thAk(biologica
process, BP) go] FoA F7] 1EH QEL%(organic cyclic compound) AR T, 9A7)-23 sEE

o=

(nucleobase—containing compound) §&4 ﬂVé, el 232] (heterocycle) 3= ATA AH, W& 3=
(aromatic compound) AFA 4, © Mx A4 33 ﬁ(ce ular nitrogen compound) A¥A I #HH 8o
(term)7} 714 f9me Aoz AFHAT(E 1, = 2). Auest(Hypomethylation)ol A HAEH {2 &7

2 A AL 8o = B@3E A Tjrﬂ(carbohydrate metabolic process), A¥ 7] ZZH(regulation of
cell size) @ A= #HZE(detection of stimulus)o]t}.

FHe| 12| i) MF(Description) Pvalwe FHZXHGenes)
o st
o SR P i dbiosynthetic proces 773505 | DLAT: ADCY10, ERCC6, ACATL, FUBP1, AKS, EGR2,
: organic cyclic cempound biosynthetic process - LSMI10,PTEN, HSD3B2, RRAGC, SMG7. THRAP3, PPTI
. . N DLAT, ADCY10, ACAT1, ERCC6, FUBP1, AKS, EGR2.
G0:0034654 | nucleobase-containing compound biosynthetic process 149E-04 LSM10, PTEN, RRAGC, SMG7, THRAP3, PPTL
o N N . DLAT, ADCY10, ACAT1, ERCCS, FUBP1, AK5, EGR2,
GO:0018130 | heterocycle biosynthetic process 1.49E-04 LSMI0,PTEN, RRAGC, SMG7. THRAP3. PPTI
§ . . . . 5 DLAT, ADCY10, ACAT1, ERCC6, FUBP1, AK5, EGR2,
GO:0019438 | aromatic compound biosynthetic process 1.49E-04 LSM10, PTEN, RRAGC, SMG7, THRAPS, PPTL
. - — " R y vi RPS24, DLAT, ADCY10, ERCC6, ACAT1, FUBPI, AKS
G0:0044271 | cellular nitrogen compound biosynthetic process 2.17E-04 EGR2, LSM10. PTEN. RRAGC, ASAHZ2, SMG7. THRAP3, PPT1
o gst
BP GO:0005975 | carbohydrate metabolic process 5.01E-05 | AMY2B, AMY2A
GO:0008361 | regulation of cell size 241E-04 | CLCN6, MTOR
. . RYR2, OR6A2, OR51G2, OR2T12, OR5ARI1, OR5A1, OR5D1§,
005 21E- 3 . : 2 » 3
GO:0051606 | detection of stimulus 6.71E-04 ORSU1 OR2AK2.OR14A16 PDC. OR6N1. TASIR3. OR 1411
MT GO:0004556 | alpha-amylase activity 5.15E-05 | AMY2B, AMY2A
GO:0016160 | amylase activity 5.15E-05 | AMY2B, AMY2A
G0O:0103025 | alpha-amylase activity (releasing maltohexaose) 5.15E-05 | AMY2B, AMY2A
GO:0004553 | hydrolase activity, hydrolyzing O-glycosyl compounds 8O6E-04 | AMY2B, AMY2A

BP. biological process; GO. gene ontology: MT, molecular function

GO EA=oll A9l )5 (molecular function, MT) 8oji= &3p-opde}olA] &7d(alpha—amylase activity), ©F
Watola] &4, ofdetolA] A (HEIAA A WE), 7FE8] &4 &4 (hydrolase activity), E 0-F&] =24
gtet o] 7F=Eal (hydrolyzing O-glycosyl compounds)® HeHTHE 1 2 = 3).
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A¥d 2: PPI MEY T 2@ 2E(Module) 24

Hu st A= F 367709 =E(node) % 756 A (edge), Aol A= 360709 == B 644 A7} A
Q. Huds 2 AuEste] i PPI MEYIE 242 = 4 2 & 50 vebdo, gegslE faxke] 374
EE (& 6 WA = 8) 2 AvEste fdxe] 27 28 (& 9 2 & 10)& TAXNSE FoshA T4
5% EA4(Enrichment analyse)S IudE3sl =EEo] F= Y AY[FH|FAEE} & ZZHLLEF #3l
(Ubiquitination & Proteasome degradation), =A|°|A ERZ <3 % (Golgi-to-ER retrograde transport)
2 G 4y (i) Aad® AsAD oWl E(G alpha (i) signalling event)]9 ##EEFo] JSS vebdld. 2719
Hgd3l 25 BHsFe] HY & g QA3 (Post-translational protein phosphorylation) % =}¢32ts)
A E F34 ZH(regulation of natural killer cell chemotaxis)o] HHsIA o] YATt.

w3, AFe 28§ IAE AAA W et vl-AAA HEE FAE vusiE o, AdA HIE
Safoll A FHEzte}l BHEE 579 B FHA+= VHL (von Hippel-Lindau), KIF3A(kinesin family member
3A), KIFAP3 (kinesin associated protein 3), RACGAP1 (Rac GTPase Activating Protein 1) % OPRM1 (Opioid
Receptor Mu 1)& ¥3Hetal, XA HEE shxjoll A Avdsle}l ddw 2709 3H {42+ ALB(albumin) %
IL5(Interleukin 5)& ¥t 2oz FAFAE vHE 2), A7 JB FAAES AFdse 28 F A4

1
CEERIER R R RIS EERRIREE EER IO DESC IS

#£ 2
L EE BE 37| P-value SER
b El st VHL.ASB15,ASB18 KLHLS, MGRN1.PARK2 RNF19A LONRF 1,
(Hypermethylation) ! I ARSEDS UBE2G1,SOCS5.CCDC182 SHISA9, SLITRK6,USP33
P = S KIF3A KIFAP3 RACGAP L SEC22B,COPA DCTN4, HLA-DOB HLA-
DQBI1.KIF21A NBAS.TAP1.AGPATI
3 10 0025917 OPRMI,ADORA3 GNB4,C5,TASIR16.NPL GPMG6A LTBP | NCAM2 PRKCH
REEES ALB.BCHE.ADRAIA.AFP.GABRR3 PRL.ENAM.MAP2.PPIG.
(Hypomethylation) 1 13 0.016389 AMELX HSD17B6.GAP43 CDK13
> 10 0.018602 TL5.IL18.TLRR,CCL3 CCLA KLRK1 IL12RB2,SERPINB7,GPR115 TANK

14 WS Fo] WA BANN FERHAG AMEsHE 75 FAE]
= felsiglon, 1 A3e a7 & 30 7 Askdth,
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=k

SMH

UK A=

S|

fx_E2

Gene

715

Ih| B st/ o
g3t o8

O Es 3 8 o|e] FH HIIME

@Est Fe geMo= BAY)

VHL

chr3

10182523

10182524

VHL

protein_coding

o e

(CCTTGTGATCAGCCCACTTCAGCCTCCCAAAGTACTGGGAT
[TACAGGCATGAGCCACTGCACCCGGCCATAGTTGCTATTTT]
IATTTGTGTGATTGATTACCGTATGACGCTTTTATTGAAGTGC
IAGTGA (6311 Sl 64 &7|)

KIF3A

chr5

132040050

132040051

KIF3A

protein_coding

E
=)
um
.

JATATCATCATACACTAAAGGAACAACTAAAATAGCTTGTTA
[TTATGTCAAACTCAGGACCCGAAGGCTCCCTAAGTCAGAG
[TAAACATGCCAAGTGTCAAATATAAGTAGAAATACTAC
(6OEAY 51 614 M 7))

KIFAP3

chr1

170044709

170044710

KIFAP3

protein_coding

B
R=)
um
o

IGCACGTAGTTGCTCTGCTGCTTTTTTCAAATGTAGTACATTG
IATGCAATTATTGATTATCCGTTATGTGTAAAACACCATGTTA|
IAGGCACTGCATGGTATATTAAATATAGAAATACAG
l(60Hm 3 618K A7)

RACGAP1

chr12

50397469

50397470

RACGAP1

protein_coding

atoj et

GACTGTATCAGGAGATGACCTTTTATGCAGAAGCATCACTG]
[TAAGTTAAAAGAAGTGTGCCGCCCCATAAAAGCAGGGCAA
ICAAATAGTTTAACATGTTAACCATTGTTGATGAAAGCA
|60 R 9! 61 8HM A7)

RACGAP1

chr12

50397685

50397686

RACGAP1

protein_coding

IGAACCAAACTAATTCAGAAATAAGGCACAAGTCTATTTAA
GAGCAGCAAATAAACCCTGACGACATACAGTCTTGCTAAT
IATTTTTATTATTAGCTGGGGCTTTAATAAGTCAAAATAT
(GoEHM 3 618HRY 7))

OPRM1

chré

154410759

154410760

OPRM1

protein_coding

[TAACAGGGCAAGATCCTATCCAAAAAAAAAAAAAAAGGA
IAGAAACTCAACAAAGCAGCATCGTTGCTATTATTGCAGCT
IATTTAGCCAATAGGTACATCATTGACATCATTGTAAATAG
(60EAY Sl 61 M H7|)

ALB

chr4

74269995

74269996

ALB

protein_coding

X o et

IGAGTCTAGTTAATAATCTACAATTATTGGTTAAAGAAGTAT
IATTAGTGCTAATTTCCCTCCGTTTGTCCTAGCTTTTCTCTTCT
IGTCAACCCCACACGCCTTTGGCACAATGAAGTGGG
(6omi A 61 2R H7|)

chr5

131879309

131879310

ILS

protein_coding

Ao et

GTCTTTGAGGAAATGAATAATTTCTAACAATCAGATAGAGA
IATGCCTAATAATGGCATATCGTGAAACTAAATGTTTCCAAT
GCCTTATATCTTAAAAAATAAATTTACTTTTATCTTT
|(60HR 9! 61 8MY A7)

chrs

131891673

131891674

ILS

protein_coding

o ot

IATAA AATGTTTTGTTCCATTAGTTA AACTATTTTG
[TAATAACTGACACTTTCCGGTTTTTTTTAACCTGGTACAGCA|
IAGAGACTATTTCTCACTGGTCTTCCCCACTTGCA

(eoHmi 3 618HRY 7))

N

Ang

=

i

oo oo
[«0

29 ¥

g
o

2

o
> %
X
Y

o 1

N
-

==
o pz mot 2 iz
e

P I
2

13
£

Aol

i)
o
z o

A ot do X
oo 4
e ©

i)
of,
K

o3} o], ¥ we u% @4w

o W we] %3
R TE

=
e A4 e

, RACGAP1 (Rac GTPase Activating Protein 1) &
Av, Avidstel gAd 278] 318 F29) ALB(albumin) W
He v, A7) 739 FAA 77 BE ol5Y x3te FAWdsl e Avds JE
sk A A Hdes aryoR AdstAY o FE 5T

1=

ol

Lol ofa A
7 bl o5
I

Fsge
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k1
N2

1
(g
~

RACGAPT gene
Hypermetylation

k1
g
[\

biological_process

metabolic cellular
process process

N

: nitrogen
organic substance ) - . . g cellular
- primary metabolic biasynthetic compound 4
metabalic ; metabolic
process process metabolic
process Hracess process

7 - cellular cellular
organic cyclic : ¥
compound organic substance nitrogen aromatic cellular heterocycle
taboli biosynthetic compound compound biosynthetic metabolic
Metanaic process metabolic metabolic process process
process
process process
r
organic cyclic nucleabase-containin celllar aromatic
g v 8 nitrogen heterocycle
compound compound - compound aviibare
biosynthetic metabolic Sonp biosynthetic y
biosynthetic process
process process process
process
A J
nuclenhase-containing
compound
biosynthetic
process
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E03
biological_process
cellular N
response biological cellular component metabolic
to stimulus regulation process organization process
\ or biogenesi /
e I,:_elg_u!all_cm. cellular urga::l s:::::ame primary metabolic
ot alimilg quality nm;imim process !
A \ /
requlation tohvdcat
of anatomical u'm. sbalic
structure =
size Lo
regulation
of cellular
companent
size
regulation
of cell size
=gV

molecular_function

SIHES

nlliyti:
activity

Y

hydrolase
actmity

'

hydrolase
activity,

acting on
glycosyl
bonds

Y

hydrolase
activity,
hydrolyzing
O-glycosyl
compounds

/

\

alpha-amylase
(I:lcel:“si:g amylase activty
alpha-amylase
actity
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)

k1

E CCcDC182

Cluster 1

GO:
GO:

1og10(P)

Cluster 2

4og10(P)

R-HSA-983168: Antigen pr
R-HSA-8951664: Neddylation
:0032436: positive
:0050821: protein stabilization

VHL
ASB15
ASB18
KLHLS
MGRN?1
PARK2
RNF19A
LONRF1
UBE2G1
SOCS5
CcCcDC182
SHISA9
SLITRKE
USP33

SLITRKE

B -+ - J o - R U TR U+ Vo B U BV TN B o

g g

of p |protein catabolic process

KIFAP3
RACGAP1
SEC22B
COPA

| DCTN4
HLA-DOB
HLA-DQB1
KIF21A
NBAS
TAP1
/AGPAT1

- W oo N0 W O WO

R-HSA-8856688: Golgi-to-ER retrograde transport

G0:0002478: antigen processing and presentation of exogenous peptide antigen
hsa04145: Phagosome

R-HS5A-199977: ER to Golgi Anterograde Transport
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Cluster 3
|
R-HSA-418594: G alpha (i) signalling events
| G0:0009611: response to wounding
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4o0g10(P)

1
(g
©

ALB 1
BCHE
ADRATA
AFP
GABRR3
PRL
ENAM
MAP2
PPIG
AMELX
HSD17B6
GAP43
GAPA3 CDK13
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Cluster 1
|
R-HSA-8957275: Post-translational protein phosphorylation
G0:0031667: response to nutrient levels
] GO0:0048589: developmental growth
] hsa04080: Neuroactive ligand-receptor interaction
G0:0051640: organelle localization
0 1 2 3 3 5 6
Jogl0(P)
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Gene. Interaction count

GPRIIS L5
IL18

TLR8
CCL3
CCl4
KLRK1
IL12RB2
SERPINB7
GPR115
TANK

G0:2000501: regulation of natural killer cell chemotaxis

M354: PID IL12 2PATHWAY

G0:0032729: positive regulation of interferon-gamma production
hsa05321: Inflammatory bowel disease (IBD)

G0:0050714: positive regulation of protein secretion

GO:0002758: innate immune response-activating signal transduction

Industry Academic Cooperation Foundation, Hallym University

RACGAP1 Gene hypermethylation marker for diagnosis of delayed

cerebral ischemia
4

9

KoPatentIn 3.0

1

129

DNA

Artificial Sequence

<220><223> VHL_hypermethylation

<400>

1

ccttgtgatc agcccacttc agectcccaa agtactggga ttacaggcat gagccactge

acccggccat agttgctatt ttatttgtgt gattgattac cgtatgacge ttttattgaa

gtgcagtga

<210>

2
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<211> 119
<212> DNA
<213> Artificial Sequence

<220><223> KIF3A_hypermethylation
<400> 2
atatcatcat acactaaagg aacaactaaa atagcttgtt attatgtcaa actcaggacc

cgaaggctcc ctaagtcaga gtaaacatgc caagtgtcaa atataagtag aaatactac

<210> 3

<211> 119

<212> DNA

<213> Artificial Sequence
<220><223> KIFAP3_hypermethylation
<400> 3

gcacgtagtt gctctgetge ttttttcaaa tgtagtacat tgatgcaatt attgattatc

cgttatgtgt aaaacaccat gttaaggcac tgcatggtat attaaatata gaaatacag

<210> 4

<211> 119

<212> DNA

<213> Artificial Sequence

<220><223> RACGAP1_hypermethylation_1
<400> 4

gactgtatca ggagatgacc ttttatgcag aagcatcact gtaagttaaa agaagtgtgce

cgccccataa aagcagggca acaaatagtt taacatgtta accattgttg atgaaagca

<210> 5

<211> 119

<212> DNA

<213> Artificial Sequence

<220><223> RACGAP1_hypermethylation_2
<400> 5

gaaccaaact aattcagaaa taaggcacaa gtctatttaa gagcagcaaa taaaccctga

cgacatacag tcttgctaat atttttatta ttagctgggg ctttaataag tcaaaatat

<210> 6

<211> 119
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<212> DNA

<213> Artificial Sequence

<220><223> OPRM1_hypermethylation

<400> 6

taacagggca agatcctatc caaaaaaaaa aaaaaaggaa gaaactcaac aaagcagcat

cgttgctatt attgcagcta tttagccaat aggtacatca ttgacatcat tgtaaatag

<210> 7
211> 119
<212> DNA

<213> Artificial Sequence

<220><223> ALB_hypomethylation

<400> 7

gagtctagtt aataatctac aattattggt taaagaagta tattagtgct aatttccctce

cgtttgtcct agettttcte ttctgtcaac cccacacgec tttggcacaa tgaagtggg

<210> 8
<211> 119
<212> DNA

<213> Artificial Sequence

<220><223> IL5_hypomethylation_1

<400> 8

gtctttgagg aaatgaataa tttctaacaa tcagatagag aatgcctaat aatggcatat

cgtgaaacta aatgtttcca atgccttata tcttaaaaaa taaatttact tttatcttt

<210> 9
<211> 119
<212> DNA

<213> Artificial Sequence

<220><223> IL5_hypomethylation_2

<400> 9

ataattttaa tgttttgttc cattagttat tttaactatt ttgtaataac tgacactttc

cggttttttt taacctggta cagcaagaga ctatttctca ctggtcttcc ccacttgca
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