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L OteOdzj j dgp Odtach Slipd{® d yd otso Odzdzl gtts ol dz @y I jsusas s dzw
qazls j e toj sqtetso Ols: MdcdzOdz dzr j & CHSHHZ! , dzte cOH 1R A
1 5COL 00O BdZjj of MECOW boydshks! ©OBBl’
Okctsted s BOB], 1 totsd dzadzjfpsitgd totgg OtzB O § Wdzej] L OH O
LOBtsdzj oO0dzgd2, O SOCYj Hd&zW or WodzjdzgdW o tsL sy da'

¢ bjwofdd yjbkSmddOssd o MaEyd] Stdkstkjslksod

{ OLtcOBkOdz ftsctcOddd 2 Ctdoj2j e Owfddzls 6
qdzs j cE R BOSC fd BOd desj Ctddujmlsets BN jBdBd
d dzt tste d3OtayjdHif s Oo dzj dz 3 Is 5 i L fslHissdr©wzfs § |§ e tifpsfipots? fCox
fsfbdvydd dz0 ¢ dse Ddzsdpsd ks B @D o ol EEE

) £ OC Isd yy @O QY Bsfls! OB IS

] t©OBtl] f§sMmdjHsoOljd ds ©jhoskshy Ised
ftslsj dydOdz detsy ftwOCIsqdud MS&tsj fteddsd dzj dzed .

1 tej Hils Qo dzjfdfs LotttV Hh 2 ftoj HMSC OL ™ o Ols! & j dz'
Wl dzC yd s dediss sz jro T B S dzj ssC. I T wodzdeder j OGS ¢
qsd Bj &S d dBsckls tOMMEOkEds OlsHikk 0L ©O0s lelisdj dz
ftcjf OOt dadsf ki tsdj o2 Isjwofdd.

{ OLcOBskOd &jkssn MswOsd¥dsoydd §0Oydj d
06 Is deodoelzdz’ F-to jogjipefsts e p L L dz' 5O O3 OdNStdfists
1 z20dzd § 5 Istsdie j misusdsdBidjsdgly ¢ Y tej H J dzj dzdzts Bk
By il M Clkdoso Ols! MiswOljed® dzj yj dzdv d b
Btsdzj L dzd .

] ol sSfidnMOod ftscwOddd 2 Stdoj2jt,
CJdej sdaPig Pilsdsoh dds Csdzd yj Mlsosdd BN jBdBdEEdY
ddatt stedsOydd. 1 wOCIisqdu s ovw fted i dediatsfids d3d tc O
foslkdo s LR sdj o 52 Islsjdis@th Pfz0 § O] detetc ddkj tsj  Od
fsdzdzst S LsBdzse s M o § et © Hz@ vz demdpt® Ot 8§ § dzdze
COtoyddesdzr . 1 tesctcOBRBder 2 € sdzo j 2 J totc @Loteldy ) tdeldjdzd@tx
f ZOY Sted’ 5 O deldsicdiOyistel juls GG dsR ot o dzvdzv tsdifsts dsts ¢
fOydj &ZBOOY § ZOW stek® doyjls dMfsd Lse Ok mw
rdBdslsj O jolsO, fjHshmlsOod"w wHshiskzf € B8O
BIdBROts jtetso d cjdzgjtcdtokzw wlsyjl t §tisjdydodz c
0 tfdtso j L OGtelzy J dzdz" R H Odzdz" n s Gkt kS E dzw to
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tcOL tc OB ts5ls AfdAAEHSAY tsdojdy «[ alzC B[ | pdes sz tsO0dzOdzd L d te 5
50sBtcOL ytso twOL dzdydz" » MsdzdHdz' = G krtsdzj 2.

[ dydz" 2 9C dzOH OoalststcO

boltstc EZyOmsotso Odz o t@VrEO®REHREE] BRMHisswQ oS
sfdztser o OW fiy! ZO twjLbkzd SOOR ¢Jjdtd@kdtses Mi o,
BilssH, O OCY] EyOmMseoso Oz 9 Hftseo jHjddd Bt
fs BelsOydqwd o o zOdetsdzdd d LHBteser n ISCOdgv = .
Mt @Ldiydd §Oydj dzstse dzO tshmdese § HOtlipkz & j fids o
ftesetcORBRZEZY k] QOUEERIEEHH (tese j dz My sMisOo dzj dzd |
O dzG 5 te d, Isf3OERYdzO dzd L Jtstso Oz  H Odzdz" j fts ykemlsedls,
Y skSMd 3OBsd3, O ls®OBgEsd @nNgd 2 Odzdzlsj tcf tcj sOyd
sB OCIsdoe Oydd -d3ij f d dzF d¢dz@dzr dzgtscts f jtoj ntSH O. d ok
o] OdzdL 50 Odz oG o OdzAzdz" 2 cCjirpalsiduijtdn C i &  © ezt I© @z
5B tc OBNGSSH Odzdz' BB @€ § izstc | TlsOde'OR® tsmmd2 MEs2
dL zuf €@ di3j dad Bspsj 2 j 6O Hdv §JjesdodadL Oydd
dolststetsd3 B dzO ftesdL o j Hj dzO Odzdztsls Oy d w G4 dzj
GjfOlstsy,j dzdzs dzv todets B s O &2 Y P lizpts B'1s of Qs Gotc CaiiMy BB t£1dClz
d dqdeasjteWj2mMO § sdz' L 5o &flsdg@isW tsoheddls j tH@IEWIS dtfotelgts\pd Lodjts
IsH tkCtsotsHMlsotsds Ooltste® B' 2O Mtetsj Clsdtetso Od
WtstcdzOls oL Od diyyg W jH¥fMplsatabdizH B  -C B dglf s dzj dals O dzq i dz
ftetsc tcOdgRde'lzjdzd H dzv s Ytg jdal b dz’ Cl0QYsj Hrpls o f@fj € & ¢ iy & dzdp 1O
202 H j dzdz’ = 9. D datistiixh v d ¥ s to df isafdelj ipBts dgQlidsrizt s dzj dzls
fnd Misg didg O dzd L Oeliis s d3

{Mmdzsodzr | Htsdzsyjddwy, o dsfmdd § dO LOMNdkE

1. tdLkzd Oy Qi BOEbIsPBddj Coj ddtctso O
Cdzj stsC ekl dmysd Lso0l: M HoY fsdMCO Bj d
orydo OdzedwV tOCtsor CdzjlssC. ©v0OCd] BJd&ZCd Wo dzwt
feslsdo st R tsdzj o ftcjf OtOlstso .

2. ltojHEsy @ sls] o&GjlstsH ftsLotsdzvjls tjh Ols!
n fdishis or weodzj dgd W C dzOMmlis j-sjsdlz ZzO G ks & ¢ tc 510 O
RHJ dZsdW dydtetse Odadz" § € dzOMmisg ter tcjelkzdzv Isstetso  dc
fsLotsdvels of Ho GOl dze @ §dgs] ®clzd SEGB &z T QO ks | t©
fsHIsdftse L OBtsdzj o Odzed 2 .

m
m
-
m
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3. 1 OL 0B Sfs@EEowtc 450 5@y KEH@Edu € ¢  d dzls j -

Bs dzj C z-ezy dzfidsd yj MS 6 s f totsW d dzw f OydJ dals O,
o MsCsftesdLotsHdIsj dz desets fj C o Fdedirdts o OdzaqR iy tp dz's
f SHtB dg' n ftcse tcOdRzdzdz" ~ ftocsHEZzC s f sL o ts5dzw

fJtemMsdzOdzdL dtetso Odzdzts?2 B Hdyddzr m yddzr & i lsddd

bftcsBOYdvw tcOBTSIST

I mMdzso dz' § t6j L zoptHBEs) | dac OBdEIs ' € S daW | t6 § dSCOW
Annual Meding 2017, «f s tso B @W j toj dzyg  Wd fifdsd Is j dz' dats 2 Bts
Bdsdzec(gms o O, t smmdwly), «R PN Bk dPtc sHUOW C tsdaW 4§
Bdddat sted3OIsq S YISz wd g dstef dsdndiieas(fipimd2 d 201 8)
HUPO 13th Annual World Congress(f OH t¢c ¢ ) O,d2d14), HUPO 12th Annual World
Congress(s ts € 5 ¢ ©@#3®dzg013), HUPO 11th Annual World Congress(1 ts fr) Isdszia,
2012), @h CongressAOHUPO (1 j ¢ ,dsdf Is,@2012), HUPO 9th Annual World Congress
(¢ d H dzf @ s tg QEEM), HUPO 7th Annual World Congressg¢ d3fyls j ,tg H@id§ tc dzO dzH !
2008), 4h RECOMB Conferenceon Regulatory Genomics SystemsBiology and DREAM
Challenges(y Ot ) J, adzth) dz©,d211) 38th FEBS Congress(yt O dzk ks j tg g Usthdyd w
2013) 62nd ASMS Conferenceon Mass Spectromely and Allied Topics (1 O dzls ¢ wiztsde
2014) Geneticof Aging andLongevity( s syd, [ sixmgiz] CR2&1@@zOw» Hd O
(f smMG as@,mdw, 652 ASM8 Lonference on Mass Spectrometry and Allied Topics
(R dzH d O dzQ f wdzpfy), R B2 MECd2 Ctdctej My dz@ EsSE G O t
t s Rg18d, 2 OBgDatginPharmdf sMC o ©, t MO @ fixdh® thts tieyg OV
[ sM&d & Mm¢to Of RGR0),, StartupVillage (b € s dz€ s 5, 1gds @R, 20

lesdzd S Oydd

[OljtcdOdzr HdMMJ tols Oy detodzdtt=zt? 1§ tie@ (IS O YINEQ N jo ¢
(5 d 19 MmMbOolkj?2 o twsmMmd2MmMédr d d&j Y HERZOtEH dz
fzedzd COyYyd?2 esmMid Q@O @ d d&j Y HEZzdZOtesH dz" 7 dzOkz ydz
GdzO9 Or CBBdzdzj CIsd 8 dz' A sdsts @EE Ww@BPSIS.” { 5 dza jsdg st O
fsdm¢ O -dpdjhdzldge? , LOfEMCOshdns fesyj i COdayj
dqdzHdo dHEZOdz! dese 5 @y jjRls Of tc sHsdf St g &z fsdzjro@ 2V
sOC Y J 9T HOds ModHjlsjdz Msets & cetsMkzHOMmise j d
2020618223 ¢} &zOW stedzO H dzw sBteOBBISSCd d
Bs dzj ¢ z-ezy tzgdsd i ME d dmmdzj Hiso Odzd 2 s zEts@zj 2
fJtemMtscdzOddL d tctso Odzdzts 2 sjcOf dde. RdzH j € mdteh (
HOdzdzr &3 MdMmMisj &3 Scopus MMsOadzw jIs 12 B Odzdztse .
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1 o1 ¢ 1. [BLBSIE dZdIsj e Olslzter

Vo j HiNls Oo dzj dzat® d uig AECtE(ls OMtsMistsdls L fydzj Hizs b
Ewiroddg » byt g tBUOdsEdidePutb®si § OydJ delstso
steOdMStedf ssddscts OdOddL 0-¢ jdz ls@da@dpfid 7 d3tOjj St
fjemckOkdL oo Ohzzse 5 1 50 dsts © BiD s dEfFs d & Offstiy tefr
or n gt ted \iEfshpdzOdgds'

11 r wodzj dedj Ctodlsdeujjdgso] o QoA o 5d3 & j

[JHdddB dL 90ydgj2"hdr CoBRfcd dglstse Bfstc! BT

W dzw j Isfyw tcOL tcOBBISC O dzseo ' A ftoslsdo stsf & tOdzj o
Mzsy dgj 2h J2 1 sdsdzsedd d dGkzdz sdW OCIssted Odz! dats !
HsMmisdedzzIls ™ § Mty jn~d 30 dzts f otsy tstcy dseidd d t=z" 3
ftoslsdotstcOCtsor 7 ftoj f OtcOlsse, Htosls] Misdictseo Odadz -
201565,. B o 0 sdzj ydEsds sifayjde’y H dzv  dzi(WaQnaizef 4l., 2010 gz glzls ts
stsG ts, dzj H O9 dzd J dmmdzj Hise Odzd W fcsC0OL Odzd, Yls t
B jdej@j ddisyddetse Odedz’ =, fip Mip dzCithcj) dagzi 16 tgdzdz
ftcj HMMIstsd Is (Babdy, etdatc REL8; Cheng, et al., 2017; Martincorena, et al., 2017)
1 jlco OV G dz0a O dzgOMlsswh j2 tOBBIT ftsmowh jdzO tcO
Y''d WeEdSydosddtetso Odedy dzi sBratsHd B HAzv § tctsdzd W
s O0CdJ G J dz o BWOMdaBdz] 8 Oz Ctedisdud MEd o ®Owdz d
Ei3ts dzy @zfed ¥H j &zOVW 6 OL dzd yd2 By HE cj dzsizsd s8R d s
Yyomls: dzdlsj tcOlskztcdzse s BL O ffsMmawh jdzO dj IstsH
fsdm¢oO sly, d o 6y d{ Jugd@mididst izt ezfs@ 3 Crplsdjjfds
(Pyatnitskiy, et al., 2018)

1 OdBtsdzy § BUJ o dHd Xzt HxEgms d lss jote Oftsfdd, yYls
ddzcde dtetse Ols! Issdz' ¢ 5 toEzs asf dSEpy dze s Pc 9 PV t
LHBKSe " aff Syl &' [z d3jsds Wdg' d2d Wi . i tgmsls) tedaj dimfjs Q dz! dats
tcj Odzd ¢t BE v ff HHSCABCQA 0 OJ Isypw ) MEh j Mise j dedzr d3d Ists
Mot ?2 fwerh jdadets?2 ftotsdzdW jteOydd sSikzatsdzjoer j &
Yydistsisstmdyds &3 ftoj f OtcOlOd3, f 5@t o egOsdiddsds s ¢ .
OC Isd o dastiqlsizd.yj MS OV, SHQEASLY® 10" 8 O] Is, ylsts ddztsac d
~nOtcOCIsjtedL s Isiqpw BT Miste”™ d3 tfot®u t5 & dztH Y ((Rshjkigrd Fiafadt | dzls
2007)
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14d Slistsdf L dzsC Oyd Milse Jj dzdz’ = OO s if @ dis tf) tzd
W desEgiEzzS 56 | dedats 2 o, P fiyfldnsfaislitsaf, ylsts or 3y de Odzd |
sls  0OF¢ Is d% QfsHzdpBds] | dqdzd OmMMsyddtetse Odzdzts€ @M SCIPH @
(Pagliarini, et al., 2015) v OS¢ sROwOfglyPMmiso Ztt ) R davdd¥W j toj dzy d tot
dCdzj stsydesc ssBtd2®@RIO® N df2 f sor h j dzedzlgdz] HON§ldsedp jdzts ig B
GJdzaj sdud MS d(=d LOBJ dpgfeldnd 2 ts fsdsAy J cujda@ed LsO By dgQ, dzOL
s dzl 5¢ j dats &5.

{Hdd dL ffshtejksgzd? ysts ftesddijcoydw d
CdpE dBsclzls L Oodefihingislafs sE g dalrq Is f 5 dzlz y J§ (@Gdirasawa,tet@b, s s J
1993) 1" dztde tfH J d3ts dafm Is te fudstts QHABREZIO dzts G KBAIS j dz@ dsBfolsBts ) | dad
esis O ©f &-CHHd) edvidgy fielsv®d= 1 jJtee ™ j 4 MY Jtedds] d
ZAOCBor n § dzj Is =Y dddi s olzg ezl dg"O @Harlsojth, et al., 2001) G H J§
fsdtsh 6 Isjndtpdasgg¥f) 61 deudd M & iy @ dzepriR@ic]tw jOds. ¥
Ctolzff dzs 3OMME B ¢ detfrBehsipdzj H 5o Oadf? Is kOO~ s Z aEs'dgz o '
H s M is dueddidisd Is Jf de'tsdz'tc?) I a4 tc O o (@guite| dt al., 2016; Cowley, et al.,
2014; Marcotte, et al., 2012; Marcotte, et al., 2016; Munoz, et al., 2016)

AN detsd3 dz 5dzC 56§ dzdats? o By df iz gtz {f) Il Widtfigtf QriS lsizfsC
s zOMmMmdBL HEdd3j esd3 Vo dz¥ j dgdy dzsiGledefj ibdtss sl § so ”
OCIsdo dzsisd ABE d @®vr L Odzdzts 2 IstHOdzefidgts ¢ Oy d 4 2 f SH
or MsC 1 € MY to jofy) MRPR & jsdpS dstekz!j Szs ¢ ABL MtsH jtey dls Isc
His B dstisdzz ydoh OVBERABLY d3i2e @ B N H O  alfisds ugjtle  dab d dzC
9" LEH P Otedz"Y dzdotc § avlydf & dzj ldssysilpd ©dz M smtse Mis ¢
dzj € ts dzls tc ts dzgth tg iz d&dfiz] ISiC@L tc O B tEOISE, dpdjedt) CIsd o dztsets
nd d3] tcdzts BER-ABL,dIc@&JL 0 j dzO tojotsdzse ydes o 1 W§ HCid s
aB3d j dzts d H dzts G(Bruke 2008)s LG z ¢  d3 R fdfdidsidads2d3 + € M dzlz Ols O
sdeC 56 dzedzets? v @Odzyf g E@dEigls d Is § dzj Hzts §) Is i zd2ESpHdgtR2, X 4 C
cdfjtet Sfetejdgaj fERBE2 (SOC x4 dL o j MiERRNEY @G
d dz¢ d B d (2801 @dg § =@ ) Is & (Hynels@md Lane, 2005)

] s @yzO dzd L O 15 H tfidts df digjwtgj BRI dAEOS 6 j dzdzts?2 L Oo9 d M d
«tsf zatsdzy ) BXIREODECAICe Xd3 | ¢ 5», g tee @3B o tzts o @ Wzt tc i3z dz
f otsB djdeljln v 1 | ¢ & «fiptdtsjofiadz s tdstf 2 - sdzd M X, B dAsvdg Ootafed3 " te
ddzc dB d tctB a BABPHYDJUEL 52 T SHABSH dzO Us'. =P dglingvls of usjdfi
dzj s @daf 2 d iRy jdOYd Is j s dafdpissiejs o o dHJ tOMmh dtej
fsisj dyd Odz'-cgef "nj dzjg2@es R L Ists W oo dzW j Is'fynC fdg] thead Aodg Hizlsdsx
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fotso MRdAsd j filse O sy 1§ Qfdddedd Baddissig to CC, abdgdgl @ts © ts O &
o jdd ud o OO didss 3OMN s 0B dzr &8 MS tod dzfzpRstajrdal
Mddasd sdud MSdr dzj sOdzj 2, CisUsfipliedzig O Isfdsdstsfod@dsdagimiy) dg
feOCIsdS S dzj 5OYdz § dzd ded d & jidzCARIDIA Oidisaddn lstp d Is j dz*
d dz¢ d B d tc 5 § GLREYB (Helming, etal., 2014) O OsdfjizIs Geifiadfts ydats 2 ) j &
O i3 dzd Wsdhooeias dadzMyC ylkz o Mise dIs§ dzv dz’ ¢ ddzc dB Jtotse
Y dzO 2 fi) siSytsetsl., 2015)

1116 S jtod d3d dzls Odz! dz" §j d3j IStSH T

I Mdetso dzts?2 + S MY jJtoed d3d dzls Odz! dets?2 Milstc® s L alaf jwd dad
GJ dz0 o-dzdkBOE SR dzj Is sWndeRs mddafidadzcf M j 2 tyj dz2S 52 .B d B¢
ImMCtddzddze so " = dMmMmdzj H 5 aH@aEd W nls sd2@d BYtdairjd3j day @ fisls
d dzls j oW j td padpgfdnds CRESPRCa®. 1 Odzj j tBO 1Isd d3j IstsHO E
f SHictSB daj J .

f1sddzlsj W j toj daydw

[WdEL dzOd B ts dgjsjtc OtadAigatets Heis & € dz¥ U»jedpddg® tsfydztse O
dMmyf sdz’ L 89 Oded d -¢f delsizistasy fd®j o ued@fdzed L &30 € ts dzls to ts dzW
fsMislstcOdzMC tod §f y ( tiedzdzisoly sCEdBjSloCd] . 9 o sSH WIS Mddalsd Isd u
tirs (. d &BOd j ddsjteV¥jtedtelzs"dj ti1s, &dt1s
COmMEOHr, HtwdosHwhdj € HJELOHOYdd VyJ dbo sRdztist
dmf sdz L zsls Ho oL d3gtsy dz" § fifjdstdc@dsjj sd., wots ¢ WD:
f zOdzh jIsO CdzjlsCd ftsHe jtocOs Ismw otsLHj2Msads Is
fslsj dydOod d"§ sl BYtwjH]dvesIlsfryifdsydid dy tdyfdmfjs
zzdz¢ d. | Hikzetdz 9 0tedOdzlsy ¢ J desmtf j yJdzjglus& jo tog
fzdzO o j Clstetsea, MBHjtey O dr ffmdzj Hise Olsj dz! dats s
ddzOSCIsdodtelzj d&3r &3 ¢ j dz2Odz. 1 CdzjlsCj B t1s Htetsyj:
94 CIstste ftd3j yuddz kded S Odz! dzr &3 h Isted ~ € SjHE(Bo O dzdzm
Cdgt MjCojddtekzsls d 5 Gldshdlsjd dsdkkz djH
sftejHjdvsls §lsjHzupsded dadz2017) s | |

RMMdzd H 5 98Isdedizw iz H fdaOdudfvisigz dzd dizd ¥ 8 2% s 3O M Is OB
o Wodzj dedW s 1 Mt Hd MisHsdedizl ¢ dig) de'tstfidal %) § oz gfedg P dz
kOSCseEts ttsHO fipki@sz(Cofleys p6 B., 2014) 1 j oo sdzOyOdz o
fesOdOkdL Jtetso Odz' 216 ©OStor 7 dzd dzd 211 00§ ctgddats o
Wy dzw dzipw 3 M jdzg ¥ Hdzv dagj MEBsd Cda A"t sdzO 1 @iz} dz
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dzgj MCtsdz? €dr dBhf1s B' dz ATARISK(OMAG leOal 2@A)IC £ tassldsdy '
fsLotdY jls SR OtOCIjtedLtso Oy 1 WWjiCl fMmkzftej Mindc
1 4 HOo9 dets fhdlesjeCrisdz ¢tc O MO ts jsdz,s o 5§ ¢ fistebts(lsyjj fifjdsch tésts o C
C dzj Is ts wxlErdA 2 H s ) Is(@shedntmk, 6tOal, 2017) © OC ¥ j§ BN dzO teC
BsHdW S OydYw ATRRES, ts tdfddsddyOy d o ' OEMEEERL o Ddzdzfso 52 9 j f&
syjdSd +WW¥jECO Mefte) Mindd Eudlsr o 0jllsmw { tsfdzj H
d ftfmdzjHse Ol gz desflizts BORHjdes 769 ¢ j detso, ¢t
o jteswilsdesflsd wWodzws Isfpw Ctodlsdyud MSd o90yde s ¢ ts
ftodyjd 20% dL CsHdlzj di3r A BJ dz€ tso Bsclkzls B
d&zj C Oteflse j dzdzgscts oL Hj2Msodkhvw vis@t § 63 1 Gd "Bjjde
Cdzj stsydgr » dzd dzd 2 .

U ndzts dzts ¢ dfvdzls jttgWsd ted dzyd d Wy dzw jIsfpw fjtcor o3
dmf sdz! L so Odzg Hdzvw h dJtetsC sdiZzOMh Is OB detisdsts toth Effwinigziay H
sls dzgj HsMIsOIsS s, thMdseods @ dL SCHWFGEIsTow o dztcils f
Bdf1s MowLroeOslsmw M dzj yjdzjeo' B3d cHdeBgw j 6PEiz
ftod o UHdsCC o toj B) dzdes Bz §f sH Qo dzj ded® WEdSydd ¢4
ddzOCIlsdedtelzw iet f sdzdshls: ¢ (GddzgiIsdud MS d2
I detsf sL dlsd o dzf 7 o z@BEQUsAC I jydsdsts -tul dialy” Fdzddss jo Af dets dzts ¢
Is J - dzts dzts edcfdefs jitqWsi tod dzydd MmMEh jMseokzjls s OMdshls:
CSEGHO Hdzvw ftotswodz dzdw Widessdfdud mMEBsets 1 WWJ¢
G J dzO. ) Hsdzvs s 3t dzdzts y j dedets 2  dzO €S Is d 9 O ydfdfls j deide@ j 2
st Bzpislipo to | dBisdzdztg 2 Miso  j dzj ME Bz CtHdzd dgd t d figls s
ftslsj dzydOdz! dgr 7 sshdBtS wWodWwjlsmw fJtjHfsylsdlsj dz
stsdz! S5 dzgO Bt 145 ztf dztf sBOtL Pets, Ybts dzj Sslstste’ j
dme dzs ydlsj dz' des B dzOcG tsH Otew d i ts dz/(Rhisder@uadddDfabalkals 2 0
2013)

U j n dzts dARESHR/Cas9

10CkjtedOd &zOv MdMmlsj BO OHOY Isd o dzERIBPRGAD O | Is (
B &zO o ffmfdsdzi L s OdzO® 9o tcj H OC Is didg s Gdigf I sdzQ 028 |30
MsOdzO toj o tsdzs ydosdadets? Isj - dats dzts ¢ d (CBng, et alg, g0dBAmek, d
etal, 2012) 1 tslsdzd uddels jstsW jttg jsdzydd, MmMdMmisi 3G CRI SPF
ZOMmdagHz jdL o3 dgj dedWw ff sfjdzj His9 Olsj dz! desfisd L OH Odad:
dzj steOdzmCtedB qtolzj 3" | BB dZOMIsd .
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Il dz2Omlstswh jj otj 3 dzOdBtsdzj j CRIGRESHERS AN YT ts
f sHIsd Syodenes s O¢C f tcOo d dzts, sdz0 MtsMmistsd s ygas2 H o
t18 Ooadimd d3is zH sydglz ¢ dzj OL ' SpyCas9 d ~dd3j tcdzets?
CdgHtsdze C dzj OL O SpyCas9 BKOLEJjI (@ dzj €M M A
CsiRf jIsjdzlsdgz Hdzv f s5dMCO BIh jdzd o G jdesdzy . 1 C
H dzd dzts 2 dZ) G5 s dpltsSs glz? Mip e H Y dBY J yd ¥  udetsils: Hdg 2 Mlis
C 5l dzj BjXizly @Apcdets Bz Iz Y @ffrpdstsldzts frgf 1 d@EmifQets B te OL 12 § Is fyw
cdetedH MY j2Mijtd d fslsMfj2mMjLd t1s:r11s, Ist
1s., Stbtthdc dgzgdist dddydOailds @d § Oy ji &
ofMmMicts LlOQed p * ris tdtf Otedtclzt Isfpomoldygduls End dxEnihg),N H E
tcjLEzdz IsOIstsdz yjess MsOdzsowismw oMls©oCd dqdzd HJ
sB dzOMisj 2 =i/ d o s3dls ¢ MHodceckz wWORECd Mydlsr e
M zZ02Mddze © d, o dbtscd,u Syjndpdzls jrtzdzH ji W4 % W ddsls &
WEdC yd2 c¢jdz0 Mmdmilsj 3z CRI SPR/ Cas dzOyJ dzd 9 O¥ I
{Hd20C 58 dzj B sdz' & ( j3Ca@Gd3E &g d Hdsjdsd dzf o O ¢gQHfecd B d
mMyuydilsr o Odzffdzj d3tf dsto lslzd W Is ¢ zO OCIsdoe desfls! B J dz€ O.
ZzOtlzh j dzd © W Iz deSo izl i) dixd o O dzd § md misJ d3 CRI SF
CsHdelze hdj 90y)dzr § € OBIhdzddsal.20i6h¢ dJ Hsd3 dz

Ujmdesdzcedw CRI SPR/ Cas9 OSkdeodes dmftsdz L &z
MCteddzd dze s dzO € dzj Istsydad - tc @fhedgn)’ et al. ) ldfting] jsCd® .. = a
BdB dzdisI§(4C 751 rfdzet1 s fteslsde 18 wWs8l0) dhjdgptsas,¢ figzdy
A375 i zOdesdzr yj dzseo j €O d §dz¢t edff sisj dzls@arfy, fls e
et al,, 2015)d MY sdz' L s9 Odzd B d BotiZddstls| jsC 2 f tefzlsd 83 7 114
dHy dzZsdWdSOydd 6 jdetse, dzOtelzh jdzdd WhkdzCyd?2 €Ctsist
B Sdzj dedets 2 zj-BE e dek dzl6, © k2 C dzj stsydzs? alzd dzd :
Emlsts?2 ydoe sfis: ¢ ddzcdBdltsted | st5§ tsLsdsHIs.d L s d3jff tg @ol
sB dzZOtlzy j dz@¥ ¢ j MBH2 MSHG Wit M2 O o 58 d |5 HEOR2d]
CDKa6.

1 tc O (Herisgjal., 201500 Istster ML H O,dgds sy dzdzBAOF Ezlzsl 7 6
ftosls @bl teso Y zacjis®®@ dzd MCteddzddze dzO© sl | E
Codztste] CIsOdz detsets t6OC O, tc OC O hTERTRICHBZ3sde GO L 6 &
Lfdlsj dzdw fd IsisOIs SBf . dzdt JfLtdad® digta@lzd L  tets 9 O dABAGHEL. { ts¢
ldlstsag § 9" Wodzj dzgs BBz J 2000 9 OHdmt, ot alg jR0kH o ,
Rdzls jtoj Mde" @3 tojL Ezdz IsOstsdz MlsOdzs B d2Otclzy j dzd 4§
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Codztste] ClsOdz des EtsMidc OC Az jds teafeB1? L Bt Olsj dzv dets
ddze dB dIststetsd3 M dECED e ddasls dsdzdy Bztdsdf; s fijdsts cCHAE) 149616 dzd dz
dLBdtOIsj dz! dzs  tsH Oo9 div g Kzf) o B iy sty 3§ detitzdzy € MO
WishW stcd dzdBEE®Io O dzd W

1 tc OBategeud s O ofrjsftitd tisedz! L Bod@ddirfld=fls | SR T 8 - dzf 1 ¢
B dzd ftotsW ddzdtetse Odz d34 dzj J Astetsh 5 5ottty CyYLQ)Wic
19000¢ j ditefseqd 3900 & d{ tslsj(Bettanmgundt a.n2018)] dzs s j L ®z! 1S O
5B dzOtetE22j8d2 sl |, Ytedyj i3 ABdE] P fylzdi-te JfH e ifideo [z &
(Blomen, et al., 2015; Hart, et al., 2015; Wang, et al., 2015)

VJmndzsdzsedw CRI SPR/ Cas9 dzg dzdh j dzO dzj Hisfls
ROz (| g s udgs\pj dzj o 52 OCIsdoeo dzesmisd Cas 9, Celsstc OV
~dzt 1 (Peng, et al., 2016)

CCMmy jtod di3j dels Oz dgtsp dagjds 5 Hf™ Is totz H dzts fyls

CCMYy jtod Bj delsOdzr dzr j RjlstSHT ftojHMsOs dzwe Isiw
fsdMSO sl o tQSHIROSIS doj daser®@@Misd S0 lsfk
tsls dats ) kL) Sz slEss ¢ & » s Otz Bcis Pdzj dzd ¢ s 4 .

sCtcddddze s § dmidzj Hiso Odzd v sl BN dzd ff tot
St Odzd L Bise q Ud izs8 jdzd dgd 2~ K dads sufias j H f o d
qHjddWdydtese Ols' d&OBtte sl |, 6B HBL IsHedpS ochiPjsis
t 1 & dzls j oW §f (E€gwdizy eft al., 2014; Luo, et al., 2008; Marcotte, et al., 20jl®)ts B I O dzts fr
fodeddL dls jik0Gs s®S 50g) pojiviss dzj, d QY tedet L 2OB
j R dzsdBRISPR © MtjHdzj 8 dHjdesd¥ dydiese Odes  tsls 1
SBBCEONjdF WojdSOpdwdil. 50, tjfddSoydd r1s, Ist
B d tsfd dzls j(Bldnem gt alzC2@15; Hart, et al., 2015; Wang, etal., 2015) tew d3ssj MtcO
CRISPR] tdszlsjteWjtejdzydd SO HOjIs dzj sHdatsL dzOydz
f B dzd S(Eversf dt al., 2016) Isj & MARBRRCA® (S OL ' 9 0jls dzkyh d
fts MmtcOo dzj ddddyls j fite W {j te@odzyte| Q Misrigens, et al., 2016))H j &zOdz o ' o |
sy sMlsOo d s Misd @ stgdd Nt Osjtlsdgs dits cfRls* & € dzj Is tsydz'
Cjdzse BCHdesg Bdr S OC sl ) MdMuxeigdas 2066) s g5t s &
sflsd BOd dts? fRdsderOfsdEdily 2, w afdzv j sfY ©Hdso toj d3j d
fsHRSHSO . {cOf BHigjel etalg 2018 OL tc OB t5Is O RANBEzG £ tdsslsdlis T
fsLotd Pk’ thetsBsddd ISd§ ORd H Odzdd ¥Rj S o0 yid o
SlsHjd descEts ¢ j dzO.
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JHddd3 dL otsL sy dz’ = BB Widzj dzed?2 t©OL dzd yd ?
LYW iClkdodesflst ¢ jdzjlsduj S o s s 8 i @liudkg & aly s d5
2017) 1 Of teddgj tBisy §ls BMIs! CtedlsdudmMéd o0yde &3 o
Bsyjls BCOL" 9 0Ols! tcOL dzd ydetsy odzdwdzdd dzO X dL dz
ksd $ 5 YOtz Oj ] kOCS2 cjd BHjls HjlsjClsd
fts ¢ dzCUE=IEEO Mslsogg’ SORCRISPRCa® ) d dzd € 04 O L dshigasds'SAls s |
dimf sdz' L tso Odzd j &3 G J dzj Is efffdlshiy Qe the j il Qlz 2O ( t 1 S

wkh jmsoksls d SehjedcdsedyuyimSd) Istkhds
RMMdzj Hise Ols j dzd tcEtcOdzd U dz' 1 S MY jtod Bj dzls Ogd  zO
fsimigj Mise j dedz" 3 fted ud dzOd3 ¢ J dajvisodf UaitshipSschjd Ise d3jdizj @lss
[Hdz0C s t©OBBIO ) Sdzjlssydy &3 dddedw &k daj 1§
oLOdEsHj2MsadY d od < @isalSand Hinesz@Qllys ©F 74 ts 2Aifls o O
Cdzj bsydes? @&®qlsisEe®Gs: v §sH bkfdssdy Cbkd
OB sEOlstedd, of dt yov DR S arj Uzt j das® q B dzgkiztzo j)
Brils! 90yd@ H&" HEMisse jtodsets sSftwjHjdjddY s
CjLbd kOss ©» §OSIIC L.

1.1.2) r yddnsig dz! dz" § e HMS OL Oded W

gbzh jMmlse j dzdets? ff tetsB dzj Bis 2, MHjtydoeOsh j2 1¢
d3d Is 5 kastellz B 5 2», Wrpddd j Isfqw dzj sB R tsH d d3tsfls f jtoj BisteC
ftsHOO dz¥ j BsEs8 ¢ j dzO, Cdzj ssydets?2 dzddedd d dMmy ¢t
WOC sds 't dzv j Isw  dad 1€ QY 39 @ eedsO tslxizfsiinded v s Mis 6 dz0O @) it
tc O B @Harj, et al., 2014) d Miziadzd o j tc MOz dai &Y YJ dzs oIS figtOhip lciidso
stsdz' 48 tsls tBh jets CsdzdyjMmMlsa O ¢ j detso . ]l s lsts
sftcjHjdzjdeds sl | JMilsj Mise j dadz” dzintsilicdg O LS tisdg tsHets tj ts dfc
eOMMdsistej dz't dHn@ddgsis ( fds.
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A b B
HentpanbHbin oT6Op
® C C @ OC @ @

HeraTtusHbIn oT6Op 7
) @

O CUHOHUMMYHasA MyTauuA
© HeCUHOHMMUYHas MyTauua

t dmk dzts{COL dzd ydzr | fSHABHT C orydmozdlsj dz@ dztsdzsz  f tej H
(A)Cotsdzt ydoodedz' o) §f 3 s v etz slstster 7 fMkh jMsea ke ls ftedL dzOS d
dzj Md dzts e d3dBias Oy 2  dsj oz " j  Hisdzd . Xzt eadatisg @ @S B 15 agtatsgiizeds] s
ssftsdztcedd Bilkisob § &zl Od iIBsH j 2 Misa d?2. (1) [ tH]j ddidstses Odz
sftejH]jdzjdd] tiO0¢yd2, o dOdetd Mj2 Mmisjfjdd ditsentsHdd
(Pyatnitskiy, et al., 2018)

Cotsdzt yd miglpds'tSjH '

YdiIsmtej HJ MY BMisagfis divts Q@ IRt P H § sdztsy § dzd | |
dzj sB R tSHJ " Hdzw Isd dL dzgzd) f s &Mz il dzs s d st «
Losdzt ydoosdzdtetso Ols M BBdzjJ ddLSCt2 MCstsmis! &
Is. gOr sHJIs! Mw 4§ tSH H O9 dzj dzdWilsgn, £tfigls 19Wd3 o ) tetzls 85 gz sts
df SHAtSfieg HHSC OL Odzd® sl 4 vedvw | CHESESIMAHLZE tizls s
sydh Osh jets (daj GOIsdo dzis@ts) tSlsBisSicO.

r dzvw tstftejHjdzj dzdw HOodzj dzdvw tslsBtstcO dz@NUEHScts o d
(dL o jMmisdzzr s ©¢ 3 Ka/KsdNei amd<Gejsbdzis1Og6zdfjtc | H s © 9o dzw & h |
detste 3O dzd L 50 Odzdztf j  Gipf 35 Is Uats Wz) M) d dats dad 5 yde" &5 d Md
( Mdzd G jdz dZ2ORsHdIlmMw §tsH Hj2Msedjdg dzj c Olsd o dz
dHdddyr, §(omied Sk d Mddasded i3d yde" § KBlSOYdd
LOCtjtfdis! mMwv o dNEYhzddmtfLde] . ulgilgds b d3s dzj € k& dzv te dats
BdXZzOGtsHOteWw MmMtsotej d3j dedets gz f tots @ toj bzt tafodf e Isdzts dif
sftej HJ dzd dzgd W tsls B tste O(Ostrow,tee® 8l.s2014 7 Ovénsizgnd Nadgler, 2012)

l ¢ dzO 93 i Bts 0 O dacABE? Pgg@itskiy, et al.,, @15 H Odzdz" 2 Isj Mils MY s
tcOL tcOB tsils € df talj jHIsH@L QfdEfizj dzO dzts d3" .

I gt o tej dpwlzi § Cheddpdn dzj Hts ezGsdad) tox H Gj B EHMic | Aigise |
f tod d3j dzj dedNjdSHsdp') st O EBY B PMHEdo sHdls ¢ L Odzdy § dade'
o4 dzd udds , Ijd3 QM L Oeetjbdip@HsHeR ffUisH  H Oo dzj dz
dzi ¢ Ols d 9 dzts Martintolesasds @l., 2017; Van den Eynden and Larsson, 2017 Is ts
sBlkMmdzse dzj dzes Mmkh j Miseo s Odzd § d3 ys[tRtc j HIJ" dedgtizdas & dzOftak

20



Hsdzd t©OLd" » Isdftse BHdskEzSd] slsdHd ~ L Od3d dz (-
Ctsdzlsj MO MsMjHdedas dz2C dzj slsduse MmEkh j Mise j dzdets
COYHEBEB ©OSO nPi@RCEjwPeAastst] Q& d iz ¢ @)exBngdrovdats o (
al., 2013) g ydlso,jlsmw, Yyls ts f swWeoe dzj dzd J f Olsls j tc dzts o
BzlsOyd sdzdzr = (Afetarsdipy famgtsStratton, 2014) 1 Of te d di3j to, H dzw
R0EOC s 18dz0 1 distdsstiatmiCl 1] d7te A ditis QY df te{dz jdkiap) " ey § o
10 tsmdzj Hdzj J otej 3 t©OLOBSISOdzts dzj M sdz €
HOo dzj dzd Wiz yssls' sof@®¥'defs j £ Bls deyd Zr § RBzlsOydsdedz §
dmf sdz L e Isfyw € O¢ diyaS(MaktiocEréhay dtdl., 20J 7fiMarden Eynden and
Larsson, 201), sO¢ d B O2 ] fiyeghtyl ahd Sutfiysav,2&lHd) { J L Zdz' IsOIs!
OB BBIs Mtsc dzOMEzd dzif)) dzfg JadstdEfiMsCEIlg Bz! dzse 5 SIsB SO 9

v 0O¢, n OV ddtincorenad MsOo bistzis@49 cQ dzts o dzO R SH W Is
slsted yOlsj dz' dzr d3n devis B dzjoistlidz: h 52 %)H S tc @Cjlslgtste | dE 2§ ts ¢
tslsB Ste, ) Ists o tcj dgw Co¢ f SHOo dzwe h jj Btsdz h

dzj 2 stc@dzfndetsiso j Isfylseo s h ddN/AS of jtadfcBwleffdz'd Is j dz! dets tc Qo
(Martincorena, et al., 2017) [ H d dzfpls o j dgdds,? H s j st tcs?2 [k H O dzt
BN HEZ §tsdedy j dede” d3 L dd@dGg dzdf §) fip ezy dz@ g detldipds ¢ dzis dafiy Jd
BzlsOydd o cjdBdLdetslsdy n kyofgh ¢ @ s pPzDdgeh j dzdzt
tc O B] 8/l8n den Eynden, et al., 2016)
ltoj HY sdztsy dIsj dz' dets tsdedeldCudods | iztc iz g B2 SlsB St O

Whilsd Wiz j s wEilsy i HsMIsOIsSCsds dd3j s " dr MW  H Odzdz
dzlsOydqw d3. Idzd W ded §  ddj dz©¥sdbp Hats d OV s diedSoCs)’ dzd
fsdzsy dlsj dz' dgy 3t i@ tsdzsCRlz Mis O dMmMisd yj M OW  dish dat
HiWvWdydlo &zlsoyd2 &jde "j, yj i3 sdyf e b 6dgd o
M yd¥W dud Mbdr SthedslszztCdzj SIsdrHdzr = L Od3j dzg, Htclze d
OBl 1 o idda dtgdadetH) S g v o egjietsOisiad ald d dzls j dzid o d
BzsOcjdzjL O osHBd ¢ jizOGR)Y L dpjstoxsm)sAo de f20dd dzo |
BzlsOydw isd d cdzse Odz' dapyj IfG 53 eSE 1§ Isafiatz' Ists f 5 g Eajrde

Rdzls j 6OCIssdd S O

sdzj ssydzOw WEkdSydY COYHGBES Bj&CO ©jOddLk
Bjd&zSOdd: Mkei jHdddyOdd, jMmdd BjdsC entsHdl
ftesuddd EyOmlsddCOdd BdtsndBdud MEscs G Giclsqp firc
qzd MdcdzOdz desds COMSOH, . | dz@fjlesSsho] F o & Odfis
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s OtcOCIsjtcdL 8o Odgr HdAzW Btsdz " ddeMlse © dtsH j dz' dz" -
Ybsts gl Mejddgisesdz’ M j f Otels dzj te-5g dz® ts dn' D iplQPafinfs® H |
fMteOo dzj dzd * ) H OHG ddesd SCatgapif gaig(O Wd digisiinGdz> (asiiylset

al., 2001)

RL OdedzatsdzOB dzt W j dedfyls § Miso § dedz” d3 5B tc Off tts dH g Ol JOX
t i dyd Odz! datdfy st tls@sRistsdf sdzse dud M dj -y &OBHo C
oL Od iBsH j(Vufnds al.d2004)] L Od @I H j 2 Mise jd@eiddzi Hdzizls € j W sts
Bsy dets  § te jou frplsorpjd s e OW O, fsis jso] i) Hid dzvos)ed A dz
(oL OdhsH j 2Milse d2 . tcCLic yidds § ¢ Ssdgvipdos @lss'dgB & o ds dz' 2
BOIsj BOIsdud MSd2 Of §f CukOIg Misg Bic d tcOtc @l |mez' | fts
o jJ dzdyddze yj @zgb 0P dp)lpOflsids? o jtch ddzr cStOW O: ¢ tsd
dimMrsHYAMdn tjBjte (Y dZs@OdskBMEEST t5) Misdzd Y dad) &
CteOBu®Pr fEklsj2 &ixHE ofmjkd §OLORd ojthdd (
slsdetsh jdzdd YydfmdzO Htekedrm kL ditse ctwOW O ¢ Mizdkdwi
Hiclz G ¢ dzdz@d3fj dzls tc O dz! dzts fyls ¢ i k& tc ®BzfiE Rihé& d s @ o €Ay tei'.
dHJ dzsd W d ¢ CBgefayisacsfitgOo dzflesb6O tc OL dzd ydz' = i tcj HJ dzj dz
ojthddzted uj &3 BEBMas®d: 2@ H M OL O dzd(del Riptetps, 0o d
2009) 1 ZOGBHOKY 99 jHJjdds dsolksAS dést B J F) ozt
YJ dzlstcOdz dasiBylsf j L Hde L@l g h gzdz f 5 (Lisafandd@® 2015) @on,
et al,, 2016) rdzv s toj H § de diadpsfiny s L H ¢ Ilsfeviz ¢ d § Hj ¢t
My dudwdude § H&Sde |isiiemebd Ctsilstste” | 6] 6 zdzd tel
Csdzdyj Msots tojekdzvIststetse o jtondzj 665 Lk telEdgy ise ¢
Witedsd dzlsso EyOmlseze h drn o § ©d@z®Y QY ™of ditfitndg |40 BO
COlOdzdL dtelz j d3ts2 ( H Grozdzt g3 téokg Hildzsds akz)) 2008)

J ftsmdzj Hdzj j] otcj 3w WtsCkfMm dihMmdzj Hse Odzgd?2 o
Misstols dzglrdzO dzd L O tEAS|dAlsdiddefd MJ s 2 . g ls MudlsOjls
otsLHj2Mlsazw dz2O0 Giitgj Hojde jdelimty dgs HfLtad o j Misd o  y J
¢ tsdzj ydzts fLiv,eetal,, &@M1) | JHOodzets B'™ dzs s 2B dzd € 59 Odzts
CytoCtrl Anal yeg@rdzd Las o OEdststatgdgW Is! Odze stedIsdBso ,
BjdzStsor j oLOdd@sHj2Mlsodw M Iss{(Wudcktal, 2018)kd “c CEtiiisls
Wuchty d Mmts O otdsfistdgjtsHoj dzd dzd  o3q dzd d30dz! dz" 2 dzOB tste B § dz
ftsLotsdY jls ¢ dzls tofsCdid tc EB @l 0 0 § dzGdg O (Varthty, j201#)ls o d -
s 0¢dj Codelstesdzd oz P d j Bjdz¢d WwWeodzwet Isfyw fJtcg S
ftoesyd MMtse (s dsSBS@ETEN tgapef dREisEOO B . v OS Y kOSd|
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YOh j CwoHdtks smw 1S jd ki deOw sl 66 &Y ji§ di 6
OkOdkzdL Stdstesddilj dsflsd $OC dsor 2 &jlssH {1
f totsls (KB and Wuchty, 2015)

O OEdL CtdsttddtlphgGehsd BibjiDd&EaE? Mise d 3
COCEBo" &5 Cdzj sC Ods tf lsqanhgifmOeat dbj 2B17p 6 @as § 5 OL O dat
EftcOo dzj ded v  sczdzs? ddzls j 6OC tsddas? Mmjls! ¢ IstejBL
BJ &z¢tso, o Ists otej i3V P! 5 dafytf 2§ O dadedZd v s | |
Ccdstesddicse Ols! sodkdC )6 Bsafj b OE sdise Ofdgd dzd L O
Bj e@BEd j dzj 2  fMkh jMmlseks hdn  dzj S Owfmlse, (s’
feslsdo OS2 Isjwofdd.

[SHliddtso Odzdy o dzzlsted S dzj stsydzse s d3j s OB tsdzd L

tcEedds fSHAtHBd ¢ ftcj HMC OL Odzed © sl wog
oz C dzj ssydesets d3j sOB tsdzd L RO. ] sHBsB d2" § fsfr
SHdBSC dzj stsydzr = dtsH | dzr dz" - E.cHitEd@atz$ LangtsRalsson ls2DA0)[ A
Scerevisiae(Heavner et al., 2013)d M.genitalium (Karr, et al., 2012) R L o | fplsissdzw
cOC 0 tzyh E®OGOC niftddgd W d t5fi) & § dqalzsl®e(ts tzg 2 iF@0O o dzd 9 O
Zm¢ tstcd tztzids § to s dzd Wej t€ @z ds(M&ximchik, et al., 2016) o Yyomls dzts fr
toj f totsc tc Odzd3( te s 9 O dadignahardaisd Vegjhlew, 2Gld) ¢

fdzse s EmMddzd?2 B' dzisdzf I©UseOUG Holzts o3 Ad4O0 siag Rdsy J M < «
Ud izs otg @ BY @ AfcdEsO ls j 30 wdbugdpli@Eagy Jd3 H dzv fMtsL H Oded W f
SOC 2 dBmoenldzd B dzts f tetsOdzOdzdL dtetseo Odets B tsdzj 4§ Yd
(Duarte, et al.,, 2007) | metsj 2 Is § Riconj 2. 29 jfpthdidtey d Is H
5324d3j IsOB sz s O~ , 7785 to (SwEingtgry et ald 2016% OF dz@ Y dzOE
tcOL dzd ydzr J S6teOded yd ded W dzO (f dz@AfiAtsf g Jodts, d3dzlz 2 1
IsC Odzj Y § yddnfdegfipdnd d), W pisdsiilgteas toj ¢ tsdzfls teolz f te s
gqdzlsjtei Mk h dr . sdf OB SQEjygER ¢ ttOL tc OB MBO @erby,ls ©OC
et al., 2010)mCADRE (Wang, et al., 2012 tINIT (Agren, et al., 2014)

1 sfyls to s g3tz fzd o dzlzlstcd € dzj Is 5 WpditiseaiisHLdly| IstOYB s jdzd ju
ttj OCodaodetsd " gzd BMbd EpEAE~ d § teSEHIW A tedpdfgaf 1 Is |
fteddjdvels Mfjydod df 2 dsQlsdg. 3OBARQEE d 8 O G dzipds
i sls 5(Ohpet al.,, 2010) | tGawotf Is fiy s © 9 lstefigRdstd® dz@ ozd te tsdg tOHifd dz
B sOBtsdzdL &3O Mo j IsdzsC dzj stsydzets?2  tsyd ydzts IGafoets y d o
al.,2015) ¢olststcOR kzH Adegim' i Cfos OBL Ol 1+ € MY j to dfdyjlsdzls ©
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s | |AGPAT6, GALTGCLC,GSSRRM2B M j yd ¥ d ydz & H d@€ st @S Gy dalz
cOCO ftosMisOl ftoj HMEOL OdzdwY BJ IssH O dzOpdangfdzd y C
MtsOo IstpclsgOdzd Istsydetsfyls s j adinf§ 1Ote © datfd'v sld Q O dffj fi
BsHjdzj?2 KBifgof sdthbijdkfsd tcB O dzd 1y tlzyGpdeme et al.,2017)
RMisdz L soeOdzd HOdzdzr § 5 ydbtejds ©OSCSor" d3 € dzg
MisOdzH Otcls© B ' dzd 9" OO I& jaifsldAHCRIFPR 's O H' 2 G
CkOmMMmMdW dydteso Odzd €0O0¢ sl o sz fMdzzyo,, J fi
odelszOdz WO iuME®RIO yYj B3 ZOSH HQOY tizpded § O HdC
fsCOL Odets, yYbsts S Odzj M §j ydWw dyde § BsHjdzd oZj 0O
mMddzkz ft MteOodzj dzd® ) f tsdzdzetse j dzts i3dMB&IMCADRRE  dzw o3
INIT dz2OR sHdIsfw  tcde® dzf 1 dels gfisdzlztzts o dzj . v OC Y j BT dzts
WOoOChktstesds, odzdwes hddz dz0O Issydesfls! isHJ dzd, Wwo dzw
Hdzw C dzOMmMMmMdW¥ dS Oydd c¢jdzO0 C0O¢ 0CIsdo. .dasdzisj dfgds tc tst
L dzOyd ded W H Odzdetsc 5] Jf shotstet®] 1§ de'zdg 1 tc BHSTGL OL Odzed W o

Il ydmdzdlsjdz' dz" 4 HtejHMEOLOdzdw: fHtesBdzy 3"

lteddzjdzgj dedd o udfmdzdlsj dz’ dg' ~tsdz@f s 5 & o Ydf tef H
MlsOdz¢ do Oj Ismw l tWYHd e dzj d3, C tsleds tf s fzdzt s t
L CiY J tod d3ndzB @dzr GedPdgjtets, o MdzkyoOj dJdzlsi 6O Istsd3dz -
Milkbd Bjdfs€o" = oLOdBsHj2Mlsad?2, BHA&ZOCK § tsMmdzj |
tcOCtsorna CdzjlstsC, O Btdz hddzfflsots tjL kzdz sOIsse
syJj tcj Hocerewigiad . v OCY jdzzdE W IsT 9 Oj Isfpw HJdZOBJE O
BjOSEdZS so" n oL OddtsH jRiishdRe bisdshy d pdedids oatf'. dz" J o3
ftoj HMECOL OdzedwY sl ) btolzn st f)k f)da d¢idts s B d>dis Od
ntslsw 9 ff sMmdzj Hdzj j deHigjddzlrd WdzGipRddsfCiisO ! Is Akjts o o3t
CRISPRca9®.

1l s¢®ytkesmls! MmMtsedzOmMdw ftojHMEOL Odedy d €My 4§
Weghorn dofHdedfydedz® § dzZROCA Hed o fitft@mls O iff JAEES2 Yls t
dzj L dz2Oydlsj dz' dets tsls dzd Y50, Is fjs dzbisipj dadgtscRd yrdddzr 9 dzliz y ©
(Weghorn and Sunyaev, 2017) | § H O9 dzs o txDOREAR Lhallbrgés B¢ s
fteso JHjds Mistej o detso Odedjy 48 dzOkzyds' =~ & tddg gstfs ythas |
dzd dz(52nen, et al., 2017§ € MY j tocd d3j ez Qedz" glz' gL ¢ tcd@€gwlels €@ alAc h i
2014)B " dzd tOMh dtcjdzr HBSBOO dzjdzd j o5 jJPj 149 Cdzjlsts
MsMisQo@@as. 10 yOMmilsded S O3 Istcj B 5o Odzts fiy! dztif fitglg i ME @y &
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Gjdz0 9 COyHB2 Cdzj lstsydets? dzd dzd d . Lidztse dzts
sBtOBEBISCd 1 CMfjtdd dzls O zDEYETER (T Demuizak, et ab 2@1B)t d Is
[Sftsdddlsjd d j HOddE j oCds yodd o MmisBYw tjLlkzc
LSt mMimds c¢jdss, O kOCHHOLEES ddl & ko Hdicls ©
9j dzd yd dz0 Cttetej v ydd &iyHE ftojHMsOL OdR) 3ukts
ftej HMMlsOo dzv jIsw o) Mm! B3O MCttsdd &3 HsMIsdy § dzd § 3.
fzh jeylsredeid s dzts Ao gz@ad o dHJ  Mdde de@gizls @s & dzdzipj RS ddf
o Cdzt YyOdzd  Bic Odigf)if jodfd Istsdzdz | H Odadz | , 9 s otcj
dL 3 dajlgdgidt©f 2 ¢ J deso fwwOCIsdyud MSd dej B" 2 L OH

113 ddzlsjIsdud mMSdd dzj sOdzd

[BtsBN jdzd jJoffy sldgy IsdzO@ dzj MS tsdz! S5 G j detsea W dzw j
dzj s Odz' detsfls ¢ d dals ji tsdgdidzipL OV dz da s PG diz . f EsSh4dAsc s o
Al SBleY Odem G Zdz! IsOIsy OdOdzd L © dzQBatzzhangkgzd9I46) dzO H
I windzd,dapldns s tej Hjdzj dzde” | Dsdep s Qgd v ¢ QFlznisany d 23
SIsH j dz' ddzts ylzef & Ismw  dzj Is Odz! dz' (Gd3. o gl @pist€ tq GO dAff ts 3R] H
otc] 3W feetsB@ HJ &ZO L dzOydlsj dz' dzOW OB BISO s dHJ
BsH J dz' dz' = s1c © P tlzd dggizistanzo d fn s O offlstasjtar dnded@ g L & dz' s O
BOMh IsOB detsG,59 ffActsH C SO SIsstetse s BM dzts dMmMmdzj Hise O
Ctsd3B d dzOyd?2 d 0900w ofiefjgatefg CIsf O €z Is Odz! dzr = d3d Y & jdaizdz" -
Hictsy ) J 2 S xefaviflae (Costanzo, et al, 2016) 1 sdRB3d Bts  sif Otcdz’ -
oLOdBBHj2MIsoad?2 OS] MEh iMmseakr s ttOB @laberf 5 d
et al., 2013)
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t Mz GSdvisd) Mddesilsdyud MSBs2 dzj lsOdz desflsd. 1 slsjtow
cdejdzd CdzjlssC (A), o Ists satejds" COC ftljtew WkdSydd ¢Jj.
lted {lstsds BHdso toj Bj dzdzOW dtisds j & W ¥ b dzCivafdde sEE{tsd 7¢  cfijd dzls j
oL OdBsH jo2dndsmjddzd  $ dzj Is ¢ d (Pyatnijskiy, eral., 2048 B s

RHJW yYjdzj &z0f tcOQo dzj dzdzsets §f sdmME O Mmddzalsj Isdyg f
B' &zO o' Bs@@HiAds dzOL OH (Hatwells @tBés 189P7) 1 s sz  tsB
L C MY § tod ] tdgis Oetaizidds Pls tiziz  J dede” = H dzv 6 O Qstdsedstsn dClsdg jdis
dzj o j dzd ¢ 5 McOodzj ded® M dhMmdzj Hise Oded W d3q , f tc
[ HdzQBEZOG sH Ot W Mcote] B3 dzdz" &3 o™ MBC s ®REBALPp sH ]
CRISPRca®,tsBh d2 ®BOMMde HOdzdz" = 5 dLEuyjdzds Mmd dzls
tc © fn ®fpalsjal, et al., 2017; Thompson, et al., 2015)

sO¢ Bkxj Sldizi yodsf: , HdzZw fsdmMC O MmdudaBlg s d-
L dzOyd lg § tidzdztdsinfislsig s Odzd 2 dzplgtdatpde Af R dzd 2. 1 51 st
o' atHWIs BBddW sted3OIsdyd MC L figsshitclzc § 5,4 5zt
O dzc s 4IBYFIerbyArnon, et al.,, 2014} e j HMEC OL " 8 O4 Is M diiss Usidisy W
0dzOdzd L + St Mindd d € Y de?jdedsjffdsdiy jefy Cdiscots  frizteej H G
shRNA lted 1 Istsds oj dzdyddz©@  dztsh OH do g y§ Yed q dzB
mMemMls 0o § &O @ OS¢y J ZHOdsfi! L CMmY J tod d3j dzls Odz! dats
L WWjiClsdo dzsnigld duH dzflded] f Otc Ols s 9 , i tod d34 dzv oVHE - MW
BzlsOdzSdas b stedetdzd d Mo jlsdztcC dzj ssydese s t©0OCO sy
O dzc ts eMi®.d3(Sinha, et al., 2017) e t®&Z@OtwW Colststets g3z BN dzts
o4 tod W d y diatislst) dsjrj jlsifdz! dztsj oL Od di3tsH | 2 M p dPldI 3] 1 +
dc j dECECAYf tod thistesd3 BB J dzsdH dzsd3 dzj 2 S 5L .

t OL tcOB tsls Odgr a3 thigth S oz! 1Clasis sabdzy St d30 4 dfiL o S ezW Hs
«f jtoj ded MG dsjedzls Odz! dzr j| HOdzdzr | B Mddzlsjlsdyd MS dn
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dzO H teclz ¢ @Pacunskidet al., 2015) | Of WD tc MsOMHEHpdzd o tshf tots
zO dzddzedd t©OBHEGRI MOt 04 ) -fitedHddiss] s geafinisHrs dziigds
cdMmilstsdztso 5O L RPP&EYY jlslafchady LsY iz W s H d + TPR (Db, et al., 2016)
rtezeddy fteddid tetsdz § Jtof desmO dzO thdatsoe § 1 9 tsdz
mMddzlsj Isd yd MS OPLKIA] IscQjdiz® 1cBjCdEIs tster 2 yOfmlsts edif J ted
s 2h sdzv 7 dzd dReifletald 20606] yJ dzd

t OLodoPBsMuHNY sdz L ¥ " dj Ctdyjfydd Mmddsjls
ftod HMECOL OdzedVY G Isd B3Odz' dzts?2 M lEegheniaridkd et &l ;s28158 '
ltcOB Akgpy d MBOotlsBicts®B SiIs O dz Stabuze s@RO B L ez M d 2
SCsdzd uj Mse jjddEesfwd&Y §sdmt O dj s Qkdsyizefal.j20A)] + dizvw
COyYHBGE BtOL YO tjHjdveslshw ¢  dz W J ted3j dzls
Hdzj ydoddzy § ftetsdLeosHdlsmy Y kg als Istf ety tej pzd Is 1s
ddzOCIlsd o dithf es@ds L W dL o jfMisder 2 dzOBBtc dzj C Otcfmiso J «

1d Mdiislstew  dzO oMy fHtododzj COIsj dz¥ detsfyls dHjd
Ltcj dzdw tOMmMh dqtej dzdv OtefMmj dzOdzO Jteslsdo stcOCtso 52 |
JHddzmise j dzdzr 2 € dzOMf  toj fls@R0OIsTsis dzy j i ydgtxfo Odlzdztsh t
ftod d&3j dzgj dedwv o PARBJded § g Iststc’dz. | Odedzr 2 € dzOMmMm dzj !
ddzedBdtelzjIs OF€ Isd-cdzis sty d dsiRagf@ DPribose polymeras&ARP),
Eyomlsekze hdrn o toj f OtcOydd BH dztgd@fBRECA/P, » BSis@ L] taf O 5
L @ s fB3ts dziz etafjufad e afezd s j o' = tcQuBE™ Y [ SBEBGJ didsas
d dzc d B d cRARMdddjo sH dIs € cdBj dzd € dij 8Oz gy©Ozy € 1
dL & yfOdgeil, et al.,, 2017)[ H dzOR By9] Mdzz yOj Hifnb B ¢§ zdztsc s [ Mt
fedB@BEEOddL Oydd Sodydfyuydd mdogls jdsidiui OB | ddg'ls
tcj Oc oz Is @GARPEGEPH s stOOBd HOAz! dzj 2" jd3 tOL o9 do
(Bouwman and Jonkers, 2014 OC dd3 Bt OL 503, h isH)Y dzjsdf® o t Hsdf d
LWWjShksdoeadeg » Mddelsi sdud MSdr dzjlsOdzj?2 o t©OCtso 52

1dLdOydlsjdz dzr 2 ftesetejmm o IstcOdemdzw ydd o
mMddelsj sdyd M¢dj dzjlsOdz' dg' J oL OddBBsSHj2Misadw IeBj 3 H
CGJdsdyud MEsets Ctdsj ¢ MisO, SC Odzi M J yd¥Ww d ydaetsmis
dz] SsBrtSHd B t©OLtcOBOIST 9 Ols! a3 IstsH T slsBtstc® f C
mMddals jIsdyijmMS&dj dzjlsOdzd BEZHjIs + WWjijCIsdodsg d3. u OF
M Isdj &3, drd dHdedzsdW d S Oydd Istcj Bzt Isfpw hdtes ¢
dmmdzj H S(O'Nalzd &t al., 2017) | OS¢ wmadkgpy S j ted d3j dzls Odz! dzr
~nOtcOCIsjtodzr dzsy destf 5L dlIsd, o gk sH dz@ g ts ig&ddld " ) &) & § SRl
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(Scholl, et al., 2009 ©EKsj €O M &zl KREFGLOoa ME fdzjsls OF
i tod dzls to | s dzd dTIBHR ' &y dx@)d”] 1) s 5§ d Bahigetialts 2011)

[fIsd 3Odz! dets?2 fMlsteOljecdj?2 HdY Bt BN d3fy Jddsy
WodMt dmftsd! Ltse Odadj B IsOOdAdgdSLIS 0 Izfnplz iste § ) & g
fjtej Stoj Misdz®@Y L tf tiztiyls tesEigEN ' 8 Htckzedrn Isj fldsvdier d 2 .
al., 2017)f zlsj d3 tec jiCdEdzdiadaizj Hz® Gedz® Bz d 5 &Pt 1 s dL fte
(Cowley, et al., 2014) COLT-cancer(Marcotte, et al., @12)B " dzd dzO2 H j dz" T dzl
dzj Is CPIKGCA-PKN3  PIK3CAHMX3. Gl tajQldgikds Osmyf esdL o
fsdissh ' 8 Is jCRIBRRIEADS d d

11410 OL " HOdgdz" =~

1 daBf dmadas | wdefnlz ey sfe §§ | Hadg) ded® sl 1jSPCrte
RZOSC sf dzj dzdz § + S jtod d3gj dzlsOdz! dz" § H Odzde' Jf,Msls BY
o dzd 3O dzd | BIBdy @izddg B 1 | o P EBZOYdr sl | ©OCTH
dzddzed Bdzj |  cwtsacdztcy fsL dlsstedjo 6 sl | HRefglsj toc
et al.,2017)

] zOMmilsswh jj o toj d3gw Modir d3 Mds&T 'z @ ecdzo @ dzdis
GJdzisduimMSdrmes VLo dBsHMHbmE | BMcOfe] ClsCdg € OF
DepMap(Meyers, et al., 2017; Tsherniak, et al., 2017)1 M @2AIB] Htesj CIsO H &
500C dzj stsydzr = dzddzd?2 HESMIskY dz H O dzdz' CRISRRE RNz {f tc j
( f toc s Aéhides DRIVE,Avang , Mo jHjdzdw 5 6jdzsd3zj, IteOdzm€
CCLE (Ghandi, et al., 2019), ykemlse dilsj dz' detsfls C oBLHJ2MIs:
ftcj f Ol ®is s PRIBM(Yu, etal,, 2016) CTRP(Rees, etal.,201p). 1 O mMO2Isj H
d dzls j tc O ColsjfpataRBWY Stc 3O, L otsdzvs h OW BT stets Mistets
d { (M stclsdtese Ols! HOdzdz" § HozW BEZGdzzB dzj dzgdesc s Od

t d Mkteig DEG ( Dat abgs & tsoifd j Eos @ ©ff ils#ly tc Gs R e K J
tsB dzts 0 dfup,lemal., 2014) 1 sdRB3ddi3s  jtej ydew sl | BOGCIsjted=:
MsHjteydls ddW stedzsOyds s Stodlsdyd MSd o 0O0ydzer n dzgj
tcjelkzdzvIsstedz n 1 dzj d3d dzls On .

r dzv " teOdzj dad v 2ol dgrfigr dsesdste ¢ fifftg to d3d dzls © 5
s 1 J(Marcotte, et al., 20128 " dz MY J yd Odz’ dzs (COLTECAREN KO, dx alg §| M Iz
2012) ] BOL J§ H Odzdz" n ~nlcOdgV Ismw toj LAZOMD Is @ |p dzts of t
72C dzj Istsydzr = dzddzd 2. 1 © g i34 dzleCOfERdEsdz@S € Hd Idciipe
o CsdzMistclz € ydd .
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1l B OL j OGBEHEEINEGENeEssentialitydatabase fMtsB tcOdz" Mo j H j dac
HioWvkRgOtdtsls d 39 ftoed Ol @ I€ QL Ys(Bariat 8., dzd
2017) [ s sdzdzd Isj dz' dzes fted o j H ] dzgr sO¢dj Mo s2 Mmls
BdodHBse OV Cdzj tco Ols d o dztsmjlsdzs, 5 ofif oA L odetGplsdsts Hoj 2y

t 4 MCaEigerGDY sL osdzw jIs dL 2yOls! oL OddBsme W 1z a3,
G4 dzth)o H Odzdz’ d3d ff 5 dzd § dztflsdy] flsftteutaBHdgetiizeptdzal.2 2017)
sdzOfMmlsswh j sz f tREEHZj Walptf o O Ismw tcjLzdz sOIst Istcj n
L C Mt J tcd(Gnwidglsasa., 2014; Marcotte, et al., 2012; Marcotte, et al., 20165 H dzts- d3d
dmmdzj H 59 O@dnjpbel, §tddQ @) d H dzts { 5 dzZERISPRAAS zdizlsH s O
(Wang, et al.,, 2017) 1 dzw [k d3j dg* " jdedwV o dzdW dzdVwWw dztsy desq sk
9L dizgtsy dztsMls L OH Ols! f sdm¢ oLOdB@sMaw L § 2, ¢
dzj L O d dd3" B3d + C MY j ted d3j dals O3 .

1 OL O HOdzdz" = Sy 16lOelzOh DHBdz" tc O tde@P jtsdzd W Mo j H § d
dzj sOdzv 7 o sCOdgvn Yjdzso j SO d dBsHjdz dz' 7 St
L ey jtcddi3j dzlstse, tOMyjlsde » § tetsc dztsL ts9 (Guap, eda. s 5 d3
2016) s O HOW mMddalsj Isd yj M& Ow dzj Is © dz! sn OtcOC Is
tOMMUudlsOdedz” i3 fted Ysdshd ddzsjcteOydd Mo Hj dzgd
SynLethDBYf sL otsdzv jIs ftoj HMEOLT 9 Ols! ykzemlse dlsj dz' dzt
dzddzed2 € dzj COwffbypddesdgld SBdZBEEts dL f Ottlsdzj totso

12uedMmlsj-BoEsdsedyj MSd2 OdOddL IstcOdzm¢ |

I yilejtlsts?2 ¢ d&Oo j s fdzbiylsos® iyl sapmosts® © Ols d W
SBEOL Yytsdndetseo Ocdeder 2 20 ©ftejHj dzj dedd o] ¢ b dzvOis te
f)d f)ls 48 dfdetelzts ¢ d PjdAPSHE(A ©  Is ts O dzf € to f(Pylatitekiz 6 al.n 2DHgz A
1 silstsklz o HOddzs?2 yOfjsd cdzdljtcObktedses B
i sdz L sO@ded £ Istc Odzi§ s ey g5 i) flzd W 2'OC s o Jtes 0 O
C OMS O tswjoddEf " dadzise b dzv Is 5 O s ls Gzs 0§ dpg zls s 5 dzO 1 &
Bsdj Crdvteds? sdiodsedd.

sOdNCtdflssd By ds BitjHjddls! €OS¢ §dd 2
dn Coddyjflse jdds 2 MsMlsOs dz0 ©ftejHj dzj dedes ds
WL d s dztese ishitenmmrgdetal], 2009 s ls o J s fislsojdaadts d § Is s d3dz"
©Of ©Oo dzj dz 2O ddzsjteftejlsOydy S tsddyj flse j dzdzs
CjdzajsdyjMSsets kOjtedOdO, oS¢ d¥ yov COSC SCsHdh
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1 ZOGtsH OtV o3 BsdsdEOfNC cdf Issd3d ¢ d, o f jotdrp 28
Is§ ndetsdztse W a3  dstfCdfttaidfLtoots K] s i aigsdzdste b g @dzd v, L
Ho O HiMwisddzj sdw B" dzd ftetso jJ H jdiz"  Lipsistaljtfds’ & dz ez
Ctosdzd yd Mlso Jj deder § f totsW dndeifo dLinCvitydf thetg dn i @ L dzq alz'o~ M)t
fdLEd IsOIsT Is tc @ defmY tg dateizg dazdze tclz & Isfywe GL " € tailzAfdedsz’
fJtcolzs® tSene ExpressionOmnibus (Barrett, et al., 2013)SequenceRead Archive
(Leinonen, et al., 2011)Array Express(Athar, et al.,, 2019) 1 dzv B dzj ¢ Y4 dedw
B IsOO0dzOdzdL s d dedo j dzdtctseo Odedw Isjrdzdyj M dnra
sBteOBBISCd MLHOd tjftLdlsstedd Hdv -RtcOdzj dzd W
ofMmd btOdmMStdf stsdzdz’ J tcRBifzftcFezPdzls’ j 8 d &z20d3] s BAS
sO¢dnr tod f L dIs®oibfiyian, etvah, @1 P)r&copn? (ColladoTorres, et al., 2017)
d ARCH{&Hdmann, etal., 2018) [ B kP gz C tcd i BuzdgtleR - H j dZOj s o
or f sdzdzj dzdj B dtsd daW tstc BAIL] y j dgAYdte: O odith] figledg" HRts 0dO L
widSydd d twjekzdvydd Mt mMmdd ¢jdse yj dzse |
cOL OBl ] Btsdzjj 1 WWjClsdoader 7 BjIssHtse dzj yj ¢
f Ossdztedd, C0O0¢C LdtsCOyjMmlse jdadzr j s k- tsdzd .

lted 3 ddg e gmMC tod f stsdzdets 6 5 O dzO dadp® Qd l4f jisdzio de'd2d dzk
f sded 3Bzl Cdzv tcdes?2 BdEB izt d OB P OEPESo S H O]
Cdi3f dzj ¢ de" B3  deOtelzh jdedW 3 o Mmjlwe B xBjJ db
9L Od d3stsH jHarfglme ah@Weinberg011)] ts1 stsdgz toj S sdemistczC ydw fr
oLOdhBBHj2MIsoad?2 wWodw jIlsfpw dzj sBatsHd BB d3 kMmdzse .
fMdzj H s Olsj dz' dzts, d dHJ dzsd W d ¢ Oy d ds O Loigts OjdStatiaf tc d
LWWjSIlsdedz m ftoslsdo stsf 2n tdzj asdiz” Jf to Jdifj Gstds@ils s o f &
HsBdIs! Mw MEkh jMmise j dzdzsc 5 { td ts cidd) dif o CatfiderGgriuls OdzO t
Atlas TCGA ftetso sH dIsfmw stc Odzm € tod ff Is ts dzdzts j ftosW dd
L dzsC OyjMmlse jdedz" » deso stsBtcOL 59 Odzgd?2 MO tOL dzd

vsdf ses2 Is tc @@dzi) C o § 1§ gitejth 34 dipldzV sSEE@Oyd ¢ ts
1 Sy tcj Mhdtelzj 3" - stcOdzMCtcd fIstso , nOtcOCIsjtedL |
LdzsC Oy Mlse j dzdzse s L OB sdzj 9 Odzed W . 1 OdBtsdzj | ts Y,
H Odzdz' n W dzw j Isfpw mMsMmils Oo dzj dzd J-¢ Offiza dps OGS B Kz@2B O
ZOdBtsdzj j o7 Oy jdedes?2 HWW jtoj dgydOdz! dets?2 + €Mt
IsC Odz' ¥ .

s dzOMmistswh jdsz otcj dzj ded s zB dzd S s Odzts dgdatsy § i
GJdetso (Is. dz. Gjdgdzr » MdGedzOlskzte) M ygJ dz ¥ dymedqy o
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GJdesdf Ofgd J dzlss9 , MistcOH O h A tsls  ts5[deCdaQiEsE W3zt €
dMmMdzj Hise Ols § dzv d3efy lsts dirsts fridssaityj si @igtsd], § H ¢ glatizdagW H & 6 5 ez
HdzZw BSHdEB [hpfddy jtstne ddeos so s esdL o sH 3" d3 o
(Ein-Dor, et al., 2005; Haury, et al., 2011; Michiels, et al., 2005) O { tMifhipistf, Mts O o Is 5t
f solststodets f toctiz@de@slzd Wdstgtss @ 2h drn dMmMmdzj Hise Oded 2 ¢t
LS MY o) Mditels deQtalsiod dzd ,  y ldftde | fpfdcCffstiscle tseo j dgts adzd € t6 O 3
d Mddz des L OoadMmj dzd wsls o C dztogp 2y O Mt § (MichiasetizC §
al.,, 2005) | J dzdz’ § U@ ezPlzzic’y o s s VW fcjOdedslsO R ¢ 5 dzts to
tc OSdiaizj dzd g Hdpdizk s gHumMel, et gl.d2008) © f tod d&3j o IstcOdzin¢
HOdzdzr = 5 t©0OCE dsdtsydts?2 yjdjL’ BI dzts ff 5C Ol
100 dzz yO22 dzs o' Bt Odzdz' R ¢ Paho ddizBisd Is HEMB 59 j todzlz
\ j dzdz®/eriet, et al., 2011)

wzh jMlsolzjls twH Isjrnddudmnédy sy BdUussdrsdssd U i)
W OClIs fMdzOB 52 osMmMftesdL o tsHd BsMiIsd G J dzdz’ ~ md e
vdrndedud MSdyJ ¥WOCIstster 9 C dzt yO¢¥ Ist € figftfintf téscpimiz jL dzle G
Stc Odzm € to d § Ez® ztHs Bicl®d 1 ced Pt ds tegidsatc d30 dzdHLA®Y y dtdis dzd y 4 Mls o
M smisOo dzj dzd W E tc ts oudpvO Is  {m9sfq futg jnfe I g O dErpAadiLis ts
L C Y J to d=tfy ddessday W IO WS sle§g eiiaglag Miso 5 f tod L dzOC s L dzC
Ctsdzdyd Mlsoets tBtOL Yytseo ( c¢cldcts ¢ d@dhgl 59 l4ctfO, te)j thoaldspilsc
s s tesdL oBHIgEEEEESic© L Z2Oyddizr = 6 j dzs o

sdzOBtsdBz f jtoj Cterlsds MfdmMEtse fotscdesMmisd yj M¢
Bdtdzsedyd M dr [WOEJlsistctfp dzd ~ W dzv j Isfiaz s thd M ts
d3d 1 d dzH d o § ¥ z © Grtc 42O B(Ghdng, dztsal), IR0fL2) " | tHddd W OCIststets
dz0 dzd Ut t§ t jddz™ e s © bpff toj MMd d d3j 3 H I oo jdglgCrpisddats  CS teelastdft
H dzw tcj Odzd L Oy d ¥ &z dfdz jf [s}stufifEs? tzts § [ dz d3 4S sdejtedipddy 2y d
o Ot dntwdgjj kHsB Iz YOs " ddB3d o' B isteC PR ts Gidlddiz] fiylidsOiB] clsdz
F{ stevw H 5 wddofriXdmffitcizivdd - o ¢ § tets g dzts fifls] o wigOniRasE), 2006)
1 O¢ sdfjtay, d3tsj  d MY tdz'Owdze HBdzdlzls d ) E dy Jtiggl fzO M d ¥ d ¢ O
f Oydj dilsszagdiiplz " j s o v fod jmip dzOfjesst d dfiddgdz C Ists
scteOdzd yd o O] Iskz ¢ gfditisgrtied degIPy ¢ tdzdz" = ¢ J dzdzr = Md ¢ dz
LOB HdzW j s Cdzdded ud MS s 4 tod i3 daj Walfd dzddzyjlssins=le  {ls
(Koscielny, 2010)
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1210 dz2OdzdL f jtoj ftcj HiflsOo dzj dzdets s d

[JHdlzE dL 90O yder » {1 dzj B dzlstse fted or BBt § ]t
WOttdOC tslsjtcOfdd weodzwjlsfw i tsdzd &3O dzd J§ ss¢6 s, ¢
dZzOtclzh j dzr 2 slsHjd detsets §Oydj degs©. O ftsfdzj Hd
ftejHftoddWlIisr L dzOYdlsjwg i j fmiztigtsiadiise tso Odzd Izt
10dBtdzj j ftetsMmiss?2 d wOMmf tetsmistcOdzi dedz’j B Mt ©p Az He
(ddzd OdoddL, sHsHELFGRAEYN ¢ Oydd ¢ detsodsjfigay dadztlz
LEMmftej mMidi® $sihdziR s didss dOE jsh t ) tedpip) tsitg st d
fd ¢ dzOdAf teds F2 GHJ dzO B Hizf ta JOF IR tcdsp itz §Asj Is iy v
sy dHOj d&3ts 2 9 4 dzd ud dz" . { B ds@tsteXO)" dpcfigde” H s fif Isftsladj to ¢
Hiyted Gzdzd tetso Odzde’ d3df tsd jods@izisdj IS¢ Qffff i@z Hi1ésd ©tsg @48+ d Hiz
LMy eihg d dscts § Oydjigabdddd' iR d L toj dad W

[ dzw o' f sdzdzj dzd W OdzOdzd L O tc @ t=Q H iy @ dgts O o diggk:
d dzils tc z dxpf dizls sEHvdets e 5 d L d s dzjtisishig EDENHD t¢@efnikdet al.,o j B
2003) d f s &z dzvWeethBedtal{Wang, et al., 2013)] tBdz' h djdsifiLod = d dzfmistclz «
B yfeed d3j dz¥ j Isfw e df jtec sd3j Is(tdafspddns fplgf " je@@) te j
tcOL dzd yd v B tsdiy hdjdzlsiiyjoteWLj Qd ts dIKhhtts dzt' al, BEZ) Is ] gz tsfls Ols
OdzOdzdL O f jtoj § oW svdgisOlefij dzdzfF gl § sH d d3tsfls ! tstf toj H
1 C MY o M ddejsde®aizdz” wists dzy W o dzw jIsmw Isted o(RnGlelto dats 2
and Di Camillo, 2015) sty dzts ff tod d3J g ot j @ Gre dzj dzdztsMisd H dz
Cjdzjsdud Médr MaV sH P ic] HPdp@upyd iR, sBSGON | dad
) M®BOlsdui ¢ dddH daBIE 5O yed ¥ Rt s 5 ) dzlzBUaHjlz Is t6 jLL Az aiz
ofmdzj HMiso d j dz@itizts Q| GPRP I P s Istste” | MtsMmlsOo dzw & Is
MBOIsduyud MSdr 6 J dzj saf ugME YE dzeh Oted Odzls s 9

I sdfjesy dz" § o ydmdzdIlsj dz dz" § BIIstsHT, [SOC dzC
COMmse , s @B EE@E | HMiso j dedets, M’ Vo Mij WYY tod Jigdg@ dsq
LEMY j tod B3j ldalstgo sdzOyOdz! dzs ¢ § dz"  ddDf &1 W3pp tg 1izf{oufe sty
HW W J toj dyd dptfdey mdiigdzd  tc OMmfet@fae sgrpatzeh j o ]
stf toj Hj degQipdiEE@pls s j todats tSlsdzd yOj sfvw s dipusdisdayg Hstdna ts
HOdgdz" 2  dz0 BOE s AL OC Isd.o B Az sSHRSH B j Mt J
Ykzofmise dlsj dz' datsfyls ftod 1seztizO Oty tximiHdd dafiat ds js dxpiatiaf]
LSy te] MMEdS Yz zOdz dzats Mo w L Odedy' § dzp iz ezs 3] B B
d M sdefuac stedlsds, toj Odzd L izdz® P t5 42O Wz diEOBpineSet
EnrichmentAnalysis, GSEASubramanian, et al.,, 2005) ¢ zh j Miso z jIs didztsy j Mls
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d Efmte jth j dzifilseo 59 Odzd 20 dzelastdestds dzOdzO frpfr§ doaf JuiEwis ¢ GsdzO
JHddd ydesets tsBtOL YO, dig jlsAddtiygsc@dEdemitarts et al.,, 2018 d -
ssGSEA(Barbie, et al., 2009)

] Mz yOJ HOQdErdL © NGS, B sdz! M  dzflsizy ts S HIdSte (
WilzdzC yd sdzOdz! dats 2 d etz Bz g sOydf d stcOdzm ¢ tod § Is 5 d3dat
fBsHe jte) ] dzf f siddpisd BRRIsdpuB M S o dpfz 5§ B p B Pgdzsy d Is
GJdaj sdud MEdj dL d3jtsllg dias{fyd lsf easdpfipstadstls  § 5 ot d3l
Hdzddzdz" | G jdz", COC ftcOQodddzs, MmtsHjtey Ol B hj
fJtedftcd Hmis Gedarj datASHis YO dBBlzls d tots 9 Barde'd <zz Egig sase dzlz)
Md e dzOodzzdgmMBH J ey O d- BBdZj j Hdzddedzr | G jder 5 Mt
(Jia and Zhao, 2012) 1 sHtsBdz" 2 1 WW j§ st @dp@dndzsjnisie ¥y BJ tcj ¢
L CMmMftei MmMdd c6Jj deRNABE q s § s @e@d dz] O dzimf§ tcq tf ts
Hdzdedz' § IStOdhCtedils’™ ¢ j daj todftadads |5 dzd B dz' ifzP R Ezts izg)
9 J oW s dastinls £ lebO MM d W d y i@ Ols'difW j to j dednd @&de'mdaty tc ts o
(Oshlack and Wakefield, 2009) | j MS sdz! € 5 Odzc BdRGEd&RdiIsO HaDs ds®)Uzs
SBcOE @O & 1 stsls ¥R | Gls Odzipf tedzt 1<5G©8eq(Yodz® tettald d3j tc
2010) SeqGSEAWangandCairns 2014)d GOglm(Mi, etal., 2012)

1.2.2.5 8 O dzfM § te d § Ysksdidia g s dz®@ @'tedz j

{HddBLotsL Bty i EMsw @y " j daf™" | sdedpP e ts B dij d3
Bdtsdzts @ JdudeldnCtstRtc s Ot e B d L o tHo ozl gl fiyls @ dzdz'c (3 dizdzts 2
1 C MY toj dgBrftefts o Ry dz€ y d 5 dz@de'zdfsf 5 dztdeO ¢ A d ¢ dzO dzef dz" |
BJ IsOB sz Uzjlffteffj + stsds IstcOdemMCtodtf Istsdzde’ | oW dd
ftoj HS toj HJ dzj dgdp' g ®Odg@assts™ 7 dL MdedzOdz? dz@ = f Lz
C Olsj cGeme@ritology [yj dz¢ © OCIsdo desmisd ftedt dmr o Gsjjladpyw
MOo®" d3 6P defi@vic d § BsWiRdetz?  § Oy d ¢mdflnds | alz] dzSdstEd H d C
Listdfdptsd s §ztse d U fSodo datidiglded o d daf | tc @ tteds fnts defOfd)d
dHjsasecdui Méd Matsyjj M §J tcpPhntpalCanpéhentirdd@ses dz’ o3

[Ottdy0® OCIkdodtsflsj?2 dzOBGSKO & jdatses HOdzj j
CdzOMlsj todesé s OdOdzdL O ddzd Htekzedr diBjlstsHtss dBO
PathOlogist(Greenblum, et al.,, 2011) € M toj M d sdzdzr § H Odzlizts § dzE@Atpdet
fSHABHLE { tcj Efpeih dddas &R KBFenO egdal., 2008)d o HOd dzj -
diyf sdz' L s s Hdzv sy dtd OMsdazdsdisz ~d §Btsg dz
OChdodesMmisj2 HdzYW COYHBEB MJcEdzOdz’ deséts fzlsd &
o Cdzt yoOv B ddzOtcdzlzé ( RAOUEINMBNte,C OO dEzs BB S OC EBE,
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(O ted dzj to, tlsojls dzgO dzj ydidedj) d ftetsedesL o7
MdcdOd dr © fklsj2 HOjls Bdjj otMmftsdLsotsHdd
fpzh j Mise j dedzets B tsdz' N d2 Iz tetsiodecfiay dz'ff dgds § o fipfh) (@l retabiy) dedh

2008; Su, etal., 2009) s ©¢ EkxJ ttBMEYyHOESMH! , fsdizd s ff tso
sHdzdd3 fto] ddglficjj Hlsa®OB tsls ¢ j dzseo  WCo dzwj jdisthy wdy  sfrofftss dass
Jqdzsj teftej sdtelzj dzgtsmls : GJ dz' tht dieftssedBiodr! da - )ty izldsey

Cdzj ssydzets?2 tetsdz & .

I rhitsfdmOdzdzzy BN I2¥ dfOBjdeys HYEg i yfjtcdspOlso 1+ €
G J dzts oz ozl Iz dzC y d s dzO dz' dz( 820 fifis dndf fagizCrhds @€ ORI X dats
dzOL 9 Ols* {f sédsdaisS] iRy dsdzdzd @O Isdz] dzdlsj tOlskztey
dzj MCsdzr S5 Odzestcd s dzgs o, fsLotsdwehdns fjtej2Is(d
OCIsdodetsmisd WEkdeC yqdosdzOdz! dzr = BsHEZdz] 2.

{HdddB dL hYf tshtkOazn§ e ijis & e s dzv § Is i)
0O dz@ s GHBAdEGene Set Variation Analysiy, ff toj H dztHanzelpdain® MtsOo Is tsto (¢
(Hanzelmann, et al., 2013) | A tSH dz' d3d! IsHt@dedzts By dsdis@dOIstcd yO 6 § «
L CMmftei mMmdd d d&OBtste dL o jMmilsdzr = Mdc dzO0 KEGEJAzdS Of
MSigDB. [ dzw COYHBSE Gjd&O yjddeOjlsmw ¢ H iz dz!
tcOMmMMmydlilsr 9 Oj sz, tbicdy Qyf tkzOw k3 tolz , @O 2 SidHdE
L C MY to fisiimifscdy sB t§g @Usy Jazd gidsde@ s tc 3z telz j Ismw o L dzO
fd Gz jEsitdginw o sCtclze dzzdzv . 1 sdzlz yj dzdzOv @& s o] I© A3
GSEA (Subramanian, et al., 2007; Subramanian, et al., 260&w fjtejatBHO ¢
(Md e dzOdz'Cd@Mj$) ®fs™B tc OL yr { dzp d3g dzls € s Is s doitis?in W o § ,dzd yd
f sCOL rdoldd o dzgtsfmls! H Odzdets ¢ 5 CiPd) atfirx@iytd pakls js. € O@& O,
OCIsdo dztsfls j 2 odLEzOdZdL dtelzj Ismw ) 9odHJ Isj f dztso
HOdz! dzj 20 § &3, dzOf tediiezd 5, O de@idad @ Ofdejdzdzy v § Oy d J dzls
Is. idstc OIs dW.d SS@®Weddd Zd3j 8 OJ smw , Yylsts odzkzlsted ctbkzff
Btsdzj € &z dzv te dz" di3d ~nOtcOCIsjtedmisd ¢ Odzd (9 ¢ dzs yow 0]
CBltste" |§ Ctetej dzdtelzs s i d L eQtehflaigiz IsdgefE i dgd dad Q¢
9" ydoOj id3sMmis! , fsHIsdf Bfkzatdd, tleojl d&O fft]
fOydd dzls© o Iskz ddzd dqdzze¥ cwkzifflkz Mse dzOMmMdzs dOIs
Isj teOdetsMmisd yj MS zxfOwig g fetz®BPlsis D BEWf s d30Mm Is O 9 dzj dz
t dmEz3es
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BxoAHble faHHble Anroputm GSVA

Pesynbrar
1. Gene expression level statistic 2. Rank order per sample 3. KS-like random statistic 4. Different score distributions T
PaHCKPUNUMOHHAA
MaTpuua reHHoi skcnpeccum byHKUMOHaNBHAA KapTa
10
Microarray
S1 82 S3 54 S5 S6 Sn 027 =
_____________ _ ) $152 83848586 Sn
- CEEEE) i o O e
o2 THETET oa| ffinih AN Lo =1 s1525384585868n 9s2 /=
s BN ] E £ CLEERNID Y ] | pel . |
« EDDEDE ot e e DECHEE | LC os« LI TCIMCIC]
0 ¢ | cEECEEE | D 3 os5 ]I
os MCIMCIEC] A gl cEEDEEE | 7, gs6
o» IIEEEICI s | EEEEEE o LI
) g g
< oe i < o INEEER T 2" gsk ..D.DDD
Basa curHaneHbix Kackagos . T:..‘} A = ene Ranking (1 5,
- o s 10 150 ) a “
v X o
o o m— o

{ dMEUSEN O M0 BO ©OBIVE' URsLfusEpOiHdsEenpon, dca2o18)s 1

[ tckce 52 R joc@demC tod §f yd sdede’ 7 W 2 dzliatpd] thatO dz!
d fMmts0o kertetatzd008),0 tslsdzd ydj ©SBVAYE@tG SO di3j IsSH ¢
f Eudlsd dzj d3, Is. J «d fridsajentiziziold) i @ dfde'Oy disfB sB 6 OL Yytso .
dLeodzj yujdedd du dLejifMmlsde" = MdedzOdz! dz" = & OMSE OH
tcj Ocdtokzs Is dzO dL 3] dzraidftipnrespanjledgenedzGORGY Is .4ds. ¢ dzO fi)
Otz (MosHds ofmj ¢jdr dstezOdzdL IZFdsHv
COYHT 22 ¢c¢jdz ddizjjls dkzdzjeotsj MtejHdzjj d J #ddad
MlisOlsdmMIsdC O Hdzw or wodzj dzgdvw Ot ygdd ydfdls ddsdsdiz OUa
( 2O tod d3j s, z RiaszOYOs,dzjdg?y S Oy HEsSEts fd ¢ dz® @H dels dsts
Mfsmsetsd dh jlsi(CORGD B BitazY ¢ jCdsdsos teT R dzs§ Odz' dzOw
BOC g BOdzr &zO@, d ¥ ddzOd dzOw OCIsdo desfls: CORMSC OH
CJjdzstc B HAS S OdzO C 9 OHOIdzr 2 CBtejdzr dL Csw®Oud f
fdzj H Iz sed jindg dzSQH Off Is d tf s o @ Elets dtral., 2008 sC Os® &2zOW M- |
tcOBtsls’T OCORSHEB@@MNC tod f yd tsdedzOV W [ztfcss frylstdstsly Ockazz QRO
OdzO dzdSLfif J tod d3j dzls O fdis didztc Gf dsfitsl tefdad IdstdBde @ dzd 'O 7 Met© € O
GjLEzd OO ¢ &OMlsjttdscts OdOddL O kOCK2 ISt

o 5L BEs|Gptzd\EYsf'j dzlstse M Bldzpe PE Y BdW gdz" d3  tetsG d

35



Pathway P Member gene expression matrix Z = (z,'j)m P
Samples
' i

' Class 1

:] Class 2

- Tm
zjj = gene-wise normalized
expression (pj=0, j=1)

i-score
» |t =

£ i>=tj 1 if t1>=0
d CORGs of pathway P and its activity matrix

Re-ordered member genes by their -scores

Gene set Gy = (g1, g2, ..., gk}

Gi<=tjq if t<o

e ) _ 1 = average t-score of all member genes
| I l — Samples
Ui * [o Wm——
ap m:D —) S(Gy)=t-score of the activity matrix ap, ?
@)

inferred from the gene set Gy

k.,
Activity apj=Z -/’
i=l vk
Gy is the CORG set of pathway P
If k is the smallest number satisfying S(G, ,)< S(G,)
where 1<k <m

Poor prognosis Good prognosis

B lymphocyte pathway

Pyrimidine metabolism

p53 hypoxia pathway

MTA3 pathway

Breas! cancer estrogen signalling

pS53 signalling

Isulin up-reguiated genes

Leucine starvation down-regulated genes
Glutamine starvation down-regulated genes
Glycolysis and gluconeogenesis

Glycolysis

Gluconeogenesis

Estrogen receptor modulators down-regulated genes
NF-kB up-regulated genes

{ d Mz4gsEh O M7 j BO tc OBARG( ¢ B dPEAE Bd® yd 5 dedzOY W Iz dz€ yd s
©OCO dzj eCsEB (1) . {ueddis.gawasy Odzs dL OB GIST

t OLtcOBSIsOdz tow H J dzjuld s lisHdds  tsCiadf ds g ©A] walztsiesd yJ fr
d dz¥ s tctlz® yifd ¢ dzO dz'0 Rsdzdih zjildls o 5 6 OC yd2, o CBlstster
ted OCydd (OCSIsdedtkzsh ow/ Jddcdedtelze D OW)QIE ©BR §H J
1 a3 Is sSIPIA f tcj HZEgrdgadpdztdnds O o IHTHWO BRI OY HiBE B Md e dzO dz!
o] MKEG® CtsdiiB ddzd tolzs Isw Ho O sd{f O ModHjlsj dz
HAWW jtej dzyd Odz! dets + € M te] fnkpdicta s b " dj Setipftscidsfidats dzts ¢ s
sftejHjdzw j BOY COC twwOMftesMmisteOdzj dadj dL d&3j dzj dzd 2
oL Od st H j(Pafigds et &.,2009) Rissetso OV Mflisj f j dz OCIsd o dz
o' ydimdzw jlsmw C0OC MEzdizdiO ¢ OL Odzdz" = MdzOE O 3" =,
Bdzets ¢ € tc Ols dzts 2 Mz 4O 2 dats 2 fjtoj MisOdetso ¢ JPWERAH j dzls
tcOL tc OB tsluUBgHdz" Qs dzdzg d Pl 9 O sl dIs s fi[dz dzO dz! dets?2 M j Is d
Gjdzdets? fyf § g ey oL o jh do Odzd ™ TdsBdstd dismfDetfal., 204@rd3ts &
[ilssH DEAP dHj @&SdnEgaptdtr jogds jIs f Isd, GHj dzOB dz¥
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LEMmftej Mindd (L ddoguaidled W20 o gztza w dsdg fgfste ity dev ¥ Isfw e
OCIkdodtkze ndd&dd d ddecdeBdtelkze h ddi3d tj ¢k dzw s stcdzr
(Haynes, et al,, 2013) 1 dzv {1 Istségts © CGtOWj Md e dzOdz! detsG s
BOC Md 30 dz! dets? dzOC 5 dzj dedets 2 dndzdfizigtsP 5 d tasts jh UG dstafjor
9C dZOH dzdBBs M fdzsydlsj d! df d3, dzdets M Blsd yoOlsj

l tOBagdsigvad MsOd detsteotgeadzd MtcOo dzdlIsj dz! dzr 2 OdzOk
o' Wodzj ded ¥ OCIsd e d tcts & @dpk' (Bayefipdfas detatly 2025)~ 1 dzv L s
Bayerlova Mt OBl s k€ O&d O dzg dsfptff s diy' d gizfif ¢ dzs y o db deltizts dagO y d !
s MMmisOe j ¢ j dslr denesbfisedidq)ddAdalsr Q)¢ o Odzo s dlisdg'tc’
HiY tsdzdzed Is | dz' ddisfts tztfyts[dets dydD ¢ dzO dz! @sts cilmthwdfylmiseddzj IstsH ™ ) .
lCOyifmksej IsjMmMssotsets dzOBBKO HOME n Jdhftsd Lt
COYH"2 dL SCtbtster 7 B dz fdsyt] Ay lo @efiglzglz@eozi datf dgfpls § [z &
KEGG. 1 0ftedd3jte, S jtedd3j dzls 5 IstcOdeMCted i Istsd
Is s dzfnls 552d Se@ fidp ts y d difte tfrpd@ddzO dz! dz" hdn05210 igblddects dgancér
Homosapiens stcdlsj tod j d3 MieCRe digjdedfsH @O Ldzlkfwi &2 MtsB 52 W
Mde dzOdz' detsects fkzlsd o dlsetsoatsd MfdMe] GlstcOdzy dte
9" 9o 5H Iz, 5 HdsdgatlfiEfbasedzj stsH s dzj d d3j dz W ih passmssetf tc j C
basedO dzc tste d,|§ @@dgd G j dzdzr 2 MBMisOe MdedzOdz dzr = § E2Is§
Hdz'¢ OMSC OHBse KEGG). Lt MddBezdzy ydtsddesd3 dBsH j dzdtetso O
dzj f jtoj Stor 0 O h d 7 fifwiz Is fisdhwag@skzd Czizd ts te d Is d3' fsCOL Odz
dzizyh jddi Mfjyd¥dudshisd §tdsddL dlggndsetdmed dzO
Odze tsted Is BO B .

s OC Y J§ tcOL tcOB t5ls Odzr BB StsSHT fsLotsdzwe hdj
ddzls j ctcdtelzw d deW ste 5Oy d -5 dfq ¢ el @ dsddr’ ¢, d B deOrfpesd] dig) t
HOdzdzuf MBS 2 cjdzgse ) lStcOdzMStedf Istsdide &5 OdzOdzd L
Mtstslseo j sMts®lzK § gzglz dzOMlsswh j2 6 dzOer .

123l rweodzjdgdjy Szs yjornms tojekdzviststetse 1 CMf toj

st OdzM S ted f Istsdsdz’ 2 b € figtilgh tsdeagOdglsl ¢ H & IsT fyw yOR
LSy mMidekj &3 7 ¢ jdatse, ROLOSkjtedLEzw fdcdOls
LOBBdzj 9 Odzd W . s O¢ 24 sBMkzyHOZEM |, dzOd B 5
stOdMS tedf lstsddz’ 7 HOdzdz' 7 Wo dzv j Isfyw ¢ jndfis@sdde dir Qs
sBdzZOH OB h dr dzOdBtsdzj j 9" tcO) jdadets?2 HIWW jtej dzyd O
SHdsERE] tcdzr 2 fcHAaBH dzaJ Lo dzvjls ftosdedC dalzls! ¢
Yylsts tMmMejddes 90y dets o MdzEyoO) drikyjddwy @Ot
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RLO®JjMlsdets, 2ylots du@yedeldaf sdzse d yj MStsets ftotsyj Mo
Gjdadgisc zdzv Iststedz" = Mj Isw o O HBarfijaf, &b, d201@)" "1 = GsfifCdflrH  E
@ ( skt ¢ ¢ g PR HIR IO RZOEJL . HOdd & (t | BEY§ kN
Bf s/ dzOf tcQo dzj dz dzO o r Wigjde]drddjtc ) =dis teH (edgQlzpy tS-dzddiss
ftcj otcOh Ow SHdzts 3 tcdz’ J Is tc © dzfn & tc ey J lsdiadizl’ iz jdzw Istitsidas
oLOdBBHj2Msad2 d dL o dzj S O IsafjocdaatolOimaz jj od3jLAds
dztso stsB tc O.L B® Pdipd 8 & sC3ddegtsz U P&t Y o Jtctso Odzdzr = Md ¢ dzO
df sfmistctsjieddfizgm C ted §f s sd3dz” = W z,dp® § d s=imCidef dgz' § f = ioaBIsts «
Bddzsedyj MSitsets OdzOdzdL O bteOdmStedfIstsdgdz" =~ HO
Gjebdvlsstese L Sty Mindd.

lrwodzj ezl oC Bz ojekdzvIsstetse + CMftcj MiMdd slsdzc
dHj dzsd¥ deOoydd HIWWjtjdydod ds (Mt Mhdlzs
dL o34 dzj dzd § Pesodzw 1+ CMftej Mmdd MOddna tej Gz dzw L
¥OClsstetse ) B Ydats wdpjdewiydis dfyrvdodey Gshfigplorlis s wlalts 2O @S O
L dzOydfdpsl d MY sdz! L 5o Odadsdo s @G dgnQ #)S-T-R) lsB sdgH st H (
Vdlsdzd . 1sO tH taigjodixicEidgs S 6dj das f 2 qjthdzdf do'f IfiPEts tOL W o &
tcj ez IssteORd G j dedets? { CMEsgEhmed df s igHOE € de€
2O IsmMOddsts W o dzw ¥ Isfqw dzOdBtSdzy § HAWW jtej dzyd Odz! «
1 Of esdsfdde’, fp d2OdBtdz M j2 HIWW]Jteg deydpt® dztc g § s dz© «
MOt d3 dad L Hownsfrepds U & d ¢ & di fdsde@atz’-dz" { ¢G-@HY PREEO" )
fMdzj Hise Ols j dz! dets, dzOdBtsdzj j § BSHO jtey j dz' o dafossdzd ¥
tak) Y HE BJ d2C ORd deQ ¢ jab AR BB s d2fBSdME O to
stcOdeMC todf ydosdadzr = OFC Is ) o @Y tstney 1 jj thote jzfy i tstayty de
fOllsjtedzse { CMYtejMifdd cjdse, dzOSSHWH (B fdz.
downstreamgene$. |\ d3y 4 fHtedojHjdzr Htedadter ©WOL dzdydz -~ t
tcj czdzVfbtsjorsdetsy j degdz" = © tWH]| tcOB tsdsdzd Wi Ode® d & (
sB dzOMisd .

[Hddz dL HeMsOkBYdts {§ie} dustzdpi 2 dzai & C s dathdzls j t
ZOE dzv H dzr GilktsHtss (dmMS0O G slgt dditd Odaiz § s
WOoCkhesodkz f toj Essagmdj dpts Qo Is s tc QHsgaghr, etald R030s j¢ 9 Is tstc O«
Br dz mMtsetcOdz HtsMiskzf dz' 2 Hdzw MmMoetBtSHMMSets MEOyd:
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tcjckdzviIststedz" = oL OddzssMmew L wron L sOdZgOWL jL g iy wis j i téds t
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sjtf dzseor pJUBtdst’ ,j CtsstcHddzOsr  Milsd. Scweetdr d 2
d MmMtsOo KSshededBd et al.,, 2013) sHsB dzte PW d S d dBSEckls BT Is!
dmf sdz! L s Odzd j d3 tOL dzd dptdzl & dzed@cly tdzideg@ToG © Cf Gl t 0 «
(PerezLlamas and LopezBigas 2011) Intogen (GonzalezPerez et al., 2013) cBioportal
(Ceramj et al., 2012) Cytoscape(Shannonet al.,, 2003) y Omtstsd d3J defsL e O dzd L O
909 d HGjtoz ¢ sod TG tc @ H3gz) dzts dz3eias 5 to H el JEAc s BEMB W dz! Yytso O
OH B 5 dzdzd IsH teits iz Pflzdf EH  tefigts dB5O Is d FEMSCOfpdQAfic OB j dz! daf
U d o &f P dats p dzts ddg'tej ) lschdss. 2 & d d3] fotistslzs to O df Balgtisdetiz izl dzls C
fsmistcts PEAEE ¢ tuaf OF W@ il Citsdg(Krzywinski, etal., 2009)

[ dsBHT dHjdzsd W d¢ Ooyddnd ©&ed ipisdsd O disid &y |
tcOfMMmdzOlstcd o Ols! Mw COC YtsHAattH & ddalsjectceOyYdd HOC
cOL dzd ydz' 4 Isdqr Bsdzj Czdzv todz” 7 ) s ES'EYS ff2tc tstfnts tc @z
ftedL dzOC tso, sj 3 MOEr i3 k4§ tesh OW (Ceetfdd,desal.d 295N ¢ ¢
1 Of ted dgis eozts f toj H ) lcd@fodds ' ) CC@RLOD dzr Rislstster 2 B ' dz t
OCIsdodtetso Odzdz" 2 o Mtssls azidds fifpidpQidd L eI QEZM ¢ o of gzt
Mdcdod df 2 fiffsxly ey df@iigd@l ted § yd sipdz0 s Of sk
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BzsOydE2 L ks ®syjl ©OMMEBOEEB O IPHY &« OB Wizt B O § |
d L d&3d deg Wy tej fnfioleOoB. dzt Higsdigmtc j HMise j dedes kG OL § o OJ
f tod ydipddgt flso j dzdz” j| d35j ROdedL i Hkw et Mingiets
fsHBGk 1 KsjdtelDid dizts 2

13. 1 j et dzO tzdfLe@usd o 56 £ 7 sdzj:o 5T dzdsdgdaQil
dmy " IsOdadtsc tdOdgazdz” J d dzMmistelz d3j dzls '

ywisOw ¢ hjflsOw cd&Os' dOMlssWh j2 OBl
s detej ydL d sdzdzs? 8 todS) dstsaedsdflzdzj sz OdzOdzdL & H O
steOdMStedflssddSd fl yjd ¥ or wOBBICd 6 lsdddGdkd
odzOMIs Y OHB I dzd s j & O Ot dgEOts EH® OB HsHY o dzj H 6 dzd W
steOdzMS tedf Is c@Helf Fesp e §LOCIdyi MY ©dzS 5dsd ¢
qdzmistekdsj dzelst d tojfktehr, Skt j &sckls BT
qdzls jteftojsOydd tjLbd kOkses MjSojddiese Oded™ ¢

1311 toj yqdL d sdzdzOv tsdz§ sdztse d W
[Hdd s dL sfhdse dz & dzO{ tc O o) lsiddpdzts ffflsfo @ Mg
LdzsC Oy Mmlseo jdzder 7 deso stsBteOL 59 Odzed 2 wWodzw jIsfypw ( f

fcjf OOk, Hj2Mlse dj Chlstster B dzOf 309 datits
My shsemiso ks h dj ik, &jilkOmMsOL s Odzds d o
i juyd¥dyuimSdn ®kkOyd?2, Hjttjckzddttss Oddj { Cf

Bsdzj C zdzv tedz” = COMC OHBo ZzOf oW d3lz ® Mo w L Odzts |
fJtemMsddYdydtectso Odzdzr 2 f sHARBBH ¢ or Btttk ftoslsdot
fsLotsdzdls! dLBJjD®@dsi H HaBE daRjuy WS Isdo dets?2 M j o3F
sin #Oydjdestse, Ctlstster j § sdzkzyOls dOdetsd hks
lLOoddismMaw L ! GlsHjdz dzr 7 6 dzj Isd B dg§ df - ¢ b At &
Bdtsd®BOts jtotso ) fp L WWj CdstsRo delsnts Of d ds s L 1 ug@fdzOdh ¢
ZOMiskzf dzj dedw 4 tor MiCojddtetse Ocaf v ¢ tf dztpfsciz® @zt dz
202 H, judstts S kznr sdzd s dsay dzsRE Isysicdz -0 didf dze & ey frqaa) o
cdfiisny wp Hip§ O, HERR] ukzofmise dlsj @mdztz L ©(@dypmn gatdzd ¢
al., 1998)r ezec ddi3d dL oj Misdzmtguj f Bdidil) DO g BOLhHEts d
mMdzzy dIs+ dGdyqdgEGRRY tod dzj d3j dzC B¢ dzj Is sy dietdg S ts@ S jo
ftoddsj dzj ded § G J W d Is d)dzdop ORBERAFeGADOs dfceeioB Q3] WO HASIsFf o
ftoddsj dzj ded § o juRfplOodgea/@d@ddj ISOCdn fSlsHj dz dgf n
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odzOMiIsswh j j otej W (oM dzi Misdets o dzj Hleg dztis O dg¢ O
f otsG tc O dzd3” t sihMmMd2 ME e s sBh jMlse O Cdzd ded ud ME
Bs dzj ¢ z-ezy dzgdsd yd M< 52 HJOGdztsmisd € d sdzC sdzse d Yy f
AjHjttOydde fttsotsHdIlsmw Isj Misd tctso KR JRAGERAREZO dzd
EGFRJ R d d3J tc dzts ¢ s ALK-EMILE. ¢ | dzO

1 sw o dzj dzd § BB stsH 5o o Ml sftosdL otsd (b j dzsc
ZOMmistsw h Iz tcJ o tsdzs yd s ) tsB dzOMis d GJdzj Isqd¢d,
Ctokzf dzsdzOMh IsOB dz" » dMMdzi HS9 Odzd?2 ¢ J desdBO YJ dzts o
LOBtsSdzj 9 Odzd WV = . ) yomlsdzsmisd, ) tcOBE On ftotsj
https://cancergenome.ngho v / ) B d&zd ftetsydlsOdz HiMmwisCd IsT
ftod o j dzts ¢ tcOL tcOB tSIsC dztso ' A CdzommdW d¢ Oyd =
sfdetseo Odzdzr = 2O R Ot OS Isj te.dkr =y CIBlsidatdiIsyfd, v =B redzd e jod
s dzy ¢ &z dzv tc dz'H jdaw O & @ s dAf &h@1Genome Atlas Research, 20ty O § 8 y ¢ d
(Sato, et al., 2013)f j Odzd L Oy d WTCGA o j=Cjds@® Miso so OdzO ddzd yd
Cddddud MS dn d40M deOw En Calaf 7 d2O0 dL zyjddj ©OL dzq
HdzWw o' Hjdzj dadzr » Bsdzj SEdzwtcdzr » fsHGetekzff. | dOyd
M Bz dzdtcso Odz Bkztcdztj] ©WOLoOodIsd] d t©OL detssBtcOL dz
sBtcOBBISS ] OOz L Iz.

RMsstedw € uzfded fjofg dzj dzj dedw o ydL dsdzdzs?2 sc
MistcOIsj e dd dzj YiGBdiO dzdeO - s R a fls™ 9 OjIs SHzs HJ
COYHBGE BIsHj dz desets Cdzdded yd MEse s Mz yovw Mmizd
BOIjtcdOdzO fkzattdd &Exjidss OldzZOydd] dzezaAQls tsotsddgj jj
tcOMY totsfipls thPjdBjodd dzd teso Odzedj HiMWIsC BB dJdzd Mtslsy dz
GJ dedff Odgj2dz 2 G Qo dzj dedd G5 dzOHL JolZ nL d teSS@RLf
&3 H d ¢ Od3jzdpld-tsoalandDrug Administration FDA), f tc s figls O o d dzts € ts 3 O dac
FisherScientificf tc j H o Oted Is J dz! dzts jf Mtf B AL | Esipflsiid | GzOc o mi n e
Testf to j HdzZOL dzgOyj dzdzsets HdzZv OdzOdzdL © 23 (¢ j dztseo o
sj &3 MOdr d@3 off jtcor | tSH B tod NGSHipdeg ddzjL?2ts 990 d&ff dzd dsd
s H tsB toc FDRG js dzlz \NGEPOO dzjMEK-1 MPACT o [ | d3sted Odz! dzts d3
yd dzlstey d d3. Is lsjdmsofzddsOO s(JMSKCC) . I OdzdzOwv f Odzj dz
tcOL dzd ydz' J Bsdzd Cdzv tcdz | SB detsdgR € Gzj 5 1s  HfREHj jdz" @ c
o0tedOydd udfmdzO Csfd2 d rtetsdtskBrdgdd a)@Iddsds tc!
G j dzdffGO'dzj FdmindationOneCDXxE (3 J 4z080L tc OB ts5ls O dzdzOW  tsH dzd o3
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Codzdsd teyd MS 56 o tetf taydf d3 jo dejdatizfs"d Sz f sfEig)dRtionMedicine
Inc® (Allegretti, et al., 2018)

l sd3d 3 dMyf sdz! L s Oded W sOtec j Isdzr n f Odzj dzj 2
sdz sdzse dd §wazdes e | s d3dztsy ddzd  sdzdzsf 8 O s B&EzO § O @
9 0tcd OdzlsBGs dBjQit If sdzdetsy o H Mis Odfdsj dpdsiO otslz] algd dzts dgi s
f Odgj dzvw &3, o Ibtsdd ydmdzi fssLeotsdwvw Btdid Istsydss
COGR teslBsMisdzds’ 2 Cidj d4cQ thyds@y d d ud &) jz@fof dz@YRB® o0 Oy ¢
fteOC Is s s pOdizg dg Odeds ¢ 5 f s Hig WsOreQsiA) tdzw] F |ff d@rdadfiz'e dday | Is iy
mMizh j Mise j dzdzts o34 figlg' & O dzdGtaldzopi@fddgfOz) f sL otsdzv jIs o1 W
BzlsOydd M dedL €52 Odzdzj fiytoges v YO B 20 f 5C tor
f sSdzdzts G § desdzdzts s d dzd ff sdzdetst S L sdzdes 3 f1p QO 8 § dedzf (s 4 «
150r Mttslse jIsMmilse j dzdzts, sts ftod dMftsd? L tseo Oded d
G dzlz B d dg fsCter sdw 500- d B Edihqdyg d4z@ ¢ Gl tzf dad
L BdtBd uPhBPELC 9 serv i Bedzi i B' Mistes) ot d¥ls o'
Md Coj dzdtetso Odzdw™w H B ( dzifJoldafors £tlalOAPHOY toj L Zdz' IsOIstse

sdzs yior 3d otftesMORRd dBsdzj ¢ & dzv tedzr rls tdsyjdigdsids!
otsMftesdL @ sHd digsMmlis’ O OS] MmiIsjtjde LWWiSIlsd
ssydesmisd d otmMftesgmbise | BEHBlydzesNES o j to) HOIs!
dmf sdz! L s Odzdw o ,Sudsdsdzdf§ga to jldigfld@RICHdtNBS §tcdcts
HiBydd MtsdOldud M dnts ¥BOISE dids d Bt®y Qdzdas2 11 s,
f OtcOW d el Crs o . lted 1 Istsd3 ykemlseadlsj dzv datsfls! fr
fteOCIsdyd MSd H gliihls gtcab, j2B17) 1 010ds M d3  Is YGSdztoddinvc) disfi ¢
M smtse dzsMmls ts d@Q@iEslz 3 dfip OB dzdzjod@ tedzts 2 YOMistsists2 , (
dzj HsMlszf dgs BjlIssHlz MjCojddtctse Oded W fts wi dz6J
(Misyura, et al., 2016)

) Isig o tcj BW MdzjHEJI Eydlr 9 Ols! | Yylss mjcoe
Sujtej H! dH] didsi@hidleed glzlsmise z¥ M dj o B "dcC
Sdzts dzO dO teleofvls § Gy stg @ tsof t5 thideizisdgydzg f) tzed 4 OWW j S Isd o dets s
d o dzdizOls'ff ot dfdgisH B tsdzj L dzad , o C dz¥ Y OW-Iz fif ldste 20 qixf] ek
LdzsC Oy Mlse jdeder = C ez gIisd saR dePinls @ OK g . dzi L dzOy
sfzrtsdzd Byl ddijls! 9 Oy dz" fSutténdaddiARosendyist,d2015) s f
stotsdzj , dgjsEHsh SH J BB Lz dgts I tes B Is ¢ pEdzs ydd i dzd
HOo dzj didgjtsig ts H ¢ @3t& D (Apaficio and Caldas, 2013)v QSk f Oy d j dzls 5«
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f4 oo t5dzOYOda daskedipfspy ds¥d uj MC ¢ ) & Ol se Qdzdazy 2 "
®Bsy § s teOuey d af Bs!j fyals dzts f ls

1 Oy dzts tslsdzj Isdlss h dyls tigts dgj dethzO frffistdsjvy d L d s dzdzlz ©
cOMMdizOIstcd 8 Ols ¢ COC Ekddo jtemMOdz diigtf sfifsB dale W | Sif ldsdf ¢
cOL tejh dls dzt Bts?2 Cdzddzd yd M€ d2 MmMzzyo2 L st oyy
setesdzder | WddzOdzmtser j d IstekH o 'Cho M LOBded@Isjr  fiiizOtiz(
ftoj ydL dsdedets? tdbsdfe i ydsHdmpPmls: ©OLode Of
34 H dzj, dzpgid3 ¢ o H MEBGesuytp 204z [ § dMOdedz’ § o MdzjHE
slsdetsd s j dz' dets dgj dsdes e syd mdzj dedz" j toj L zde GOlds,” Qs
CdzOMmMlsswh j sz otej d3j ded Hdzw EMtcj Hdzj dzdese s dzS s C
L dz2Oydlsj dz' dzts G s ftcjotsmMrotsHMIse O 9 LWWiClsdoe dzts
ftoslsts$ sdzOd3( . s dzd dzdfRlglsiPSyd] d actp@abglgaputationy zH O j Is mw
sB dz0tclzy fezOB s HtedBdzdL dlsj dzt dets k2 ff sdztse d dz f O
Bsdz! h ddzmlsoats BlsOYyd?2 o dBEPEHMEzy d§iztso ik BIs b
o oflzdyddfgf Clsts LObtkzHdw jlIs tSlstcOBBISSE d3 BSHt
dzj sBrSHdBBsMIsd dzOS Of dzd 9 Ols! Btsdz! h dj (Lawremds,t®€ d |
al., 2014)

vdd3 dzgf Bjdzjd, wtBPd) EMfjind BBdkOMd dJLE
1 itsBrBHd B tslsiddedd Is? |, toc QuisHs] dz L dzO dzd 2 Istsdz! € ts
f tsoMmJ Hdzd o dzts 2 ftcOCIsd¢ j M J ydodzdL ddtse O tedzls B 3
fJjtco sdzOyOdz! dzg" j stczHdetsmisd o Istsd3 ydmdzj 9" L 9O
[IsmMEzlsMisoedj L dOydlsj d desc s {fftdsij oys(n dtsHdinitse? O sodzG mie
BI Is! sBi WMdzj dzts Isj o3, Yybsts ssHBdteOj 3OW M kEyj
Isj cOdgts[d Is B ' IBY 2 B)isaBjzgadanicfddegi dzdzts?2 € O¢C Ctsdse d dzOy
ftoj f OtcOlssiod L @ HAROK tistfiztc &  gizn 5 dz@r = S5 ddgodgdsias woh dz oizizd
dfmyf r lsOded? ftojHY sdZOcRt ditsxizisls | 68T Y ) fifldsels ] daggts] O
GJ dztstRuzthj dzls f tetso O dzdptESIGY His G By S Jdi3 MsSBLOY J dad
C dzd dzd u g MB dzf 1 o AfdgdiQe 2+ o Bug§ G PH s v  zth Grinfujjatas O
o tsL d3ts ) depddsdfizOdcls ff totsisds € tHfdx= ols s A3z h #f § fEf delisjc A2y d o dats
~d B3 slsj e OF jdzisw juGdds. txiglzdzOy O] s, fudsirz tdflsBtsy dslsizsdrylsc
t6j L zdz' 5Ol s ftc] upf o ¢ drdstip® dasylz! Itz 8266 W O dzd jdrdg didtRdzd
s cOPgd 9 (i N EE] 8 Bliddds WY j Cisdodg d
fsdztsy dlsj dz! dz" &3 toj L Zdzz g O gz ued s O] B Hho O B3eadls d
30% 6 MtcOo dzj dzd © M ftoiH"™ HEMIG | dzddsdnjfdtc s dplj :
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LU W S tzsmisddzdzd § s o@Dl s MudlsOls! fkin ands s d
Yang, 2019)

[ Btsdats 0 Odzdzats fiyls ¢ ftodd3dj dzgj dedwVv Isjrdzsdzsed?2
sftej Hj dzv j Isfpw fMlsOHdj 2 tcOL o dlIlsdw d cdMmlstsdz
dzts o ts s B tc Q(Bchvea®brdgvet al., 2017) rfdowy dsjadls tc Chyllsd@®Hed L OB 5dzj o
d ftesatsHwh dn MmilsOdzv OB tzy fzs M Bzfndllg € gz migd dedso O dzd |
sfkotdd. | jtswisdbsdzo Mijdtse 2 lstjstsms dls!  H Y s dzdz
LdzOoyd " § Bdd@OKS jter  s5d3d dsBiz fiidsGrdgts § daplégdte "uj €3
cdMmistsdzsedud M¢ ddd (cddiraird]dsiSd) O tzg MM ) s sRistetsc § dz
ftotsce j il HERR de@z" tc O dzdzjtQO s R2tsiqfdits 2 ). PQYdag s s d o )
toj WtcOCIsjtoder » Bfkratsdzj?2, Hd&VW Cltster Adadfyj st P
s dzj 5B~ SNESREADSA L O, o dHJ B, Htsdzy j dz tej h Olss
[fEBdzd S s Odets L dzOydlsj dz' dztsj Ctsdzd yj Mlsots tsIsH j «
i tod d3 daj ded W Bj stsH B9 ftoj ydL d tsdadats 2 sdzC sdzts e d d
toj d3d MM dR2H ddgPr ffipls OH d Vv Hasler®, eetsatiz PG T &mfldubskaya, et al., 2019;
Sultova, et al., 2021)

1dxd ftdeojHjdm idzsodz §j < sOfr Odz@ dfdhlz@ztsg
7 . Il twjLkzd Oy MjCojddtetseo Odedw™ o7 HJ dzj dzdats?
B dzdzd sdz' CtteslsCdrn fHtosylsjdd?2, Ctltster j L Olsj d
o' wodzjdzedwV cEJjdzgilsdyud mMSdr o0OttdOdzlstso . { B réyd2ts
9 0tcdOdglstseo (tsHdsdzz C dzj slsdHdz" j L Od3j dz' 10§00k jdeYts dz!
fMdzz yovw ftsdzdest CL sdRdesets My Coj dzdtetso Odzed v . 1 sfMc
ftotso tsHdIsmw sy 20 WiEzdl ydsdzOdzt dzsgts 1+ WWjiSIsO
slsB tcOMr o Ezslsdgvdzd fMak" J L Od3d dz" , Yylsts ftoedotsuHdls
Csdzdyj Mo © cjdzgilsduj MSdr o @QAOHOO dzlf thds O o s d j{frievd B
Odedzs s telzs siw fklsjdk §s5dMCO o t©OLdJyde = BOLC
ttOLHjdz oMt gjek dzZslB@lsc,0. 9 1 L Qo dfid dBsisd ts
My sdz LEjdgr 7 Odecetsls Oy tsdzdz’ & B @Lj,dzj st daq LIS o
Mdzdy Ojlsfw HB HjMWkCses ddd Ml da
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{ Mz &ESsMdzj Hise Ols j dz' desfls!  sOf tso Yy G disBiazGs HOd
sfkrisdvrn: ELSB] &Bifists fojydLr dodedes? sdStsdsecdd. oHOY IS

1l Oy des BlsdBilsdls!, ybts ofmj orhhjsfdmOdsds j N C
ftesosHY IsMWw f sdzdshis! 8 OolstsBOIsd Yy MHGRZOF s dzf tc s
ddzs j tef tcj sOydd c¢jdzjlsdyjmMcédr o0tedOdzlstse o fdsr
SftejHjddi §tlsjdydod ds WYWjSkdodr = d d
MsMlsOodzj dzdj dltsetsosc o Oz Y § O Fis € g @ GAalEAdEPIB IsCsts
1O tids { kO] djtsBrsHd®BS fse jmlsd Ish Olsj d dalz
fticdstedlsdL Jtotso Ols d MediMmisd eoetsjHddzs W EkdzC ydsdz
Ctsdzlsj € Misyj ddzj s h dn Mw dzdlsj cOlskztcdz" » Mmoo jHJ dzd 2
dlzyd bsd3 St siddg@ i dssisd st HjdzjddY Isjofdd,
fsCO dzgj By jls BT Is! Hise jtoj dz dMC dzt W delg jHdylsddte dz
Mtsets?2 dOdetdZzpnjRL Y ci3ffdsts sOf s ftoj ydL d tsdzdzat
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sO¢ MmMdzjHEjls dL o hjjifffClOfoOidERs ctis@B =HIgdzw i WG,
f sd3d dzts L dzO dzd ? ) sB &zOMIs d Bsdzj € 2 dzv te dzts 2 Hd
~nOtOCIsjtedmMisdSd cjdzgjlsdudmMédrms o0OttdOdzlstsa) Is tc §
BdtsddeW stczZOIsd € j§ ( 201 tod d3J ts, tcOB 5ls O Mt my
d izls tclz dzj d@lds@dzddg@o ™ S d, © HBY{ dzdzj dzdj & L dzOdzd VW o3
tcd HEB Mty sOs Ismvw o tsHiclk1dgzsM lsitey e@dadCsls | tsls f 6 O
~nJBBdslsjtcOf jolstse Ed3j dzdv tcOBESISOIs! 9o C s5d3OdzH dzts?2
L Isst@tsHdzj dgf Woedzw jlsmw ML HOdd) ftd dzj yijsde" = 2
ts dz$ s dzts(ehafefular tumor boargd d3j Y Hd My d  dzd dzO tc dzts 2 ¢ sd30
~rdBIslsjtcOf jolstse, f OtRstel sdizsetso , GjdziIsdSCtse
Mo jIsse Moa®isflesdyg sdwic®OCIsdS O o jHjdzdWY € OYHIBCE
OdzOdzdL O G jdzi sduyj MS sdwj sl € jdd@zd 5 S $8d smtse
(Singer, et al., 2018)t OL tcOB Ols™ 9 Cf B W tficdzd j BH dzW ff totsO J H | C
L OfMd HOdzd 2 Mo jdpvEedzs § 5 5 dzS tzgsts izlodfu, dz0 W O Sf VildOBs ¥ s to
(9Cdz¢ yos h ow BOLEZ L dzOded?2 5 BdtBEOLs jtcOd3, dzO
YoOls) Br dzO dMmftsdz L so OO H&W MBLHOdY § Z20dz0 d
Bsdzj CZdzv todetse 5 tqRishvpida et g., 2010 d3dzj L O

1325 dzd dzd w4 MC ded "I My r s O

H Ctsdzyj f sz Odzt dgts 2 ssySd L tej dedqw s dzts o dzO W
ofWwodzjdedj d IbOtcjlsdtetse Odedy MY J ydw doug M€ dgk v &g
tcOydsdzOdz! des d fjtemyf jCilsdo dats. { HdzO¢ 5, s e dzOf
fslsj dydOod dzOsmise W W skOBthaeth (BHABHO H s dzy dzO
tcOdzH sdB3d L Jtetso Odzgdz" = S dzddzd yud MSdr dfimfr sOdzd2. 1 d
Cdzd ded g MS d m dmfr lsOded 2, ) Clstster A dL zyOdzd
ftejydL dsdedes? Sl sdksedd.

I fdtsdz) s s5d3 ded@teai Utk didetpp fPS ts d3 , ity & tsHOfAf"dJ «
920122016 G L EyOdzd 1 %W jCldodesfls! dzOL dzOyj ded™ IsC
CjLbd SOKOL M) o (e oEmeddzf v, 205) ¢ jtktso sscts Mt
9"y do Oj ;ssmis! BJL §teiscc Ny e p-aay @ dz' Wity tc s dz!
Ctozf f Okd (hD@e)d j dzlsgo cteztfdr tevsfdrH g daffOydj delsr M d
MsdzdH d' &8 k5 tdvdgd e oejcegd@e hifdido, 20 fMls OdzH Ot
ey ddr . 1t dsffipdzyong] ddde'dz® d o Bl dss B j L ftetscte] fr
sl @SkHBPIH%H so . LAIB. + ¢ MY § tod d3j dzls @03 dAp®OHN@ tc Iz f
Hseo . 1LE2A3e ctokffj Ctdsttsdvy. 1 tod dbls @Is ditsls do jvfg

53



cOLdzdyd?2 o or)ydoOj ddtsMmisd H AV ol geel)tsdz@ tzg C tFie ®o
s 4 k7 E=dl).

1 tsdziz ygJ dzdzm 2 slsted yoOls jakry dels? Bt jsu Z dzs B0 dzi dz
i toe d ud ¢@udzef, 2017) o 56 ZOMdzes dMrSHdsBE HdL 02dEz, 6
B &z HBMIsOltsyYj dz Hd26 s e dz@Big daj fadzf v o1 5% stetsfis d
Emdztsedd, ybt MmtejHdYwY o dgGiskEMy) ol OFd Mdly©®
ftcOCIsd¢ j B HJOAZO 9" 3 do O di3ssMmisd 9 HB AR MY ya.k&
t OdzH B L Jteso Odzdz §| dMY " IsOded 6 kel Ils Ols®o Gls! HBIE
i ted ud dzO d3: zdets ftoj HdzZOG O Bts § L Sy j ted d3d dzls Odz
LWwWjClsdodes 8 MeOodej dede M toj W jtejdemde o3  SH
(uzemlsoadlsj dz desfls: ) dMmfr sOdedv dzgj HtsMdp.OlsYGHEO @
shdBSk o tsyjdt] orydeOj ddsMmisd, sy detso § tefsh 1tz
oMmMiEtsdzt dzj HsMisOlssydes MlsOlsdmMisdyj M¢d ish dzr &3 H
ftoej ydr desdedes? sdS sdzsedd fjtejH MIsOdzH Otelsdas 3 1§ t
slsted yolsj dz' desc s todg@ dztslzy s ©Oiisdiy ty P dgAy 1) tisds)P ag@dfls-dfimyj i) € «
sfyd?2. 10 MmJjetsHdawh dad 2 70Rts digOdzlslz’ H ts fig lsli i dz' d IsEstedz o |
o dMmMmdzj aHMVAGdgd s dz' L s Odzd Istsdzr S5 fMj d3

I s jClsdodesds € dzd fed MPBCBA B O 0 P iz O Gedzd dzd
fsdz Lk b dMfsd Lo Oddw KjlstsHtse §tej ydL dsdzd
Mtsdzd H dz" 3 W NMagamkckt alg @ELY) [ dzv 1 stsé s sy dzd © Odzd
Colstster 7 o ydo Oj disfls! B J d3ts dffj t& dizwdftnis jicfisfip fotOtstadadsdxd wis
ftoejor hOdzO OdOdsedyds 2 ftsCOLOIjdz2 dzgO ftejHuh jf
I tslsdzd Gdz dz g j MS s ¢ SHIAN G o s Qeigdgidzj H BOBBTO 01 dzj
ftej HEMBOIStcd o Odz ¢ SidadsdzjsUAr dizizts dzrcec Ztf tf kW d dzts 0 Bdzdf fF t
40/ 706 § dzts o syd 2 0 ¢ d2dsimisd o&GilssHisd MitOs dzd
fsizzyj dz Hdzv @dB- tf@dpr j azlscbMadzj H 50 Oded § dzaf &z g Bz§
L dz2Oyisis’ag) ¢ z dzv todz' B ' diad d3fe@@ldAf iy OV =, H29 CsBpd] &
f tsdzlz Ydgtezapj § b-fizts o st Qalgde O.fidef yd dzr , 5 SClstster
f sdzz yd dzd H Odzdztsj dzj U dzd j, o § dz¢ (B Mt jsdA 5 jso B
Hiczkedr foiBSsG&®a G Oy Jdzlds@ H{cJ L & dz63K9BI$3B%) Iz
fOydjaesezas L OWJdSMdese Odets o j dzdujdedd o7 3 do 0Oj o
B sdzj J fts5 MtcOo dzj dzd ¥ fn mifistésjvH " HiZd | 35 jQIgHzde @Y @ lg62,.
sB dzOH j N ffdgdyds s d Is Eydlsists@s s vYBots ( 63/ 843) Ezmt
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Bts dzj ¢ Iz dzi Gz AdQagd | dels iy y d dzd ¢ dzd dzd yd ME ¥ f sdz
sjteofdd

1 4 HO8 tzatis[ff z B dzd Ss@EOMEE" 3 2 Is 5y dz" 6 tetizjtf Ldiaste{tslzdOisf ) ¢ t
d mmdzj H BIEIMMEHCH, Molecular Analysis for TherapyChoice (Flaherty, et al., 2020)

[ Mdzs e dets?2 vy dzr v d vis sweasdzvd jinlénfioefil isgiQdiglcs o ) e OM tots
ol WtcOCIsj todz d3d Hstc@O OOk, tsB1 j SIsdodz 2 Blsa j
)| COydmMlseoy fJteodidiyklssydztsets tjLbkzdz OSSO B dzd
Bsdzj € 2dzw tcdzr ~ B BdizOtcC j totso OfmMmMtsyd dtetse Odzdz
fteslsdotssfzatsdzj otsats dzj yd dedw . OnygziEzls @ fe 5 @ dzO ddgf]L-
PHOdzsMm! f(tese jMmisd dBsdzj §edisesg " jf jc sef d e s p @diz
143 ¢cjdese M f 5di3sh 1Onconur@ienljSéndzirnoRisBedacientiic USA
(sYtedHjdzjdd ddeH ] ko, Oy dzdf W d ¢ Oyd 2 d JsteOc
dBdi3zdztse dMmistsa d i3 ud M¢ sd3 CPIENIMLHY, MSiH2, BBl g f) -~ B 1 didS
Cadddud mMtd Ldoydda" j cjddsduimscd) o OOtz
wddz sty d dzaMmzgsizd ug o S dts dzj Cdg O doleiz/deofO f o d3j to,  dzC
9 0tcdOdzs s tets eOBdgdzyd] M toj L d Mis) dasddsdisis fyls &z sd2j Q)
IsJ tc OsfrdobtzOL dZBI8YYdD yd 4 dzlstso . Y OMIssIsO dzOL dzOyJ dzd W
Zodzd ydwv Sdzddzdyd M¢d L d&2Oydd3" = B3Ot jtetse h dt
sf 2n tsdzd . v Qe jdsddzts 2 tstEslgjo j Isiso 59 Odzd Btsdzj J
nTZOE s Oteyd dzs B2, K] ZOd®Rs2, ©OCtsd ff tesihlsC
6% Btsdz! dzf 7 wOCtSd f SHYJ ZEHSYdzts?2 Yy jdzjLr BT dzO
dzj HisMIsOIlsts ydzts iy ls ¢ mMizh jdgdgrodz 6 i) B3z @B dgf tc gy B tSH |
ctezf 4 dOydJ dzlstsoe .

1 s d3d d3ts diy sdz' L so Odad ¥ G4 dejOSchid MEEBIs | deiya
fdtemfjSldods & dBsy jls B 5! o indf) trtieitodsobCOmEY jn  HHSA
Hdzv R OtOCIsjtedmMisdSd SSikzatdd d §tsHOMEGY B BY
sf kB dzd C 5o Oz §f ezb B Cdzd dzd y 4 MSed » € Hldte rlsnO dadizvy § ¢
L WWiCIlsdoe dztsls stcOdzMCtcd f Istsdzd ¢ d My fdzy 1 ADIPHEER | d S«
(Rodon, et al., 2019y d ffdzj @oBRODTdzEn; et al., 2019)

I Cdzd ded u MS 53 WINTHER I @dzd 6 8 @&d MmJj C o | daf & 150 B
dstc Odz ¢ ted ff Is ts d3dzts § f otsW d dzd te ts o O drcf | tizts WROL Yisth z -
(sctzf § OMEplsfaly @cc j sdzse s MJ ¢ o j @ifiigtsa @ dztb s o O 8zbz"
f  5C0tDOIs dzts 2 6 dzlz BfdfvdztsR to SfydsSjtaizdlsy dsd d H S sdzdzd Is § dz
dL d3d dzd dzdv Ctsfd2ldesimisd 6 jdese d ©WWHO ~FtesBsmsd

55



1L CMmMftej MMdd © tBtOL YyoOrs LHBKBIB2 d tfikratd) ot
Ho Z0 C Odz@RekS tats YJIY .sdz. ¢ QLASEOMzs s f eslssC sdzkz, Iste
HOdzgdz" | dMisdz! Ltse Odzdf! Hd&zW fsHBGSKO IsjtcOfdd L
Cdzddzd i MSd L dzOydd3r 64 dzgj Isd ui-@6z0 &d Lokt d © dzls
303 Oydj dzstse Hdzw 69 BBd dzF 5 ( 2 3c%0 MeesdzG OKE 4y
MjCojdadtetsoa Odad® [1s. [ Stsdzdedlsj dz' des Hdzv T8 (
dMfsdz Lso Oz j B3 OketstedsBO, Sttt 2 MzBBdEs
SlsHjdz desets 6 jdz20O f tlso jlsOBRd dzO0 dzj C OteMmlsg@.
ltejLzdzisPlr sd t(wvEkzf fddids ™ dzs &Obdntzg umncd L
cOL dzdyd?2 M bsySd Ltej ddvw (E2A3% dfvic £idsoisls tg3sxiisd ¢LsOS
Lssd3 dMmMmdzj Hise Odzdd § OS¢ MY BB § BhOedsts Sk g AHH]
o Cdz¢ WB®OGd@yd: fnsfplaagyd] Ydedn bz MY oy .dzd yj dzd j ot
9"y do O dstsfis d dabP% dzQesj dgtei@dE2@ % § Gfyd jededAdfef 226% 1 s
fOouydjidasseteszy § (wLOL ddydw dzj Wedz¥® lsiwd Lndds d
dmmdz) H EBIOdYIWL o sSdzd dz Sls o p Isd leds sl L od§¥opddets? dzd M
stcOdzMC tod {f Is ts dzdz" J HOdzdz" | ) € § Welp B3tz e3dets fiplsizf izt
Isj O tsdz’ L tso0 Ofae 3 o \AMHHER iztc O dzm C tod f Istsd3dz" = H O dzd
Hsdze §Oydj dastso ff to] wdsidrftg dzdag X3 tSlHEC SdtYfetsiddly u 2 8 % d
mMtstslse jIsMisozs f Ry et ® &

1 € dzd dzd yJ M ¢ ts d3CaPROfTwe® dxchld 2019Y tc d d3j dzv dzd f ts dzdzts
fd Cojdafjetsg @de, yjdstlk o0tdOydd udfdz0 C6§d-?2
BIStesydise d fesWdhdese Odd) ISttOdnStedflssdC
dimimdzj Hse Odzd™w WI NTHER Hdzw bteOdzmStcdf stsdzdese s O
kCOdzd, O MftshlsOs dj dzef s tc CRALodERY O BZED Y didts ts Iy
Bds®BOtes jtosds SftejHjdzvdzd fhklsjd MtcOodzj dzdW Lktets
yofmbts fm fomdjuizshdd ftHlse jteyHjddj ds d3j IstsH s
352( 7 0 %) B' dzd dz02 H j dz Cdzd dzd yj MSd 1t daPls g dgdz' |
Bdsdiz0tcC j tor . RL 1Isdms §Oydjdzstse wHdzw 145 (419
CJj detsdBdzsdts OdzOdzd L O, ) sts o tcj dgw COC ftod d3d dz
fsLotdzdds SHEBSBEO! kjteOfds HdY 207 (59%)
s@dzMSCtcdf Istsdzgder = HOdzdz" =7 ko jdzduyddzs Htsdzg  Oydj c
20 50%, ybkt tyjd (sotyj &0 tjLbzd kO, {§db
101 dL 352 f0Oydjdstse ( JEBU)s ¢ Adzpo dzd s Is ks
Bdsd@30tSd) D] j flz@go (29 %) f t5tzp Q6 dgg dzHsty stc@didfl® ¢
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mMh imMseke hdd3 fteslssC 5dzOd3. Vo Jdzduyd ddy ot d3j dz
dzOB dz¥ H O dzts fiy ! ' 32% § Oyd@2dflsts9l OchL Isfts] toootdsj2d3Ve tellzA ¢
cozffr {LIstsls fsCOLOB] dz] disL sty i 6dffe,Oo dy Is
fsSHaBHBY djYyHE MB2.

vOCdd3 BBKOLtISA, twjLbkzd sOIT Cddddyd MSdr dHfh
yls s HtsB O9 dzj dzd j IstcOdzMC tod § Is s d3dzts G s OdzOdzd L O
ftod ydLr dodzdzts? s sdzsedd fstcOg Qo dzizdzd 3 i M tsdz
GJdetsd3dzr = B d sd3Qtg ¢ Jjoddagreddd Hafgisismiso dw tojL zdzr IsOls
SBtOL sd3 MY dzOdzd tots df Bdwd2 ~dzj ANt Wis depAstedIs! B HBT
COCHAIBE fSHABHO 9o Isjted3ddzO~d & dzddzed y4 MEs2 L W W

Rdzlsj toj Mdze" d3 dzOf tcOo dzj dzd j &3 H Odz! dzj 2 h je 5 ©OL
dzlz 3 H sdS sdzsedd wWodzwjlIlsfmw cOLOBSISCO d3j IstsSH-
ftoetslsdo st OS¢ Sotletf d UsQWeiPY ddzO o " Wo dzj dzdz" § OCIsdo dtet
(Tkachev, etal., 2020 wkh jMlsokzjls Isjtstcjilsdyd MEOw otsL d@Bsy d
o Bbdzduydd b dLizyjddy SMft]mMmdd JHddzdyde
ftcj HMC OL Oded v f slsj dzyd Odz' dzts LWW i Clsd damldr 50 d § to
Odze sted Is d3r fs8CO0 dwO-BrBISHY, o d MEzPu @ d lpdPAdztc? Mt
tcOL dzd ydz' » ftsHRatsHtse € Cdzddedyj Mtz § tod d3j daj dad

vOCYd drLikydddd bttOdzhCtedf ssdR3O S kzatsdd d3j ls
dHjdzsd W d¢ Oy gty O &, Ctlstster j  daizy jd3is'c Iz 1df to
MidCojdzdtetso QWYY £ J BesBO.  sCOL OdzO € dzd dzd yJ M& Ow
YydieSedzqteze hdr fkitsdjor n WEtkifsks QL] yfhHi s tsigts?
sBbEMmdzOo dzd o O h OW toj L dMmisj dzls dzts s ¢ C IsjtcOfdd ¢
i to ts f I(Ankonarakis, et al.,, 2014y tckz ctfftdzd d3j tctsd3 W o dzw j IMBW k4 OcC
OfmMmMtsyddtotseo Odzdzr 2 M tojL dMmisj dzlsdetsMmiss ¥ QpoztS doty L sBGS
dzJ ¢ qlgd,et al., 2017)r czc d 4 ¢ dzd dzd yd MG ep OucdE@wzsd3’, J off tieds® -
sftejHjdzijdz o BERZHEM] .

1 0Ctsdzy vy, BEudlsizp@fy allstss ff g Mmdd cjdetse o0
d disd3lz dzdzts2  Mmd Mmis g d3r By des fojHY BBy IS , ,ybkt
OfmMMmtyddtetseo Odzdats j n , dssdglzjdedz’ lEMitglSedgcEls stfisgtcj H ME OL
d iz dztsls j e Of dE o Isja Mz yQw Adzd ISCEHE H  RBIBVIZid] clsit
dzf fsLotdzwels ftsdzEydlk! twjLbEkzd sOI. [HAdOSCt o o
9 J H Elsnramd Yang, 2019)
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I g% otej v Mmkh jMmisekjls t©wH fesedjd, MewL
Chddzd Sk beOdnS todf i itz B d d) d'sdetsots § @ flse O
o OddHdzsMisd fofdjHEz N jes OdOddL O kojels 5w &
9d M BO ¥J dzOIsj dz! dg d@3 Wodzw jIsfw ISOCyJ BBSYE MW
[cOddL 50 Ols! f sdzzyj dzd j  dozCuiztifcisdj figtis otz ISiteCHOUR] 1S E
ZOdetsdzj j t©OMfteshistOds dzdzr 58 M MR & iteOdz d
f OOV Feztizts 6 .

133) tscteORBdE j] Stdzo j2jter HdW OdOddL O ¢j dz

]l HOdzdztsdz tcOL Hjdzj tOMMdzOIstolffts ©F ts Byesczdze @ OF ts d
H dzw ftej ydr d sdzdzls 2 f sthdizg s dkis Ot d dz' dzts ls ¢ L Off Iz iy
9" ydmdzdlilsj dz' dz" = ddemstezdzj dglstse Hdzv BteOBSISEC
My Cojdadtctso OdedW . stdgj yde' d3 tojL zdz' IsOIstsds OB SIS
Hsdzj Crarjtdapts d Uj MSdr BIB®OLS jteso, Gt HilsOs dzw s

s OMlsswh jiz otj dgj dzd ftotscteOBBd j € t5dzo j 2
G Jj dzts dzdz' ~ d stc Odz S tod §f Is tsd3dz’ ~ Odz0Odzd L 59 s dzts
o 0t! dqtelzt s  Mtej H diz" & OLzdrade\ dp'tedf dpgleglzy B d =~  d = d2O
1JHOo dets ¢ fMMsydOydj 2 dsAkgofiabatr ol Mae2ular Fatsaoyyts © d d
MslstczH dzd yd Mise i M d tsB tec Odzd jCAieg® df Amefi€a® Bainblahidts § O
B dzts tsi kB dzd Ctso Odaets tolz Ctste dstma @ydgdgdz’  sC 18 @azy M Pyt af
HOdzdz'iAs Mistsw h J7jtc § Gts d3d dz(ROyY 2 al.,, 2018) | Odzdzts § tclzC ts
WsCkfmMdteso Odets ftejyH] ofmpjets dzO tOBtslsy f HOC
ftcOCIsdC] o dOBttOIsstedw rn ddesc HED Q dRAOpifdta jdidiasdls
Bt 1. HOdzdesdz kS tsoasHMlse ] YoHYJjtwwSdoOjilsmw dzj
ftesetcORBBdesec s Ctdzo j2jtcO® d (mdzjuHlkzsehj2 WJdCm
(9 Cdz¢ yov ojtemdd ffjtOydsdds?2 Mmdhmlsj ", ddils,
fBCde yoOj &' = BdBddtljC, d Is.H.), ftiyHi ujdsk
dLdi3jdzj dzdj SOy HBets Ctsi3ftsdzgj dzlsO Cwsdzo j2 O Istej
HHEEZ 8?2 fldetkosws: ¢j ds®dSd &OnsHdlshy & el
desoHPpEMisdy jdedw o bjrdatsdzsedwna MjCojddtetso Odad W ,
HdzW BtecOBKSISCd HOdzdz =, cOMmMh dtej dedj L dzOded-2
tcj ey sz d S dzdded yd MEsd3 L d2Oyd dedd ¢ j daets dzdzr -
dzj ftoj tor o O d o Odzgd sBdetso dzj dedj Mk jMmlsekzs hdrn
HOdzdzr = Wodzwe Isipfw BWLOIsjdz dz" d3 EMmdzso dj &3 H dzv ¢t
Czd ded yj MStsets ftod d3j daj dad W . gtej Hd dOdBBdzj j Yl
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sl Isdls! tOL Braad Isskti@edfida 26 tedd d3d3dzGenomteAn&lysisTool Kit
(GATK) (McKenna, et al., 2010)d toj f sL Q¥ & Bistdcod j dzls d tcts 9 O dzdz
B dtsd dz¥ tstg Bi@tnduetr(Sepulveda, 2020) 1 ted {1 Istsd3 ot d3detsc d n
ftej HY ByYylsdlsj dzt dets dMmff tsdz! L zp Is T teOlsidztzsg s HsB ¢B fi
fsLodzY jls  sdzdsMls! ¢ (disttsdzdtetss Ols! ofMmi 1 50Ot
dr BGettOdzdyd dzdvw d e dedztsmisd, O ftd dzj sBA
f OtcORRJ stetse d BBdso dzwils' Iy sdz! LE2jd3" 4 BOLT HC

10t dmMEzddsftcdo jHj dzO M kB0 bdfduydtsets ftetsa
Cdzd dzd yj ME sE s OdzOdzd L © G J dzts dzdzr - o Oted Odzls ts
o' Mo sftesdL 9 SH J Istg o dizfs6.ts Mg 1§ dzjj Has[dcOIs | dz' dzts M is !
H O dzdz" ~ Msmistsdls dL dz) dnE dgjas Qv MstOm |19 § dzd 2L
My CojdedRAE Otz §flctso Odedj ftosylsjded?2 dz0 ¢ j detsds
9 Otcd @ dds@dzdats Is Oy d W d ddzlsj o tcj BOE dzls 5@ § dzj s twd35
dstsetso )OO Odzdy HOdzdzr = Bls dzgj MEtsdzr € d
L 2Oddi@d  lstsds &0 COyHEB2 MSOHdd dmMisd Lbkjlsmw
QotsLdBsyde" 2 M jSlte o' BstcO @bk hwve sigkz i jj
Cf sfdzj Hdzj 2.
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CekBeHunpoBaHue 06paboTka cUrHanos

NcxoaHble curHanbl
cekBeHaTopa

PacnosHaBaHue HyK/eoTuaos

leHepauusa
o Ou,em(a AOCTOBEPHOCTM pacno3HasaHua
NpouTeHNiA

FeHepauua npouteHunit

Aemynb*mnnexcupoaauue

O6pabortka

npouTeHuit
DunbTpauua NPoUTeHUR

CTaTUCTMKa U KOHTPO/Ib KauecTBa
BbIPaBHMBaHMe Ha

pedepeHcHbIi reHOM
Cratuctuka n KOHTpPOJ/Ib KauyecTBa

DunbTpauun BbipaBHMBaHMWA
JloKkanbHoe nepeBbipaBHUBaHMe

O6paboTka BblpaBHUBaHUIA
C6opka de novo

OueHka KonuiiHoOCTH

OAHOHYKNEOTUAHDBIE MOMMOPPUIMBI

Mowuck reH. BapunaHToB
WHcepuuu u aeneuun

XpomocoMHble nepecTpoiiku

®UAbTpaLyA reH. BApUaHTOB

0O6paboTKa reH. BapMaHTOB
KOHTPOIII: KayecTBa reH. BapuaHToB

Mowck B CTOPOHHMX pecypcax

Homenknatypa HGVS

AHHOTaLVs reH. BapuaHToB Mpeac yTvonE Aon —
Kypup M Han. 6asbl 7]
VCF, Excel
Busyanusauusa
KnuHunueckas nHrepnperayus MpuopuTesauun
> (SOL |

OueHKa 3HaYMMOCTU

JSON, HTML

I'eHepa uua otyeta

~ o= N
| PDF, HTML | | VCF, JSON
K A
Be6-unTeppeiic _ XpaHunue AaHHBIX saL P ¢ Baza 3HaHuii

t Mz &sEn j B8O bdfdudscts fscieOdddsc s -H O £2 jHad  fd
fted ydL d sdzdzs?2 wdz€ s dzis 6 d Sepulvedas02d) H ¢ dalg| dij dzde'Odgds Is T
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10 fJtco s@dz@fPaitfdinr- sHdIls Ctdzo j elsOydw dMmn SH
(20 o BEEtc Oy j dzed 2 H ldzminaidddRls YHtCeEgs "pHH @ Yt &268B ¥
lonTorren) e f sfMdzj Hise Olsj dz' dzsisd redd¥ &z sdH B GY t6
ofj cgHO dinf sdz' L 2§ MY § &6 idis P tc difssyl<ndfeoj drj jdz
ftesdLotsHdIsj dzj &3 ftedB Stc O. t Jd L zdzFASDQ fgagH JVte @ hj &6
fsfdzi Hs9 Olsj dz! detsfylsd dzzC dzj slsdH e d. syj Sk HE

[ Odzj j §dzzyddeder | ftesylsiddy sBtcOBOBOdY Is
( Hdzz yOj SHdsotcj d3j dedetsets MjCojdzdtetseo Odedw  dzj M
Wddz' steOyd s BOdEZSHsMIsse j tede" = Mdzse Odad 2 . [ dzw
d dzf Is tc Iz, B jORiBrimomatic Fastp FASTX-Toolkit.1 © {1 Istsd3 1 sOf j IsOC Y
fjtcodyds 2 € Bsdzlsitelty dziy j &Y juiPldnds@, d MRAQAE' L s Is  tots

10 MdzjHks M jdd 1 IsOfj ftesylsjddw orf tcOo dzdo O
YJ dztse j € O. Mt lsw LOHOYO o' tcOodzdo Oded W Ho lzn
or ydmdzdisj dz! dats 2 B (itssdrdse d d ts Is delsjs/ds wiet lzts B ' Mis te s
ftocsyj Hizter H dzw z3d dzdzd s dzts © f tetsylsj dad 2 L Ofls Oo ¢
ftoesctcORBBds] 5B j M thgwiig)bu TopHatlSBARY jj LZQE IsOls € Otcls
ftesylsj dzd?2 dzO ¢ j desdyz Mtsr tc @®aBAN, BAWd dadRAM{ H ] W O2 dzC

l sz yj dzdzr 2 W O2dz 9" Qo dzgd o Odzed 2 BT Yydes ff SH e
MsmMisswh j2 o Mtlsdtese €, Wddz' stcOydd f dztsm s
HsMistse jtedzsMmisd ftesylsj dzd 2. | Odrjizip =[S )jlsHsio datzigHISSTHR
SsC Olsdtetso Odedz” = § tetsylsj dzd 2, fMtej Hdzw v ¢ dziz B d dal
ftesosHdIMw o Iktsdz fMdzzyo,, dfmMdzd ECOL Odzdzr § ¢
Cdzlstesdzy € Oyj Mise O.

[sSC Otclsdtctso Odadz" | ftesylsj dad W W dzw b Isfyw dfmls
tcOL dzdhydzedsts dzy & Iz dzw tc d@d" As H dgscgl?z Asdfj2tsis d H dz' - L Od34 dz,
(steOdmdzs S Oyd d, ddze j efd d) d dzj MBOdzOdzMdtetse O
MstckzC skztcdz ~ T toghistedsj § Mz@BCf tcj HMIsOo dzj dz d
oMY etsMmisteOdzj dedz’ j BilstsHT s wOydeddzj daf 6 d oz jdaizj
ftcj ydL d s dzdzets 2 (BatshdzCatmdd®yarfiyd 2019) 1 O d B t3ad® fipff jtgits M Is tc O dzj
Cdzddzd € tsdzzyddts dL Ezaj dz@ g tzH detsdaiz 8 zgzts s d R dz dzH
f ©C MisTect FreeBayesStrelkgVarScan. v OS¢ Y J Hd&zVW SdStsdtsedd Bt
sftcd Hjdzj dedd dL d3d daj ded?2 St d22dzsMmisd, HSeYuergg 6 s
¢ U FSeq CNVnatord Is. H. r dzv  dzj S slstster o desL sdzsed?2 (o
Cdztstej CIsOdz! desd3 t6OC § d stfsn sz At g j Hzz e2§ @Y ¢
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B CtesMOls j dzdzd s dzts?  dzj fyls OMSthely' MBtpheds dSIsentol s 6 td G dgrd3”,
dL lzyd dzdz" d3d tsB dzOflsw B W o dz¥ | & fyitsts dettf dogf w dptei2) datf j €
(f tcts 6 tc KRogtect scartHRD d sff tej H j dzi dzd J s &~ tsdif o t0RE¢ dzts
CloneFinderLICHeE, MACHINA).1 O€ ts,dgj f tsfydzj H d&d>j dzfods j i3y ts eddzts fyls
Bdtsd@kOts jtesd3 MisOdzO Is. da. A3z (3 WmgrdMsitdzdg@MBurddzipds tc lz L
Codzdyj mMseats McBROIsfuggd mesdR " dgaifRydas OL 2. Clssls
ftswodddp'sHOW®RY o dzj Hicj dsiS Mis j z@esltizis® d b 5L d3tsy dz' 2
MsROdud MSdy &elsOydd d&zO L dony 6y @z § O wd Odl
Slsdetsdisj dzv des o MsC ddsd L dzOyj degdw dzdd TMB R OtcOC |
ftoddsj dzj ded d oOf deded P@lstsmse ¢ diyasctogrmas al.s2000)d ¢ g

ot jfiWCO dzgj o' tOBBISOds jHJdsets B JtsddAVBIEdsAlyd y
sOCOv tOBtslsO OCIsdodzs ajHjlsfqfw ( Merino, et al

‘ A aHHble NGS onyxonu v 350poBoOM TKaHU

}
BbipaBHuBaHue
+ BWA-MEM
* Bowtie & Bowtie2
I I | MukpocarennntHas
== HectabuabHOCTb
OueHka ‘ .« MSI
o OHIN u nHgenbl i,
KOMNMUWUHOCTU A —» * MOSAIC
: » VarScan2 * mSINGS
Vi caha * MuTect & MuTect2 « MANTIS
* CNVnator ‘
» Strelka i » MSlpred
* CNV-Seq . Pl
« CoNIFER : Fathus * MIRMMR
+ ExomeCNV : S’°° ?Vgsl + MSisensor
» Control-FREEC Sl |
+ Sequenza / ~*  BeNKu-MULLEHN
i ¥ B
uchyHKuunA
OIS ﬂmctz)ml:moﬁ KnonanbHoOCTb onyxonu
Harpyska
Py 6 » LICHeE
Sl pekoMmbuHauun » CloneFinder
* HRDetect * MACHINA
» scarHRD * Treeomics

tdmzdsSdyr G J dd s dopjiMddoyd 2, dmfsd! LEjB" =~ , o {6,
Mtstslse j sMiseolze h j i flosectOddidetsy tsB jlnitg jugisidid i dacro@astisafadmd H | Is
Gyorffy, 2019)
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1 O2 HJ dgdzr § ZO0 ftejH" HEN A 1 sOf On B dzj € Iz
Is.gf ted HJ dzv § IsMY d sSdzd dz! WS L dzOyd dzsmls d Ml
dqdeW stedzdOydj2. 1 dzv 1 Issets dmfsd Lzl tOL dzd ydzr |
fsflzdYydsddzts? yOMmlssilsy ddzd ¢ dsdokddyd ffSOER0nmA D e
(Karczewski, et al., 2020COSMIC (Tate, et al., 2019CIlinVar (Landrum, et al., 20143bSNP
(Sherry, et al., 19990bNSFP(Liu, et al.,, 2016) | dz¥ dL o dzj yj dedv d dz¥ st
HOdzdzr = d 6fftejHjdzjddY §0Otsc] ddetsmisd 64 dad Isd yd
f totsc tc O ABZAZ" H dA OSEpEieS g agicegpl., 2012) VEP (McLaren et al., 2016)
ANNOVAR (Wang etal., 2010) OncotatoRamosetal., 2015) vcfanno(Pederseretal., 2016)
slzh Mg & jtis] Mz @ fisL o s dzfstcssdfjL 0 B dedits Is, AL ¥ @ YarStack
(Howard etal., 2020) AVIA (Reardonetal., 2021) [ H dzZOS 5 BB ' Yydzts o BL BB Y A
dzO Mmls ts tc ts dzdzd ~ MmMO2Is0~A 56 teOdzd yd dz' i ts ¢ sdzd .
CGJdisdudimMSdr o90ttdOdzlstso . I tizasdodf j @z ] jo s ©dgdztf &)
wo dzv j s sz dits s ! EMddzj dedzr = dB@Bite BJL Y OMdetst
Gddad sdud MSdms HOdMdZ = fOydJ dzlstse .

Rissetsor 2 mMfdmts¢ BOL L dzOdzd 2 , dmf sdz: L 24 &3
o Otcd Odzlsts 9, BsyJls LdzOydlsj dz' dets tOL dzd yOls‘dmw
o ¢ dz¢ YWObkbtsdz udmdzy ¢ @i U NS AGMD dfsfaX| dedC@H O
ftodstedisdL Oydd d Wddz steOydd wlstsBteOdzdz’ = ¢ J dzj &
fssesottets BlyjlsO d OGtjecdteso OdzdWw HOdzdz" 7 BT
MisOdzH Otels O A3 d 2dzO ¢ 5 t€ @i tlzd € LOYyoOmiskzs dmf sdz' L &z
fescteOBBds] B MY J i dd] .

l fMdzj ks hjdg cOLHjdz BBSdZii HBHEtSB ds ttOMMd
stsys¢d Ltejdedw 1 1sOf WEdR ydosdOd dts?2 OddetslsOydd

1.3.4.A b dzS =)0 dz! Qizidniats s @8y dzef dzd W G Qe f to 15 @y 6 wj M S
p Oted Odzls s 0

lted MJCoj dzdtese Odapd S detsdyd tsm, tc Quag M Sstf dz'j H
H§ MY 2§ e dzts dzd fiIs[cg@as dud MSC dn Bzl OfER ] def B ERLHE o
WEdSC ydesdzdtcso Odedy Mblse j Isiifld s & dzts if § Is B gzidz€zts o dzj § &
s OCafjndzd sd ud MEdm dL Bj dzj dzd?2 §tedo tsH pls M tscfeLtsEndstefO
ttOC o A Cdzj sts ¢ d, fmdzj Hise Olsj dz' dats, G Jfiglg dsdf layde ot
dL d3j dzj idad e OO W  eglasis Qg drtfdlzd H tc ©2 o j to dirishian agé Is O 1
Ng,2012)} tcd 1 Issd3 dzO ©HJdz 5B tcOL By JusHhdLE ts dxdfyizlepO Ciiphenj H
HtcO2 9 j tocdz" n (Rabfiglee@tdnad and Taron, 2015) J B s dz! & gidztlfy j Mls
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BzlsOyd?2  d@BtsHF d daf"ulg'Ms d e, L dzBpd d3j figls - qd 34 Is H
ftescdtsmisfiad MBI O jolsduimMcdy ¢§omdzjumisady, vy
Zylsj dzts otcOytsdz fted o' (Damdey, etfls2O1R)s j Odf de tsdzjd 9 J, dz Vs ¢
MsBOsdud M dA Is.diels G QO] o dzy * Isfv e tsipls odgf
dzj MisOB ddz! detsisd tOC SzBER N § flzdps dg@ 6 dz® ff g ¢ GBS to J
f Qo d dzts, dzj o "odddowC jusZfstigB s dz] o .~ OC dzg3ls WSR3 GLOEdf,d
f oMo etitsc zls Mmdzlzy dIs*  H d &ddzE fyls 6T fBY d eRpzedzsOfcte
etal.,2010) [ HdzOCts JMmiss dzj € BiIstftsdzj L gt ptggisly @y dnds o dts
B IsffdzOBt8j Hdzr &3 Hdzv tcOCBBOTr 7 Cdzi Ists¢, dL d3j dgv
(McFarland, et al., 2013)

] sMC seztcOR o jogeds Qg d f MY j UedCAfols &3 1 tdzj S BIOT Mls o
M¢ stodlddps®, dzO0d B tsdzj J M lstau@)lso jffdadfigd Obtste O 2Ase | oW o dzw | s
Hilsd SIsdtetseo Odath izt qdzfsEadzts G 5§ t5 dztépfed Is1jddz! GopEiEsERS® IS HSt
Cdzj IstsC) toj H dzsy J dg tcOL dzd ydz" J f SHAGSHT ¢ ¢ 5
HisC OL Oy jtedf rfirldseEm@eo dfjvdzd W (s Is B totc Ote O G &TtliQiterd, datj als, ,2013)
dMmf sdz' L s9 Odzd o L AR if{ists dz'{f Astifiztizy B 5 F € alzs WOvd i) ¢ G4 dzts g
L dzOydls §f dz! ta® Logzd y d'taliem s = ) W& 2@ ¢ jskisle@® h | dzdzr - a3l
or MsCddz WEkdzC ydsdzOdz' diftedd L de®L @RGP ) Issotedzjf df,d tc 59 O dz
BzlsOyd?2 o stfftjH] djdapBicRe QPO WY H4 Pdzd kcts 8 O d
tcjLEzdz IsOIsOd3 IsOCtscts 39 ts DO @A dgGing) G808 jdzstE 5 H O dzdz'
3220tsB tc OB 5k fdg gy Qo s S o MR &1 H s Mis tsio tg @UD - tsy fidXs o
OOdzdL 5 o' WO Ea] Y d t&tg odfdstzdz’ -, B M dz b5 428 joK j iy @ lds'dl
(Lawrence, et al.,, 2014) L Ists?2 OB Glistgd sdzi Lj @ o ofithy it & dzCgiy]
ftoedmkzlsmilse dw fsL,dlsd § dets @B tsisB st @k dzdf p ts diskzUsdPEC
Ctsdefj tco Ols d a dg' In IO XBd® T8@AdS|C d  H2Adzdds R f OH day fdizss s
dHj dzZsd ¥ d yd e s degetg 23R

sdzj HiMlsoadj &3 HOo dzj ded v { ts dzts ySlistg tely' dtdsdztds] tsdstsLisds
HtcO2 9 jtodzr @ difg O a2 ¢ diftc jsHB do Ote GpEdldtsupdz’ S-fGCadarsada)j 2
Van Allen, 2015)f s1 Isthgteo " 2 Lktctse j dz)j dgPedensBYtfdts o Otcd (
sftejHjdzjdedd Istscts, ofMistcj yodzOm'n tclzd d A L & g @ gzgz D
1 ZOGtsH Otew tcOL oNGS bt tsdg jC ldots Hstisads — HAsGfistzjfdg” =@ dadz”
f smdzy H 59 Olsi jj dg'wv dzi€ figly W~ csifdizis-dsin] o " Acyd Hdfj IsOY B s dzj |
e Mztemtse fdzji GOBSWIG(Takelsetz)., 12018 TCGA (Cancer GenomAtlas, 2012)
lteso jMisd tOL o j HsYydz 2 0OdzOHz@ dzdz? & d &S ¥ dzts (s figdzy B d3!
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tcj] Mkztcmse , cBemAal(Cerafj@tal.,, 2012)d dzgCSC CancerGenomicsBrowser
(Cling, etal.,, 2013)v € O L Ozl st o Ay 8 BdzO dzd 1 @ g Er@Eec | Y O J di3ts
te OL dzd difzizf s d wgD g & of §) tzg Blfts » | s @L Y ts o

JH&ZOC s YyOmlssilsdz 2 OdzOdzd L gz s Bftej HJ dzj ¢
HicO29 jtodz" = RBESOYd?2. mtslsw  dzj MSsdzr €5 dzgOd B 5z
( 20 ( tc dRB3 KRAS BRAF PTEN dzj mdglikdsydod B tsdz! h sd3 ¢ sdzd ud Mls
B tsdz! h d dzfn IstotdsO 269 pfpdediswp tefry ¥ USO M) Is ts [S18 ALawlggndejej al., 2014)

] Oy dzts ftsHYJteCdzzls! tcOL dzd ylbz-H @O A a [zcdifrig jdef fifig" Qi
HieO2 0 j todz’ B3d &3z Is ® I W d3ffLe dinjde] @i sy d it SeO@ dpeidz O
HO2 o jds@r)ls t©OMMd30IsHetd @ Ddsj Wdz" J.C1061 8 O apygf df) dzj flzd |
f smdz] His9 Ols§ dz' dztsis A3t 3 Ges { fipnipafH@Dlsz Goteials PlsizElizolsC Csy(d; =
Mz \yadkzd tdts fttdotsHdls ¢ O d OB g e gzth® ¥ dzdzC
¢ dzO dzts G Hipd2® o j tc dzOW Bz @ 1Y) Y mHpsdeycdgClzy v o dzts § dzts Iz H
W Iz dz@sdaf| te ts 9] Gzdlsidgdats d1dcjO? o jlzdz OMdgf & Is Mmdzdh S sd3 dad L €
ofmistej YO B3 d BEXYFESS®OWMs! MisOlsdmisdul B d O iz
HsMiskz$ dgdZDMmistsw h j §J at@F diws #ws® dzd@L As.d3, Hdzw € d&zOfmfmd
HtcO2 o jdeltis 2f OMM @z BB SE Y Bs dMf sdzd L 5o Cdsy d IsO dactr td
dzd stsdz' €5 zO0 slsdzsmd s dz' dzlz #e O fiyfiofAsidstdsze © €31z Is Oz
WEdC ydsdzOdz! dz" 2 d cJj dzsdzde” 2 Ctsdzlsj € fls.

1 OHOYO MmistsdIst deOmiy g izd eipdsteB@ HtcO2 9 j todz
fOMMOY dteMCtHig OdapPd ts®D Glg'o tstsise j Isfilse d df nfn furO frpisj
o Bdz 5K dz] LGsAEs ot OL Gz Qb5 ' H d ) ¢ B 2z JfOEMH O>H] 6 ¢
9 Oted Odzls WeH Ol § tc oAV AzJO dzddglz s Oy d  dzO & jiz"dgS dgdfve
f smdzd # wzp 8 dzj 3" B' dzts 1t OL tc@dzdsts @fids dy @ipRtEy ON) bBnal
Henikoff, 2001) PolyPhe2 (Adzhubei, et al., 2010MutationAssesor (Reva et al., 2011)
FATHMM (Shihah etal., 2013)d MutationTaste{Schwarz etal., 2010) m ts I8 WMisdfj Is @]’

f toj H dzO L wlz@ifytg st dzts L d dedsjo dRdidsP'? o joytzdls Chr ¢ DL O@atias 3t d Is d3!
Bsckislsf MY 5dz' LHBYQfdd! Is eOjyddidls d @ PigY Qs ts & Q¢ {5 ez

f 5o dzdde@nlis to iz € ¢ ¥ b 2 BAj*ZO® dzj H 50 Qfgg tiztztzb jj W s W Is dats fy ks
ftod zOHUE GBI BB O MO Jtetso

l B otcj d3W MtsL H G ejsdddc CuAgd§dss Is-ts tgf" deh) & wZk Ty jaNkzls s o
d MutationAssessor [klso j toy Hifd¥tdds 0 j s o 26 M df jic d @ ez 1§ ts Gid$ (5"
o MisCEyJ dz¥ ¢ dz€ y d tsdz®dz! eztsL H j 2 Milseo W BzlsOydw d,
HtcO2 o jegidez'j., O @E StcHABHEHMM d di3d J sw Mt j ydodzs da@y j o
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Hismis 5o jWidadifeoyd s dz0 dz! dzSHceD ? Oz ded &, © Rz SO Bicts? )
sdzC sy § yif ¥ §f dg@ 09 L o($hthaboePalzd2013) ¢ dzOdztse d ydz' 2 § tSH -
i tots ¢ tc OBgdizdets d3 BangFigtKrishpgndadddNg, 2012) e H | Byd &z d, B
PolyPhe2, SIFT d MutationAssessor ftoj sBtcOL z¥ Isfyw H dzw Is s G t
fslsy dzydOdz! dz § H©O29 jtedz § BEAYOGDOR HEsl? IEFPGH C
fte H MO L OW K80y d s dz0 dz! dztsfy to @ edzalduad @3slinfisy  ts pOdpty Gc .
Hdve J edid dzOIsdfle e G d DIsts @6 § d W Iz dz€ y d ts dzO dz'gjdzats fn
10Bd&zs HOJ 3" j Mih jMmise jdede' § t6OL dzdydw MmeadHjlsj dz
By ils EyoOmkseso Ols! o tOLodlsdd t0OCO.

l Htkcecdnm { tsH -~ GRAVAT,(Makida,SetF, 2004 ¢ C a n AKaenidkerg t
et al,, 2007)L OHOUsf tej HJ dzj dzedw C &zOMMO dBklsOydd Mo tsH
BB sStsH 59 BON ddzdzse 5 5B EZYJ dzd W H fzdizv B  gz@ tp dgtf By dz
Odzc tstc  tk@Bfigfy W PEOO Istdalzts 0 §|  d3d Is 5 H Qranipdaiorqed & dziz © © j ldA)
6 OL dzdn©®? o jdeixly QQ q ¢ dalal i dL CoIMdz(Eepet al, 2019)d
fOMMOY diemC ¢eii defbid@pdigtssise | sMmise §f ¢ dzige YD Mz B Arg3eh
L Od3j dzp O H OV BzISOYGWHESH Rt OFBHO®Y L didazd uj M d
Mo 2 fifsas® o j Is M Ok ddts§ ffy dBIs ts dz8 yd tsdzdets?2 € tsdzfj tco O
ftcj HGAWOWO dzs € Odz? dzOVY MstelzCIskztc ©

1 tcOpfddno W h j dzdzts 2 tc O LRgrGaeyikikaga, etizgl.lsa01B8® d3j Mlis ts
Bd dzOtcdzts?2 C dz®firfijd W df S pghefidf tc o e IsSifipy'sIs o | st $ 1 f dzjfidzdzr
Ctedlisjded vedd dzfig @Y Y iz dg©OMmle'd o «1POY fAplekis o s dzts BE 2
MowLr 9 OdedW™ IstcOdzMmC tc daP T df i} emgreEcifgo AV O Wshis et fifry'd dz! dz
slsB stetsdp dedgddzl |, Coslstster 2 wo dzw j Isfyw ~nOBtsSd3. 9 f
ltcjLkd O] &BOfce | Gr@EdPRPEAd ] 290 9 jton dgj B sqOMIg
9 J oW Ilsdzts s BEzHEIs Weo dzw st vl Oy O o j tiohgds ef3id da
Funseq' o iz mw  jcets MY smtse detsyls tc O dand tc oo Odgj ¢ iBIzdIstE
sB dzOMlsw 7 .

1 4 MBBslstew dzO HisMIs d eedalz@MILd , § tetushigldsq jmnjdnmn W a4 dats f Is
 dzlz yh g3glel sthtsjpH MC Oic Odzg ¥ to dzr ru ta@ml@fysdjdz! dzf 2 0O dzO dzd
Odze sted Is d3ts o YK Odzdo das H O] tslzlz Bogfj ds@wH] Wd dzgfj Is s H s 981%z] T
Is ts y dztCGndsidet al., 2013)

[ sistse j tcdzOW dHjdzlsdWdS Oydw AHts@RHoty figwia fifls o |
sftcjHY dgj Bz2@dzd L dstseo G 8 st a k dzs dzts gadj dz@ YO JdB3ts Y J Is
i 656 dzs ) lsicaejj fMeCO2j o s d uj MC s Bdz0MdBE@idg, dj ¢ O
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BzlsOydw tHAkbB j ghHdzdas] WS dzdddud M¢d L dzOydds’ o3
l zOMmistsw h jfits HoQemjddywe h j | Btdz! h dqdzmise 5 Is Otcdzj g glztlzf v
BscsL Hj 2 Mss ko O -@O0Xg s’ M daifdls dagiafldedny v &3 ,
CddzOL N OffagtslsH dzv 9 5 fis O jlztzdzdzg dzftiA{dizERPHEI2] o ¥ R sz ff
Iste j Bfgfjtc d d3j dzj dzd § Btdzj j Mdzts§ @ - ¢ fntedzOMonds ¢t BIO Y ¢f €
2014) ddzedBdtetseo Oded § W k2 dz$ y ¢ BldgPatzal.d@&814)n advin fOiddz" LAt ¢
fnd dzls j Is d(dagképh a&@ Chen, 201§) € Glsizpiac O @tulliatse? al., 2015}z Is © dz! dzts fi)
[BLBt f jtemy j ¢ IlsH dztlzr B jffo@iLd@fdrdis®? ) o sfMmis Odatso dzj
Mz o] Mintsdedsp H j dz(Morrisa@isCisds,j2015)

) Is¥s4 o tc jj 3z dz'tels Ols T or MsSCsftetsdL o sHdIsj dz' d
G} dzts dzdz' ~ OdzOdzd L s (ML D O tz& @tef Islzd Y jufisdsd L dzOyd 3"
Hise tsdz! dzes yYyOfmlsts o st Seeednls figs Odz@ongst@esk] RalE) § O dzts iy
o' Wo §ldzd ded ud MSC d Mis dgOln d pIhEddycaer FTHEBORZOZIL dtetso
f) dzlz O jo & dFmin@®"y ¢ Of={dts B t6 | dedetcBY, OB d dzOr tsH W I d d3f.
Cdzddzd yj MS dn O OGRS © sy j dz', ts B bzl dz§ © sRLRdzdgzL dg
Perezfnf MtOo,lststtHAgR"Oyd j, deldci eH f S dzs y fftsdeebn) dffS dz' L &2 s
IsOtcc j Isdzr n (ftdctfj v Otc Ofsjtiz® notsSHAzEN\(@Winw  dzO0 fMiIs OH d d), € dzd
MsMis@d 3 M zRup®pPeaez, et al.,, 2015) [ H @)UY ©OMMIEOECY B (
sHtsBtoj dzdz" | FDA KBplstsbt zgzQufledzf J &k d3i dz' f 1©7] ds Byls
stsdz €5 MIsOdzH Otelsdz § € dzdsdzd w s d je J tdzi © ©digisaat @y d ¢
ofnj c6®. 1 tcj HMIsOo dzj dadz" | ydwtsr fsCOLT 908 lIs B
el fsLdydddtctseo Odedw dzj C OtcfMmilse jdzdz'r = ftol f OtcOIstso
s dzl ts dzts ¢ doff hHeEvts BuX| ) dA®lartih&€iedesrdalses al., 2015; Rodrigudntona
and Taron, 2015)

[ dzw ftotsHody j ded W mMotslse jIsMmilsezs h d A d mfmdzj H
ey Mztemtse, MBHjtey O dn Mo jHjddw s € dzd @adowjohgSydo
). fdtsedi duL dzdr dMftsdz L ks ls dtsH j dz! CtcOkZH M
Mot jMise G jdzgjlsdStse d Bl tsdzscetse HddW wksdDhd
o d HJj Gzcded dztbud MS dr § Sdzj ndnisdeidly dhy jdftpSdaf & @B jetelztsO Y
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v OB dzdlywf d s € el Mztemtse d BOL L 0z0dzd 2, MisH j ey Oh d -
Gjdzj sduyd MSdr o Oted Odzls(tsang, etfaliy 2ptH (O dnd Wenetc@26)fg Is PL d3j dzj ded W d3d

10L90ddj tj MmO Il j-Hfr & o ‘
ClviCc https://civic.genome.wustl.edu/home
DGIdb http://dgidb.genome.wustl.edu/
Cancer Genome Interpreter https//www.cancergenomeinterpreterg/home
DEPO http://depedinglab.ddns.net/
JAX Clinical Knowledge Base https://ckb.jax.org/
OncoKb http://oncokb.org/
Cancer Driver Log https://candl.osu.edu/
MolecularMatch https://www.molecularmatch.com/
My Cancer Genome http://www.mycancergenome.org
Personalized Cancer Therapy https://pct.mdanderson.org
PharmGKB https://www.pharmgkb.org/
Precision Medicine Knowledge Base https://pmkb.weill.cornell.edu/
TARGET https://software.broadinstitute.org/cancer/cga/target

t 4 MEWG (Clinical Interpretationof Variantsin Canceyw o dzV¥ [5ls ttf @) O d3™ =~
dL e j Mislsd & flarChls Witdsedls J to ff tedgtsddjifelzy dzfiadsd Bl g HEBEPES J to
dintsH J BX)sqEPPS Iz te d to la jaif" d&f o2 dzdsied f Cdz0 widdedeagiode d O dzls ts
L Ols tc OG d 440¢ | df@&riffith, etal., 2017) s Oy @PYM! € dzd ded yd M¢<:
( lseviltencg d d3d § Is Ptese j dz HSC OL Olsj dz! detsfisd, Mmmeaw
¢ t5dz€ to jdsjdzizidis d v O ddils thds,H jstg Medlsizts f Is o u J dnded ts tayd Qlagizl
] dzZOlsW E€WiB® B dztso dzW j Isfpw  dzO § sMistsW dzdets? Mmdetse § ,
GjdzgilsdCj ©WOCO E HJILj2, 0O OS] dhftsd LEjls fMm
dL odzj yJ dedw ol BB MY B | f ROIs dzOk ydzr = {Levergzd € C
etal.,2019)t j Mzteh My Cancer Genome [ www. mycanhcergge
BelsOydd o Sfkzatsdd dd IOttcjldyr j IsjtOfdd, o ¢
t OLtcOBtslsOdzdzO" o Br oad H@dedz'iad uf &G EAbafations] 30V
Relevant for GenomiedriveEn Therapyfk tc Odzd Is d dgW stedsOyde¥ s 135 64
Bselzls ddizjls! IkjtwOfjolsdud Médd, ¢ tetsc dateVigisAflapd i< d
etal., 2014) t JjFetsdedljzed Cancer Theygp PCT) , tc OL MDRdeisdd Galzcel
Centef fsBdtcOjIs OMMtsydOydd &ixHE cj detsdgdzr dzd o C
dz@ tctso sH d A3z © sj cOf ¥, HsiBB B§ tepipdz” & F ©AYT Qtc Ok
9C dzd dzd yJ MS d = (Kdirimjtf et & CP@ATM B z B dzd € 59 O didizticBernst@s s is |
MiMtsOolsstcOdRd JtedosHdlsmw Mfdmse gL 120 € dzd &
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sj O Jgj St Isd J M iMmMemMsd TARGET fM®lerls-0s dzw
Bernstametal., 2015)

I sd3ddss f J ted yd mdzj dzdz" ~ o0 | L O fzd B s fiflasz ff fids
s sdztedd, OS] Mkh iMmlseokjls dzj M tsddts > fitstlz X ysdiisi
JacksonLaboratoryClinical Knowledgebas€JAX CKB) ¢ HgtsIsC ter Istsd3 HtsMiskz{ |
ddW stedzOydvw 8 IsjtOdtsmisdyud MEts?2 dasdrdztsmlod IsAsO 090t
f d&zOls dzOW oJtemdw i tcJ H s MO oCded jOsizlg tdzoigguttad/etch s
ftci HIZOGOjIs HtsMiskzy € BOLJ L dzOdd?2 d f teBac tcOd3dsc
sjeOfdd, OmMmMyddtss Odzdets? M dzOdzd ydj d3 dstsdzj ¢ &z d

Iy ofwjiwdmdzj dzdzr § BOL T L dzOded 2 s € dzd dzd
B" dzd fMmtsL HOdz mM toLd &3d yYyddzwasd d t©OL dzd yO=¥ Is
Stec Odzd L Oydd nteOdzj ded¥ ddeW SteBOYJ =t ldstsjoglH Cfgdogtac
cOL dzd ydz § toj Mewe@®fm-B8EH zdd Y d&3d IS tctsis drodetc j lusiavis d3g |
tej " dls: 1 Iskz | zsis@dz dgz? Odz' W dzfp L O Glabgl deisadeg foz
Genomics and Health GA4 GH) shdzso Odz s sdzmsteydbizdzs 5 d

(Variant Interpretation for Cancer Camium, VI CC) . JHAdZO dL thdse
VICCO ddzlsj ctcOydqw dgj MEtsdz? €dr toj MztemMtse 6 §tej
BZ3j sOBOL T L dzOdzd 2 . ] tejLzdz sOIsj B dzd sB i

[www.cancergenomeinterpreter.or@IViC [https://civicdb.org] JAX CKB [https//ckb.jax.org],
MolecularMatch [www.molecularmatch.com] OncoKB [https://oncokb.org] d PMKB
[https//pmkbweill.cornelledd. ClsO ddzsj ctceOydw ftcdo j &zO0 ¢ n
MeH jtey O jets dJdaW stedzOyd ¥ s 12856 G dzlsaj @otdf dfe@ dal<s:
4156 § dzOr, 357 L OBBdzj 9 OdzgdWw » dWagrerlet alzj2020)tc ls o § dad:

v OC Y J ftocso SHWIsw MtcOo dzd Is § dz! dz tfj ts iy d ) i glzglzelzt
ftod ydr d sdzdets 2 dig daSOrscfighiqiidf [dH Saké@fdzd idts O o 6 igc © dz Is t& g O dz:
Csd3dzdStefy JHis Mis z § dzr JWatsalAer 6 &éntnsogDIAGEN Clinical Insightinterpret
d Oncomine knowledgebasedreportey H d&zW OdzdzslsOydd 72 G6J dzilsdy
25§ Oy d j (Bakas &t al., 2019) ' dzs dzO2 H j dzs, yYlsts eofMmj Ited tej
Bd M HE mMse 52 Slsdztsmd s j dz' dats dqdzlsj tef toj sOydd ¢
tcOL dzd yOs Isfpw o sy dzt § Ftctsodzj 2 HEBCOL Olsj dz¢ dztsf
dmfr sOdzed 2 .

l sdi3d Bts M B3O d yofigdd'd dz@lels @YJ LT B ety znts
s tcQf d@zh j Mls odzjjtdsdsd 2O edjoddg’ Issd W MCdr o OtcdOdzls 50
ftedosHEHJE&EJHEZOG@ dzf W d3 o W OtdBOS B8 ddad Isdyd M
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(RodriguezAntona and Taron, 2015 Of tcd d3j tc, dz0dzd yd J © { ¢ plzdp@3s
ZyoOmilse Bdz) 1§ @B Fdlzdls tefd dgalg if SBisMis o j dzdz, R ts g ¢ el Isas®@ Is
HdzZw ftcOo ddz' des?2 € sshtddafjds Isafitd t§ sdif fiztOls $dg® . d dzH d o d H Iz
HsL Jtetseo C 2 o Gededf OB®Os tstp ts dzdf GEBMTG L i3’ sdf Zted detso, |
G JUBTIAL] dtod dztslgRED@dzW dz¥ StetskzteOyd dz

1 OdBtsdz § dL zyj dzgdz" &3 bdftsd cjdjlsduimsdn
WOttdB3OC 56§ datsazd Cd  Woodzv | IsfW ([ 5h datsudge dajzis Is dsg de ¥
5§ wOf dd d fttetzde dijlze sdaidls dhud M d - oCeogtgeddy d 2d L &34 de,
Csfd2dtsmisd ¢j dtse & ZBQPdiBs Quidd cd B3j etsdz W o
StcOMisz LAMBOE O d3ts dzts Yydps 20 d3ff Jdaf 1’ OydJ 2 ddzd edf 4
(Romond, etal., 2005) ted d3j o G dzd ded ud MS d L dzQ ted 3 &L tzlf) HBO Is
nd BIEMLA-AL K fted dzj dgiptsiel € Q] jisuskig B ¢ 8§ tzq dzts 5d dzd
(Kwak, et al., 201Q)d BCR-ABL ftod =~ tcEyEddgshG tgikp Miso d I€£] dz' o
d d30Is d @gawajir, et al., 2014)

[ OL OB Pz BiyEs , MSHJ o) ON d -y el jSceyOdBd & ¢
G 4 dzj Is d W o iPlecffopiifls daf ¢ Ofedpdzodzd  § toj § Ofctodadddgd o L da
OQolststedIsiIsder = dMl§Etztpdide®ztg azOW o dz'€ i e ls O BJ(WRIBL O +
Carrillo, etal.,,2012) C By dls SLddd@zgudg' @ dgtschmjodsta pd: @ to figls o
6 Csd3j dzghn OYdq jf ey $O0G@OBHE  Mindzeudede'dsiz'cjj dafs Isdfjf 16X
COMS, BHe'd § dzZlsJtetso Odzdz" § dzO dzj S Oteflse j dzdz" § Mmte H
flo j H Hdlafw Btsdz! h Jdzfilse © dzj € Otefls ote jimAafiissfiolgzez™ J dzBzC
oL OdBsH | EfdEn dgf ¢ Ots fijplsCodzy Yol ste BO Y d ts ftotslsd o
i tcj § O te'Colsdd-g) ® D@ db (Cotto, etal., 2018) d dzls j ¢ taidQalizdzr hjOwd L dzj fy
dmlstsydzd IS tsay, yRhiyoeiKB, DrugBank,Therapeutic Target DatabageT T D) d
ClinicalTrials.govi OL O LDigGaktETd € dzs8 yOJjls Mo jH jdedWw & ¢ j dzj
OmMmMsyddetse Odzde" = M dzdd3sd L OBtsdzj 9 OdedW s d (B
(Pinero, et al, 2020)} ted d3j thNSS8stcd J dzlsJ tetso O dzdzts G 5 tcj Mz tc
(PharmacoGenomidMutation Database)(Kaplun, et al., 2016)S zted tclz j dzOW C s
GJ dztsdzdzr n sS@erPDOdM B B0 ¢ Has jzdety g W3ls

] Oydgr d3 WOCIststetsdz, Ctlstster 2 dzgj sBatsHd®BS EZydls
9 0t Odzlsts o , wo dzw jIsfpw R Is§ Pl dgtfsicfufdWf st dzts fislslzd . (|
f tod dzOH dzj ¥ dztief) plOmzll GBS sctesdz dzOB dzt HOj IG5  d3ts dzyd
setcOdzd ydo OwW Hteddij dad dedd dzd COEfislsy | A C I J taig) i
Bz s OYPpgoRr o 8RAEz o Miso d B pdriL dg’j 2 Miso & o] BztcOW
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Codztstej ClsOdzy dzr = tcOC B8O A sfkatsdz 2 d3igc 2@Gdz0 ezts ¢
dzi ykzo mise d & j dz'j dBkzdsddRrahaltadp d¢ al., 2012; Sosman, et al., 2012)C Is O
tsftse j dfdasfrpiss v dIs € dzj 5B ~ SHQ@iEAIISI) Uzchidaleus s ©
fsuBtstey IjtwOfdd (5 d&Bisdy b dzwdig detisdsits toff & ts Wafsdz#O dzc
ftoj Hdztsy j dz' otdOa ARG fyf ¢ Qg Bso Odzdz” » dzO Bsdzj € Iz
fsLosdvehdj BRI Y sy lcdzd iy lod i@ o O] (Gistis,Is
etal., 2012; Esteve@arcia, et al., 2015; FernandRetana, et al., 20154 B st H O dzdz" |
oLOddsMow L d BIB®ROLS | tetse S 24 digf dad ¢ jtshySischeds df Igdsfdl
9§ M 'HdsAc 5 G ts ) ls3g e e &3, & b &8 Gltzd v Jj Ezdd JREPEO s o
Colstster | sy dzts  (Costel jends, R@lw)o dRjsf Is 5 o 5 Is tytslfiptalitso s H d Is
MS teddzd dzce dz ¢ B ® i lxis @qiA] fhdf" IS W d dzd to SECPEZ 1§ a3 sMise 2
Cdzj Istsydz r , Ctlsls tisrizjtc OIS Gy dz @d § 5 &iad; ds alzv2699)

] tcweHOB St j H MC OCa s @y dz" 2 tsilso jifskz Isdg@B IdsjBts Q fHAT®
HOdzdz' = § Oydj dzls'Od3d) Yogassll of dzvdeiyde daf &z o fipls § Qs fy bizo gh
ftod § OtcOIls ORS P Is trg dgtzk -~ dzd dzd 2 . | d § dzjdids Hije dEdis ezdkj & O
tciceted MMdd Hdzvw ftsecdsL Joso Oddy ~dBdtsls] O] j o
LSy esupisf Cdtsd L dzOyj dd?2 oj ddyfiumsis) G50t @ d
Btsdz M ts2 ¢ aiag stfstiyidz’ (Geebitpdzet 21, 2014) | Htclzc s @ ded if ) @p Hstt
ftedd3j dev dzd tej cted Minds de@O t biggztize § d B3 ty PaMCIPBURHS |ids
BsH J dzd ylz o MmiSoddjldsjti! déts ) is whdstolOF HadiEdds al. d2015) 1 Odzj dz
Cdzj Issydzr §mMiflagdizd 2 tso O zOHB & 9 O sCEgGjtEplOo jH O dzdz" = )
LWWJiCIlsdo datsmls! Odze stedIsdzO tsyJ dzd 98 O dzO ! M Myt
f OydJ dzestso f sdzz yOoh dn i@ dzdzd|ls jlsos' IsoA4d>ijO LOGAD JAED |
Odzcstcdlsdii3se f totsc dzsL detsfgls @ dz W dz) & © Bdgtsllgid girid Goasle g teb
(Costello, et al., 2014)

s ZOMmlsswh j sz Bsdzj dzisfg ¢ stelg' Adsd L S Bifiztzts 30NN Is ¢
ftsmowh J dedgyd ted d3j dzls Odz! dztsidzle Mtstp tf sy dezatadnds d  dzd dzd
CteOL dzd ydz' &3 {4l tc jif he@Be@dinigsigf Drug Sensiity in Cancel(Yang, et al., 2013)
MoH Byl deV stedRZ3Q g Miso d& | 28 s fiktflsd o stcOC s d3 Is,
Isr mvewlaf Istsyde" | dzezd 6zdz? Is s st (- lgdedfsddds2mw d = Bisdzj ¢ 2 d
9 ¢ dzg yow H Odzdz" j§ 5  tsfig@izin® ac@ If Js dz'dzdgtufij IdnilResitf d 2
67ts dz$ ts O ffidnsydzde’ dds p ) Camber Cell Line Encycloped({8arretina, et al., 2012)
sBdMfiude Ojls HBMER flzdz€? ¢ § Wit i1 gelisimF@ic BOC sdztse d
ftotsW dqragzwds f sylsd 1500 . € dzii ltzhpidet fsa ded =i lgdsy d Is! H s
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C BOLJ HOd@ AN YydsdOdz' dz" d3u zf (iphdngf & &.1281d) tc O
CIsO f OdhodzO d gfts dzj J doOfysjodzd@" R G dzj stsydz' =  dzd dzd 2
SR OOCIsjtedL 59 OdzO dz0O tcOL dzf B ~de j detOdsdds O, ts dztdsatef
f zOIsW sted3On f tsdzdezs WO d3dzts §  ,MJ G p i) edf 5@ dedfsju d § s o
Ykze Mmise dlsj dzOOMas @)usdzd if tzj2Ho2y, o ¢ dz¥ WP Oy HsEas B tc j dz
FDA.

[ By ds ft6jHMEOL O! , Yyl O tsddOd) B dals g
B4 s s HIDsdo Bsx j s Mis Ol | el jHCdEfd] sted togzOaiAd ts D@ dpls &
s sdztedui M da ¢ OB sdzj & Qdedily d BT fMisted J s
LS MY J todimyitdzl 2O to gy 6 Oded j WIn J ditslds 5O dzfy §f dO difist< Isotst
¢ tedtotsaf@cOdzdfds datp § to] § OtcOls oz, ydds " MGy I d ajelh
Bsdzj S zdzv tedz” § f tots® ef sisix0 dzifsde RZOSBT = ¢ Rl 55y d, o d3§ L
9 C dzt 5@ Hdztsfls Mo w L Odzadz" § fn i3] dofdclste Omgdtg Iy
s - QWdidg and Balmer, 2014) stetsdzdi Istsc s, dzj HOo ded § d M
o0yde j otffttsmr, COMOsh djMmw {§ dztsdts dzj dntishig flaOtdsLe &
WOt dBOC tsdzts ¢ d Y J dgis g Held tH Rddadidrsys U dzdHailkdains, et al., 2013;
Safikhani, et al., 2016)

rezedds OMmyg gz? pistgy odzdWdedj + § dcJ digdspudens.d
sO¢dns COC ddOSIsde Oydw eifidg - thighepiaf A ¢ Ot @q dmtiltiid
cdfJted3silsd dzd tctso @Smrkin, elfab, HMB)s svds W+ § J ¢ § dzj dzf U g
ofMmj eB@Qlskzfzdzr dzd dzd?2 twWOCtsor 7 Cdzj ssC §f sHIBiEjcBBY ¢ &,
O ted d3d to, o Mz y0OJj (Ahmedsdat alS BOOIz' Hztzls s o oiPderOdz e
wodw jlsfqw BOLO HOdzdzr = dbEM, ¢ t5 Isisde@y d diistindstdd dx
BzlsOydwsOtedOydd qdfifdzO k ddsfdzj b4 O B ) iy ipdizizr -
tfdcej dej sdud MS d difandes jet: aD,d2qLE)BO BdEts 3§ dzOW § diestyjdrz] Is d U d
Qs BOdzd2 o ©OCEBO" n L OB B dzjss © dzlies®Farat, Btrals ROgdiAvents f
and Laird, 2013)

12



I o)l prRfBrtsHdzr §J] HOdzdz" | d d3j Is

21 RMABHAE j HOdzdz j

2111l r wo dzjdzedj StdlsduyudmMSéd o90Oydzr » ¢ j dztso

89 jH jsipBOIsd yj M e deglz la Cogftetzotf jdarls W tste 3" H dzw
OdzOdzd L O H OdzdyndpsoBly nthip 5 dzls d W BEN/BIBEBIZ ¢ O L O dz@tzgz” |
dfmn swdetsed § sdlayj etcT jhelsOCancer Ge masrfas dzdxd b pdz
ftetsW d dz' Is tc s 0 B HZO dzfif) tiztf § dizy'd @Ezsdes &Sy dIsj dz dz@ = d 6§
Gidzgj sduPigf 8B T o st d i O ddendawhfn tc B & O b Kanto@dgdl., 2013.
[ dzw 3 zOdes 3  fnlz 3A30 te dAdd 175 idO Is te g ez Isitiso . [ C
f sdzd IsteW L BBOA B dzd L Oc telf 6 5 28 Is<@®OMenomdpO 2 Is ¢
[www.internationalgenome.ofjgo 9 qVEBW O2 dfO Odzdztsls d tets o O dz' m df
fe@dBBdscts 8 j M j (Wagf et alANNPY &ZRMstes2 CORd §
(M € te d tatmotate variation.pl tc J Y ogrdgannp RIssctso OW IsOB dzd y C
4250696 j dzj s 9 PBY Pezlstso, ttOMlf sdztsy j dede'n & | ezt @®ie d to L
Hdzw CtBlstims ndzO2 Hjdzts d5jdzj § 10 cjdzgjlsdud médres 90
f tots ] DMy | de>g3tBY dzd ZHOdzj dzr gL i tsfqzOwdelz 1 j ¢ 161
stcOdMCtedf stsdzdes Bz f totsW Jdzdtetso Oded ¥ 5B tcRNASpE O O3
1 e jted d&3j delstso ) B 'tedzg The@drtcdr Genagie Atthh  tfj L Zdz! sOls j
fsdzzyjdz" Mo jHjdd® 3B cy Uelgptcfipd § 720 sBtcOL Yytso .

2. 1.2 10OLtOBBISCO BjIssHO MisteOIsdW dS Oydd { C

[ Odzdz" j [ LMYy tef Mindd Gtg jddtlp eNOB] 5 G0y O dzd
[www.ncbi.nim.nih.gov/gep { OL tc OB ®RIs Gggdls sH MistcOIsdW d ¢ Oydd { «
CL C MY J tcd GRE4EB3@Edamb, et al., 2008/5SE3307(Bakay, et al., 2006 GSE5851
(KhambataFord, et al., 2007) wvtcj Btso Odzd W ¢ 9nBBHA &3 H Odzdz
OdzOdzd L dtelz j o3 2 1O Jtod d3j dzls W ff Hzd tdsteoCGohyCe tc d i Is iz
o ¢ dzg yOls! Ctezffz Codzlstetsdzy (JdzelsOSCIsdzlzes IsC Odz )
sBtecOL ytso, Mtsslseo jlsmisoakze hdj dzdets ttOLdz &3 L OB ¢
Hteceddz YREddASE d Yy MSddz -~ OtcOCIsjted MisHd & @&ezdzO) &Y
o Cdz¢ yols+ dzgj Bjdajj fwisd tsBteOL ytsoe.

1 jtoor 2 dzO B ts tc GSE4183kzdz" & ¢ dzf YOz StcOdzM G ted ff Is ts
HAASB tcOLSYSats tc j € O dztc®@C, 05 s POiytshtcj HICOC SO B2 (
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15sB te Oy B as MY O dzdusQ edas digizaf@opfizd v y dzef € B jsd'tc OL ytseo d dzls C
Cdh j yded € O.

1 OBBBtc HOdzdzr = GSE3307 MtHjtey Odz dda¥ sted3Oy(dt
mMejdilkd » & hy yjdkzse j¢ 0O, ©OLHjjdd » d&O 13
dmf sdz' L s9 Odzd H dzw Isj Misdtetso Odzd W tcOL 1 @H 5109 dzd
Bdzd L CtstetsH Mise j dzdz’ n L OBBdzj 9 Odzd 2, fsMC sz 1
slsdzsmdlsj dz des Bdzr "sdzdk Csdzdyj Mlselz MicOo dzd o O]
ctezf f Jtetso € L OB tsdzj 9 Odzd 2 s ¢ dzO M dzts ddzd ¢ h d d3fr
Bd -~ Odzd L BBPEzj WDIss&L o § Misdz | HdOc dztsisd ud M< d J
destc 3O dz! dzets?2 MC j dzj Isdets?2 g h yr yJ izse j € O, fwls
BIsf Oldj 2, 21 §Ooydjdads M vejdaddz dz' 3 HJted
ORdltesW dyuj M ddz BtsS sor dfj figs @j thts LdOdy), dzj u fnlisre t§ Hzdz
fOLofdzjedj?, otfMmjd!  Oyd] dzstsote 2 W HQ u(dasils Hig
m-myj f dzj dedes?2 toj yd Mimdo dzts? W stceR'ts B dzQidiEs ditgj? wVBtstddd
fOydjdzsse ) HMIstetsce dzd ¢ O dzts { Djs&RR, , Ho'rist! o Ofd@ias |
BB hjydes?2 HdMbtesWdj?2 1j¢¢Cjtc0O, 10 §0O0ydj destso
10§ Oydj delstse ) HJWdydlbs@sy Y Ga'sp O digzgO H 3% d Yy d Is ts d:
144 Oy d J dzls ts o-l MO frdBAgtydtdsO dz! dzts?2 3" " j ydes?2 HIMistesW d

Il 1 ¢y jtod d3PEBBSL d L 2 yOdzO My G Jj dzdzO80tsB tc © 1] t5 §
tcOMf esMmistcOdzj dzdzse s 3 SOMIsOIsdyd MS sc shisH Puop iy d
ddehV stedBOYd™y 5 Istsds, S GisPdehds dzd Cf 6Y GO dylrg Bk
C tcd Is | RECISTgEIsenhauer, et al.099)

ltcsotsHddzd JHdzsSBOL dgzé¥ f sMissBtcOBBISSE IS
ojJddydde St Mimdd dzsc Otcd W di3d ta-tf & P tzd tc .. Ezis ® dgo
ftcj sBtcOLtsoaOdedjy 9 ¢ dzs yO s 1§ ndzlsstg dyth)te af © datfjj dzOo j difz
L 2Oy j dzed j Otytd j alffis jodtls tafdzdjt€ s @B BRdflzH O tc Is dzts B3z O Usdsd datsaizg @k
CONHN2 LBdH d3j iz dezdzjotsy MejrHdzijd d JHJdzd ydz
Msslse jIsMmisezs h dr, tHBddtaigizdzd G jLdiEzdzH m d3Qdzdgty A30 C
ddzls j defifd o dets s 58 te@c yisg . 9 My j =

2. 1.3. RLEYJd] dBsd] Sdvted » & rOdzdL dti3ts o
RL B OL " N@BbGE@[wRw.ncbinim.nih.govged L OctelzL ddzd tcj L Ezd
L ey jtedd3d dzlstse s dLEzyd dedes Istc O @GHEIRPGBEAKIE, ¢ 5
GSEL7538, GSEL8105, GSKE107, GSH183, GSE348, GSE671, GSE5 85 1) . [ Bf
Codzd yd mMlsots tsBtcOL ysses MmMtsmlsOodddzs 86 3, dL ¢Blsts
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CBdzstej S IsOdz! dzr d3 tcO¢ t5d3, O 79 & B=dsOLLYHS® tc g dzIsRO § He
l1 S jtcdcHP &S L Oo st tso @it s difyhatics HEUL33A 2. 0, o

otej Bv COC ofj tMlsOd dzr § 1 ¢ MY Jj tcJAdkymezx'HGB183dzd
Plus 2. 0. J fsMmdzj HEE N jd3 OdzOdzd L5 85 Muf tsdi t5 ds,0 O d
ftoj HMIsOo dzj dz z0 5B ts ([~ dzdsEtd @ dzd dz PN td t y H Gsdzdz” -
Odze StdfRMSB, tcj Odzd L 59 Odzdz" 2 © sSH dztsd d3j dzdBwcgndiictdrS j Is
(Hochreiter et al., 2006) J tcjLEzdz IsOI] detstedzsOdzdL Oydd d WwWd
LsdzH 59, Mtse dzOMmMdes 1 ssdBz d3j Is 5 H Hts s fidstO o tsidg tsa]tg O
GjdOBd, © Ijr MzeyoOws, CBEHO tHddtdBz ¢j dz
stsdz ¢ts SHddz LBsdgH M BOC M BOdz dets?2 ddzlsj dzifd o dzts
863sBtcOL ysse d 6377 G J datso.

2.1.4. uviffsdtetse Odzd | MO CHo@REHBMASEIAS s © pdizh |
o Oted Odzls s 0

v Misdtctse Odzd | ftosetcOBBRAdsets Ctsdzgo j 2 jt6O H
ftesosHddzd HEY tjLizd sOlses fjSojdadtetse Odad W
GJ T Oltsyd dzdz® dzv tedzts?2 € Oteyd dats o3’ .

]l ttOdwDeIsIs' ftse j dzd 1 sedpdziso iz dz @i Mststpzi \fJjodgdz
Hdzw fwisd §0Oydjdzstse M HJOG desLicOds Us§alpd  tofff btz dfdt
sBtOL Yytso dqdasOC Isdetse s K tsdefpleftsils sd LS i Qudlgddlos e H
o dgi h Olsj dz Mlse O dz f sdzz yOdz dzz yj o 53 tc &lo jste @ffdzf
cdMmMlssf Olssdzsec dyj MSd2 0OdzOdzd L f  f t5mdAretulusXT, j 2
Arcturus 42 ¢) . [ sfmilsd ¢ ©dzd or M tsets MtsH jtey Oded W
o8B tOL Yyorn fhklsjd3 tslsHjdzjdzedw dr §fbkzdvyd?2 sl
sCOdzj 2 ftsmdzj BICtetsHd MM ¢ yd RIAxpEEA|®estgatdid iyt j +
(QIAGEN, 1 dH Jj todzOdzH ™ ) i ftoolt sdkz ftosdLotsH(
M j CtctW tsis s 3§ &0 ¢ WaedO@NDE@O ThermoFisherScientific 2z ¢ ) .
dtcj Hdzj] j MtsH jztEs@xphj 8 SBHEEOYOr Mif B lkOasdzs: sHAYC
dd dzls OC Is dzets 2z Isfi§kOededj € Ists @ dmf sdz' L s9 Odzqd M dn
Ofn O dfth) iy dzj H s &) 6 ki g elsABE J Y BE CsHE 1 M) Bdteds?
LHtcOo stsntcOdzi &P OW ( my A dg@idd g s izse d yd m< d ofmJ
CazomMmMdW¥ dyd tc®a Qdzes ¢ OLQY dzts ;3O . s dzd dzd ud MS d 4 n (
ftedoJ HJ das OsdafZhyO (
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sOBdZyy@d dzdujMSqdj d §OssdsecdujMSdj ROLOSIjtedmisdsSd
MjCojdedtesoOdadj 1 CLBBRO BBHLOL Yses SCtdtstejClsOdz dzatsets t6OC O

Il L P elsj §j dz@ HIJWNe & IsOH t OMY sdztsy J s dzO fiy W
K25 51,¢ I msSsHdW Wil 1 juyd desydzr 4 T4NXxMO
K26 59,r L 3] to jHdgdgsy j to j| IV #dc dBse dH dz@ TANXM1
K27 69,[ L d3] to jHdgdgsy j to j| IV IsfmntBHsH. € T4N+M1
K28 74,¢ I msCsudyw gl vdcdi3so §¢eizE  T3NXMO
K31 72.§ JrMsSsHdy W gl vdedse dHdzg  TANOMO

lteso jdzd Mj SojddtesoOdedy + SLBBO d ISteOdzm§ te
GJf Oltsyj dzdze dzw te dlztiz Pts ) 2@ tg tzf dedztz? CJf Oz 4,
fteddzij cOs h j2 LuBttseac?2 IsCO0ded {jmd dizgffts toc ddptctds@®LOWH
Mesc z@BAY j dlsO (66 dzjls, Bz Wij=dk oty oSBdEEOE SN ¢ dshigd
CsHiEz I MmMj Bdtedzs? e OdzdL Oy Fif ¢ O tc®D p & fiizd tig @pdzgs ey 'dz
sfatstzkdg edMmMstsdzsgddy 4 dtcsdz@3fptc SHAREWY | to] dzyd tetso
GJf Olstsyj dzdzt dzv to.dzOW €§ Otey d dzts BO

| J desdydgzgsB h by ® " H j dgf tdzdzts "G delsWizard SV GenomicDNA
Purification System Promegaand PureLink RNA Mini Kit, Life Technologieswith DNase
treatmens Oy j Mlso s t 1 sd fif fotisdzr’j ety alAYdzdnj &3 Agi | ent 2100
dmf sdz' L so Odzd Isdz €58 tsBicPa Y™ O dddgzHfg JSCdpyts.d3 IRJI N,
BdBdzdtslsj € bEHOMY dd tds tsRbddeo:Gold [RBA Rgmotfats kiits h
(Epicente Biotechnologiesy z ¢ ) . 4 § dzggls dstoSod@bglzditB tc OL tsd3 t 1 S
d My sdz' L SraSeqRfragndsd mMRNA Library Prep Kit (lllumijna & g1¢d B dzd sls j €
ftosmj € o J dzd toc s 0 O rminads@SeqPOOefe tsde@B tstctsds Tr uSeq Vv 3
cjddz f Otcdese s My ¢ ot day (glistp @ity 2 M1 G Ozd EHAs &ts 0 O dzd 2

221"t wodzjdzdj OSkdodtse Odgder & toj Gz czv Is

I Mdesoz fJtojHASY jddsets o yYjlso jtlsts?2 ¢ dzOo j
fOydd destseo MmMtsmMisQodzv jIs s toj Hig joxg e Is sACHD o df Ysfitstfo |
tojhJjdedw HGOuUER BLrQ@z o SHENZSulHsgtisdskHEnrichment Analysis
(Sivachenko, et al., 2007)v € OL Odzdz" 2 Odze tstedIsdz weodzw jIlsw
cOMmMf esMmistcOdzj dzdztse 5 o M d iEHSEARGERESetERridhdntsraialydis  d3g |
(Subramanian, et al., 2005) ¢ slststoilsd W ddyndjtedz j Is dzO geBdcsety, G j o
fsCOLr 908 h dnQ HsfMistse jtodzes MCtststcH d dzd tots o O dzdzts §
mMsmissw dzd W d3d ( dz2Off ted d3j te, B sdzj L dz d dzstedz0) . ]
WodwE hdrfmw tcGSEAJtdigdtyds L 2% IsW a fridriC da@ectiste 'O dzelz) d
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RO ted d3j 6 MdedzOdz! dz" § HlziIsd. [ Is dzd y GNEA dz'o diy J Is fig:
Csdemistcz dtoetso Odad j «daRR0 Bolsjufidfeidf tsdz'judds® Hdzv 1 stsets &
tcjezdzvIststedzze M Is* . SOYHTM 22 odztso! MsL HO9 O] d3"
mMsmisswh 2 gL Yyj dzlstcOdz detse s tojclzdzv ststc O, 0]
ModHjlsjdz Msoa O B otLHJj2Mlsadd Uegjdlma@dz datsdstisdzitas
Bslsdo Oydv SEEadtsEEsES® o Mmdzj Hiz® M j & jMdd Mtej Ho
Csdzlstcsdzdtelz j s tsHded 3 tej ez ststesd3, oMfMmistcj YyOJ |
dL 3 daj dedets2 1 C MY o MM da 266 slmddts @ GsHE% st otz e

1 tod 3O Isd o  tots 9 O dzdzts 2 G J dzdzts 2 f sHMmj ISHEA of
ftoj HMisOp dzfjjdzi@ADc H] Yo jlstsdz ¢ OL Odzt & ytfzts fij i) EzpPdz'o
sfisdzd 5 ftcOo dzj dzd ® At dis? . J L I9ts 3
stcOdzMC tod § y d s daitFAG 0 W @Y I§A$ te dzO y ( lslgddp'j digslzlz g + € M to
sfkrtsdzd, BGHM&OSEK toj ¢k dzd tc, APQ@RL BKLR @YP3AY dz'f € &L Y @ f
L dzOyd s dz! dats B sdzj fzj ézd o O decdgtiif g B d. v OCdB
dL &g degj dzedj 1 SMftcimMmdd ESCOL Odzdz" = G j detso d3tsy dzts
st Odz ¢ ted § y d 5 dddatsjcdskz deOIS tstis@. O

{dMzdmq tdBjte OSCkds dotse Odzdats?2 & j dzdzts 2 M s JSNEA] H j dzk

R dzls j defyd o dztsyls ' © Yyo jlsO LOCBSHdose Odets dL d3g dzj dzd § 1 ¢y te
1 dLdOydlsjdz detsy dLd3jdejdedd CMYte)mMidd HEHYFE dz fstisdeddts H(dbist
iz higen dedets 3z d L B3 dzj ded &+ € M toj HROAYPKER GYRIRLte jtes” = d 3 6 j d

) COyJ Mlse j dmr BHd A H Odzdz" n ts t5 9d$) A9 Qe gedigsizts
tcj Gz dzv 9y tdsdzlz sREdsevide t |\ dH j tedzOdzH ™ ), Htoj HMIsOo dzw & h
BB ) @i dzj CZdzv todgrL -9 iy Odsdptisfigg dedzts fiyls ¢ L OC dzt y@,j Isfmw
ofjotsL Btsy dg § ¢ dzGfifys dztsigtscday jShipCdzfnte diftz M dztsfyls j 2 (B §
WlzdC ydsdzOdz! dzr 2 ¢ &zOmMm, C dzdlsts §ddn W LiOas y J dgiipy H €

1



teOL dzd Yydz' 3d Isdf§ O3q ctizjda jstez® aicquf ez d v Is tc O dafn ¢
Wd L dud igaod Je d d3j-aej dzB igealztd d3ts H jl Of lsiatsd Ws.ls o34 Isd s+, Uls
dfMmn SH dztf sHYlsde@ j dz0 ) @t difs & dgjj keEHas@ S sBtcOB SIs ¢
wiLrRof sdish v RedScettDhdasdD et al., 2004; Novichkova, et al., 2003)
siisd3d dzlskz § tetso j H J dzd W ResNigtin tizf Is 8 as @iaied o L,fdgRh dzdzd ts dzts ¢
oL Od &35 H jRuEsERdzdz” »  § tod O2eGdrdzdzy tedzts dzg§BOIs Y fnds
fsdzdz" = Isj CMmisse BlEGESE JHBIHIBEFBOISH ¢ jNet 1 5
ftej HMISOo dzj dz@ tOL dzdyde" § Idfr Mmizh detslsy 2, Is ts
Milki?2 ftd oiktshd OdetstedlsddO SNEA o C0Oyj Mmise
dzj W d L d ffsdp ,  CslssteOw  dzj JL &) teQfadyidspiet f © f
Gjdseo/ BJ dzZCts9 (WES ydsdzOdz! dzr 2 ¢ dzOMmMm) , S dzj Ists

tdLlzdz IsOlIsT tc O BSNEA d M@ dzalas te zls BB Y)Y o tLOL tcOB s
MsteOlsdWdsOydd §O0ydj desseo dz0 stfpaste gzv |4 =qadssted dzwv ¢
GJ dzts o .

23.0t.60&NCted i ydsddzOw W EkdS ydtsdzOd dzow
f Oydj dzlstso

t OLtcOBtsSlsOdzdzr 2 o dzOfMlstswh j2 OBl B IstsH
Cf sflstets j dad ® H dzw COYHBEB tBKOL YO ydMmdzj dzedets ¢
oo lydtfd ¢ j dedzgs? L St Midd. 3} Oydjdadsr Mt Mot
OClkdoqdso Odzdz j Bsdzj Skdzwtedyr j  &j mOdedL o' 5
OdzOdzdL ez j Bsects L OBtsdzj 9 OdgdWw dodzd ctwkzffr L OB

) COyjfMmlsaj onBHd = HOdd » dMY stcdzs g Odpd
SftejHjdzjddz §j fted ¢ sdshls@ds g dld O yIods iz Arizis dat

d dOBBttd® twjeckzdazdtezjdkd = dd3 ¢ j datse . RMYf sdz' L ts9
Studio9. 0 ( El sevier, 1dHjtedzOdzHr ) MmMts Mmdz Oz s @ dz
CO¢CBj dzs€ €, CWikdl ydtsdzOdz' dzr 2 CdzOmme ddzd- ¢ ¢t

toj CzdzV stste B o OEHE g &OTe, Isdfr Euydls »OYLdsr onO dadL ¢
S M tej Mihdp L dagdz M f osBslstsetsdie .

1 ©O2 H j dgdz'{fjts dztPathway Studid® € Is d o d to ts alfdAsdz'c Jz dze [ stc dz"
sBl JHddw dzd o CdzOMIlsjter dzO tsMdztseo Odedd Mmntsy § Ml
dmf sdz' L so Odzd Jdgrdedlistanc@ COQROSE dzdj dBJ Y HEZ nffO e 2
toj 6 zdddedz®B Stc’ A ftstsis o j s @fgfpy dddatseo Odzd Mts e dzO M
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g T s (1)
I'rudmdzy dzd § 8O ©wgDBhils 50t BE® ofjn o] dOXKYIS
ftodd3j dew dzd tSHddz dL djlssHtses C dzOMlsj cdztce s OdzOdz
ddtwOterndud ME ke € kzOMmIs | téKhufran dndl Rodiksde tsw 2005; Thatamutho,
et al., 2006) [ Odzdz" 2 a3 IstsH fs¢COLOdz MmjeWw dz0 d dzlz y
1 e jted &3] dzgls OR, tHBROCHt oL By dts fted d3j daj dad j d
[ dzw Bsdzr h Jdzmilso O Odze stcd s dgase & )i’ i3 dztlf dOs
wodzw jlsmpw ydmddzts ¢ dzOMmisj tetse, dz2O Ctslstster | dzOHEB
ftoj HdzZOGOjIsfmw yjdedo Ols! sflsd d&z3O0dz! detsy ydmadzts ¢
Is ..«dg d dzlz» (sltsomette) (Kaufman and Rousseeuw, 200%) j ssH M dzkz!1 Ists9
Mz HshtgO dagiOL sdyEa(l j Clstse dz® dz¥¢ zO filEis s | j ¢
S o] Highpazj Hizs M dj o] dzd ud dz
1 ad Mtej Hdzy § ©WOMMIsswdedJ Slsdetsmdlisj dz' dats ; 9 Md ~
1 di, o) Mtej Hdzj J tWOMMIsswdzdj lsdesMmdlisy dz/ wlzts o M
T bido mind(i4).
[ Odzgy gac s B j C 15O o uddwizv gz0f v & @se@migsced 4 d dzk
(silhouettewidth):

AOO »p

W O )
ARG @
[dzv efMjn tBi j Clstspr def judundk®yjsdgd'j Mo dzzd stso :

@

i 0 éE i 0 3)

t OmMmud b O dede@ YieaPj dzd«€ O Y l$>iflsda@mis j s L Oydd, f§ted
L zOj didrd by Migq ek K@ s B2OmOE jj  Mstslse j s
C koMb jedLOyd)?2 J ®OfMiHks® day dufo kg & Hizs 6O L B,
Miej Hdzj 65 Mzt kO sy jls Brls! dMfsd L 5o OdzO +
6] ¢k dv sisfpfsodz L 5o Oded ) Ok L Oydé  ©OMUjEO o
£] Odzd L 50 Odzdgk ¥ hopachdPaliardzcetsds, j200B)ls te tzdi O d fyd dsts fls
CoddyjMisosds ¢ &OMisj oo, &0 Ysls §rd jLdfiass d o u d
{flsd B30dz! dz'@ 3 JnudtsRdizqj figlOA s € zOMBEEsB A o j dzd U dz
H s T SROE ) Bl O |

(v C OHOdES | 50 2] ¢ b dBidsises o O Qs dsiiatéh s d .
ftej Hinls O devjjdsls s BLS@O U] ded 2 d L o5, dagratic) 2 W& f b thyj 5 )
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¢ 5 dzls te f dgtf By lzds tGJGIzdeIstststssﬂgdzq’mdi&@algdde‘gV CONHBCE
CIRERTES(c:4¢e-4lo) 8-S R T -4

- -

COYHBEB to] ¢ Iz ddistsHtafAd deO WnpdiaeRf U rdzio, Iz d3dzts>lz;“dizﬂz H dzd dzk
9jCIOstc O
+ | AAEQRAT Os 4)
[ Odaglzl' o fj rn te] paztszvlsds@fse) €@ Mtstsise p |5 g aky ez d
Mz 3P tOdfv ofgj Ezdzv ststetseo, ftod dzOHdzj 3 O dr € dzOMls

# + (5)

vO0Cdd3 BEOL 53, C O HTMRo OeA t€ GBS H OO T § fiktc
LdzOyj dzd?2 OCIsdoe dzsfylsj 2C.C dzOfMls j tetso tjeckdzw Iststetso

17 ydmdzj dedz" 2 H dzw tWHO GBRUASE dst telgOs dsticts o &
stcOdzMCtcd f ydsdedzgz W EkdzC ydosdzOdz: dzz € Otelslz, 0O to,
d Y usd'Oeedzy MistOl@d§ Giygpdzy 1 IsdEgdsO s g fmgtisdy j fls d
SBOSYtsdHH ] ttOMmMmistsw dzd ijdj ) iy g ledztisB @O g @BH dzj

Sj =11 cornRi, R), (6)

GHJ WiEde€ §ddzOyOjls oMyl Ss1 W¥Wdydj dzsoO ¢
i sdzlz g jog@ls eHdyf sdz! L s Odzd € OC ¢ J-isO tefs( Qs @DRjdEZC s +
O dzO dagiL 1905 H s d3(Kautmen-ad Rousseeuw, 2005; Thalamuthu, et al., 2B0p)d3 MO d3"
s tojuwijrdyedejz f fr tSBtOL Yytse .

231lutcQodzj dzedj M HokzeddBd OdzetstdlsdBOBd  tyJ
R dzi fn [ (KadzHn@n and Rousseeuw, 200§)Nt sdz! L s Odzd H dzv M1

YdSMmMdtetse Odede’ &1 & L BBz f §f Jtetso Oded j tBELOL Yytso

OCIkdodsmis! ¥ € dzOfls G.B ots kg jf cidatolOstmfsio , 5BAOL Yo ,
fshsh! v« OEEesdsdE0 § &OmsjtedL Oydq, &dst ©OL B

Cazdddud MCdd3 r OOl Isj, teyihrpishyflS oS fidedrd® Jf to df Bl$ o dzls dzts f
sftcd HJ dzJ dzds? Isj teOf d d

RdzHJ €M) (L dzH O o' ydmdzy dzd Chpaigien iEOdefudd Dadsip O L 15 «
oL @EAY SHddz2 dL yYjlsrtejnrn 90tcdOdzlstse

O)X d x, dzO rdtxtad dn * sHedayz H G ff G

B )% d x, dzO rdiaddn ! tc O ¢ tzkz § GO Go.

8 )X d x, dzO ~diad &) ' SHedmsz G dets o G O HfiED =
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G X d x, dzO -dtxiad e’ sHedasz G2 dzts o ¢ EIOFAED m

stsdzdyj Mseas Mz yoOjo, Mtlse jlsMmise st B o
a b c d mMstslse j Isfrjlstadisizds . 9 Otcd Odzls ' 0) d B) slseo
cOMytcj HJ dzj ded W d3 tsB oG] GAtg), 1{flde. tSjls.d otes@lj BYdfjdafd "H oz ¢
o 0tedOdgls o) d @) wslsea jyodzd dzgj ftse dzOMtso Odzds’ o3
fpizz yOJj t6OGLBEjfdetMsdoe tstej Wd dzd davtg€dy 4 i dzv dzd
slsdesh Ldedizd yd Mlso © Mz yOj 9 Mtcec dzOMBse Odzdesec s 6O
tsB M j Bz ovsd fuislAe@MA to j H j dzj ded 2

_ a+b _a b
a+b i+ d 2’; E @)
= -

CHNS BBh B UsBEDE Yo

) 5MS sdz § zj RfEOsudiQ@igdets o' ©Ox jdzed® (7) Gyt
CazOfMmisj tetse d ddak jelsdin,) Wafls JhYf sdzdgs s Odzgdtetso O
d dzv j ¢ m(Kaufmagna®d Rousseeuw, 2005)

2(ab- cd

R“((a+d)(d(+@ <+a) He D ©

UG kOMdzs §tedo j HY HatuR dzjs,0 oy gz Yzl Mafi'O  daR@ s ff «
HJOYf OL tsdzjf tisdswdbddzi &5 ], o dz@® Y§Lip@@de@ y" j J Mswlsdafls
tcOLBdjdzd?2 BBtGOL ytsoe.

[yYyidzedo Odzd otsmftetsdL o sH d dztsls ftsdzz yo,j a3 =
I s0 sezdzy dzds MBS fzso, COYH'T 2 ©OL dMyfsd L |
slssBtcOdsdy j] 90% ©BLOLYSs dd GORBuMAESEsOdPs 6
sygd dzde OW Misj § J disi » fists ldeQLisfplsjodddy i3 Mtse dzOMmdzts
Cjcbdviststese d toj ¥ jto) diffsl o OO el e jlsOls j o
B Iz Is s € ffeodzlr yOdzd ©OMY toj Hj dzj ded™ ddznj SMse 4 o
syj dzd s’ H OB oz 18 @EPOHEZH ydqxsslse jIshisodd tOL BJj dz

I COoyjMmbej tjWjtjdhd & &jssHtss MNO®OKEYET
GSVA toj Odzd L 50 Odzdz’ 2  eR-ff B gimjizefpaiptiztetozal., 2013) O O
dej f sMtej HMiso j dedziz® ¢ dzOglg jozeixfsR2M ) 6 § ) fyfcliectts ¥ dzglzls B H 5 d
Around Medoi ds (PARY OC s PdzdlL 589 Dezdz (Mave cthd =d
toj W j to] dzfy)dz’ i) tikdy de'siHss O dzd zOMstes2 S d 5 bk d3ts dzy O o

81



232  f 16 H | def dgq jo d B3d iz lsOdzts e dsla dzv s S tets o
RMY sdz' wsfen@dedf d3ddzQaeEddS s Y j dad dsth ¢ to d dsd dAPdsdrttctzizlz ©
C dzOMmisj € @ dzvdgisesEzO i i@ dsd] d3d ¥ " o i3 & jlsHddas dgs ) isy

Mstise j IsBis60 Y] | BMisdlo dés fyls d
. t,(hﬁ [,(hﬁ ©)

s dzO Mt jj dolz dzWsusckdes@IEAY Is ts & jstedzi dzd tc as O dzZ84s2R ) i 6 s d3
fdzz YO 4 , Iz tc fs ) gzdlzO U d df3ts i lzdlf | te § fls O datdsojtemUtiBBOd) 2z Y © 2 dz"
4t MmsBlesG&OMNAzsoftcj o " OdOSe dz® 1 glzgG QO ief & s o
CtcOlsdets ¢ Ste s Odpff dzd o tsL 9 8 OF jogeduwd ) dfvddsd QHS K tcd o B2
ykzoe mise dls-j gl jdasdisd (AtKSS |risa'under receiver operatingcharacteristic H dzw
dstsetsos? yjdbd HdMStddBdddkzs hdr ftedL dzOC tso

233) sctc OBZBAZOW toj OdzdL Oydw 3j ssH O

JfdmMOdedzr 2 fsHAatsH € MlsteOdW dSOydd ¢ O0ydJ dak
GJjdadets?2 1 CMftcj MmMdd B" dz t6j Odzd L 59 Adis 96 toQdsdzdzOfVts t
MsMissw dzO dL dzOB st @, toff Odaf[f ets & &0 MEBISH § sMiso z©
9" otsH toj LZ ds ALO|sisoc tcOW d yj M et ddalsjteW j 2O,
tcOB tslisT B34 IstsH O, & tslsias te rsjo O Hzj dzvodgzOH j ¥ Is  dzOo "RE O dzd
JOWduyujmMeéd?2 ddalsjteW j2M sdz LsoaOIlsjdzv BN dz o Ock
Embarcader® Delphi Community Editiond Isj mMisdtetseo Odzlmw H d&zW OB s
fnd i IsMiap$oft® Windows7.] dzj h dzd 2 sg W j @O § sdz' L 50 Ols j dzv
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SNEA post-processing ﬂ

Analysis
(Type |SNEA v| Mode |SMEAclusteriog  + | ¢ Run
SHEA results ID:\Mike\bSNEA\GSEM88\G8E4188.re58 J 5% Stnp
Expression data |0 \MikelbSNEAGSE41831GSE4183 logre _|
Cutput subdir name IResults Qrganism IHomo sapiens LI
~Samples ~Regulators

Distance |PearsonCorreIa’rion,1—r Ll Distance IJaccard(Common requl.genes) Ll

Clustering [ward =] #ousters o || | Custering [ward '+ #elusters[io =
Column with class label |7 i’ E}dernaIIiSTI _|

Options

Frint gene annotations (slowl) Plot avg. sihouettes vs clusters (slow

[] Select requlators with p-value smaller than [1e2 [[1 Open results in Explorer
1 Select requiators withirank smaller than [50 Bootstrap runs: 1 =
Delete regulators encountered in less than |:ED il% of samples [ Print summary table

1/ Select reguiators with median change (® positive 1 negative ‘

[ | Conrespondenee to1G0 bislogieal processes [] Plot sample names

[ ] Output clusters to RNEF

Mo expression data available - taking median change from PS (ex: in case of Fisher :l
median change= #genes in pathway)

Analysis mode: SNEA cluster log

Initially: & samples and 166 reguIaTor5|

Finally: b samples and 166 regulators

Counting similarity between 166 requlators. .

Clustering requlators into 10 clusters, distance - %2 of cornmon donwregulated genes, method

- ward Ll

Mz Sd LsoOjd MEd2 ddbsjtlh j2M ©OLELOB IOzttt
fsHARBH C MbtOd¥dsoydd fOydjdstse O thdsej OSIdo dasl

|Fd outputl Script output

[dze Of HiMEDy j Hizter  fiste Ols d WsdeSi @ Uedk ds fifv © wHcp jOdzld 5o H

lof jtcor o, dzj 5B n SHig@FE Oz sl GNEKRO B  Hsjj € Misso 51
W OO0 L H J dzdlds@ e dyd g js2 dz0 Y RgSHEMED). £ PC  dz0E@ st d Is 3
SNEAHd&ZY GCO)YHBGEB BBKOL YO Hdzy dz B' ttcj Hifiglg ®gj diz
Istc j B Lfij ls© € Is Iz tee@SNEARR: dzO
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dzj 5B n tsH, O dgO tRg Waef drisdigS Hi d P oztz daj S R te gl ) et & d tezlzj® sl

fMstsdzB j y HEsdzy jdz MisHj oy Ols! BilsCk, fdihmr o008 hL
dqdes sz ¢ dzOMMmkz. [ sfkzMSOjlsmv S dzdnidsideay s Q2 dajf
tcOLdzr | ftsHAatHT ¢ ctokzffdeseo Odzed®s BBKLOL Yytso

]l ®milstste’ A,

L dzO y jodgdadrd tpg-rdtio H dz® ) jtiB 6 OL Yo

dzj sBasHddB Isj CMissar 2

f 6] His O jzf BEPHONS Is b e@dataa? d&zo

W8 HEj iy O QL
( 5B Sexp@apd) jsdprd ¢ (

GenelD GSM123¢ dz@Mmf| GSMI124C dz@MT GSM567S dz@M f
10020 ~1.58477 -1.90163 -1.86662
9982 -1.32839 -1.57308 0.127928
8608 -0.00444 0.922289 0.665545
) jGo OV Mkt OMkO) s eSipal dzOL o GO LY s o

W stc BOtPL 0 Odzd j.dzBB &£ Odzaf] P_ £ WPHNAPO  fyls & ts CeRpdataad 2 oz
s j sMlsokjls Hds®Rz ¢ fnisds Peeddyyd §5da ] &
qHj dZsd W H S O Btizizs ¢ 5 ¢ FozerGene UitisdP@dn jezts 865 ye@zd Is fiy w
q dzlt ts to oD g Wy d Idg@dtion dzv  Msslse j sflso ks h R GBELOL yso

I MmdzjHkeh j2 kOBddy) ftdejHjdr §O0LOd)lst

odzdwes hdj dzO or etsH tjL kzdz IsOIstse .
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v OB &Z§ UG dMOdzd J

f OOdj steso d3j SEHO MswOlsdW¥ s O

Bsy dets ¢ OLT" 90! UjtejL f fsdzfipdftineizQissiSdy ApCod@ dade Qi) et tg
dzOL 9o Odzdw ctwkzff (Analysis, Sampl es, Regul ator s,
L0 d .

1 0L90ddj § OtLOd3 dmOdedy (T OOd3j Istc O

Analysis [Type

Analysis| Mode

{4

Ll Odz0o dzd SNEAS MW € OC

T i dd OdzO gL G S 5z i lsONERD (2§ dzO fi§I0j¢
dzi 1 tc s«PNBASUSEHS M )z0 1ijdz
EdsdyOdds, ©jckdvksse' Mt mMosydds
B jHqdW s kMW o Cd&OMmisjtr). uvOSCy]
s Oted W i3] © EDGRRIE OCIlsdo dasflsj 2 6dsd

Cjekdvssse

dzfj odzdw jls dz0 € dzOfMmlsjtedL Oydys BteOL
Zdzzyh jdd" MmMoidk OMSttOMSd cjdzj todte
SNEA results 1kl € WO2dzkz f tjL kzd! NGO acipiBrs
(resNEAtab).
Expressiordata 1 EIs: §& ¥ O2 dzz IdgtsatioH diz® y p dgd ‘% dedfpdateth). y ts

Outputsubdirname

1 OLoOdzdj] COOdzsG O4MWS WHOR dF Iz Hifz 96 joL '

Organism 1 OL 9 Odzd § 9dHO, H dzw Coltstetsets s
[ sdydzs B Is! P fhien@dgmenslz] degs € OC
Cf smtse tOmyd s0O tcOMmMMmistsw dzd 2 d3d  H
Samples Pistance dmMfsdz Lkjlsmwy Cwtetej dzZvw ydvw 1 dtefmtsdzO.

Ctotoj dzv yd d

df Jtcd3di dz©@ d JjoSdzdHtse ¢

[ dIstsH djttOtndyd MEsEts C dzOMmis j te dzts g
, 0] j dzlstso . J COyd mlso § L dzOyd dz
Samples Clustering gwé%i;quoumqusuﬁ%gmz%@HH4£ﬁg£g
Mtcj Wdg Bdzdydzj 2 MoawiL
Samples fclusters stsdzdyj mMlseats §C dzOMIsjtetso HdzW MlstcOIsd W
Samples | Column with clagr dzH j € ) fls 5 deesHNEAaD, s @ Y depy«@ Tt 3 saedaBLi B d
label fOydj dzstse dz0 cwlkzffr
. e ® s® 2 jYHE tjclzdvlistst
Regulatorg Distance g mﬁ%jbswwqﬁgl?iamgr%eg OO?’J()' d
[ jlstsH djtweOtrdyj MS scts C dzOMls j te dzts ¢
. tcjckzdwilsstctse . J COyd mlso j L dzOyJ d
Regulatorg Clustering c éZOfI’]ISJ edL OUVard § Umut;mm'z f éH MGy &*é a
Mtej Hdzi 2 d Bdzdydzgi?2 Mmawerd
stsdzd yj Mlso s CdzOMmlsj tots o H dzw tsBi j H(
Regulatorg #clusters St) Hjdjds OolsmOdujmMSd (M. M
AO2dtindsME sd3 OCIsdo dJtetseo Odzdz" = tej G zdz
Regulators | Externdibkt Is ts fsmdzj Hize h d2 0O dzO dzd L BkzHjIs s
ZCOLOdzdzr 5 9o 1 Istsds ¥ O2 dzj
Options | Print gene annotation| ] " s sHdIs! s dMOddwY ¢ jdztse o tojL kzdz!
Options | Select regulaowith | v ydIsr 9 Ols+ Issdz' €5 tojeckdzwistster | H dzw
p-value smaller than 9 W QO8sBhNFAabdzj ftcjo"hOjls L OHOdzdzs |
Options | Select regulators wit v ydIsr 9 Ols Stsdz? Ct5 tojebkdzwistster , H dz
rank smaller than resSNEAabdz] fftcjoar h Ojls L OHOdgdztsj . 1 tejd
Options | Delete regulatof v H O dzv Is ¢ tcjeckdzvwisster , Clsigd3 o 0OCLs

encountered inlessthansampl f etsyj dzlsj B©BBtOL Yyt
Options | Select regulators wif v ydlIsr o Ols Stsdzr Cts tcjekzdzvw Isster n
median change Slsted yOlsj dz' dzts?2 1 CSMftej MiMdj2 cj dztso .

Options | Correspondence to G
biological processes

JTosHdls! COkjcettedqd BJ 5 EER@ONDEy
ltcj d3j dzdzts dzj IsfifyH H j ey do OJ

Options | Plot avg. silhouettes

opions | OUtput clusters 1)+ s sudls: MsmlsOs CRMEME) ESe o ¥ 5B
[fjn] &b’ Ef5dBOd ds) ¢ 6ddu]f
lejLbd O] BbHjl fshmsts) O L 0o (

i d o j ddud B52 M n dagndreguidtnriaipse (1
sHjl o udqhdj ds SfIsdEOd daisj LA b
(Stan and Philip, 2004)

e orey | PN el fscer s gogcE M BjLEd KOKOB] {6
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Options | Bootstrap runs s
Options | Print summary table | |
Options | Plot sample names | |

asHdls! dlktetsabkys sOBd&dyk
o BHAUs ‘9 Odzdv tsBtOL Yytses dzO Isj f dztso r

s dzd Uj Mis o By qeSbispls wildfY Y dzCd o 5My

U 5 dz! HCOP O tc O 3 45 dR'OBOBIMS dzt Is dzets  dzj Hsdz'h ste @ i3S BY  d3d
Woknizj L 2dz B @ 6 tNEAL@SSNEAab) dL dz0 U » dedizy loggfatzoH dzyv iy j -
tsB tc O (exptatetab).] dzOyj ded v tsMisOdz' dzr = § OO steso BsC
[ dz Of MG O CdjcttsBteRdtiERERS O Is L dzO Y j dz§NEA 1teDiteOflzj Is te
«Expressiordata» d dzO % @dsf«RUm». t jL EZdzt sOIsT OdzOdzdL O 9o o
sOBdzdy BEHEIS odzre?j H jCs O dats cOuThufSibgiDagp)s tc

t JLEzdUs@sasfife © ftesctcOBRB HzvW fMsteOdW¥ dS Oyd
sOB dod o H§ § MBs@BWw d o dofy tsdeFRES:

1 dnd.samples.clusterregs.pdd H J dzZH etSEtc OBBO ¢ ZOMIsj tedL Oyd d

1 dnd.regulators.pdfd HJj dzH ESE L OBBO ¢ ZOMIsjtedL Oydd tej 6

! heatmap.samples.clusterregs.pdd Is j f dztso OW ¢ Otels© L dzOyj dzd 2
cjekzdzv sstcso HAzZ¥ COYHBGEES tsBtOL YyoO

1 expr.logratio.distr.pdf 8 tt Oy tcj H j dzj dddojratioaHd® y JCHDPH2H SG 5 tSB |

sample.regs.tabd Mo sH dzOW IsOBdzZd Yo oaMmjr WjokzdzVlstte

1 sample.clusterregs.kvalues.tald IsOB dzd yO OSIsdoe dztsmisj 2 € dzOMml
COYHBGEB; sBtcOL YO

1 clusters.onedimstattabd tf d MOlsj dz' dzOW MisOlsdmlsd¢ O d
MtcOo dzjWzdCiOHHisSG 5 ¢ dZOMls j 6O i czdzw ststeso

71 cluster.regulators.tabd MtsMis©e ¢ dzOMIsj.totse tjclkzdzviIststotso

]

l osctcOdizd3dzr @) Oztfu lze h 2 tcOL tc OB s O dhglis RO Is 3y
fOydj dzlstse dz0 hdtss? tc§ 6)if wf igigdrd® ts o0cQ@ ddzdzdzO tsB R
tc J M ESednceForgd s O Hhttps#idourceforge.net/projects/bsneal.

2ARHJ dZs W S Oydw Stwdlsdud mMSd o0 de" =~

1 j dzd il detiS( tsilsdetsh j dzdj HEsdzd dzj id desded d3d ydzr = |
L Od3jHaB™ o fj-C sBdtessth drn ¢ § @O yd lszse Q daf) ISEsHeddEQ)f
st d fnOGstEm® ¢ tsdzdQstodekal., 2014)y dzv C O HtSEts G j dz0 tOMmfr
Hdzd dedz" 2 IstdOdefgSisEtElrs n dr EZyomlsC OR 15 HdzY €Oy
CsdzdyujMmseots flsj dydod ds oL @Ey d&stzddaj fidsdetsdd d
i d dzts dzd Bd W dz(S)5 Iy 2 duggfjtatiz v o j dzd yddz' 5 Hdzddzj IS0
dzO0B dz¥ H O d&3" = dad M d detfrded] d3dudizlzt: dzd w3 dg oz & O fiy fipglsf Iz o (G
acjdzdﬁdAd%lz;—.rde tcOMyj Isd@N/aSy tipt g dztzl s Odzd H Odzdz” j
BzlsOydw d3, dzOB dzt H O] dztz@sdzis 3’3 7 #) s sz @Pdzts) OBTCEH dz’' Is (
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RL HOdz dzj2h jcets OdzOdzdL © ( fySodzepOdz]] ddsizO vl jodprdzd
Mtsmis 0o dzv dz®@25 tsdzjj J Yhsdgd dzyd Odz! dets dzOrR sH WM 7 Mmw d
fsdizsy dlsj dz' dgt 5 tslsB 5tctsd)

1 OlstsG j dedets fipiglz Is g thh j ey j dzd © Odzd Mtsc ddOmepE., B OL
2016) [ Odedzr 2 tj Mizte MHjteydls oL Hap Qe tc d & Gt
( 8 € dzSIHPolyPher?, FATHMM, MutationAssessaff Istf tf tc)s ¢ dzts L ' tcds dedD Wzdfzd
SHdtsdEzS dj slsdrHds?2 L Odj dzr dzO0 WEkdzCyde BJ dz€ O.
SHdsdzlz € dzj sIsd H dzr n LOd3j dz2 o BOMh Is®BPHES o g & dd
f Olstsc j digletsiPlsydd 2 , f sdzz yj dzdzr = BlsH j dz/doISER]s O © Bizg ts
fsHHjWYdo O s jddzsiy astOBusch oty O Gzl Odize EiAgz Y & dzd ¥
Met aSVM d, Miej gL RO & stdzn@daf @idstzd ydzr ~. 1 d36zds &5 9 ¢
L dzOyj dzdwv Mej &z dfMdz d ZNIOL ab®els dzO o MsC ks 9o j &
BzlsOydqw wodzw jlsmw § Olstsc j dadats? .

] Olstsg j dzdzts gl 3lz®@B 2 j dzj s yd MEdr o Otcd Odzlstso
HOdzdFCGA MM dBOIsd yj MSdj YBzlds@§d df oH daw O CHjO dzexiories {f to ts
(Cjddlsduimedj o0tedOdzls’, ofmistej yor " d.j iwydls @ddit
SHdsdzlz € dzj tslsd H dzOW §f @ Oy jdaBieRe, dzvdgYsdpdieddedtr a SVM  d d
MetalR ff toj 8 7 h O ddfsj teYQ %zls d dz’ sls MmMtslse j sMilssOELhjj ¢
f Olstse j dzde” &3 tslsdetsd dzd Mdzj viz® M dj : ¢ dzBfiend dizg ¥ day |
f slsj to€ SipldEO dzd € dats 0-§ thed FRliAEOEYF Y IS O MY fz@? Bt dg® Qd ¢
s CdzOfMmMmj ¢ Jjdzj Isdyj NS SCGAY ¢ Qziz | QllixF-D G R dzts o 1 O @dzH BzW
ftos CIs OGerlo@e®0 d L teJ L zdz? OISO Odzdztsls O VOFf O dz® Is
i to ts G tc QAW AR (Wang, et al., 2010)

odzdff § C MY tej Mdd e deso B" dzd ff sdzzyd dz" yd 6
d dz¥ tste B3O Y d581¢ 5 dz@D, ¢ € Mff toj Byiyis Hotis® LOGAE = o3 jo dzO dzts d3"
L CMf i MmMdd ¢ j dese , Ctslstster | dd3j dzd OB Mmisdz® Isdz |
OB stc® HOdzdz" n, B'" dzd EH Odzj dz .

ANlzC ydsdzOdz! dz" 2 OdzOdzdL tBtsSG O jdzdw @6 j detse M
f tctse §HiY dzd MY 5dz' Lidgjoffdimin@lz Wewww.webdestdit.org]. I[¢ Oyd Mise .

st s dz! LiffoddpiefC 17@c j dAste  Mjs?  fiteS) figtdas j
9C dzj sC On  difj telfOedfssdd 404 § ey dzls  dz' . pzydzisth 3 g @ g Wix
Isj Misd tcth bffdzdLisco Odzd 34 IswiB j tfB®amdidgdddddchberg, 1995)

s dMmMs¢ oL OdhBsHj2Mlsead?2 Hdzvw or BtcOdzdzgr = B j C

STRINGv. 9.1 (Franceschini, et al., 2013 sdztsh + v M C tc d § Ry@on. flzp i b ©© fy |
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STRINGf tej Hisf)ls @O0 dzv j s todPuzttiAf @ @ 15 qreRBjmH 2 B Jndz® @B dat
CjLbkd OOk fsljsdd » {CHfjtddkjdsss d o -
fMeOo dzdls j &z dzgs? S jdesakdSd d Odpers &zOC di§j C s
ftoj HNG OL Odzq ¥ HesMiste j dzsflsd j dz§ 56565 dag d O @zt @Y
dqdzsj ctedtelze Ismw o a3 Misy M ( 6 sodgd. T dzw O bipq figls @ dzQ dods 1O @z
ZOMsswh j 2t Heksjdziof MRS ¢ 6 § dalsp dzg oL’ Qid ds®Hfjv2 il
(0  dzd wapreéffc j © ' M O] Is 0,8).dzOyJ dzd J

25.1 SHOo dzj dzgdj {SMitejmmdd cjdse d ¢t
OCIkdo dzsflsd S dzj lstsC dgj dzO dats o'

ltoesotsHddzd S jted d3j dzls Odz! dzlz & ftoeso jJtoCz L
SlstsBtcOdzdz" = G J dzse Hdzv o )y dotOdRdW s L QEpdsjtsdg s3] ~dziEr
ddals j oW j toj dzydd. [ dmOdede j dednj + $MYjtedd3j dalst
stcdcd dzOdzy dets? tcOBSIs] s téKfivosheeyaj et & X202f) MtsOo sstc Od

r dzv f sHB tsePdzedgdBiditskzs " d = s to-@3def dzplelj i@t s dz? j Ldissoe
i tc cdgBIDsiRNAfit, ddzls j ctcd tolicy L izilz! IsOIs T tcOB sisT dzj G t
O dzc s tc df ksdztf ds 38 ts t|RNA Scan, siDirectsiExplorer, RFRCDBs i RN A, DSI |
LB dtedud MSdy Qo ddzO, MW Btedzdzdteseo Odzdz" j o dzd

s dzj Istsydzlz ¥ dzte @z f thlalx jjaRdEp sdzse j O A375 ¢ kd
MilsOdzH Otels dz" ~R M fipdias a s DO.dzd ¢ &z dzDNsEMiqButkhecdiiz Modiffgds | H I
EagleMediumfn H tsB O 9ld@j%lzdi jjds O dz' dzts 2 B[ ( Lye dii2ls Gjdicktis @Os Is ¢
q37°C. 1 jtejH IsteOdemW j ¢ ydj 2dzek dztp Jg Stadi fftiize of @O dedPio d
HERBEZOGROzd L d te s o O dzds tsfis tstfitEaRlis s @jatsetf s j dzls, 1 j dzd € 5B

[ dzv COYHBEB dL GHEBd R STKLEIR dde®I5A(B ' dzd
fsSHtSBtOdzr tsls tsHdzgBc ez@mdkts | & O3 ¢i3jLdganady d fiy 50 dokd B t
(Lagana, etal.,2015) 1 sfmdzj His9 Olsj dz! dztsmisd v ddby @ ted o 4 H J
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v OB dAfy®fmdzj HiIsO Ols j dz! degsisd dBBdif1s HAEZYW lstsBteOdzdz = 6]

1 OL 9 @3Eqd ) S 1 sMdzj H 59 Olizlg Bzdzgizts iy I 4
SZNEXLAL 5 GAUGGAGAGUUACCACCAAJTAT-3
3/-dTdTCUACCUCUCAAUGGUGGUU-5'
S7NEX L2 5 GGAAGGAGCAACAGUGAAATAT-3
3'-dTdTCCUUCCUCGUUGUCACUUU-5'
S NEXLH3 5-GAGCAAAGUUAACAAAUCUATAT=3!
SIZNFX 3"-dTdTCUCGUUUCAAUUGUUUAGA-5'
) 5-CCGGAGUAAAUUGCAGAAUdTAT-3
SIRHPN2 #1 3/ dTATGGCCUCAUUUAACGUCUUA-S'
. 5"-GAAGGAAAGUAACCAAGAATIT-3/
SIRHPN2 #2 3/-dTdTCUUCCUUUCAUUGGUUCUU-5/
. 5 UGGUGACAAUUAUGACUUUATATS
SIRHPNZ2 #3 3/-dTdTACCACUGUUAAUACUGAAA-5'
. 5-GGAUGGGAUUAGACAGUGAATAT-3’
SISTK11IP #1 3/-dTdTCCUACCCUAAUCUGUCACU-5'
) 5 GAGAAGGUGCGAUACAUGUATAT-3
SIUNCASA#1 3/-dTdTCUCUUCCACGCUAUGUACA-5'

ltcso sHd dzd IsteOdziW j Shadd ¥ & o 'C miag Gdzdg'dzlzdgj da@diatzdiz*
YU ZEAFEON YW j CIsdo deslsy  IstcOdeMW¥ j S ydd yd dzd o Odzd
Codzlstetsdz! detsd3 5B tc O § | dstsusJtcpue Rsust)dapasidgizls dzf BAMS t O fr
(si Fl u). 1 s fiolkdit | BaziclOBEIs Ydzt B Jictso Odzd L R td s 9 PR
or HjdzWwdzd t1s. [ 0djJ {ttlis@digtedefjpddydi ¢ssipdj
6 Odz! dzscf p tzydeiyjtalegQ dzd o B 1Y) 6 dz' L bste alafd] i tc j Wihis"dtc § -
toj W j toj dzmdz" @B2M, cHPBAs aFRC TBP). ¢ ¢ MY j tc dfdigtsdelss H d iz Is d o
Bdtsdzsedyj m¢dn f OWStcdzsn Y B2y MY sMmse dzsMmisd ¢d
d My sdz' L €elllitdedlye@sCell Viability Assay(Promegay J tel 2,24, 36,4860y O mtse
fsmdzy tBttOBBICd Cdzj ss¢ ] zOdesdzr Msslse jIsMmise 2

26050 ddieso Odedj | SL BESS

t4jCojdzdtctse Odzd j 1 CL it BOL Yytseo  twfdar sazj
CoRBf Ofgddzt»is § § s e loPL ¢ j dats d3dzts 2 1 s Wi OG d3 dz
Zdz2 stcOL 9 € s E€wmas(ttedp ste jif f sdzzyj dzdj &3 BdB dz 51 §
shdzso desd Y BRter n tcOMy toj Hj dzv didinte  tsiEy dgptsl RO & P
Zdecdteso Odzd™w OHOfIsj tese ¥ tc O Adehadzlst AMPEaSPRIGads dzO
(Agilent, w) § OB dzdwdydtetse Odddzts? iz izff 3 tststs Pulaf g w30 O A {
f sMmtcj H Mlis Adilelt SurgSel€cHumanAll Exon EnrichmentKit V4 (51 189 3!
Agilent, g4z hbc zAMaEds sC tsdzlz ff to s 3oz B gz | ered@dadglassls j ©
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WicOed3j dzlstse  MmJ € o j dzd Humm®D Hifed® @20 0 f (c e g dz dmnt
dLtsBteOY jdzd?2 BtcOB OIS 98 Odzd HMHumisashes®adgtigdasoftgarels j it
MmMisOdzsoa C OB 5 EZdtsdzyOdzd s .

] otso sHdedech @ OtedIsj dz/ dzz e Wirfdiz @O a s MY &b k@ ©
9Cdz¢ yodzO kEHOdzjdzdj OHOYF Is] tets,09 ff sdgjsHets ffls tBotsjdig) dg’
dzz € dzj slsdHtse BT dzd f tesylsj dz M COydfmeasd 5 d
dimrHd » ftesylsjded?2. 1 tdzzyjdeder j ftetsylsjddw ¢€C
(edtefph1 9) M Yoish! s {§tetseip GBEdaPWY Qistisalthd dz
mf sdzsh @ & tots ¢ tc QLizas alS ZDOOR(s nMpu T @antd@ Auwera, et al., 2013)
MizOMistets?2 C O3 s dzdgigddag® dgd b9 toj L 2 dz' sOIsj MEBB SIS
WO22dzr it MP&Odad i &g OdzOdzd L J cdjfiplfjtdsorf u jthpSQidgd ol
dHd desdW dydtese Odede” | tsSH datso to] d3joatzdztsC Otsasts{dfedsh O Gedzy
dmf sdz! L so Odzd 3J stsH BdzsicodBg dta dztsfc @A FSNENdbtpscand O dac
Ripley, 2002) } Olsls j tc dz' tdsH]dptidz G dzf ©®d3j dz tsSf tej H § dzv dzd
SomaticSignaturefGehring, et al., 20153 sfMis ©o Mde dzOdz! dz@ = d 3 sOB
L OCG telzy J da @QdzdBEE (Kanehisa and Goto, 2000)

2.7) esGtcOd3dzds’ 2 € tizdets b Pdijfdefdzy @ g § O dzls ts

t OLtcOBtSIsOdzd ftescteOBRBdesy tsBJ MY J ud dedy Hdzw
l AsHdzr 3 HOdzdzr &3 W o dCEzip®H J ©F @&" ¢ 2 ¥ Sc3OE j d dzH |
mMeteCd ¢ j dzhdd® yJj dzsoe j € O

rdzv g ijtcoduydets?2 OdzdeslsOydd cjdzjlsduimédr o
O ¢ prpEff[http://snpeff.sourceforge.fel ¢ OyjMmlse j HBY tsdzded s j dz' dzr -
st ydganomy (Istsdz! €t € Odetsdzd ud MY depnlyRsaieddi & tzd § s+ B § ©
CsHdtekzs hd] BOdmMStodfIsT

dzv OdzdzslsOydd dMmy sdz' L tso Ofdmld oty jHm) iy 'Q B ditzfmy QL
5 . RdW stcdgOy d gL izO I § NBFPD f hiffistzhtss o Odzd
OdzdztsIsOydd dz20 Etseodzi 6 J dzso, s O¢ S drk dzWe O dEdRtE
14 Slsster j dL dMmf sdz' L 59 Odzd@ncdtatotaj GdnderigisBathDB dzO {f
ftocj HMlsOadzw s Is M2 SR ddzvwyds Mo jHjded?2 dL
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v OB dz§.p@z¥ yjorjy BOLT HOdzdz" = d tj mMztemr , dmf sdz’ L ts9
OdzdztslIsOydd Gjdzai sdui mMEdr o90ttdOdzlstsoe
1 OL 8 Odzd J JTdmodzd J g4 fmr dzC O
O dzdzts s Oydw dzO© bktese dzjy 6 J dzO

ldeasedyd MEdy ftesyj mmr,
GeneOntology o dzz b C dzj Is s zOW  dzts € (Ashburner, et al., 2000
dbNSFP IBhoOow dJd¥ stedzOydvw (Liu, et al., 2016)
vyomisdy o Mmdc dzOdz!-elzf &S € O
ConsensusPathDB Cjobdvlsteds T oL Od s H (Kamburov, et al., 2013
Oncotator  sdzr fgz28cg dzj L | (Ramos, et al., 2015)
GTEXx Portal CCMmMftej MMdw 6J dzO o w©OL www.gtexportal.org
TARGET sdzd dzd yd Mm& OW L dzOyd d3ts fiy (Van Allen, et al., 2014)
dGene sdzd dzd yj MS OW L dzOyd 3tsfiy (Kumar, et al., 2013)
¢ dzdzs s Oyd v cde@zjastefmupidric d = o Oted Odzls s 9
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sdf SCdzddduyi mMit?2 L doOyddsMmisd BJdsdBOH
] 5L sy dz’ j EVIRORYREIRREDICTIVE
EVID_TYPE_DIAGNOSTIC,EVID_TYPE_PREDISPOSING,
EVID_TYPE_PROGNOSTIC, EVID_TYPE_BIOLOGICAL

description v SMssetsy BYdMOdedy Cdzddedud MEs2 L g

ik Ldf jtemmr 2SO dz® dMmissydedS, §sHlSo j
BdskOLS j 60

1 OLoOdedff j tefff wlaklgfo j oy H O A j 2 C dzd dzd

BdskOLs j 0

SCEBB) dis Ok d 2 © dd)])ds lsgs sy dzd Uj M6 & 2

B3OS jt6O I HOdkscts § Oydj dlso

sdf L WWjGClkdgo dsishb fric HGoledpEscOy § O

L dzO y jD®® EFFECTIVE_IN_THIS_DISEASE,

drug_type DRUG_EFFECTIVE_IN_OTHER_DISEASE,

DRUG_NONEFFECTIVEDRUG_TOXIC,

DRUG OTHER

SE®RB] ZsOLd?2 1CMi,jcsO Shdasmdls] & di

kjtwOfdd

evidence_level

evidence_type

title

comment

drug_comment

29) tsctOd3BBdesy tsB § M 4 Ud dzd J

dlsOdmMisdyj MS k¥ BtOBBISSEZ HOddzr -~ fyd{ 8 distct
M Jj yd @@L tz®B tsils Odzdz’ =~ M venvif-frdgestorglz® d2v L 1 © s SNEA-J dzd v
QdzOdzdf L O dMYtsdz' L 50 Odzd § Rathwaly Bufidsez(s fo TPASREIsdyifr] uJ d
1 dHjtedzOdH" ) . 1d¥ odLBQdfsOYGd ofgOlff5sH B3 =S
1 [ Cytoscape (Shannon, et al, 2003) t OL tcOB SIS Iz f tcsG tc Odzdzdats
ftoj ydL d s dzdats 2 sdzC sdzse d d o J dzdPythion JdvaStriptdd R, 59 O«
f totsc tc Odzsdzdz’ -~ Djaghded g fHE j di3r k1 tcOo dzj dddySQLB OL O &3d

99



1foele 3. ovwireddrd boytd
&3 dzO dats o3

I HOddE?2 cd&Ooj s df" o Of Hsjindzls delDlf G dsds S O 14 s
fotslsj si3j (efsénfatpiaine, Ctedlsdyui MSd o By dCE & i S 1S ¢
dzj 5B @AW dz€  d 5 dzqiee@CotOadedl € dzj S s EBSC & ©C 6 O ) B dsas 1
COftslsj deyd@ezo digf hj j dzgd H v feslsdo st OSHaasd jls i )
BilssHO djydls §sdmS BjdSte fhtlkjskd0 ko
oL HJ 2 iEdoadj ot d'sds dsa® | Mls ' & YsdpSiyl sid & dzs s
L Od3j dRARHdiz Codr fifdztstisi. b ®I5 Gt s ZOc O sfw, ylkt d &) dzdzts
BjdkStse WodW jlkfw fMdzjHuMmlsodjd dn dzj sBRtHJBsMd
s d MOdzdzdzPMlsswh j 2 ¢ d&zOo j, shdzse Odzgr  dfPyatnitekiy,sls j
etal., 2015)

]l Oy des tslsdzj Isdls! , Yylsts o HOdzdesd3 t©OL HJ dzj
CsHdks hddsd dn ¢j &zORg. Chkts MoweL Odes M) kj &,
dzj zZ@h | dzdzts G 5 WizdeC ydtsdzed tetso Oded W B J dz€ 5o, s H daC
Mo 5C 4§ datsfyls Cj st SfkRsdj 2, f tsdzlz uj dzdz'
o' M cftesdL otsHdIsj dzt desets fj Cojddtcseo OdzdW 11 s .

3lodzetstedlsd dHjdsd¥dsoydd Ctdlsdyj Ms

lted t©OL tcOB®dH jj dzlsgjifftted Isd yd MECd o0y dz" = BJ &
sfeatsdzd d@3FF SfdoOotkzOBfls &0 dhnbsEdr §tcdC zOa dzts 2
ZzO OB tsls Iz dBtOR ORBO l Odzz HO RS f tesB dzj A3O 3
BtsdfzB OtcH d to(Wald, IP80s 0 1 e OC Is d yJ MO oLd) HA@zEY, fifj toj H
MY stcztz dzdtctso OdzO Mdzj HEE PN dd3 BB ELOL tSA3: BtsdsB QtcH ( t
ftsotej yHJdedz" 2 L j dzd Is dzg'dafp st dejHdf diftsts, eskdzifcq) 2@ WA As * tc O L
YOMmlsojRL HEN des 6 EzO iz ef dgPte  dzs S sMis  ,idzf¥ v Ml s,/
B tots dzd o the Quaptfigizijudzd v o " d o O] 3t filsiak o O Hts dzjols® dzj d3(
ssdy, yYlsts HOdzdz' | Wodzws sfpw yjdaL Ztod totso Odzdze” dz3d
HdzZw MOisdzj stso , Cslstster §j  dzf 9] todzlz dzdff@ € iy dzO@H @
Eftesh Ov, d@sydes MECOL O, ybts 1 O0dz H o] HdztY dcC
sj " Yyofmlsj?2 MOBsdzj Isse, Ctlststcr j BT dzd [ B lslB figls oz
ftosetsddz dzO BsdizB OtcHdtosoah ¢ j, Ctlstster s telaffif jsh dath
Yylsts dqd3j dedets 1sOSCdj dB@BiMlsO weodwe sfipw Ctodilsdud MEd
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HilsOdzd MOBBdzj sO HtedotsHdl € [zdad yls BiQjdeds ) ot
wiLoddismisd dzj.dzOB dz¥ H Oj 3" d3d

RN sdz L W MRy kste ] Bzt e® ¥ o jzbiokrd  uiss esfi) ) Js s dats G |
otsLOotOh jdadWw BtSd3B OtcH Jtctso h o O dip Q jCoREOMmlE]Y  tde@&fridpd
OzOdzse sy tOL dzd ydz' = HJjlsOdzj 2 MOBdzj IsO wo dzw & Isf
Wo dzws Isfgw o tsdedstpoAsQlftgic § dzdz” § 0 M B3O Jar@EdQ@E 1 gl
WEdS ydtsdd tstse &dzd d dzd B j falO@ 5 tcs s tc © dgv W dHJ ¥ ]
ftojHY sdzsy d s’ Yls ts G4 dgr , , CtisHsjtsHedzjj dzdz'C js H (el ©
MsBOdUud MCddB3d &BelsOydw i3d, dzj sBntSHJASdZ) b2 §
Bzls Oy do¥ i3 OC d ~ ff fEHjfaEXEs y d 6§ dz BzB" Is, O Mdp D datwe) Wdis
dzj dzOB dzt H Odej3ts G Is  BIMsIlse o 5 oz de'dzO dzts ¢  Wic ABJtIsHER | O dz
cdf sdzlzls d tets o OdzdzS tgd Is B jAb§ COfiF drvD™ gzt az@ dzd ¥ e OC SO T
f tetsd dzdz¥ fls te  teftsch iPiAs Szd % §  (

Benkun

MonapaHusa 3aTpoHyTbie
MyTauusmMm

Bo3BpalleHNE < ommm Q.n

Ha a’poapoM "\

BbKkuBaHue -—
KNEeTKun

l

Kputnueckm CekBeHMpoBaHue
dkcneprTusa | BaXkHble y3nbl reHoma Kputuueckm BaXkHble
(HeT nonapgaHui) 6enkn (HeT MyTauumn)
A\

'mbenb KnNeTkmn
l MyTauum B KpUTUYECKHU

Ba)HbiX 6enkax

KaTtacrtpoda

NMonapaHusa B
KPUTUYECKM
Ba)<Hble y3Nbl

HeT AaHHbIX HeT AaHHbIX

{ Mk das6 ZOdsc Y &jyHE StdsduimMSddd o0y dd G H@)kZOC
cdfsdklsdtse Odde &3 B j dz€ Ok ,0 ' § & @ ©Odiad I ) Cterfo € ay@USIL &tz o oz Setattiodis. te
sMisOdzd ! dzj fsotey yHjdedzr B 2O o jtedzko" dafmw fy L OH Oded W
9L HEN dzts c )sh difEizQf ydz' &3 SBOLBER foj Hf sZOCO sy, ykt Bj
s Ol d U MS Jjots sdfzsHOfudg 2 Higzw o' 3 do Odzd™ ©OCto' 7 Cdzjlsts¢
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A j dz dzOh j 2 tcOBBIsT MsmMissdls © dHJjddsdWdsOo
Ctedlsdui M d o0Oydes Hdzw 9" ydo Odedwv t©OCBOB2 € dzj k
B " jdgv 3 Hdz¥ ff tetsls d o (Clmtigzelab,2(20) 60 b st d Py dzs d
BjdSCd, C(tlterj dgjtsBatsHdd HAY o' yde OdedVw € dzj
cditslsjlsdyd MS s dzj € OteMmiso j dzdzts § Mtej HMlsets BEH
Mz Hse Ols j dzt dets, BEHjI dd&3jls! L dzOydlsjdz] s J sy
dMm¢dzs udis! dL tcOfisipdptsilsiy jdatef v B JOdBUSE,J dedz” di3d ¢ § dzj
Ctolstster § ofMmistej yors smw Ek EffMdztsodzss L HBtesO T 7 dzv
or wodzjdzdvw ddzlsj tej Mze hdr dzOMm BJ ZStse (ftsilsj dzydC
Yylsts Hdzw Mstslse jlsMisokzs h jes ¢j dzgO Htsdzw  dzOB dzt H
sCOdzd B dZzO orhj 5 McOodzj dedt M HEsdZi?2 § Olsc ]
slstsBtcOdz B &S, Y 4 Wk ydoddtetseo Odedj daj W oc
Cdzj stsC dise 3OO dzd, des Ctedlsdyud MSCd o Oy dats HdzW o

RMAGHA &g HOdsdz dsd H dzv O dz®dRdROB of % § Gy Gz ig of W

G j dzts BOR sfkzRitsdjor A Cdzj sts6 f s dzlz y jTaBi j
[https://portal.gdc.cancer.gdy® IsOS 3 J H OdzdE $id nts ocQjiajOHgds\Oi~ o Ms
Gj des 3O~ z ffdzts o dzts LHStctsa ™ R dzs100QGENomes d L

[https://www.internationalgenome.ofg/

[ dzv dzOdBBdz' h j2 HBMlstse jodesMisd ftoj HME OL O da
fsdmélz Ctedisd ud Mezg 58 Dipezd Bw Jstiz8s§ ldzts sty dzOd B 5 d
HOdgdzr » B8 MRROIsSdud MEdr BEOQY dD.] /RGOy dGER
9" BtIcOdzO BB dzOdets 3O € OC 5 dz& ©xO& uf b Hcm £391) 'in d BV dk'dzg:
Yomisslsts?2 Msd@Olduy M da  HidzdscOfudgR  off dithaligsafe oetig Sday ¢
2013) 1 O s d3j dzls  d fig iy dafp @ Este tO jlze] dr\B flzdz® @Ezts 5F B dzts  dzC
OB fts dz¢Cladifjy JSfi lsia) s A PipY Pizstso 5 MtcOo dzj dzd®
iz sdizARldiSe Otcd Odzls 59 .

{ftgHjdzjded § f S H R3dets y JQHAs @™ B de@S o W " gm MW
slsted yolsj dz dz@ fs SlsB Stetsd3

YIstsB ' dzO 2Qsts[H detgj S j & j dzr , ZOn sHWh j mw ft
fted tOLodlsdd sfkntsdd, dNd fiSos d€' Qugjefidsdad]  odjdedrddf Oz
tsls B #var@ and Bielawski, 2000) O dzdzOWw dgQj, dzcpv dfu d i dzv j-C©OW d | iEA h B ¢
FyomkeO r1s, ftojHMmMsOosdzw jls Mtsets?2 Glsdatsh j dzd j
L OdsiN& Htsdzj fd dets deif3d wdr'dds O Bdpjvdz U ls tsdNOSEY aigd dzqf J
JHdddyr MmodHjlsjd Misalkzjls t QusOdrd ydds ds 1 tefcflaindsle jisc

102



dzj Md dats dzed dsdouislp'des o " 3" 2 O sfw  j Misg dg®drty aiafia) df, 2 s Isd
shdso Odzadz” 2 O O BOG tsjf &g flztzdzig o Gstoow de OB g Is 56 5 6
dLEzyjdedw sy dlsj d dscts tslsB g@sBowpet at, REH B3O 1

RMY sdz L 2V o f) B tizgzy Pytgisdridsddud MEdrn BlSOYd2 o
s ls dats AY/dBdi jizv o ) j-§ SediEEsCh d 7 ¢ j das oy jiu s o f € D
Hsfllstse j tedets s 5 ydNdESHdL g h @ dadfyS dz¥ Y O eze dzts j o
dLo jMisdets 10 d 3 dejd ¢G4 dadlsdUJTOGA » soy@tsdO@aifls ts o
BZORtsHdIsMY ftsH lsted yOlsj dz/ dzr 3 slsB tstetsds o dN&IB d3 fn
BN dzO d3j dz' M J L OH Odzdzts G t5 f stetsc O. [ dzw 9" B St
f tsdzdzts ¢ j rzts d3dzO ON/ABfI Xz stoj n  desL sdztse d 2, Hdzw ¢
Oded hjj Ssddyjfsets Itsyj yde o dkds@ys)s:itcddj d
d Jodets € Ote ydfjdmsisFmz BsS s O0¢ MmdzjuHkzjlks dL § sdzkzyj dz
stej 2 MdzEyoOws dsCod df j &ddd Bz dr  didaSdesOp Qs
fededdLdlsjd ds 0,25. Ckbk ojdduyddz J(hfsd Lt
qHj dZsdW qUBygd Cejsste’ | dORBHWISMY §tH HOo dzj dz
sdzC ts6 j dz L 4 .

MenaHoma koxkm (N=181175) KapuyuHoma snpaomerpua (N=177581)

1.0 2.0
1.0 1.5

0.0
0.0 05

dN/dS

{ Mz dB8sEOMY toj Hj dzj dzd § 1 ts dzcztsidgSdatsizcz’ 1§ t6 jLRdzOlIG iz 6 OC O

dLeo jMmisdes 5 dzgOdBtsdz! " jdg Ssdzdyj Mo j MBOBJYU) MEdr d&BzlsOy
OHjdesC Oteyddesd30 dzj ¢S dr. [ C0dz dr j o5d dzad A3z 3" o =NdSMJj A

ftededzdL dlIsj dz¢ dzts( SBCGoLddz@RM) dBs, 2fiblstcj dz¢ Odzd ) .  dN/dBzf , § 18§z r T B
H Odedzr 2, fifusitdstsczd dzgOR sHW P Jdsd MW §f sH tslsted yOlsj dz dg" i3 tslsB o ts
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[ Odzj J B dzd ®lsWddz stctse Odz" d EkEHOdzj dzr gL
Cslsster §j dzy + St MiMdtelze Isfigw Ods j Uz fisS O dlzj d3izdz@ dzts
Ctedlsdud MSd o903dzr 3d HA&wW 1 Issets 9dHO ©OSCO. r
ftosW d dzd €6 AQalAf ) c 5 3 7)H dsB €@ yBcts ¢ J dzO tcOMMmydlL
Jes 1 CMftcjmMmdd o wEhntsdd. 1 d@dze gzgz? " j figtc P Hzed
tEMfte Midd Ctbtster = ftod B dpddygdgsddzy His] de'On
LEMftemMidd ofmjn cj dztso.

10 MmdzjHEkzsh jdg h OGy dL z2yodzd Mmlsj ¢ 4 dz f Olst
ofistej yor " dafmw COC MtejHd MsBROLTGGAN SO dlz ldndsy
G4 ted3d dzOIs d o dz' n f sdzd i3 to W d LOGISenomésH Ditzilzr jc J dziclisd €
9 Ot Odzls * Bf dzd t©OLHJjdzjdg@r dzO H9 O Cd&zOMMO ¢t f
B j dz€ O. I MJf edfplss@ W d df J ¢ MHoadelk tOdEzsOmMgdlIsr
OB ddw MO2Istsd& dpfindg@ X fifdydddes@ o Odzd € OS¢ dBzlsOydd
OBLHJ2MBH@Eddets  OlstsGc J dzdz” J ) . gty easl€OE 5 GO« dfQ
ZO BJ dzs$ ) ®lsdesmdzd Mmddesded dsd ydz" § o Oted Odzls™ .
dzj Md dacwai’'dds BSHdskEzS &z slsdHd 7 LORjd dhf sd L 5¢
(94 dzdMgftda SVM ) ,Mefft mdelRy § dzdz" §  d(Liu, et gdl. @18y Qd 8 O &r& F
Ylsts  dBedbiAsj@izfg v W oo dzv | sw  Jzfidzf o dakQ iz didieptz] adadzts\ | d d
MetaLlRf toj o " " Odlftyg] teyQ Wzls d dz@ tsls Mislse jIsMisekze h jets
Mz YO, ,migels Gaafifisiazfify dzy BCOL M 90jls odzdwdedv dz

106 sdzj y tlBdtcOdzd OSd) 6] dz , Ctslstster § B
MEBOd uBlnE @B 3d o flzmtsdd s MeOsdzj dds M k
9 Otcd Odzls ©d3q , ofmistej yos h dsdmw o L HBEGISOT 7 ISC OcC
Emdztso dets f Olstsc jdeder = G jdzgilsdud MSdr  exbcd Odetizts
ftesJTCBA) d Hdzv YEzs@s (cdazd | [000SgnONEEL OXts dzd Y j fMls ¢
o fdd & dzb \ d sez@lzis @EfOL H j dzj dasiasfy ¢ szl U jdgslo@y d | dzv
HOdz! dzj 2 " j dstis B@de@dizf[L G OC dj ' s dzdzw dzis i) &kasBdstiets & d |
[ dzv Edzkzyh jddv bsydihsgdasysy dOdROmLzi O Odzilpsd L s
Hdzw Clsste’ n ¢ sdzd WRizis@aytdd da o pFidsaReiAs sH stetso r A
ftcj or NOOdzts
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32. stedlsdygd M¢ d 9 Oy dz" | G J dz H dzw C
Bj BBteOdzdz" B3 B j dZC OBRY: oL BB dZOW flo W L !

1 sfydzj § gemidvds o r N § ts tdzDig Gsdedats aVifsfordz iAsuaftier ¢ fd o -9 1
CsHdtelze M o § tc joH fdeOdzts X af By diz' =lzts H dzW 9 "Copaf dsdBjiS diz® dizts df'
(lteddzsy Jdedd 1) . d3sts§ @eis O tzCel 1 j vzgf 2 d dzO0 vdpjs gk € t
fdetsedy BJd&Ed ECOL Odzd ! OmMmMsyddtse Odzdz d3d M
¢ OdzO dzf d Jis'tc O defiPif teizgfla| dz" ~ BOdz" A s dzj € &z dz, dzj 2 1
Cdzjtzgtsdy OHGjLdd ,qulsisBn . Bisdzy jlIstfdtezdzts tsn OtcOC Is | to¢
fteso j dzd OdzOdzdL W EkdzC yd s5dzOdzd dzth)d 5 o f ®©OC ONA/jrdRcE s t |
et al., 2013)

U OB &zl &z€ yqdq dzj Stslsster 7 B Jd&g EHS OF OlzsteS PC B Cazaf Is
o' ydoOdzdW CdzjlssS B ZOBSHE . AkzdSydsdOd d' j COkjcettedd
sOlsjaestedw 1 OLoOdzdw G j dztso

| i e oG 2 OGN 5k ABCA3, CATSPER1, SLC12A8, SLC24A1, SLC26A

SLC27A5, SLC45A1, SLC5A6, SLCOATMCT
_ _ _ CADPS2, EPB41L1, MRGPRX3, MRGPRX4, NRP

Fdode) 2 et dadgh Jiy s € b PLXNA2, SEMA4F, SEMAGC, THBS4, UNC5B
CDH11, GJB4, GJB5, ITGB5, LRFN1, LRG:
PCDHB13, PCDHGA12, PCDHGC5

[ 508 EEIw MSd] W) ) AKR1B1, ENGASE, GCNT3, INPP5B, NMNAT3
NNT, TGM5, UBIAD1
ADAMTS15, BMP1, CAPN11, CAPN12, CASPi(
PM20D1, TMPRSS9

woWL' 9 0Qdedj T dzkz€ dzj d ¢ ADAR, ERCC6, NFATC2, ZNF195, ZNF493, ZNFX:

tjudf56EsCdasse®sdsse CCR5CXCR1, EDAR, MC2R, TNFRSF10A

s ddzOL DAPK2, MLKL, PTK2B

vdedzOdz dz j S OMS OH' ¢ BCL2L12, MYCTL, RSPO1

[ 46 dzj st GOHse j L d VW

l tsls @y lsdHOL T
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receptor activity -

transmembrane signaling receptor activity -
secondary active transmembrane transporter activity -
active transmembrane transporter activity -
semaphorin receptor activity -

signaling receptor activity -

transporter activity -

calcium-dependent cysteine-type endopeptidase activity -
chemokine binding -

G-protein coupled receptor activity -
symporter activity -

antiporter activity -

signal transducer activity -

molecular transducer activity -
cation:cation antiporter activity -

cytokine binding -

heparin binding -

cysteine-type endopeptidase activity -
membrane part =

integral to membrane -

intrinsic to membrane -

plasma membrane -

cell periphery -

membrane -

semaphorin receptor complex -

brush border membrane -

connexon complex -

axon guidance -

Kareropuu
MonekynapHeie gyHkumn, GO
KnetouHsie KoMnoHeHTs, GO

CurHansHbie kackansl, KEGG

CesA3k € NekapcTe. NpenapaTamm

enfuvirtide -
ribavirin -
naloxone -
I 1 I 1
0 1 2
-log,,FDR

t Mz z0dzdL f jtoj ftoj HOEOB jzfzliz@es s j H P OL Odzdzetse s € OF
9" 3 do Odzd “d3j WaRjdidstelC Oy j Mlsea j toj W jtej deldegr 7 COjetsted?2 dMmy tsc
KEGG d Phar mGKB. vuvttedd L dOydagshlsd Mittktj Clsdtess Odz
MBBARBjteE O HA&v ddetsy j )Batsg Disdpvely RagckDR)dz] dzd 2 S O H s d3 Jfrlg tslzizs 4
Codzdyj flsets BjdkzStse, YBfOHOENdR o fMitls jlGgeontsldyyzs ¢
fsCOLT 905 hdj SBSEOh jddj BJjd&SOKR], OMMsyddtts Oddz & M

1 s tcjLEzdz sOIsOd3 OdzOdzdL O { j toj Gene HOMEA@Y dzj d
(Ashburner, etal2000) fmdc dzOdz dz' &3 { & Is W diifandhisa andddoto, 2@aedz" |
d Phar (MGiK-Barrillo, et al.,, 2012)B " daistf tc j H j dzj dzes MIsOlsd Misd y 4
EBBSGEOMN jddd BJ &z Od3d 4 &zOL BOIsd yd St zoggske tg Qfds'
HOO BdBAEZSEedui MEOW ddzlsjteftejIsOydw dzOB dz¢ HOJ d
BB BBtcOdz" MtejHd ftoj HMSOL Odedz" 7 s1 ] d3j dzOdets dzr .

[T ftoJ Hif Sdztsy d dzd , Ylsts sHdddiF= Jd¢ aBQ B d@daq (
Codzemj tco Olsdo detsMisd OB dets S dMdzslsdzs?2 f sMmdzj His9 Ols j
 CdzjddieOdsdiksy jls B Is! ERrtsH Bikatdd tls dd
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C dzfs 2O dz' dats 2 (Kim,etmidz2007) d f ZlsOydd, oddwshdj dOsd kd
f ZOL BOdUj MS 52 d3j BB tcOdy , BswpsOREds e € C
shdse desets Ssdfdj MO ¢dilstsiEG Mtk s 2q14) o s
I jkStser j tfdlssyr, MmewLOdd j f MHCT-1j dztffj teedd fi
B sydlsse, SBEOLEY MY fkljd sk sddLO W
fjedWjtedujmMSdr B &S, MofsosyHOsh R ddasj
st OSdj OmMMsyddtts Odedz j ) d&3j BB teOdzOBd B j dzS
K OLT 90! dz® ERBH € dzjlstsSs fdsifmied datsd’ O dasstrjdcgbimE
Yy Oflsd ydzts ! Ists 1§ tH lspOjptaly G jdfiyy L WSOy s(tsd e oS td
fjteimskOkdL Jietse Odzdz’ | dzj ts1BY difs & 4O to j & Eflstedids, ts o Otsid
Bj lsOfml§ MEd?2 o jLir@nEmogea 2l., 2015)

vOCdd BBEOLBAE, fwdhkzlshmlsodj Mwjnd Stdlsd
CsdkdujMmso® BjdSto Sdzjltsyds? §jtedWjtedd d o
sltedyOlsj & desets B0 f 66l dddetssimdL Is o Ot f
sksets COC BzlsOdsdy 2 Bj 56 § &OL BOdY) NS B2 ]
fosljsddLlz (fohd] ddsjttdodkdroydd ojLdSkd
flowiLr pOslsiw ) &sdjCkdOdd MHC 11 COC dzj B qd
fdMmlsj gs?2 S OS¢ Okbktsdscdydy j Oddsdejdy . sdzjlse
B st fdlssf, daj Esyjls dLBjYOk! JdEBEdaescs dOH
«dzj dzOB dz¥ w.®j dz@s B Sesls, jMdd CdjkS0 ©fkasdd
B3j BB tcOdzdaf ,j I8t§ dClsts dzj o' Ltojl dhBzddscs o
CdzjlsSd Bsyjls Brls' fesmjSojddiess Odz. [ Odeds J
(t dfeiEse
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OTcyTCcTBME UMMYHHOIO OTBETA lMMlvlyHHblﬁ T-KneTo4HbIN OTBe'r|

Mem6GpaHHble MyTaHTHbIe t
©enku gukoro MeMOpaHHbIe
MpesenTauusn T™Mna GenKu MpeseHTaumsn
ayTONOrMYHOro : MYTaHTHOro

T-anuTtona

%

T-anuTona

A

MH'repHanuaauwn /

cparou,moa
MHC I PacwenneHue un . PacwenneHue n MHC I
ceaAsbiBaHne ¢ MHC Il ° ceaAsbiBaHue ¢ MHC II

tdmzassLdy slsjlsdyui MSOw MR j kO tslsth’uOls;dzJ Gsets GlsB GG
Bj BB tcOdzdz’ = Bj &ZCtso. [ OCHor j CAHCNIdy 9 € dgtf de&(fipjz ¢ fd j ik
Odzsdcj dzOkd ) Bod hj2 ojteswidsmls! ¥ BEHE | -Gdi) ke
BBz dzdzsc 5 tslso j 5O

Rdzlsjtoj Mdes tslsdzjIsdls |, Yylsts ntslsw Bsdzj € Iz dz'
setcOded yJ dgdets a3 dzOB stej] LYBERHMISOB @ R d§ O iz s d
B4 ZOdzs 3" MY smtse tzOL &zd Y82y tc s O fiMeddezegt al.j 0GOR s ©
Bsy dzgs Lt OMMdBZOIstcd 9 Ols CO¢ CtMme jdedetsy G tsHIso § toy
gqdzlsjtef tej sOydd .

stsdzyd f yqw d B3z dztstc j H OC Is d to, s eéz0 tlztf ® o dzj iz ds @&
Wtstedzdtotso Odzd v, dzOeaAs e[ ¢ I§ Tzts o o At jd&3 Mtslse jIsmlk
(Matsushita,et al., 2012) ] tc OB/&sdegaald MtsOolstster i to 5 HN)j ~dtHAARAS te
HgdzOd Sk tojtfJjtolskzOt® dzjclOm® dzd dz@z B Pdlse ¢ pdzso  H
KB4 sOMis Ols d yd nAtefegds), eza).d2816)s 2

33144 Sydw ©0Odzj § -@ip Md s 8 9 Grélzeis-

[T tBdOtekzy ddzd, vyt Hdv dj Ctsltster 7 dL ftoj
cOdzj 4 Eyd Brdzs fsCOLOdets dm EZYyoOmedp dafydzs o o J
ftedoe j HJ dz dL o j Misdz j§ WOCIsr zO0 f ey o o CF jhdg
e ydi fsstetso .

[Hdzd 3 dL, B8 ZEOL Odzdzr = COC HtojHY By dIsj d&z
Cdzj ss¢ By de@nlzedzdg™ - j BsC ddesear 2 CERYyJ I EsletssF O
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dL zyj dz B dZOEsHOLY Jjets MY tsipptaidifs dd dsdglz) didfHj juvddeyd
(1l RrRY) M -diddzjjlsif &2 [ 4 dzj ydw 32 . 5. 9 H-M@8zEz)s d3
ftecdosHdl ¢ MHoedcek ttO®RSd Mpudds’zes@dd2vinw o8 |fidigin Sz de
stcfdg] ZBtcOdedz" = Mjcedigi dzlsso d jted MsOjIs Mmdzzy dIs
ltejLEzdz IsOIsj dap2 st sCERIBOjIs EMmlsts2 yde sfls! ¢
o d tc [fApl@s and Herbein, 2014) 1 toj f OtcOlsr , B dzsSC dtekze h dj CCRSE
Mudlsos shmw Isjwofdj? ofdbspOyeddzy dzj ujdedw 1 RY

l s 3§ otejd3Y fHtesBds JqLEZYyOd&ZOM! ttsd! CC
1 Istsls tojyjflbtste yoOmlss cdf jtet § MY yefipkndeld tared Bem o
Baruch,2014) ¢ CfMftei MMdw O&RE' sty csazt ¢ j dedzts?2 Is
(Sicoli, et al.,, 2014) 4w kh jMmMsoalkzsls ModHjlsjdz Mlse ® o { tsdz
tcjyjtflststcO YJtejL Jj et dzd ¢ O dzH , CCL5, ftcd o ts
Bj sOMIsOL dtetso Odad 5 . 17 dzs  f s5C OL DdAsS d eglsts  E3kls
BOL Odz' dzgsc s tc OS¢ O(Veksatelqaipe2, etgl j 2 IS ftoslsdo sl k2
LWWjSIlsr BT dzd L O] d3 ff s5HIstj oot A ¢ g drls s tigo
fOydjddstse M 3 Is QudnjlsiOe GECdiS]] izl sl piG16)M

17 dzs 5B dzOtelz y § dats, Yylsts Wekd€ yd sdzOdz' dzr 2 CC

3 dzO dzts d3" :  dg dzQ R dz GHORiBts i) mMdedy J dzdy tsBI j BO
9" ydoOjd&isMmisd s MtcOo dzj dzSong,fgt ablz 20120 Tadg, et d.c2816)s |
l OB Wiggncod MsOolsttetss ISOC Y| MtssBh Odztsm! , yYlsts

ddzcdB dtetse Odzd i3 d3iizls ©@zE8 Bz ~ (Viggindo,j 8t al., 2014) ¢ olstster
ftej HY sdzsy Jdzd, yYybts MdedzOdzdL Oydw yjtjrL CCRS5/ C
CD8T-dzd W sy dIstsoj dzudidg H sO®Rjsls € d dBBj ZOdetsdzr , + C Mt toj
CCR5, d&sclkzls iz B fpustfiplsaststadO lds'ls d 33z dedets e s tslso j Is
vtsls WOCIk, ybt ftejHMCOLOdd] tojyjtfbtste® -
oO0NdEH Y o' ydo Odzdw ' diIg daPDHasIHE® j toy H J diztsdzts ,C Mdf drzdesd figfdg
f slsj dzyd Odz! dalz ® f ted d3gd ded dZts iy ls ! tcOL tcOB tsls Odadats G 5
JHj dZsdWdsoydd slyq. Skl tojyjflstste wodwjlsmw d
CtcO2dzj?2 dBjtej HAzYW OHI ¥ 9 Odzalsdets? IsjtcOf dd.
rtezeddg a50%J yd f Iststetstipyf o o idrf dptisely"® BQAROL [ dz
MowiL " o0Ojls BJ dzeBC (daissCLiBdzj @ CEtEEE ©F B i dits Is OfStdndf ) O
o sy Oddiindedkded Isdtelzj Isfqw 1 d tets Coflgize fQIVe Isdgs@staic W dB) Glafts
Lfdlsj dzdOdz: dzr j d 1 dzb el fgzd|Odiz)j de" §lzts ¢ dzjyyssSd CXCR1
CCR5 dmf sdz L zs s tsH dzd d IsJ d dgjj¥ ldsjfrpidztsizCoigio dz'L f
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o dzz Iste d € dz}V iz 2 dfafser, et al., 2005)rR L o j M ls dzts, Yls BXCRAC Is ( ¢
dzj 5B n SHAidEE Od3 BEWwOwsiis OH d d&j(Bi@hlst@l, dat®soCXdadjw
fsC OL Odzts, Yylsts fsor h jddzOw 1 € MY toj fiok@ded ¢iddsfts Oty
Cdzj stsC d{ez@uals AQ15) sy dets ftoj HY sdzts§ fts j Migw d dals C
d CXCR1 didfifws dz€ dzlp s € Ot H dBY dzCordztsidgl © O dzd v 9 f tot
BdSCtossCtelzy j dd d

(" d sy to jsfg dae P NCjteddsid ud M ¢ B § dzByy alzO Adtpedy’ L O dzts
Codi3fdzf SMsd3 6] yd PsEtc O Migi@at e dibipdta®s § 4 | dgd ¥ tBic
@Qmlsokzels o Cdzj stsydesds dzOo jHjdedd € O eotds ote jleds
Is ¢ O dgfamagnone, 2012) ¢ OL O dzts, Ylsts 1 Isd OB j fiz& H O eH qz smflscf
MsdBzdzdtezs hdj Ocjdaglsr o tWOLdEJqyde = Isdf Orn t©0OSC
Is d tc s L d dSaghdm®and Tamagnone, 2014) 1 tocd d3j yOls j dz' dzfs, Ylsts 1
fpwiLrooOshdrn tjyjyflbstetss, {tfedHMizddedzj diztaddip®? kg
sld dseckls EyOmlse sesPlf ts&jde) "ENadasre) ezdlg2014) dzj ¢ md dz
A2 (PLXNA2) LOh dh OjIs tedOd: Bsjo dzdf fy dzf dzj et y dbts
f Of d dzdzts 30 9 d tc Iz fiShaktak,yet dats £7148)O 1 dzv  dzj G2 taERPH) dzdhydiz
e dHj s PG dils  to tsis(C Ooy J fls o § dedzets 2 + C3ff) iz gPigfias ¢ € H
Ctete ] A ol fpisc toj Mnd to s o(Rodsif etdgl., BULL - &zd tcj L Edz s O]
shdssd? HOdM dzj 2h dn 1 Sy jtod d3j dals ts §f to tif lasd o tsHodR@ tis
dzj € OtefiE o fndedizie flsdHO M) BOW stcd dzts o .

3.4.R dzls | 6 OC e ds d uoi Apads F &€ 50 d3j dzO dzts ds”

YIssB ' f sdgv Is C OS¢ ,PptON Y OLHA@REdZ g ' XBJjodEr i3S |
9LOdhisH ] igko s ftk@dEIZdL Jteso Odzd MBSz Bk g
oLOdBsHj2MsadwYy M dMif sdz’ L 59 @daacgsdyini,eed al!, 2013 dzdz
[lsBdOdzd Istsdzt S5 dzZOH J Y de" § oL OddIsHJ2MIlsadw MM
f Otclsdzj 6 B dzd dz®2 H ¢ dalz y O fizelss ABGRLPHWA tsots dg M d dzfMmls o
BjJditseora oLOdd@sHj2Msead?2 BT dzd or W o dzj dzr H dzw
f Otclsdzj ctso) d CRKORBHyg Y/ gy dz€etfd tsCtdzZs 70 oL O
f Otclsdzj tctso . [ tc zecjOS SOtE0 or jOMEEsH j 2 Mise 2, nOtc
s " d &3 pfj@EOHIJc OB, Mk CCAJRIA)PHEBLD Mmd
TRAIL-R1 (TNFRSF10A).
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sOBdphyQ dasfdzC tsor j] oL OdA@sH2MIs-§ Qls dzd tstzd y i filpls o o p i GpS
B3 ZOdes d3¥ MG dzO PHARINGE Ov § OH Odgde" BEtsdz! S5 HEsMisse j @®TRINGa L O(
score-0.9)

1 OLoOdzdj B 2¢O s s dzd y J BnjlscaSfttetc Is dzj tc
CCR5 115
CXCR1 77
PLD2 45
NFATC2 44
INPP5B 36
PTK2B 35
CYP2J2 31
MC2R 27
ERCC6 26
ADAR 25
ITGB5 24
AKR1B1, CASP10, PLXNA2 15
CDH11, OR2C3 12
GCNT3, NMNAT3 11
TNFRSF10A 10
UNC5B

8
BMP1, HBB, MYH9 7
NRP2, SLC27A5 6
EPB41L1, FGF5, IPO13, SLC9A3 4
PVRL4, RSPO1, STEAP3, THBS4, VPS18 3
ABCA3, CATSPER1, NNT, PDIA4, STK11IP, UBIAD1 2
EDAR, MIB2, MLKL, MYCT1, MYO18A, UNC45A 1

l sistetsj dgdzOW Mmjls! oL OddtsMowL j2 dBiyHE BJ dZ
Bsy 15 @OLSH | dzj dzO 20 dzj ME gz @A S W HoHE TY, s90 7 (W 9 ¢
oL OHBEMsadY diNHE ISR i) ukgs ihdidRdb , CXCRI1
MCR2. ttd {Isdrn tojuy@filbdtedzs 6 f(afzpte@@saliy," J M s
o y@Gded* d BjlsOMsOLdisydOdeds ©OSCHor & Cdzjlstsg
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EPB41L1

Kputudecku BaxHble Benkm

O Benku BaaMumoaeicTByloLwKeE € TpeMs

1 Bonee KPUTUYECKN BaXHBIMW Benkamu ) 4
— HenocpeacTeeHHoe (thmanyeckoe)
benok-benkoBoe B3anMogencTene
____ Henpsawoe 6enok-6enkoBoe B3avmoaenicTene .
(cBA3bL yepes obLero napTHepa) NFATC2 CYP2J2
) 4
NMNAT3
-
A
AKR1B1 |
A NNT
-

t Mz i) s! -Bj dz&8®o ' 7 LOddisH j2fMlsed?2 Hdv Ctedilsdyg M6
femstetsj dzdy Mmilkd dMftsd LsoOdkd BOLE HOMeZ = STRI NG,
Wodzr & Qo MsCBHEMIsBo jtedz" §j] oL OddssH | 2Mlseadw) . {t OL di3gj o ®©
fOklsdsj eso Mistlse jlsMisokzsh jets BjdSO. zdtedd® ddddd Gkt
dzddzedd tBBL ZOYOsls dL o | BlgdzSjso ¥ ¢ L2fnusiOgfdgfsiH Jji1BjJ ddE=, oL Od RBE
StejBw ddzd BSdzjj Hezedd®d Bj ZSOBRY, §SOLOd o odHj Mmd
4 Od3" 2 Btsdz! h ts2 f SHGtWOW oLOddBsHj2Mise d?2
ftoslsy ddz€ d dzOL 82 PTK2B, tjydtibsttOddd MJ Dtstcd c
sftejHjdvjlsmv dn BN JddB oL OdBsHj2Mbsadjd M B
dL o J Misdzts 2 fteslsy ddzt d dzOL 52 md Kid2) fisldsoy@zts B r o d3dflz
OCMsdzOdz! detsdz dzOo jHjdedd d 1SOCYJ tOMMd3OIESaithe O I
et al., D10). ) dzj H O9 dzj d3 Zlthfighgdz] fp ts® dPldAq gl PIs 5 B Hynlzts €
cdf jtt Mt MMdtetseo Odz ¢ OC o §lstAzddy j dn ¢ Y dzj bsts tpd'L
Jets desCOklsdeso Odzdj L Od3j Isdets tsMdzOB dzv j Is invittats € O
dinvivoL O MmMydl ttHOodzj dzgdvw WMV steddzdtetseo Odzd W Is te (
(Zhang, et al.,, 2020) 1 CMHETe Mo st ,sQiEfHEE j dedets o MsC s 1 €
o CdzjIsC On d3j dzOdzts d3r d detwOjls Cdz¢ yjoeks totsdz
fsmiejHimbsetsd jelkzdvydd St mMdd BOlted fdats?
Ccj HJ cdi sdiBzIlsd tetso Odzdz" BJ dz€ ts9o B ' dzd tsB
hJietsCtsdL zyg dedzisegtse s gz toj Mistc® TP53. s dedds ts
oLOdBsHj2Mlseakze h d i1 0 B j(dEAS P&t Gdls ® to» TRAK-RlS d
( TNFRSF10A) . gydlkojlsmw, Yylksts OCIsdoeo Oydw mdac

s Bz " sssd Of 5§ lstL Odj i Yy dso wdlids dd® ™ § s dz,
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TRAIL-ddzH Eydtetso Odzdes gz Of sf ssL 2 5 Mtc@uvadijetal s M
2014) 1 tcd dzyd f d Odz dzOv ykzefmlseodlsj zOfzist)ls OR ALt Is B < dz
ftosH | dsdemistcdtctso OdzO® o ftojBH @B FE' | d ilgdz] Hifst 8
dmf sdz! L so OdzgdwV 1 Issegts COMECOHO HdzY IsjtcOfdd. Woo
14 Slfaslgj deyd Opisted@d Isjf &g 6 H sdzj dad W 1 Ists2 9 Ctelg=LigPm s |
fted d3j delptiQc ts dachtbydsy J ff Is ts te tschfny AR A6 I BLET  deO L dartzcrdtsteols
(Eberle, 2019)

35. CCMmY jted g dzls Oz dz@ % d Istiftayty ehiSte(S O o Oy dz'
Bj dzO dats o3’

ltetsojdzd L S jtod 3y delsOdz? dzzr ftetseo jteC 2 L dzOY:
G4 dzs o, Cslstster | t©0OdzgjJ BT dzd ftoj HMEOL Oder € OC
BB ZOdzsWtc d dztsy j dztf j C O ) Milso j B IssHO § sHOd dzj dzd W
dmyf sdz' L 59 OdzO lodjdalsdgalittsicigfifdgipdddizdz 4 © HOdzdzsd3 tc Ol
sfkBdzd s Odzr stedotsh j J o AvoshHeeveetatz@P@) O3 o OBt

ltese jHjddj MY J todedsg dalaitisen | d2O- o ®ly dzj Isd v
mMEh jMmMise jdedets or asHddzs L O ORS¢ d s CIsO oM
ZOMmistsw h j 2 yofmilsd tOBTBIsr . 1 st sz o COoOygj Mmis:
Cdzj Issydzlz & dzd dzd © d3JAdBCYdEs d3" § Isusl dzthz® gz6 P dddes ot GBIdCK
9o 0dzdHdtolzj dglsaRh jalgj s f sMEsdz S Ijrdsdzsedy ¢ d
Zyd Mls' d2Odzdydd By Sdzilssyds » CtsdsOCIstse d dzj
oLOddBsHj2Mlsadw ) BICtetssCtolzy jdadj d3. 1 Mmdzj Hilsoe c
B dzdtxfo Ols+ 3i 3B tcOdzdz" §j B J d2C€ d, Ctlstster j d2O e H
COSC doOdetsdzjj (itemfjSisdoede §j lsjdydOdz dzr §
fsHOodzjddd {SMite]Mindd dBided i fedstedlsilsds - od

I sdzy fJtetso jHjdzdwY Hpthsdskz dsat€ Mg s g is dztizts 6
tslstsB tc O dzr YJ-BOtzh §H @lgdzet2@ B s dzj J f SHAatSHWH Q1 b
Wizde€ yd tsdzOdz! dzts ¢ s UNG45A dRHRNR p N STK11IP s dzj Is s ydzOw
COYHBEB L EZCOLOdd ru@gddgO ftcdo jHjdzO dadyd (

113



v OB dpuu@E dz¢ ydd cjdetse, wlstsBtcOdzdz = Hdzw { St j tod d3j dzls O«

14 de {fdMmOded J
VuOMmisokjls o f(eoddh,jwoydq fHeykss Oglsmizd
UNCA45A fesc MPFRGAO B[ Stk Isj HEMOECEH HEOGlsO & |

hOof jiesdedtcso Odzgdv o ydi f sswe® s Misi tetsd
Ydzj dz tetsW d dzd dets 0 RaEsts s difg ditg Qdfpsder O B j dz€ s 9 .
9J oW Isdzats, tAaepCOmsdoLEQUsddp OCIsddzso sets ydlsts
AddzS s 2 f GHEH Y. NHXAzssOydd Gene Ont ol
ZNFX1 9Cdz yorls RjdzdcOL dzzs OSIsdodetsfls! , MmoawL
f OtcOzsetsdy { IsStse BAQR] dzO wo dzw jIsfqw 6§ dz

Adlststf &zOL gDIs d g j fids € , oLOdBsH] 2 MilsadkBlh d ]
st OdeM S tod § Yy d s dzdBMEP4 Y O Sols sty oy deddzlz 92 s JOBRE@D
Motss tyjtejH! LKBl C(mdstesdzdtekzjls d&jlsOB
AMPK, d EkyOmlekjls o tjclkzdvydd d dumflsdgzds
6 OCydd o ®RBOStsW OcOR. 1 O SczjSHOHR] v o ¢ arff
fd dzH to 5 d3-[ }G4j ASSMPO d M d dzft ©B-dgd » O dzedlz® © €20 .

RHPN2

STK11IP

CCMf jtod d3j dels Odz dzOW OB SISO B dZO tOL H j dzj dzO
fsHBBt bkfMdztse dqRdzsicdry dnfi WM dlsd o desets f sH O9 dzj dac
Gjdese f dMmfsd L so OdedabditcWzj B Pdadd dzO 1 ©Ps o ststetsc
WizdeC ydsdzOdz! dzgzé Offf Istff b wizBdndzj dzdeldd Is4=xd jledpfind § 2 @

 dzv CO3HBets dqL dhMMmdzjHEzjdd" 7 6 jdtse BT dzts 1
Bdt1s HANPAJREBNZ o 5 tSHds2 dEYGLPAS STKHEP . ¢ jrdarve
ftoeso jtoCd 1 WWjiChkdodesmisd §sHtSBteOdzdz = Bt 1 s
Cdzj ssydzlzs dzd dzd & o jdfj QzOMBT™S . Yyg W) CIsdo desfmis!  Iste
ftesyjdagskz Mo jbwhdiofmw CdzjlstsS o € tsdzls tctsEaMedzts 3
CtcOfmdlsjdzj 5 dBdt1s. CWWJjCldodesfmils! IstcOdzeiW j € ydo
sls 74% Hts 90 %.

Listse j dz LEMY o Mindfo tfistsfpdigO dadzs & O Beilsd® d3d ¢
f sd3tsh + v Ctsdzd futp dadf &gj wa@as@zts?  yj f dets?2  toj OCydd M
dtcOodzdo Odzd + WW jClsr sls yjdzjots2 ddit1s d ¢ tsdak
fjtejdBjh Odgdzs 2  sidzj Hiso Ols j dz detsfyls ' ¥ sdzlz Sf dsjHEEBofeHOE
¢ GHdsKz ¢jdkz, (COLT 905l ©OL ddydkzs 1 WW ¢
Bdh jded. 1 yYyjzsdd ZHOdsM: HBdls! M ftodBdzdL dls,.
G J dascph J dzf Y iz dAB®)<. [ dzv ZNEx] dz@ dz' € ts sHdZO Bt s
ftotsH | BsdgMistcdtctso OdzO + WW j CIlsd o datsj f sH Qo dzj dzd 4§
MtcOodzj dzd® M Ctsdzlstetsdz! dzf @3 BB tOL Yysd3, BLOBBISO
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RHPN2s OC % j d i ezl Gste Osades s i3t 1 s ftedo jdzs ¢ fd
Ftotso dzv 46 % wlsdesidlsj dAINRESAS Sshigstisjsfighiy d & 1 lizy O dztg fglzO
HE3% 5 MteOodzj dzd¥ M Ctdzlstetsdzj d@3. 1 ted 1 Istsd3 EH O
f sHOo dzj dzad W 1 C fptive j dFTAEEIPOIS isEHBYE IS fHs)dzj H Iz h 20  to
f SH Qo dzj dzd W SO mtfste jisiy MedjddzO Is ¢f it © deelz@tpieirdzy j + W W J €
®Bdt1s-

15

1,25

0,75

0,5

IKCNpeccra OTHOCUTENbBHO 4 pedepeHCHbIX FreHOB

N q, N > v > o~
& & & F & ¥ & &
& & & & & &
a4 S c;'\é o .g-'z" & .,;)\*‘
5 &

{ dMEzdasCY W jClsdodatsfls! fsHOodzj dzgdv 1+ SCMytejMidd Gt
tc O B tfKsivosheeva etal., 2026 dL d3j dzj dzd v d&3q

[ d&zv Odz0OdzdL O Y dL dzgj M sMmtsB dzsMisd IsteOdzemW d yd tet
Emdzse dvw rn o] fisg dzgil@ROCidzj lots CC O pzlztgdd -Bz& dzsydetsd3 ff dzO«
ltcsotsHddzd OdzOdzd L 3 d L dijshigifists ) & ds etipfigSidlp, 124036 IARC
60yoOmMtse fsmdzy tBKOBBISCd Cdzj s8¢ EHGNEEaksd @dzd M tkiks
ftosdzdW jttOgddf sdi3tsh d fteslssydztsc s Y d Is ts Visizlzs tdcif i3 |
Cdzd yJ mMiso ts Cozj ss¢ Ydted L 12, 24, 36, 48
stsise jlsmisolkze h 21 jggHL s UdIstsd3d Isldctefd) 2 o dEddejdlsdtsdp
ted MMy J dzH dpB st B O dztsds B LW j tedzsdy tcOMlse st

17 dzs dzO2 H § dats, Yls 8 ¢imdzdey jndgd)HC4%AGREARERY ZNFX1,
STKLUP dzj ftecdotsHdls L d3jdEQ@afdgdazs ¥ dL dzi M shtse dats Ml
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Bj ZOdts d3' ARTEHASE HR @SS Sz C 5 HSEKLIPEEQ@BALE H O dzfyw
LW fed y § dzd v YL dej M sisB dztsMisd Cdzj sts¢€ n
MisOlsdMmisd yd MEs2 HeMmMistse j Oy d 1 ts fylrd Ngpije AUCHILE
Hsflstotg ®BuUazEyd?2 o Ctddyjmsej SdjlstsS &jyHE ds

2,3 2,3
2,0 —s!RHPNZ 2,0{ | 5|‘ZNFx1
o —siControl47 e —siControl47 I
- -
5 1,7 S 1,7
c 1,4 c 1,4
o =]
v g !
=11 =11 1
(0] [o}]
El E)
208 20,8
o [=]
c C T
0,5 0,5
ne 0 1 2 3 4 5 0.2 0 1 2 3 4 5
BpeMs, AHK Bpems, AHW
2,3 2,3
30 —S!UNC45A 2,0 _—SI-STK11IP
o —siControl47 e —siControl47
SI 1,7 5 1,7
c 1,4 c 1,41
o (@]
U U
s 1,1 1,1
(3] 1]
El E|
208 20,8
o [=]
c c
0,5 0,5
0273 1 P 3 3 5 02773 1 > 3 3 5
Bpems, aHu Bpems, aHu

{ Mz a8sEL d3j dzj dzd j N dL dzj M sMisB detsfisd Cdzj stsC ¢375 ot
9" BteOdzdzr = ¢ J ddiSrivosheeva et 8ZDBOMNSs 'd L d3j dzj d Bl d uJ S O  dzts s dzts )

[ Odzi J JtosOdOdzdL dqtetso Odzd dL o3j dzj dzdj Lktotse dgw
Fesodej 5 L ¢MYtej Mdd dhmdjHizj B ~ 6jdtss 5 dL
dif sdz’ L 5o Ocdzd MGIIPIS)7 dsay GRranpga)s enNtsH j oy O 28 MY j 1
Mk MistcOls, O CClaxfsotfics Ko O dzdz" | COmy OL * 3/ 7 fJted ot
Mk MistcOIssd3 H dzw dze yqdw j teOL " . 1 sw ofrflavwjsfjjdgdiw  fo
ftotsf steyd tsdzO dz! dzts OCIsdodztsisd s ®QY YO~ .3/ ¥ J 6 ¢
fesOdz0Odzd L d tc 5O Dislaffo dzisfislo f d& Oy OL 3/ 7 0A3T &J 9§ &3
48yomeEsmdzy dr GBKOBSICH] (M Wd Mzfppi ind ERYdE 5 dzd o
s tOBdzJsHE] yd W d ud M 52BJ( 4 t5dzb & tzdfidildN) | dzdz’ | o =
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Yomisd ,fA@sjsildylsOe dzjtd'mzd@cf imdz yOJ ¢ sHO8 dzj ded W 4
M k& & cjdss fsdhMosHdl LMY q7easE0 E6e | d
Hdzv ENP&O o 15, rbdastd @HOGISA] o 1P 2H QRPN . RL 1 ISt
By des MHj O o' o t€HN Y toyldE dfgtsnQiods jRdzdejj dzs o f ¢
Of sflssL O.
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tdmMkzdasf Cilsdo desls: comfoL 3/7 o CdzjlkktOR, tBKOBSGI
MtcOo dzj ded® M Ctdalstesdzi d3

vsO0Cdd3 BBteOL sd3, Htotse jH | dahdzi H € and deded dstf 26 ©
sl f sH Qandzjededaiy € ¢ @dpdizs o  'dd MUk EEHS d3"F Ud &z
ftedotsHdl § bkmddj dd: OEsfEhtd, GOv L td] B M
M stetsfis! HJj dzjddpd Wo dEddzjjldssC 1 Ists

l COyjMmbea,j oL Bsydsets Bl Wihdgj dedw ff sdzlzyj ¢
ftoj HdzsY dls! dzj B isdnjs@is ts i tizh Do dzj, tpd v L © Gedg X j Mdidyy
sjrdtsdscdizbj ey jtejdydd. rdv ktejn dL yjls' ©jn
HozCtcOlsdes] d ®BtOIsdds] kdj dz' b j dzd JSTKIAR, tHodHsw
Colbtstze®zs: HBdIls! MY j &ls dzts liptf 5 5 dzyf #3BO 6 iz mizdf™ H @
MdzOBr 2 L WWjCl Mmdedyjdedw ydL dzj M shtse dsiisd, ¢
Hisflstso jtedy o5, | tSL dssy dets? Odz sjtedzgOlsdo 52 MY tsdz
(tvopdels j et jtoj dzydd) , Wodz¥ ] IlsM'CRISPREGREK] dzff e € Isks®
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zd3d dz' M j dzd § tctso daw 1 CMftej Mind d B dzfs B ' dz.
dzOB dz¥ H OsW jjdzusPivdizs ) j Is B ' It aiag iy fipts Lpe0) diafbf) s s Y dzts 2 ¢
) dzts oCsds, s te F Hj j 2 dtsaid®s S dzj IsC d  d3j dz® dzts @ozdsLOBLY | te € C
BICEtstry jdzdj d BiySdzjlsyd j oL OdBsHj2Mise dw.

36. Bz Hj dad j

stsdzyd fydqvw cjdesZO0 Bifikatsdzjots?2 CdzjlsCd, tcOL
BEZCoOdz des toj otsdzt ydoodzdL qteso OdzO 1 ts diffutiredliciaf gl., d3ts
2004) tdLbEzdz sOsMmMjfBidldstse ORI Oc Sdgtsdgty azdzs  j to M
cOLoadlsdw HBSCOLOI] d dzes?2 d f jtemMsdzOdzdL d tets o O dzdzts
Is. dz. «ctg@ o, M j ydo O hdj tMmils d {(cwersg dbldtcts
2014) 1 bt 3Jj § kR OUREEAfGls sidzlzy dIs!  Bd" j dg¥ B3q
Isj tcOf dd. [ descdd odHT cOC O GBEMmdse dzj dz' o
sfkzrtsdzj or R mMef tcj MMstes o o fmdzj HMiso dJ ddzoCiIsde
dzj ¢ Otefmilso j dzgdzOW Isj tcOf v, dzQfdigi© o dzjlsded@Ayj dzddER
mMih jMmise jdedets L OlstezHdzj 2O d 5S¢0 dzj dzOh dzO h dte
(Zhu, et al,, 2014) 1 tsi stsddz fsdME desor 7 dBdh j dzj 2, i t
fteslsdoststf zn sdzj o 52 sjtcOf dd, sMisOJj smw Offisdis o
Bsdzj Cdzvtodets? S sdzsedd o f§Mmiscj desdgdzze 1 f s5a L2

stsdeS Ztoj dgydvw wfkzhitsdzjer i Cdtsditse BlEZMdztse dzj
otsLHj2AMsoalze h jets dz0 Odi3q dets € d iy dztds 620 2 swfisEAG a5 i A €
1 O dd BBtsfyls ! s zrsdzj 9 56 Bls sy dndn © dz@tis iz hdzgQddefd2y d
G jdoORMEzfte] MMstcOr Bifkrtdj?2, GBkfMdzOsdde Ojls d dl
cdt Jj ed3lzls d tc s 0@ dzd@2? & [Levisaitepet al.,, 2014k L dztsy § dzdz tQO LoH" jhdg
tcOB tsilsr zOf tetslsd o , fsmeowh jdz dilislddHte o Oedg' dz€ &5 o ,f
Is.diff r Isr 90 Is HOodzj dzdj BlstedyOlsj dz' dzese s BlsB tSt6
sO¢dj BjdEd WdBsekls B'ls! dIdMficd LtssaOd OS¢ HE
ftoeslsdotstsf zrntsdzj o' n ftcj f OcOlsso , f sM¢ sdzezS t5d
sy Odsd tOCtsotsets fftoslsj sdizO.

I ftof Hdztsy | dzddfstEiH nds@idfd H dzv  d HJ dzllzR GE O Y & Mve
HOo dzj dzd j i3 lstcd yQlsj dgt Gdsiged s ®dzg Qd sdzdzr 20 f Ot
Motsls detstNjdEzd jIy jsttcj d3W o tsL sy des M sdz! L s9OF O
BsH J dzd 9 | s istalgsojjs HElzetsBE thfdns B¢ ¢ | d@andienn
Eynden, et al., 2016; Weghorn and Sunyaev, 2017)
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1dBBatHd®Bs fHYj s dizls | Yylsts tjLbkzdz IsOIsr
ZwiLoeddsr BJ d&z¢ tso Mz hdjdglsrehjjdedissn WL QoGiLdpijlge @S 1o & dzis't
dLojMlsdzs HOdgdzr » 5 oeflstcj yos hdafmw o acjdzgi Bkl
Mezrndls: s Mmisjqjdd {Minj dydpq dylsdissindsisiq sHzOmigdets) GaEO e
~nOtOCIsjtedL 8 Isfmw dzdL € 52 YOG deaiithurpet dh),RELR Y Qb ts¢
sOSCH I YlsjdoydOdz dats [z dgj*defifd@igizls tefOuinintiPis@eLd @ KO o3 tsd
otej d3w , dzj 2z € dzts dzdzts § zoj dzd yd dzd J§ sBNM JHBMIS Y dats
GJj dzsZts @ sf zr sdzj 2 weo dzw j Isfyw s d degg & §2ish dePL ¥
d L gzfs dzdzts 6 1S ts 203 dsds@i00).

l sL sy des ftoj HMIsOo dls! G dipCzzddy @8 | gtd BOB®
1 Of tod dgj tc H s tsdzdzH Rdiatlz'tf 16 f OlstsG j dzdz' ,d3tf ted3lm BB Qg izt3
f4temfjC lisddogeH@sDCIE'j dff slstster |  sHagsod@wslsis? ¢ B
ssdzoC HcOC tso sdts C dzj S® ] detste BOdz' dftsRs j lEyQ@[dfiz: datste iz
O tc@odzj ded j A3 W o dz® j 4P tcP ezl s Otlz@zlz v dzO 3 ff toj H
1Oy Jtedd3j dzlsOdz! dz = HOdzdz' = f 5 dats§ OFdbefrimtset &.dzd
2017)
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1 o0ld 4. uwubtOd¥dsoydw § O

ClsO GO ODOdztc OB tsIs € J B@BJ IssH O, fsLotdzwe hj
(MsteOldW d@BtpaRbigdsisafy sdisw of dzv | " i3 tsMise j dzdats
GJ dzdzts 2 1 O ste iciPfif ddPatniksKklyPetzj.,2014; Yuryev and Daraselia, 2012)

l sdztsy jdzdzr 2 9o Gfidsokz &jltHO Odzettedlsds or v
mMesmMisswh dj dL yJedzls iz @zizis dzts O d 6 jogz@ A dzdstel g’ disdr H Oz
mMdzzy Ol tjL zdz' sOIsT Istc OdzMm ¢ € detfslstddets cifs s fizis t5 B dedzd &
) tod d3j NESdzd FdgRdiNa-Geq , 1SOC d f fodsh ¢ Isjad
ltejLizdz sOIsjy ftodd3j dgj degdWw BJjIssHO dMn SH dOW x BOIs
Gjdzr) bttOdmMW stedzdtclzj Ismw o dxCK tdsd vl tots® 1Oz Jzts fiif)
COMEOHT ) , C tsls W@y i3 o devQjdids) Wdzd @ ~H dzv O dze sted Is s
1 sd3d di3s Mtse Mise j dzdes MistcOIsd¥ ¢ Oydd HBJHD Loyt odzts ya
BdtdzsasRy iz tcf b s @Qud 2 Miso 5o Odzdz" »  Bts dzp &zB dzts t6 @ete
dHJ dzsdW d S Ooydd OmYlsdfzodie®m) Ctizozr R dzv COYHESE B SIsSHJ

{BhOW Mnrj BO §to]jHdsy | dedztelafty j A diiEs0). & gz0 x|
dZOyd dzO0j smw M dzOB Btc @ Olsiada® cefy ¢ € dstfslisteds@’ H Bsdzy § dz2 M
Ctezff 2 GBteOLYse d BGHigQLzY sBtsdf Ogdi tds s .0 dz
sftcjHjdzjdd] §tsHCEZOMMse L OBtsdzj 8 Odedw ( MisteOIlsd ¥
ftedujd3 SOxHM 2 f t5HEC dzO M frdeda" Odg OfS Asly ldajdte datg ds figfL  dijtsda jf
Gjdedets?2 + CMftcj Midd.

¢z steiflsBOIS W S Oudd H OQdd s ds G B S aftfHfgaO
WL RjuOSC Y J B &z @Oy HO0@dp?2 dJdzlsj teW j 2 M, Yls ts
ftoj HdzsY J dadz" 2 d3j ssH Hdzv MeOld¥ S Oydd ¢ Oyd
o zOH j¥Is wcOBRBELj8sEzdIMB | BstcBBOIs o - SHAZr 7 H Odzdz'
sfdmMOdzr o Mtslse jlsMisekzs h jdg cOLHjdzj G dzOer 2.
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{ A0 45 j BO ftoj HAsY j dzdzgsets o3j sSHO MseOld¥ dSOydd
H O dzdBNEAS SubnetworkEnrichmentAnalysis Odzé stedlsds o W o dzj dzd Wwiec jOk Hsdfwo lafttcidsts:

[ Odzdz" J gL Ctsdzlstets dz' dats 2 CucHz@ dzd v EzfilecQ deHi® toids|
Cdzlstetsdz! dzts 2 or BisteC (. [BtoOL yr gL Gtz ¢ r d
ZMmtcd Hdzj dedzr o5 C tsdzlstesdz! dz" d3 tsBteOL ytsds d twOmmydls
GJ dQ@.dzd Uafcdtlis tsff tcj Hj dzw dzd C OC dztsc Oted W fgd tf s €z® B ji dz
GjdO ftoed LOBBdzjoOdzdd HJdzj dedetsy dzO Mtej Hdzs B8 -
I sz yj dzder | o jdzdydder | ogratio sz Odzd dzO o
mMf dmts ¢ OC Isd 9 d tettsjo Oipdy Is-ts tedS p dzts o dzW COYHBGES B
10020 d B tsdzj § HsfMlstse jtodzr » tojeckdzvIsstetse, SNEAW ¢
tetseo j d22 L dzOyddssmisd dzj HtejorhoOdz L dzOyj ddw 0, 0

10 MdzjHEksh jdgd hOG] ftotsdL oasH dzd ¢ tSHAGH I tshts@c
dzj sBrtsHddB (5 Mmdzj H Iz oiEs R dzOtetiz of | qatzs OB @ s dzts ¢ d yJ M
gL d3dd dzydoetsmisd o tcOL dzd y&NEA y®OhisBL YWoinj dzB ¢ gtigd s
tclckzdzy sstcrls j df wigftaisdidzPy dzj y Ols € Hds@Ez d Istdt
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1 0fted d3d 6, (SHMADSB '™ dzpzBS dz C OC HEsMIstsh Q todzp ¢ DEzs i
SHdktd tBKOL Y, SseGHO C0O¢ 9 HttzesBVABDS O B P
tcljeckdzvIsstc® Mmow L Odgr ff tHdd d3 TEFHSNAB, oy j d3Eyddedt
ftoj HY sdzsy dIs? Yylsts HOdzdzr 2 MdedzOdzr dzr 2 COME O
sBcOLd®dg, ftojHMSOodzw jIsMmwiseYy Jezfips s tcOa dz’edplzf §f '
5B dZOH O h dj M~ BSHdz2 dfRff " dp@a et jdsittssf gagiaipls B d sSdzts e d
fdzr fdz, fsmMSsdz Sk WOCIlsster stcOdzmMC tedf ydd (
HilsdSClsdtelzj &3 » tcj Gz dwdsdeetslofyw, dr LOBXS Hsffsdm qaiigdgdidds ,fn j ¢
By il SoB@fjdhdese Ols! (Wdlha@,261d)o G e M IsHj tadafcL Oey=| W
Bsy il ttOMMhdzOtedo Ols+ Mw € OC  jhj sHddz h Oe o
ftodL dz@ € tsezj M Qsts dgwCudhd tcj M ddojisde O dzilzB § tc O Isfqw  Mtsls da
Cslsster | LOLjdB ctozf f dJtecze sy ¢ "mp O R Y d zdz@ Mg Jp
Istsydatsifjase Ols W f S Oyddzo §f g ez®pbmY  ff to @< Isddfrpycissd ls
CdzOMmisjtetso tjcbkdzwisstctss o d3j Miss MOBdr tJ czdzw st
1 sfpdzj  aswdddd'ic e ) d- CeijHetafl?y s € w®©M)s jdkz
L 2Oy 4 dzd 4§ , s ¢ ¢ ds@ o hdgtsim Is ) HOdzdztsdz B©BBKEOL Yy
fsMmlsOo dzwe M da ¢ zOMisQuUeH j Wzj dsw i3( MO KB &3  d M- H
Istc OdzMC tod {f Is ts dzdztc B L difichseg{nzj 2N y M dzts ¢ jnts g ¢f ) dds
fOydj dzstsetse 'Y dc) e @O o ozt fds@in, d3jatdh § sdzd yJ Mise 5 § o
toj ¢ zdzW Is tf ttotsflolNj [df Isd ©3Odz! detsj € sdzd yj Milse 55§ tzp i[5 gzts d
fted fod@shd &jbtsHO BOSCMdKBdL Oyafman jpuzdRougsaguw, fi) te
2005) tSHAdOCt oL @3ty d@ d H tclkakd Js (Sl and)Rhdip, 20049  y
1 sdzkz yj dzdzOw dBROIsted yoO 0¥ dsdy jdsfinks do L§ & dz'datzds ts i @ dzdz'
CdzOMmisj tod L PmMdEdz’ Jtso Odzd dJj eOten d yJj fipgHiEps ¢ Sd®@fHldzy
l1dtemMsdzO € OC 3 ez MrotsHMse ®© Hekr tBEKOL ytse, SH
dimf sdz! L so OdzdV M Hikzedd d3j ssHisd ¢ dzOMIsjtedL Oyd
] tcjL z&zd&z®BOLjtcdL Oydd dBBOIsted yr O¢C Is d o fiEddiplshi~2ts H ¢
tc OL H j drjlsdefQjls d(W) d SfOOdigOzlssttmz f f r, S tslstster | f tslsj day
Bsdzj €z dfvlisitf Bz OdzOdzd L ez j ddse s L OB tsdzj 9 Odaed W
gizh jiistoaz® SIsdf O syjdsd d ddzsjteftej s-Pytedr fts
d mdzd dL e jMmisde dMmlisdfdiadaf tg Iz jYdiselds] {1 OBAsdde) o Oded v ,
Is sy dzts fyls Msslse jIsMisodwY ftoj HMS OL Odzdz" = ¢ dzOfls §
Is.dlzlzh j MO {1 dzH O, fsCOLro0Osh jets Cdzdyj Mise j o
tcOL BdJ dzgd W ozq . 1l sd3d dzgs sy dz€ d Is s B dztizfy Is dis Y j et ©
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EmMss2 ydoetsmis! tcOBslsr &BjilssHO ¢ 90t! dqetso Oded &
100 { tots el tdodPdsadzsRd) e[y dd, o ydmdzww ddzij € 4
HtcOo dzd o OV tcOMY toj H J cfj slafbvy jdddza" | £ frps o te jt L i tos © bz o
otsL sy dets MisOIsdMmMisduyui MSd Byjddls! HEMisse j todatsml
¢ MteOIsdWdeOydd fO0ydj delstso .

Il mlstster o, oL By O BdtsdsedyJ MSOw ddalsj totf to
Cltsls Isdf OdZOdzdL O 9Cdz6 yoOjls o MmjeWw Ctd@ifdd tedz
Mdedod d' 3d d oiBjlsotsddy Mddd ¢O0MEOHOAB].
Cslsste’ n HisU®MEg SR o Istsd3 dqdzd dJdesdz Md ¢ dzO dz!
sls Wtdtseots?2 yYOfmlsssisr . RHjdsdWdydtetse Odzdz J 15O
OCIsdo dztsfls sOC % J Hsfistse jtodzs tOL dzd ydzO® 3 3 H
dimf sdz! L s Odz COC L Omditsody € iz dzW tc @ d2O dzdzj ~ O dzd L d3ts
Mydudvdud mMésj Cdddduimisj Mhistswdzd] .

1d%d & tBMkzHddz dMfisd L seaOdd] ©OLKOBBISO
sdf se Bddsedydi mMédrs LOHOY. 1 fjijtteosd Mdzkzyoj
«B j L zxdflsyplzes dztste j Cdg OzOtisjdiH e OC tso 52 0 @ Getizdzis 2 dzd «
L OB 5 dzjaOdad ¥ ydzd E ®ME sdzr S22 HdzvW OdzOdzdL dqtelzj BsG s
sBKOL YO dL o j MisdzO dMmisd dzdzOw d3j sC O € d&zOMMO, Ists
CdzOMmMisj tedL Oyd ddzHtf) € dndzjidevddmdO. d ) Olsj &3 BEZHJjIs s
cOL tcOBtSlsOdzdzgse 5 BBy IsSSHO Hdzv € dzOMisjtedL Oydd dats
fazz yoj dimisddzdztsy tOL Bd | ezl dedibj QL Mod) jinls Eztz® fry 14 jists "
syjdedo Odzd dzO0 sMmdzsoe jtolsefis@ESE RN MEBR tc @ & i Q dzdz"
dmf sdz' L s9aOdz Hdzw orHoeadyJdedw cdytslsjlL s dtsdzj
ykzemlse dlsj dz' detsmils+ § OydJ dzlstso -EfFRIsts dzt®Ottf f Y Is O dz' dz" d

4140l dCOYydY SCodstejCkOd kst ©0O

g JdMf sdz' L 59 O@akdzE3d DR BAS IS tsOdZOdzd L dtes9 Odz
GSE4183(Galamb, et al.,, 2008) ftsH j oy Oh d2 dda¥ StcdzOABEB tcBL &
tcOLHJjdzjdedzr = 2O yjlsr toj ¢ ot ztstc | 'YHBuBOALE detcDC ¢
OH J dztsodfOmtf Odzd Isi @B Halzjj o Oflzd dzd CWE 86 zOMdets f toj H dzisy
Odze sted Is Bz, LMy tey MMy GJ dzsd HdBzW BBKOL Yyses ¢
Br dzd EkfMmtej Hdzgj dzgO, o toj L kdz' Is edshijdztygj dztds ks tfettnhoft) etidsd
[ dzw sBtcOL Yytso dL sMisOdz! dz' ~ G tc dgthatio, & dzds dzieL @
MW stcdzd tcts 9 O dzdzlz dztstc gz &OX H, jtgligt GzB1, 3frp. ) J GhJr ditdse

123



odszlsted etz sy BMdBR] ) JJ dg) N ctof B FHBOW fdsHH ] 63 do
f tcOo tsd3j to dats fipldryts j H Qafpddsav ts

)| tojLzdz sOIsj i tc d d3j SKFAzdMz d3deiinsdiEde d 1s8d3Qizts 5
1214t j G &z dzW dsjisdpdstf2mMt tc.J My d dzO fm disi] dak i Bstisrolz B ™ dzts s t6,
Sflsdd@3Odz dzf i3 ctkzf f Jicso Odzd2B & dz@ fi) ks Jz wsyly wizf t5j0 O alsck
¢ OL Odzdzr R 28c] Ez@sfremos e Qlpt sda dzv ftotsp M@ G dag
C dzOMmls j tcdzts ¢ t&f MEAPBRPE OMEzj HEzjIs dL tedmMzdC O, {tod
ZzO0 Isted fsHGetlzy (fzdzS Isd tedzOW  Qiagddzddzld ts o ff tsdiz
Messlsdshvishv f JHOtdadsdd yj G dgids- QP s f d6
MsMisswd dL 15 §0O0ydj dzlstse73%(d L s ILdadshfalzdan ! 1 1€ §CQixy
Ouj s 6y JOyYdjdadsoO Brdzd fedfdmody ¢ § zGipige !
MstczS skt HJj dzH tets G tc O d&3d3" dzj o sets C dzOMlsjte®
Cdzste] CIsOdz! dgse s ©OC O IsOC Y jt Wdz@BEIS | dotd j. HsdePUzd § ¢
MM s0fzO0Ygdj dzstse, dL ¢ tsls@Ws)t5ls day fighf Szl dPruia]§,j Cdids@sda
cOC Iz, O btdd ¢ §f ©OgaPindglz© OH | e dBOo " 3 OC z@nis j to
200 Oyd 4 dzlsts o, dL Cslss@%) Muthlso f Bl g tes © dzd o ts
L OBBdzj 8 Odzed Vv o3 Cdh j yded SO0, C sdzp s j clg O dzyf g Bl dzlst®O
fOydgy @eis | desBF Jdz Bt OL A3, COYHIMN2 CdzOMmlsj te dz0O
f OydJj dzlstse tSHddzts?2 detsL sdztse d d .

l tetso j dzd Ctsdzd yj Mlse j dzdats j Mtc©o dzj dzd § M yd
ftojHdeasE s BjIssHO d MmMkh jmsekze hdr §BHARBHGS.
dmf sdz' L s Odzd @ezdvariatioprs Apaly§KGEYA) Cslstster 2 st Odzf
HOdgdz" J G j dzdes?  CMftej Mimdd o @Hardzemadatsdyblg2013)Y ¢ dz
OsOCyj dzj fteiptcj S EHOMBgetced L Oyd® Istc Odzin$ @drtitimingzdz" -
Around Medoids (PAM), .o j Odzd Lzt e -z@C jIsi cl uster ( Madewc h |
mMtsf sMisQo dzj dgdwv sz YO B-frOIsts@asE df udehE d dgd ¢ A0 tek
sBtOL Yytse of ydimdzw dzd dzif dzuizoQ A ff tzfisdmly @giz®Y  filstc Ols d
sBtOL ytses dz0 hmdese j OF s @ls diAsis)ds i L ) Sdff) tajlroteiEdfit s <ol
stsydzt€ PIEd d5j IstsH GPdadMs to dsIOR tc BB dzl 2  tefiddanjd®'f 100 4 tots
10-€ tc O IsStast@ndzd HHOdffed] H dzts X Jz@atigh s H © MtsMisOo dzw dz 0, &
COQdzOdzsc d ydz' § L dzOQ3IRez 0,009 8,818 ® 8,q18sddz¢ dzOMis j cd L O
d34 Is SRAMAY O dze tGSIVISA3On s Sjlsdadids islB s f = M dzz yOW 7 Iptes o |
HdzWw dzj f Otedes e s € tedils j fotd Jv o v '] Gz tstf 1) tts Wz st Msdpts L igzOjudy!
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9" 9 fSH, Yylsts ftoddsi dgj dzgdj tcOL tcOB BIsOdzdetse ts dzOd3qd
MisteOd¥ S Oydd §Oydj desse PAM] MBOY Azj dzd® Odze Bisg

. AneHomMa KuUlevyHWuka

. KonopekTtaneHbil pak

BocnanuteneHele 3aboneBaHns KULLEYHMKA

knactep 13 (86)
knactep 15 (57)
knactep 21 (37)
knacrtep 2 (32)
Kknactep 3 (98)
knactep 10 (52)
knactep 1 (181)
knactep 7 (54)
Kknactep 27 (13)
knactep 16 (32)
knactep 9 (39)
knactep 4 (29)
- knacTtep 28 (16)
knacTtep 18 (38)
knacTtep 19 (21)
knactep 11 (19)
knacTtep 26 (18)
knactep 5 (23)
knactep 24 (28)
knactep 6 (85)
knactep 20 (75)
Knactep 12 (49)
knactep 17 (17)
knactep 25 (7)
knactep 8 (48)
Kknactep 22 (18)
knactep 14 (39)
knactep 23 (3)

LU ITANDLO - ORI ©O - MWW LOO®DO NN WO NDYWO - = F 0w
VDDV DDHDODO DO - - Ao DD OO T == NN NN = N = e
- - - A - A R IESIEITRER TWWTTLWHEOLWYLEDN0EDD YN WYY
n W wwwwn W W W ww W 0 WwWwwwww ww NWWwWWwWwwWwwowwowowowwowwwww
P22 DDD D222 D P22 22D DD
2222222222222 2 2222222222 2 2 e 2 e 2 e P22l
DODODODNDLBDODND DD BDOHODOODN®DB O DOV ONDODDABNDDDNODDODBOD
[CRUNONORUNONURONURURONURORUNG] [CRORUNONONUNONORUNG] [CRORUNONUNONURONURURONURORUNCNORUNONORU]

{ Mk d2eCs jf dZso OW  C Otels & dzO§ sjdtoteiats fylstafj ¢ Z dzv ststetso  H dzw
ftes¥ ddzd tetso Odad W GSHUES (Bhlgntb detizgl.dA608) s Oy H' 2 C dZOfMisj o toj & Iz dzw
MstesSs2, COPHNRsdmEYdsAR.j Yy MCSBCOR HAY COYHBGES € dzOMmls
pntHWNh g0 MMsjOots g Hawlsstetse . Aojl wyj2¢d SCsHdkjl O
ledeC IsdtedzOY dzdded™w BlstsBtOY Ojls HJ dzj dzd § ofMim GBKBOL Ytse
CzOMisjtodzr 2 OdzOdzdL BB IstsHisdE v isteH O

[ Odzi J fitejhdzd € SdzOfylsizjj teay stc tsUDOESAE s Is ¢
Hsfistse j todgts tcOL dzd YO,  Isfiyw By HE dL z2y0Oj &i3rdizqd
oM Odzd Is§ dz! dz' § L OB)tsdzj)od@odgdj S njlswEdzdes @Sl ¢t th o3t
or wo dzilstzaizd € kz dzw todzr o dsfjF P ik digy €zOL O dz@eB B dzj 9 ®vzd 2 .
gL g ted dzdw HdMCted di3d zOydtsdzdets?2 MY stsq pFRlzd L € OF
H MS ted ddod2QiciEsOO kZtwtse j d2@ L dz2Oyd dismisd sy dzd o ©dzq
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Isd Ms®@C % j  odzdy diffs™ OH ' WfzoH) IsSo te[dsed =iy dets)fd It off (AL iy ls d
Hdwshlstsoe j odzes HdMC tod B3 dEfde®iy 4 (5 o Ot jsail dr Ot s o |

v OB dwd S CdzOMsj e jckdvisstess d HJMS edddded
OHjdesdBO J oMy Oddlsjd df j L Obtsdjo Od@W] digdh | iy dzeBE 5o
fMtse dOmdes § jtoj MsOdse sydesdi Isjflskz, o fwslsdedsd fndkyo
Gjebdsctese o ISOB dzd YJAUBY toj Hj dzv j Isfw o j dzd u d dzs 2

T CkOmld I sMmi Odj dzdj (s OLyddsio V I sMmy Odj ddj V|
] ¢kdvis AUC AUC AUC
#10 0,991 0,742 0,707
#17 0,991 - 0,947
#15 0,938 - 0,787
#27 0,893 - 0,778
#13 0,947 - 0,707
47 0,884 0,760
#3 0,991 - 0,556
#4 0,769 - 0,689
#28 0,796 - 0,636
#1 0,769 - 0,660
#9 0,876
#24 0,867
#21 0,813
#11 0,813
46 0,742

tdLlzdz IsOlIst O dzO dzd L OO BIRGYHOME OS dzjndizj HIE j Is (L
tejLEzdz IsOIstse mMih iMmMsekzjls BSHdd HdMSted &i3d dzOyd ts
Clster 2 wWodzwjlsmw L d&z2Oyda'r €3 Hdzv oMmMin Y Otcds
CdzOMmilsj 6 O ftsLotsdzv & Is ftcOCIsdyd MSd BJLBMNdB G
oM Odzd Isj dz! dz' | L OB SAHC=D,@r ey IS " g g lzdk? © € OC  H«
COyd BO&P dzs B3O d vEOusyfd@azjdstad § Itsydzsmis! ¢ dzOMmmc
E tc 5 AdR=0,742d AUC=0,707TMtssls o j IsMis e j dzdzts.

vOCY ] dL kOBddy' MajHijl, vyt MniHyjdfiseszdg s
tcOL dzd yOls otsMf OdzdIlsj dz dzr | L OBtdzj 9 Odzdw Cdh j yi

(S dzOMmIsjter ~ 10, ~ 17, ~ 15, ~2didzd ~I4tSdE Ciasy of telisS g
(fsdBdiss or " jfjtejydmdzj dde" = jhj CdazOmkjter ~ 7,
stsdz' $t5 HO O SCdkzOMlsjt® (- 10 d ~7) d\sekls ity
OHjdzsdsr . v OCYy] WmWsydes adHjls!, ylsts ¢ Oteyd dzts B3O
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(dd3i ils Btsdzjj BdzdL Cd2 ftesWddz ¢ oM Odzdlsj dz' d
l OHJ das 32 .

stejHd CdkOMmbjtess tjckdvkstss, Y ¥ 0OCIs(:
COyddsdz sl OHjdsd , MzjHkjlk shsets ©OMMHEs
526 j e ls steso, o RGBHWHh R o CdzOfmlsjt ~ 10, Wodwe

NFATC2 (nuclearfactor of activatedT-cells cytoplasmi¢ calcineurindependen), FOXP3
(forkheadbox P3), RELB (v-rel reticuloendotheliosisiral oncogendromologB), TBX21 (T-box

21), IRF4 (interferonregulatoryfactor 4), TXBT (T, brachyuryhomolog. I mjo Caalydj
BBdes e syd Mdzj dedz” dsd ddzlsj tedzy 2 € d dzO d3d -G a@fj JstistE s | @ elaizts |
OCIsdo O ¥ sy dlsse, ftosHkzSCydji?2 vydbsSCddtse d do
MsecdzOMdd M O0dzOdzd L dtclz j d3:Cdda] IsHs@ dzdgo dyd. ,© dADS 1€ P O e
L OB tsdzj 9 Odzd Vv dfappeldriand Muietlet ZD00) s OC d M ¢ ©dzty g Jd55 3B ¢
(Koch, et al,, 2006) v OS¢y TS OLOdts, -~y ldf j s & slIO€CdH d ¢
f smdz) HS9 Ols j dz! dzgts? BOdZJedzdL Oydd ¢ #Chuiseas gl.¢ 027! dzt
1 d Mddslstew  dzO Ists, vyt eotmf Odzdlsj dz' dzr 2 tslsdzjjLisO,d3
OCIsdeo Oyds HOddzcets C dzOMIsjtt® twjebkzdzwiststetse  dits:
WOCIstste fesctey MMdtetseo Odzd v € © @ estisgeiday@ d2div ,dz" 20 s
WOttdRBOC sdzsedyud MEtsets oadsj " Olsj dz? Mlsea © Bk Msslse j Is
Eyd Mis+ , yfistsr Ofggls®EBfidsfo © StcOdzmMCtedtf ydosdzdzr = W OC
ftotslsdo sl 2r tsdzj glautiac, GtSals Y @) Is Zs dzts € dzts dzO dz! dz" j ¢
tej yiflststc®O CCR4 MmjdzjSlsdodets oL HJ 2 Misellzjlds ¢ d®d
or L oa0Owv {ftslsdo tstikz A s @Epopyant, etfatl; #14.3)

[ d sOdzt detsy dLEzyjdzedy wWjebkzdzwiststese dL HIME tec
stz dzdteso Odedd Bdtdtsecd yj MEs2MEHJHEBd ydzr & &L
LOBBdzj 9 Odedww ddzd or woadl! {§slsjdyspzotdedy &dI€ s
mMetslse jIsMlso ks hda Cdzj ssydz" =« ftesyj Mmse. o 1 ISt
ofistej yor " deafmw cjdzj sdud MSdn dL dsiddpjfdsfi2 L HzdrW Hdi
tc J M EBmPortal(Cerami, et al., 2012)

I rwidzd dzd, yYlststsdzOPb etz lsy&Ghtcj ckzdzvIststesdy L
NFATC2 Clstster 2 dzd B ts O dzdW d ydtetseo Odzipw dzd B
LSy Mmdd Bt1s o 334 ipddia§ Gfpedadadils Anus@eo fabic O o3
L MY j tod d3d dzls O dz! dzts@Q ) mdgts| v Jf deds az® dzgizf s O dz/tsdzts 2 C Oty
fsCOL Odets, ylsts 3" hd Mt mdEATGdzclzzd Y D&Y Yy g 22 EB6

==
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st zn sdzd , 0] sO¢C Yy j nOtcOCIsjtcdL tso Odzd fiy? L daC
ftotso sy Odzd Isj dz' odaf dels jytd drjsE Y datztfGerlacH, & 4., 2§12)l L 6

l fes0d0dzdL Jtetse Odzdzs 3 dzO d3d NEBZOE2R S joz HS® dizld tez
9 COydmlsej LdOYdhiiIsets tjclkzdWisste® © Hoabka BBKO
Mz yowvas +SMfte Mmdw ddzlsjtedzj 2 Cddetsea 1 L6 d | L
dzj L dzOyd s j di telfdso dzif dzd © fn sMmis Odz! dzr d3d sBtOL YO
CdzoOmMmMdW dydtetseo Odg ¢o¢ ¢ COteyd dets &30 e GESE IED f dzts
[HdZOSC B, MtecdOmdts tjL kzdz IsOlsOd ¢ dzO Mg jdidipfz2@sftd d
sBO kG OL Odzdz" n SBKOL YO WwWodzats Sldesmwismw ¢ (
fsHIse jtoy HOJjIsMw toj L ez O Q@ destp , 1 060HO] BCEOs)fiHIS @4 ffic O
slsB dtcOdzd HIBSUs Feffinlr - ©BKOL yse dL dMrSHdE dOi

sBtOL Y’ GSM95508 d GSMI95509 B' dzd § dkzOffmdW
cC kOl jtek OHjdsdzr & o 70,8% d 98,2% oMmjn
fted HY sdztsy s’ , Yl s HasteRlzg | © Odejj-flas@®e dzf dz8 di3&xts dzj ¢

f tctsW d dz 1Isdrn BBtOL Y dBYyJls BT Is! sBRkzMmdzse d
NFATC2. vsO0Cdds tsBEOL tsd3, tcOMMmMdizsIstej dzdz 2 Mmdzlz y©
wodw jlsiw fteddzj esdz Istsets, € OCd WPl GPER s Istoaga] 2 dzls
dmf sdz' L s9 Ols! H dzw ML H Odzd W cdftslsjL tsB 0¢CIs
f OstsejdzjL O.

s &zOMmlis j to tcjckdzv sstes o -7 (HdWWJjtejdydteize h
Cdh j Yy @OH jdzsd3™ d COtyddetsdyr Bls OHJ dzslyr stcljts
stc Odzm € ted §f y d s dERAS, entiaihelialBAS Gomdinprotein1; ETVA, etsvariant4;
CITED2, Cbp/p300interactingtransactivatoiwith Glu/Asp-rich carboxyterminal domain 2),

Bts dzj Cdzdigf € dzj Is 5y dzts,6 s B jdgPaEstc@dzedg©) B J dzC d, O s dz |
B s Odzdzts f jlfftdstxfdgBOR Y IsOtedz” 2 W OCIstste tesMisO d Is. H.
MowL OO M sy Mo o00MCEkEdvtdL Oydd, o yd
ftojHYf sdzsy dls!, ylbt O0ClkdesOydqvw {1 Isets ¢ ZzOMOjjtcO
COtoyd detfipzr d&3j s OMIsOL qteso OdedJ &3 d ddze OL dJ 2. Clts
SillarsHardebold Mo bBwptsos,” dzs ¢ OL Odzts, Yylsts 1 ¢ Mt 1
LdzOydlsj dz' dzs o tsL tcOMIsOjIs o s(BilfarsHatsebdh tetCah 20400tz
llss2 Y tcOBlYjizsy j dests f e N j dad J Pteso dgv 1 Cf
PDGFRB (ttjecdmlstcdqtczj &3sj © 8, 7% MmMdzEyoj e OHJ d
Bsy J s dEflisidelzte s§ Oyj Mlse ] Bfkzrntsdzj otsets BdtsdBBOE | |
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dstejHd HEEzedr ftj ¢kdvEkiktdsls i GEszpdisd @Gedd
cdf jtet MY tcpflighdyE tsdipdzioo j Is O dzdetf d3dy) BjpRPabdR®y dzts
tSlsd3d IsdMNC(tedagctt) . | J dzd sdyd MSd4 OBJjtteOYydd o HOd
Mzz o] o LQd gkt O O jcif sOfssdpsdatzijds  $hf o) f
B sOdzdztsf | (ENGH @Y H dzOG O sy C OC  § tets§ gz M s dsy jdiigits
d mMmdzj H B Keskaer, &t al.,, 1997; Sis, et al, 2004) r tecdd3 ftod d&3j tots
dL d3j dzj dedz’ 2 o Is8cZiAs d ) dzld 15 GzfzE PAS {dQigHIdZ & ez j di37 2 G (
W OSC sdstc 2As o j IsMise j dzdzi d ¢ dzO dzO €izls YBSOE Q@O tOE j dzj L O.
H Odzdz" ~ d L d3Jmdztcdzdil) i oy d d tiscz jO0zaz0 ¢ s § tdfdevdscdigztgy § to d
Ctodztste § € Is O deledzn,dst alg 2008)

1 Jyizts o3, sB O tc§ ¢z [gotO@dpdstsis o] dz€zOu j Mise § ]
Msslse jIsMise ¢ Isdz%Pd &) s fo f detc Bo O dzdz” @3 f eedzQytg UrpfnjOdlgiz” |
CdzOMmis jugjORz dzW Istster ff o YOO EQLOEM IS | dzy d O 8z tetzPtc € J to
Codztstej € Is Odzd telafsdrfsdz@OCeoOts o dzgd BZ3Odzd j 64 dzi Isd uwd MS d 4
oL sy dets o HdzBY dIs! edftslsjLr t i3 ~0OdedL dZOR ¢
ts ) dztoO WAP € tsd3B d dzd tc 5 0 stizte® df d © dz@etizd s P lilss Otisdzthed® gL d
LEMmfted Mmdd cJ detse

42.s zOMmtpy ®ydvw L OB Bdzj 9 Oded 2

t OMMdiisIlstej degdzr 2 © HtojJHM HEP Jd&3 ©OLHJjdzf ¢ BHA
sfdzse ] OCIkdodesmisd € dzOfmlsjtetso tojckzdzvIststetsea B
Bdtdzsedyud ME 52 WOOHDWYJG to Of fddit sipd@sdzd v tsSlsdetsd Is § d
L OBit®dD dzd 2 Ms MmMatsyddkd §OIlsjtedORd tjceckzdvydd
sBteOL ytso. 1 1 ltsdg Mz yoO] dmMftsdz L s Ols! ddgH j &
ftoj Hdzsy j dzdzse s BjIssHO dzf o HMIsOo dzv - Iffisv dzdzts §
Ctolkztf §f d tctso Cod@(dpd 2L CRjtafimjarij M dgp Mists L stsets o tsL dzd € C
tcOBBSIsr OdzestcdIlsdBZO ¢ dzOMIsjtcr L OBtsdzj 9 Oded?2 Yy 4j dzd

R sdz L s9 Odzd 1 St o] Mid tsdadz” 2 dzOB s tc H O dzd
JdzW StedsOYyds s IstcOdziC gy jlsisidisg 1 2d3r htsus @il e j € C
13¢tef§ §OYdjdasso. 0VCOL Odedzr 2 zOBtSts HOdzdzr 7
stcj BtsoddgdpuaiMdlsj dz' des Btsdz htsj) Ctdzdyj Mlseats MicC
oL By desMisd fteso j6Cd Cte] S Is diptddstiO faksk §df df jiet
ftejHMsOo dzj ded W o8 5 sz Sdzwtedyr 7 Bj R Oded L BOR
Ctezf fr o©Cdzs yodzd 18 tsBteOL Yytso datstcifiz®ldzj iR d jmndzlg st
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fn sMistets 2 CoOHtedf dzj e dyj ME 52 RBI s Olsd j 2 ( d:
HjtcBBESL JIssBH (DY BIBYG] dzlsseo ) BsECBser @3 OB BIst
(1oe), ~UPHY ifzlsde®mdzj v Mise j dedzets2 MY Oflisd g ff OB X 1\
otsf)! &R @YFJ dzstse f 3" N j ydatsR te HYMisiE@G W G RS € .3 @k
m-myd  dzj dzdzts[ dzts 2 y jWfMpfite d3” d yd ' tef s dsd de@dzlsjd2ts 20 zWs
Md B O] djdzstse M HdMstesecdzd C Odesf Olsd J 2, 91 L 90O
FKRP), f wiIsj #03yd j deglstse M d3" M j ydes?2 Hd MBe@Y df jj dls =19
B hjydets?2 HMistetst dj 2101 O dplsitstzO® g [y Y Judlstsds €O
10§ Oydj delstse f HiWdydistsds Hd MW to dhgUaDy-df lrjal | ) te Crfciz 1
d3r hjydes?2 HdMlstesWdi2 (A"gqr) .

1 o HOzSY | dzdz" 2 f SHAGH, o ¢ dzv yOoh d2 Hjlsj ClIs
tcjeckzdzv sstetso BN dz di3sH W dswpdatm as@iglz  fij dzjundHrpdzy dzd
L CMfeimMimdd SCOYHBEBE GJdO o COYHEB2 Gtz f
~nOcOCIsjtedL iz h jes oM LOBGdzj o Odzdj o yYJ dztsd3,
sBteOL YyoOn. v OCdd3 tSBLOL 5d3, &z df ths atfs@iufdidgddzlditeq o «
dzO M dzj H M Isdzjj teladgizts: j ydz" ~ LOBtsdzj 9 Odzad 2 . v Mtej H dzj dad
destc 3O dz! dets?2 " hyr dMmftsd L so Odzd o € Oylofydia j tcj

lted f tsdish d SNEAS & tzdfls O § dzls d W dtoyjdetdadawOdimde 01 44 ©
Cslsster j] LOIjd3 BT dzd Mok f Jiecsoa Odz" o 34 € dzOMm
12134 sfidmreaOeahkzs OClkdodetsmils! 34 ¢ dzOMmlsj tetso
sO¢ d t0Odz Jj, Hdzv C dzOMmisjtedL Oydd L QB s g POfddd
tciWjtcjdzZlsdegse s BISSHO ddMftsd L so Odzd dHJ dalsd ydz -
dzd f sMtcj HMise j dzdzts H dzw BOIsted Y- LdzOyj dzd2 + S MYt
j Mis BjL BftejHjdzjdzedy OCIsdodtetse Odgdz" = tcj G Iz dzw
tcOMmMMmlssw dgdw dMftsdz L soe Odzd S Btetcj dzv yder 1 dqtefmsdzO.
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Knacrep #2 Knactep #1 Knacrep #2 Knactep #1
BAC, 60k0BOM aMUOTPODUYECKUI CKNepo3 Orn-FKRP, anctpornukaHonatua (Mytauma reHa FKRP)
OKM, ocTpas Keazpunnernyeckas Mmonarus ®CrA, dacumockanynorymepanbHas MbllleyHas AncTpodus

tOOM, KOBEHUNbHbIA AepMaTOMUO3NT
MAA, MblweYyHas aucTpoduma JoweHHa .
MAB, MbiweuHas aucTpodus Bexkkepa 2AMA, mbiweyHas auctpoduna Imepu-fpeidyca

KM, kansnanHonaTua AN, ancpepnuHonatusa

HCM4, HacneacTBeHHas cnacTvyeckas napannerus 4-ro tuna

t Mz O dzj dzdj $ &zOMls | tod L Qifdh2j Ud L ~dzdLyQiR) tdrj g fRaimitde tc O
s zOMmdets Htej Hdzsy j dedets Bz d3j stsHEz dz20 Mdatse j o W o@agdddy v
e zOMmdes dMRtHd 3 HOdzde d3 & dzdets?  CMYted Mpdd. 1 e
OdzOdzdL 5 utsteHl, o COyjflej djt’ tOMmMlssw deEyatniskippts d' L
al, 2014) M dL o3 dzj dzd W o5g

l sdzlzyjdedz" j Hj dgH sBdSf@RBA'sHRdBHSO € o' Hj dzj dz
fsCOL Qi MzEsCt jLEdz SO OdOdzdL © fscidapfiEHzBRis F tc |
A) TC0OLT" 90s-dB, h ylgdz' §zj COHasSdZsc dd dBselzls BT s+ M
Ctelzf fr . sdzOMmlsjtc "~ 1 oCdzt yoOodz o wMdzso dzsdz H M
mMddgHtctsds" , ftodo tsHWB djj fdz'HRj Goj xleptecCOmydd:d H d MistctsW d
HdMistctse dzd C Odetstf Olsd ¥ HiWdydlsr COdz §OddzO 3 (
Bsy des 6 OMMBBOIstcd 9 Olsdz’r C OGdz'cdc buf @ Ezts dlzjj dc@ digfs? , o ' L
fsotejyHjddjd3 oMmdzj Hiise dj degslzls @uizxdnls g t6 § H & dachrgda
dzj d3r M j ydz J L OB tsdzj 9 Odad W (BBS so 52 ¢ 9 Odi dz'lsdets
HjtedzOsdBdsL dls) d LOBBdzj 9 Odedw ) dgj dL o J Misdzr d3d
M YEdS ydtsdzOdz: dz@ &3 dz0telzh jdzedw &3 o tstec Odgfvoggli
(sMmistcOW CoOHtedf dzj e yd ME Ow RBI s Olsdw, i tgj d dsl
OmMmMyddtetse Odzdz" - W d dzaerssgndzRaEA) %Ay §-fg €z0 ez lrialsj tc © dz! oz
3" hj ydzOw HQ fiflictssWed i dtclze h OW MdzOB sMis (o2 MORVI
EHOdzj dzgdv § sSolsstce® D4Z4, tw©OmMf sdztsy j didseans, etal., § s d
2009)
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RMfdzj H ts els@sddzf jts 2 fipls € BZO I 16 o 5 © sOC Yy J or weodi
Ld2Oydd3r § LOSCtdtsdz] b@tsigiztfs d o OFf ©@fifizistgd d tctso O dzdz'
WHittdss?2 tBGdEsYSd, o MEVDBJLENA] | BddO®dd 2 tczcc § dz@
tejLEzd OO ftoso j HJ dedats @ s OdzOdzd L O d ftej HY
ddizj s hddzd dBdesets tsBh jets ) sy dydddedaddz L OF
rj2msodlsjd dets, tBj ®BZzlsOYydd ftedo tsHWIs 6] Wi ks
Cm-myd § dzj dedzts?2 e j yJ ) imdodgdtai2O dels de2ls sifpssgigiifah ¢ C dZor
Hj dgH tetse)tcOBBOE  SHIse jtoy HOJ Isfw  toj L z dz' Bak@yisdd dizq
Mo lsstets o, dmMfsdz Lse @eahdrn Mo jth j dedats ( dats?
smdztse j H Jj to] oBakay, ettal) 20060z Rtc ® fsd M OL Odzad j, MHj dzC
CdzOfmisitcdL Oydd §f cPBHEzEOO@IR oL Od @sme w L ! a3
oMM tetseo Odzdzr s M COdz' f O detsdf F dz@ w1 dgH¥l tg toaiad @&
4 2MmMlsedlsj dz' dzts, BlsOydd o eBdn G6j d20Or ftodoct
fsvimO, Isdf 2¢ d 21 Mmsle jlfmise jddets. CCMfjted
Ylsts COdz f Od dzg X tscd Aty £ dinlg iy WigHuand, fathalj, ROGE) datsidis tso to j d3v
dzj Sslsster § HtojHMEOL Oded W Istelz Higasw 1 ‘dzlsgs foxy Hold |s dp@sfipd
My OMmMisdud ME 2 JOOfdzjedi?2, ofdo @didgtsdktseizd OQd
9" L o Odgdets?2 Bz IFAKRIPj,?2 oots eBdgjdzfjjdzdzts? © G dzd € tsL d dzd te

1 Ofteslsd e, drzuj ded j , fisdgisQp @dz" & zOdgls ] iy j
dmf sdz! L s Oded j &3 H,Pd&REOL O&MY wisismMddd wJjLEkd IsO
BjdzejJ Bddtecdyj MSd B tsfydatso Qdmiy Ldgtsdyls o ) tz@zis dz,
OClkdodesmisd a2 stcgoOf(tcd BBj to, HEMISOIsSYdets
f dzO0dzj HdMlstesWdd reshjdzdzO d 1JCCjtcO (BBO L OB
G4 dzj H ] Miptetsly af daOfm Is odj dfdptaO [ | deH s B O dg3OEMtcf 1 Mls
dmf sdz! L s Odzed d H Odzdz" ~ G J dadzts 2 1 Moy Mid d s
¢ dzOfyls j tc OB. vt Y4 MOoOdts] wldshmdiksmw ¢ teOL-dzd yc
[ 2WEMO.

RL 9" hjimCoOLOddetsets Mdzj Hizjls, ybt ftoj HaOE OJ
tojezdzv ststese G j dadets? S Myt Mind d, fsLotsdzw jIs |
cozf f Jicso Sz L OBz 9o Odzed?2 d © 1 lssd3 Mdgr Mdzy ¢ to]
2O € dzOMmisj ted L2O G dd toff R ff dzp | dets o .
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43f sdzj Ckdzvtedy j ) R Oded L 3y tskzel jinlsf @ OdzGs

l ftejH" HEhN R t©OLHj&EZOR & toOfmihdslstej dzd f to
CdzOMmiIsj edL Oydd OF¢ dafjocdrcisvolsOiady o CcQiCdztHodzy  Mistc Ols d |
H dzw st tod HJ dzj ded W MrHMise ©®© d&@iHE L OBtsdzj 9 Odac
Hjs@Gdskzedsdsdduj MSBets OdOddL O, di WsSkMmdtk
1 OHOYO 1 Istséts 1 OO0 MsMmistsy @ d&3p dzdsds dzcdzd Yis®B 6 d o
fSHARBH HAV o' wodzjdzdW Issdz 52 MlstekzCIlskzter dsdzj ¢
sl § € IlsPH foifdpdd v di3tslsafj iz y@a2d Isj 6 Of d & § Qpy dsjlzdzldns{ed:
Csdzstej € Is Odz @arydy amdODamadglia, 2012 j sz ¢ imd 508  f toj H MiIsC
A3 todes] B desC dzs dzOdz! detsy Odzlsdlsj dzts | g Gl, dzOf
WOCIststc CEGERs s O,

[ ZVscelds yYlstse ! sftcj HJ dzdIs! ftslsj dzyd OdEFGER § B
Isj cOffdhyf sdz! L so Odzd Mdzj HEz® h 8 MistcOIlsjceds . wiffjto:
sBh jHBMIsEf dzr 7 HOdzdzr 7 5 stcOdMStdl ssdi3des Bz {f &
cOS(G1t11) d dztstc i3Ozs dAnEts2s C Oy 2 d . [ Odzj § , mMtsa c
f SHRBHIE, Hd&zw COYHEBets fOydj dzZsO tsftej HJ dzd dzd € ¢
Ozc stedIsdBO® SNEA, Cwolstster j LOIsjds B dzd Mmetelzf § d t
ftosWddzd OCIsdodetsfyls j 2 Ccdr fiffiisty ttcsshipls @soj dz jzddrw Isfifs taftsoo jB
s Isdt j slso jIsO f0Oydj dzlstso dzO dzd ud dzd § Ydls!
BdtsddaW stedzOlsdyj MEsets dimmdzj Hiso Odadw BT dzd HBH 51
yj dz ftoj HdzsY d Is Md ¢ dzOdz! dz" 2 COMms O iz dzv thetstls j2
B rOdzdL &3 Yykzoe Misoe EISFR datg fiplO d4 . O dzls d

17 dzd MmMtsBtcOdgr Hjoawlk! 1 CMfjtedd3j delstse s Ists
YyJ dztse j € O: GSE13294, GSE14333, GSE17538, G ¢
GSE8671, GSE58514 Iz 330 teQiassged U j Mlso s fisls@eOd dgtis o 8 @n3s,  d L
784tsB tcOL yO Htoj HMlsOodwdzd §Oydj desse fp sttt d 7
Hsdzstetse . | zOB Gt 80 G@eztzOL YyEDYES 85k j toy O dzO fi)
dqde¥ stedZOydw s btsdz, BCOLOEMY dd §Ooyd,j dzst lotsd
sdfr 1+ WWJjClsdodesmisd ftedd3 dej dedw yJlsz¢md OB O E
slso jls, yYyofmlsdqydz 2 Bwlojls, MsOBdddL Oydw L OB dzj

1 Oy dzts 2 LOHOYJ 2 w9 dzwW dzts fy! Cotetej € Isdats § tsB |
By sOO0dzOdzd L ©. [ 7 tislsdsGtdOydidyth) o @gsldds®’ sted ¢ d dz
tcOBBls dMftsdz L so Odzd tOL dzd ydg'r j OdAfizs i G ffi tod dfj to &
dzts tc i30O dzdi L CCYfdidic (GHHEL &2 © 4 r @ doly| teiggiadh dze s tdbpB53 O , IstsG H C
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dzOB tstc IGOERZ&1 D & dstcBOdzdL o Odz IRMA.B di3B fj Mis dztgj Is tuis €
B lstsH O dzgtstdaliQdiafde Asy@fldts o IstcOdeMC tod f s W3zl c iz f oyl
ftsodzdY Y diga®C HAWWJjte] dydOod dts (Fujipf & jah i2d0&tse O
Steinhoff and Vingron, 2006) dz's gld&s yls tsB ' dzjd JBArQ IOjlsdz! ddAfste dsd3d dzd dzd
cOL dzdydzr » BB stsHise dested3OdzdL Oy J dztezO ff iz dz'iz IslAs Is 6
ftetso j Misd toj destcd3OdzdL Oyde dfmr CELEZOR dazjofy B & B dftds &
d3d IstsH 503, o d i3 dzBARMS QHactts tAdalysistsfdy Robust Microarray
Summarization § tc j H dzts ¥ Hodhdzitedf f)ts © o ($lcterétdgdet al., 2006)

4 56 &zOMmdzts FARMS, - sHsdgyj dSiddzd tod dzd W d dzls j dzfnd o detsfls
M desded 3 ydzr » L BsdzHtse ftedd3j dew jIsfqw B O j Mtse MC d
LsdzH O Mlstetswils Bdetsc sd3j to dzlz © BsH j dz' . 1 EARDISEZ] € O
W dzW j Isfw o SL ditsy dztsfls ¢ slsBdtcOls! Isitdscz’, € tsls . dj daW
oS Blstste’ - Bisdz! h ddgmlsets L sdzH 59O dL zOB stc® s
Csdzyd delstcOydd o3t 1 s dElallodn] df @lis2207% d1n s AU dEARMSB ] Is 5+
B3ty dzts IsOC y J tc @ EMASO s OFE GBls'd sz BlsBtsttO® fftodL C
o deste@QdzdL d W ddz' steOydd dzj ddzW tstc d30Is FARKSE20 o3t dzH
Bl dzs slstsBtcO@zts ) A5 st tsdizgis Oo dzj ded d L sdzHtse M ¢ j o
GJdzz MmMBtslse jlsMlsotso Odzs dzgj MEBdzr ¢85 L sdzH 59, sls
ddzls § deifd o detsfls* & .

RA3d 6 hd2Mmw dzOBBSte HOdzdzr » 5 sttt BT dz teOLHJ dzf
YlstsB ' dLBj)Ols! fJitejtsBlzyd ddv. [BEYyOs h OW 9T |
dmmdzj Hise Odzd 2 , LO dMmGdz¢ yjdedj dz deOBBO GSESS
Isj Mistso ts?2 o' B ECEtES O dolsSsdzstsy Q2@ 703 BtOL YO s
dmf sdz’ L so Odzd H dzw B Gl ez) s tzfy , c ge@etEp sdzj §
OCIdodtetse Odadz" d3d §ted st .

[ dzw COYHBGEtS BKBOL YO dL sBbkzyoOs h j2 9" B St
1 CMmftej MiMdd ¢J deseo CAdzlEQS, Is das@QY s dehglifts 20 dze ste d Is d3
Odze stedIsd3 tc $ N&E4 L t5e00fiadas @ tc © d3d3dzts Rathwhyte $tudip (Elsevier
VdHjtodz@deH " fydzj Hize h d i3 f OsjOiy de"wlOEHeOL O is @ Hzj dREXCE |
CWEkdS ydsdzodz dzr Q s iz o f dzd | 2 -6 jsc mdpvdisisstedz2 i
L OH Odzc SR ydIsr o Odzd o ¢ ol RU By tc 3 ff fipkevro w L ¥ o Oded §
f e dislsmigert MOG &5 M § & BBNEAH v Pdids Gled SdOs o Odzd ¢
Cltster | §slsjdydOdz des wWodzw dzd )’ ©OCIsdo dtetso Odzdz
IlfmMjets Brdzts orwodzjdes 695 tcjezdzv Iststets o 1 C My
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HeMmistse jtede B3 Y5 CtcOdzj 2 3 e, <099 dzts (3 J & dz tdz® Il
LS tej Mind d, Clstster j Mo w L Odz M 4 Mmisd Mise j dzdzts
slsHJ dz¢ dz" g f OydJ dzls Od3q , CzOMmMMmMdW dydtetseo Odzd
dHy dzZsdWdydtese Odzg" d3j dzaj § ydd3 ¢ 20 tBEKLOL YyoOnm. |
d dmMgdzfydres dL HOd dzj2hjett OdOdqL O. uvOSHJ BT
B dzd dzO2Hj dzr ssdz' ¢ts ¢ctjHSCdjeé wjekzdwisttr .
699sBteOL yse d 173 tjckdvkstsEo.

103 slssBtcOdzdz” § 173 tickdzwilssteO 1 C fpfdyj mf
1 Issets o' ydmdzd dzd BOIstcd yk twOmmistswdzgd?2 r OCC OtcO
) fdsh s  &jirlsdeH Ot fotsjieHjodzj dzd ¥ Jlseto 55§ tsdzd
d My sdz' L-tgp BE&avador and Chan, 2004) fmts ¢ dzO f dast 1§ s i BuirizGligfiijj oz
f stetsigtOnls 04,6 dztsylsts Mistsk 4 j ISfigelidsjjlsy o X J ftedojHJ
Hj dzH tetsG tc O BBO tofj Eixd2BEsistetso (i ds.
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TGFBR1 BMP6 BMP2 BMP7 INHBA
? SMAD SMAD3 SMAD4 SMAD7

MEK1/2 WNT1 WNT3A TCF4 catenin LEF1

| NR3C1 NR CEBPB CEBPA PRL LEP
OSM HGF MAPK3 LIF IL1A TGFB2

| MAP2K4 MAP2K3 laminin complex vitronectin receptor (integrin)
IL13 small monomeric GTPase CDC42 SOD2 RAC1 KNG1
collagentype | FN1 CDH1 ETV4 ETS2 ICAM1 CTGF AR

|
L—}— integrin ETV7 clathrin adaptor AP-1 FOSL1 ERG NPPB ELN PTHR1 NR4A2

NOG ETV6 THRA laminin-111 FGF18 BRAF insulin NGF family RELB
I TBX1 GAST IL9 RUNX1 CALR RNA polymerase Il histone CUX1
NR5A2 NFYB NR1I2 POU2F1 nuclear hormone receptor HSF1
I LTBR TFF3 NCOA2 P-TEFb MAP2K7 MYOCD MKL1 collagen type IV

POU2AF1 alkaline phosphohydrolase PAX5 MAF ZEB1 MIRN29C MYBL2 MYB

|
T CDX2 CDX1Homeo HNF1B HNF1A GATA6 GATA4 GATA5 PDX1 PAX6 PKNOX1

IKBK lipoxidase IL1i CD14 TXN NTS p38 DUSP1
protein phosphatase 1 MAP3K7 FCGR1A SYK IL20

|
I SAA1 CCL11 TNFR CCL5 CCL2 chemokine actin filament
IL1R1 1gG IL1F8 NAMPT neurohormone IL11 TNFSF12 MIF
| NFKBIA NFKBI ADIPOQ HMGB1 prostaglandin-endoperoxide synthase

] JAK IL22 NFKB1IKBKB VIP allergen TAC1
I CALCA STAT1 IRF1 MYDS88 IL17A TLR4 TLR2

T IRF3 DDX58 TICAM1 TLR3

.
Iflbrlnogen DCN MET MAP3K5 TMSB4X C5AR1 F7 F3
4‘:—TLR5 TIRAP CFTR adenosine nucleotide receptor NOD1 CAMP IL17F CXCL3

3.5

T T T
3.0 2.5 2.0 1.5 1.0

YpoBeHb CXOACTBA, OTH. ef.

t dMEz2BR®G tcOtern d yj MS OV € &zOMIsjtedL Oydw 173 tjckdzv sttt
OdzG SINEAYOs 699 GBKLOL Yo stt. [0 tOmmistsy dadaPtc fizd M delz dz€
COC HBdkv tBdhdjirdzjcd . desloz dzS Isdtetsds B SL dzO Y Hzts BO dzis (FuigPwlzd §
and Daraselia, 201%) d L d&3j dz dzd v d&3q

tjLiEzd sdtekzes h dj ¢ dzOdgtsy dets  dedizls jz tf tis jslisdte s o Ols
fMdcdzOd dzf j] fkilsd. 10ftedd3jte, CdzOMlsjtc o o jtcn d
dLoeojMmilsder 2 MmdcdzOmz! /dzr SMARs: o TRFYOs M d2 toj ydtfls
( BMP 2, BMPG6, BMP7) d kttOdm§ tcdpif] g edzdzisi (S MNAD
iz dBdtlzs Is ( SMAD7)-d3d ' jindzied . fd™ j oty wizfsde UNHBAR] dzls
FyOfmlsekzjls o fttsHizydteseo Odzdd OCIsdodeatss, d f ted
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[ tczets?2 C dzOMisjte tojokzdwiststetse (dady dgvw yOfls
@fmiselzr " dr o MY jesly] HO@FJ Ctesed, o Istsd3z udf
Cs0ckdzY ydrd) dI IMIIGl ARl dazj MS tsdz? € drn dMmfmdzi Hise Oded v -
Mo Jtlsr 9 Odzd j d3 € tc s@itfer, €t alis 2004ts\épgsdnj at &.02011) [ §f - S dzj ¢
CdzidlsC OCIsdoeadtclzs Is Mo j tolsT 9 Odzd J Cteso d fzlsj &3
WdetddsddlsdujMSds WOCksktss. uvOCyj §COLOd
Wdeteddetsdzd Isd yd M¢ ts2 OCIsdo detsfyls* & d doOdzduydi d
(Kockar, etal.,2005) J AsHWh 2 | ds sfgtsmig® ¢ dzOMisj tc®, B dzts€
Mtz WdBteddzO d { (Bggn dydi.r 200G)o j tcls™ o Odzd W

rodzjj d3* fYwdejHjd Hzed) fddit' Ibtet,
tcjokzdzv Iststets o Bsckls BT s dimf sdz' L s9 Odz"  tHadzw
fslsj dzydOdz! dgs L OHj2Mlsoatseoa Odadz" = o M jydWdyd mMS

b ZOdzscdydz" @3 BteOLtdR B' dz ftesO0dzOdzdL Jtetso Od
o Cdz¢ yGoah d2 o MjBYW IsteO depCtadisiystssdzdial J to @ fipfp Y df s dz'8
HgWW j o) dzyd Odz' des@ j dzE M EPMEGgdzstse M sttt 5 Mis
ssdazmists?2 ¢dhed. 17" dzs dzO2Hjdes 383 tjcekdzwsstcO,
Misc dzOMdzets SNEAtsHc dUstelfr? dzj 2 dBjtcy © SHdsdE SBteOL YJ

[ dzw  Mtse dzOMmtse OdzedesMmisd M tOdzj § fisc 8 O dAREOUz0
dme dzg yddzd oM twjeckdvwlsster, SColstster j dgj B'" dzd
sBteOL ysseos stt), Yysts ftodo j dzs € dssectsoa sz MY
tcjeckdzvIsstetse L CMftej MMMdd. [dzd B"™ dzd slsdzj jadzr €
sBlkzyosh j2 eoresteCj. 1d34d ftedojHjdz HIlsOd dzr 2
Oze stedlsddsds SNEA o di3i Misj M d 3 OBEABYPY] 5 dzOdz! dz' i3
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v OB dzd8y @ dzOMils j to " MlsOlsdmMisdui MSd HGMistse jteder =7 6 6 zdzv
SHdBotej d3gj degdzts © tBEYOs M j2 d IjMlstsots?2 td 8jsHsSd = . B d 5 REOGY
WEdCydd o dOdetsdz hj2 fMmilsifjdzed =~ OtcOC Megjjtwdzidelshsdgir . © mRtE H Wdbt
(Yuryev and Daraselia, 2012)

s dzOf K {jekd"sste’ » MmisOe [f1dMmMOdedj S dzOl
o1 CDX2, Homeo, GATAG, HNF1A, HNF1B,CDX1, | { J ez dzv ydw  Smy e M
GATA4 d Sdhjyded € j

IL17A, TACL, JAK, TLR2, IL22, CALCA, IKBKB,
TLR4, MYD88
laminin-111, GAST, PTEFb, nuclear hormone
receptorhistone,PAX6, TBX1, PDX1,PKNOX1,
C3 NFYB, insulin,NR5A2,1L9, POU2AF1, NR1I2, NGF
family, MAP2K7, CALR, NCOA2, POU2F1,
MYOCD, THRA
CCL5, IL1R1, chemokine, IL11, CCL2, MIF,
c4 HMGB1, IL1F8 prostaglandiendoperoxide synthase

C2 I sy Oddlsj dz dz 2 d (

bHdf sYydlstsC ddetse OW
mMde dzodzdL Oydw

RABBL st ¢ 2 dzv Is s
oMy Odzd s j dz' dz" j

TNFR
cs CAMP, adenosine nucleotide receptor, CFTR, FGF| { Off sL dzOeo Odzdj 1 Ols
TLR5, IL17F d B33z dzdz’ 7 tej OF
OSM, TGFB2, IL1A, PRL, HGF, CEBPB, LIF, . ,
c6 NR3C1, LEP, MAPK3, NR, CEBPA t 4 ¢k aBaml o
Cc7 WNT3A, TCF4, LEF1, MEK1/2 gddc dzOdz dz" ViInt € Ofny
C8 F7, fibrinogen, F3, DCN, MET, C5AR1 49 Jjtols™ 9 O digtsfls
SMAD4, SMAD, INHBA, SMAD3, SMAD7, BMP7,
C9 BMP2, TGFBR1 g d G dzO dz! dz" TGFR/SMAR O |
C10 IL1i, CD14, I|p0X|dasgll>I(IR|20MAP3K7, SYK, p38, tjekdvydy ¢dzjlsts
laminin complex, collagen type I, CTGF, MAP2K3,
c11 MAP2K4, IL13, ETS2, small monomeric GTPase, CH dlsj dzedQd dz! jddtiss  d30 ¢
ETV4, CDH1, FN1, KNG1, ICAM1, vitronectin fitedntsH, MEOMH sk
receptor (integrin)
Ci12 MIRN29C, ZEB1, MYBL2, Maf, MAF fdelzdvydw IstcO dsf
C13 NR4A2, PTHR1, FOSL1, NPPB [lsoajils dzO cdfts
c14 IRF3, DDX58 tdedrydy fLEHECY

slso jIs dzO 9o dtslz fidak

I 7 yd mdzv dzqd syd dz€ d OCIsdo dzesfgls d z dav Gnlssiit=RO fry dzt
tcOL tc OB t5ls O dzdzts dizzdpegfotasfio jozi Jsdz@ kIs j f dztso OW C OISO OF
sSBteOL ytse dL dzOB 56O OHJB @84S £ OXGISESG 8P deV StedBBOYd W
fOydjddstse € Isj tc Yl MkHsi£S d &3OB 5d3
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[l nporpeccupoBaHune 3abonesaHuns I -

B crabununsauns 3abonesaHusa 5 200 400 800
YACTMYHBIN OTBET Ha Tepanuio AKTMBHOCTb KNacTepos
NOSHbLIM OTBET Ha Tepanuio perynsaTopos, OTH. €A.

Knacrepsbl perynatopos

g

K1 K2
KnacTepbl 06pa3LoB

t dMEMss § o O C OO OCkdodasfmisd 14 ¢ d&OMlsjtess (o] G|
Ooh dn yjlkzSMddos. I S EEer tkerdk cOfH ¢ ©hyjls B 6 i

Izrs{ yomlsdydze 2 e jls, MlsOBddzdL Oydw L OBtsdzj o8 Odzed v ,
Isjtc SRipOhlyEsw" chdse dsdts dL fO0ydj dstses, R OLOCIs] todL t
fJEMdEBEsdE d GHdSot) d3j dedegs § sor h j dzdzs2 ©S I9 d o SdbANDS -
jsd ez tgts 00 s OCy j RO te CdijtaQiddn di df @ds' j ori{cO giecl & isls tOtG 1
IR)L. 3t dzts iByewWaidiDaraselia, 2012)

s OC Mz HkjssgL CE&PHEHHCEOBYyJ J, 80 §Oydj dak
Yd blz¢ mdogesiadsis 87 Is! 6 OL HJ dzj 8§ € ds0t Jugds " ideits BeZO M ls.
UJ sjRedzO iy jstdts o B0, dps 4H)Otg dsemard L d Is | dr'tedst Ss@afdzQ'f Oy
slsojlsdah dn ( MisOs d dagf@ Py et dztfl Rckeds’drj (O defj” , S Hz® ] Is
OEGFRIsj tOf ductsctcj MMd tcs o Odzdfg & dz Qupjistzd] o OLAH® Hlis | ta
f OydJ dzl§€tisds tsge?2 2 St @i di s dBdz2BsC 1 Odzdz 2 ¢ dzOMmlis
9 thdsodesdz dL f Oydd delstse dzd tslsodj lsdayh IR5 dz
17§ Oyd 4 dzlsts o Slsd3j yd des ftetsc toj Mmnd tc sHHORIG Y dLj @ASHSC
dzOB dz6 H OO OyYiJ8 O BLJAES dzj 9 O dzd W . CsO ctkzff O {
HilsOdz dats.

JHted HJ dzw dzd 9 C dzOH tcOL dzd ydzr = ftedL dzOC 59,
CdzOMmisj tOBBd , HOyygjdelsiso dHj dzsd¥ Jydtetse Ols! B dz
f slsj deyd Odz! dats tslso j yOe h dJ LIsQ tc &ts dhdz Is fnysiolsdizi€ y dfs d
tsB dzOtelz ) dudeds L O € azOinNk R®@J FAsDtc OC Is | to d stz jsdntsfig g
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ykze mise dls § dzj waB§iflsilz ¢ M) JaOdzBdss ts dz! " 2ls ofy lsiOeigGRds § to
toj cdzvdsstefsou 1 1. I r ydmdzddd 95% Hte jtodlsi dz' dz" |
OCIkdo desmisj 2 ¢ dzOMlsjtese tjekzdwilsstcse C9 d C11
s2 wtojHAzj j L dzOyJ dednits mis®d dziz® ¢ @ - utdB 4Oz s df @Arijasfiy
152,9 + 40,8 taldz" §| JHddzd y" ) ,HzY tcis HBScO) dgts 0 € Qe J H dzj
ftodL dg@&IBARL,9 £ 65( ZMmdztse dz' j.uey ddad yy" L dzOyj dedw  tc(
SBiOL Yytses odzzlsted o o geRft€igOdpsdpedd 103y, j Tzls o 3
Mtstslse j IsMise f deliptiez yOW BB RBEtse j dzr L dzOyd dztsfyls off tegdzw
MtcOQo dzj dzdd k¢ OL Odzdz' f ts fiffj4e oHdoEd ~ dzjodgiddd u@ dz0 0 1 . U
CzOMmisjtotse tjekzdwilststess C9 d Cl1l1 Hidislds®sjdedztsh
CazOmbsj 6 $QY( J @isEigudelomls oj§ s jj rOfigflsfiz ¢ 5 dsizOB

1 jtwj2Hjd3 ¢ BdtdtsedyjmMits?2 ddasjteftej lsOydd
S ZOMBY temtsH j ey Odz 6 dz", Blsdzsmw h d j-MSMAR (v B dzdzQ G
18) . RL 9 J Mlsdsts, Ylsts dzOtclzh j dzdw o diizdpdstd @ iddg s totpdiz
fOltscjdej L § Mbdzda dbsEBsY¢RdEdz] 3(Belpd arm Pasdnd, 2@ Q;
Feagins, 2010; Gulubova, et al., 2010) v tcOdzW Stcdzd tclzs h d 2 tctbfmls ts¢
bPdgjde "Ojls fesddWjttoyds 1§dlsjdkdOod df °n Cdjlt
My smse Mise z jdsOs%drf ez dgs oL O BsHj2Mbsadwd3. 1 M
ZyoOmlsekzs hdr o d&BjlsOMisOL Jieso Odedd G &0 ez & 1
e fto Miptste” f  wysddsizCaEedsd) dfd@Madod dstsH j 2 Milse z¥ h (-
(SiP1), ttsdsydls] d' s fcy Baized @Ry dd SFo -ffd e c
b ddets eofMmdzjHMlsad] dBezlOyddzdzets? d dzOSC Isd an@ngfd ,
dzs BSEts (L CoiRf sdzj dzlsts o, EyoOmksekshdn o fJjtoj
ftcdotsHdls ¢ wOLoadlsds wfkzatsdzd. 10 ftLHddB Ml
ZOtBstesls MisOdtse dlsMw  f tetso 5y OdAflisgokaCatzk, g ald 1 t
2005) Mli d@dzj SEdzwtedzr | HJjlsOdzd {Istsets fjtog & dzs yjo
dzOMmisswh j jif o el glzOWDY sipWzOydlsj dz' delzs  tots dz o 1

Lfqlsj deas@azj dif€ d BOd dzf 2 fitejnotsH (Cf1), Cobtt
COMS OHEd TGF
S kOMsjBHELY Ot ¢ jdr , dzjfsMtej Hilse j dedets kYO

BOts jtor (Codi3fd¢hn dzO&dmEdgdsd dzf s ddzodzj daj din,d d3t
(ddzsj eteddz, WdBtsdzj SIsddz, CTGF). rtkedj tj ez
W OCIEWAJETS) OCIsdojdiEly ISt ks h dj Olsted S Mdz J
flow.LOdedzr | T ddzeOLdj2 d d&jlsOflessdd8sno did j i
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didzj H Sea@iad d s 0o Is S, FudsisO U Ady§ WAFBRHC o = S dz® 1j ™
MsflsOs € dzOfMlsjtcO® wll), MowiLOdO® M ddeoOLdj?
qL dsj dzj dzd 2, f)AYeasohid, ethpl, 2Q11) | Moo sS bk dsfmisd tojL
OCkdodietse Odzdz’ & 6] €z dzv s tstets o¢ diff tsusg s dzv sts  Isfipsidlts te o3
skfizlmisedw ykeMmsedlsj d-BE6RR] § &j §@jc@jsddrd Qd
Yj kS g s0B s d3)-b-d derikr\j sty o Tdlade 2-d3d f jf de ot @i diigts?
[ twOomhdteddzd o " jdL dztsy jtaksia R s dijtejd HH jslskady! j ddzd
fslsj dayqGOod3j Oz dpts® d Is s fzlz eSS P dzISE R Isj cOf dd . 7
o Yddifz fets¥ ddz HIWW jtej dzydOdz dzes? St Midd
Yomilsdyde 2 ddzd daPts dgdp'tc O b o JifdsOogtsffij fildsjtsca’ dis fltdIs 6 to
L OB 5dzj o Oletaf] j o Osiaizs @B Ols' o Odzd Oftec tf BEIE/A 5 H v § &
OCIsdo d tc e PatddatrFls stetso 1 S fif fotel jo fij e cfizre dzj edze 6  Is B
MlsOlsdMmisdui Mg cdzORGW j o jlsmlso jdedzr j L O H(
GJdtse diIMHE §OyYdJ deldshdidis Gn dmdd Lisdg" tad® fItisf@ asqigPppoC iy d
v OB &PYBOdMISdUjMSd LdOUdB j ttjckdvisster HAY fosWo
fOuq) asodd ) fsdd & dod uomkdud d g iskbikn b e

WstedsOd3d Isj yj dzgdw L OBtsdzj @ Oded v . fdLbkzdz OIsT Odze sted Is BO
(Yuryev and Daraselia, 2012)

. oL : : . . Victse j dz

{J 6k dw qtstr?i" tjcbddebjdr j ¢jdz Ldzoqusnsf
FOXM1 7 ESR1, CYP3A4, SFT{:E),(?E_TPSFTPD, SCGBI1A1, 0,001
FGF10 6 ELF5, LFNG, SFTPB, SFTPC, HOXB13, NKXB 0,002
HIELA 12 ESR1, FOXP3, AGER, SLC6A4, NT5E, SLC11A1, PDPK 0,004

AQP4, TGFB1, ENO1, AGTR2, AREG
CD40LG 5 IL17A, IL15, SERPINBY, SLC6A4, TNFRSF11B 0,007
ESR1, IL15, BAX, RUNX2, OPTN, NF1, IL13, MME,

Interferon 13 DHFR, TGFB1, TNFRSF11B, ROCK1, NEU1 0,011

NKX2-1 6 SFTPB, SFTPC, AGER, SFTPD, TGFB2, SCGB1A1 0,014
IL11, BAX, PTPRG, SLC6A4, NT5E, CRHR2, STAR,

IL1 family 15 PDGFA, IL17A, CD1A, SFTPBAQP4, TNFRSF11B, 0,017

TGFB1, AGTR2
THRA, IL11, SLC6A2,IL13RA1, ESR1,FOXP3,PAX2,
CYP19A1,SFTPCRARG, CSRP2ZMME, STAR,NR2F2,
CCNG1,ALPI, COL11A2, TPM1,LAMAL, PLS3,
TGFB1 42 CHRMZ2,ECM1,EGFR, BAX, GFAP, RUNX2, AGER, 0,019
AIFM1, PSIP1, LALBA, CALCR, NKX2-1, PDGFA,
THBS1, IL17A, CCR4, SFTPB, TNFRSF11B, KCNMA1
TGFB2, AREG, ADRBK1
SLC6A2, EGFR, PAX2, NROB1, BAX, MTUS1, AIFM1,
EREG, MC2R, CYP11B1, PDGFA, THBS1, CREM,

AGT 23 PDE3A, TRPM6, UBE2l, TPM1, DHFR, TNFRSF11B, 0,029
TGFB1, ZFP36L1, AGTR2, ROCK1
NCOA1 6 ESR1, SFTPB, PTCRA, RNF14, SS18, MC2R 0,031

stejHd OCIkdodttseo Odzdz" » tWjekzdzwiststetse B dzd ¢
FOXM1d NKX2OCy,j dzOBdz* HOdzd HIWW jtej dzydOdz dzzé 4
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TGFB1. RL aNKNBIHtslze dqldtclz j Isyw  yJd fisd € dz©® @& dztFaby tj/tnl6 A
SMAD (Kang, et al., 2004; Li, et al., 2002; Xing, et al., 20§8) O ¢ iz ¢ dsdpelzr 3w Mistclz ¢ |
B dzd L CCdRBEBAERKL d ERK2 (Missero, et al., 2000) 1 r dzts f 5 SNBX2@ldzts,
dqdzcede ftEtljlor L o Odhilzr 2d THLEEMMIsOdzOo dzd o O Is + § dlIsj dzc
OH j dzsC Otey d dzts o3’ dzj cCdn. C Rzl 3 4 dede’j @ Is 2z htsd dzjsds t
GJjdisadh j dzj 2b , T GoFRY dzétfus J Hf sdzOG O 3" j, tclp @& dzy Is €T
d Slug(Saito, et al., 2009) ¢ dzOdzsG d ydz" d3 B KL OL 5 d30 SBIS ddatsdzts ff t
stcOdzMC tod §f Yy d ts dzdBEOXNEL IsWOQ SiflgtisHc@®e &Y 1 I§Park, et al., 2011)

[ sy deticj HY Sdzsy ddsd ff J e Q6 5 ) of dzddD it dztis @[ ts F OKKRAL /Iz
Ylze misa dids ¢ ugf@Ydidgose ¢ OL fezd Yy |5 GAfgdpotizts dpl
md ¢ dzO dfff Idigfc-BT, GFdzd B 5 dzO dzj & O dzts fipd @ gz0 S iAAE© BTG Fdz izt
9 ¢ dzt YNKX2-1d FOXM1.

YIstsBlIs tsyday ds1jj dzd W s B4 - Odzd L BOA EmMlsts?2 ydoe t
sdtesL  dECFRAB Y e tsOdzOdzd L Jtctso Odzd H o O fslst Gaesdisdz® g
HOdzdzr = G(Ed&deld, ZeRal., 2006) GS E 2(Bl@itar et al., 2010) | FCOL Oc
LCMY § tod dajsdelis ® J Is fiffla olzjuo@oidigl dzj dffad s o  + CMfds ] fi§glxfds ¢ @
dzj A3 dz€ B dip@Hzy dzSfsotslf - sdzd MzicOBAdEdets?2 Ylzo Mis
ftodfdze dB d fjQdpdf sstc©® < fdHj ted3Odz' BEFR th) W BUWisK it E
G4 Wdlsdiasi On Odzdz" | dMmYf tsdz L se Odzd M eaydlsig dz’ dfts fiplsud)
or wodzj dzdw @] dliaskY Idfstastp W j toj dzyd Odz! des?2 4 €Y toj M
Cdzj Ists ¢, Emlss2 yder dsd ¢ d dzeyBadfiedsoe Osizgddz! dE GFHR ¢
dzd dzd vgYC BT Ydzts, H dzw 9" W o dgjj dzdpwlzvy ©€ ist ® df3s € @
ftod d3jdtzgf Odzetstedlsds SNEA, i sdzg YJd 658 ddotR tu g teada] ¢
tcjezdzvIsstebsdztf g flzdetsg toj L Zdz' Is @lOB difiyydoe 4 H § dz"  dac
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5 OB ZRYO wlkOdMsduimMSd LdOUud® § tjckdvistste' ¢  ddz
Odkctstedlsdsds SNEA o tjLizd! O] OdzOdzdL O I|scOdzipg@Bdyls
ukzemlse dlsj dz dzEfplFRs s§ o Oflzfd ( dzOBtste’ HOdzdgr ° GSE4342

tjebkdvistster, ftoddOHd]yOMdp ¢ *NdddeddzzdgOdpds ozl B j TGF to]
i35 dzts ¢t Yutyefvdind Daraselia, 2012)
tickd L oL &, tickdzdtekzj " j ¢ j dz vEse ) d
J w _ J Jd B3 J dzr
fsHmg L dzOu d d3ps f

GSEA3420 o GLHj2Mlsoed) cGjWdlsdddsO d© Cdjls¢d d
CDH1, HMOX1, CLDN3, OCLN, CDH3, LAMC2, BAX,

HGF 16 DUSP1, ITGA2, CLDN7, CLDN4, F3, KRT19, SERPINE 0,007
CCND1, VIM

INHBA* 7 CDH1, CDH2,0CLN, FGFR2, SERPINE1, MYH10, VIM 0,016

FOXA2 6 TACSTD1, AGR2, AQP3, WNT7B, FOXAl, MAP1B 0,019

BMP7* 6 CDH1, HMOX1, STS, SERPINE1L, NR3C2, VIM 0,022

SNAI1** 5 CDH1, CLDN3, OCLN, VDR, SERPINE1 0,030

GSE208546 s sLHj2Mmlsadj & W ¢l itz dazH Sdzj sd

COL2A1, CDH1, COL1A1, TP73, FN1, MIRN21, HPGD
ZEBI** 13 <0,001
CDH2, MMP1, TP53, ATP1A1, CCNG2, VDR

FGF2, IL8, PLAU, CXCR4, CA2, MMP9, MMP1, LAMA1
laminin-111 11 0,001
PODXL, JAG1, FGFR1
HOXD3 8 DSP, CDH1, ITGB3, PLAU, JURTGAS3, JAG1, TGFBI 0,002
COL2A1, CTNNBIP1, NES, BAG1, CEBPB, COL4A2,
VPRBP, RUNX2, SOX6, CEBPD, PRKCA, NFATC1,
SOX9 23 0,002

MATN1, LXN, CDH2, MITF, SOX5, TP53, COL9A2,

ERBB3, CCND1, PRAME, SOX17

CASP3, CDH1, CTGF, THBS1, IL8, PTGS2, MMHAAN1,

MET 11 0,002
RELN, TNFSF10, BIRC4

UG ZOMdzts toff totf dgf Gz te@ ek SOEAG st sBAJ R 1+ § &Y j t
ddec dB d iy Aded BEGERD" W o dzv j B J MbObdMisdud MSd L da
ftod dzOH dzj 3 Ol € fd ¢-z0d| MHBEA , | BEROTBE kizdls o to
¢f[1 (ZEB1, SNAI I8lsdj s ddsyistsj Meoziswo df Bzl & ff tots)
Yize Miso dls g d® dasthydzyj yYyOMmlsts oMmistej yorhdjmw HIWWJ
cjadh jdzd Sdzr yjo' R jckdviksttso BYISHIOIS j 1e,0®H t
kOCddid SO 1 fdlsjdzdOdz dzr 2 QPHIGOHS ts dz® of’ BftMERs o SO
5C ¢ dzv OQLMY, i j tc YLJSERPINE), § dzO -3 (@LBRN3), ¥ d B to ts dzjFNIs df dzs ( H .
tsdz Cf1 o vykefmbodlkjd dtsilsd € IsjtcOf Pliferag j Is iz
Ferraros ¢ S tddjpcOddL d 0k ISttOdnStdllstddsd s
tc OC 9 dzF Is(Bli@erasFerraros, et al., 2011) s dzlz y j dzddz@ih jopi M dzj H 59 OC
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o L zdzflis@lis™ j ey HOE s L Isk edfslsjLlz d ESCOLT 90O I
FOXM1/NKX2-1¢ 0¢ IstsySk ¢jtejmj uddedw C[EGHF Rylsg igl®d d

vOCdd3 BBEKOL 53, dMmatSHW dguL tcjLEzdz SOt G
LS MY j tod GIEERBIEIBE20854GSHI34), sy dgts fH j dZOls! ftejHY s
Emists2 ydoe smis! € to f fids Hfsfedisitsi ot dzts ¢ SE GIFOR Isfifsate'OL A
dzj & O dzts dzd GRbM SE26 dz0dzd L Oy d § @y tf tpds tditp afCJdictzteis
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it dmMed28¢) toj HY Sdzsy d 15 cztiz@ztiz® bzls Blstc Oy O h d 2
sjeOf.dd{ Byjis®Erng B3O8 B dkdzj dadz’ j
CzOmMEJ & Iz dzwaslislte (o4 G dflsdfgjsirdj dzr € GB350 dzy tz jiOdHdy . d3 sy'o | Js dz 3oz’
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J tojLzdz sOIsj zd s j Ol kztcdetsc s W I dzif ik Odz0O af
oL BBy dzsfls § 2 1§ to s G to PegupeptSati¢Esemigr fy f jduijj daParHH dz)
f smMistets ] dz HJlsOdzt dzr 2 fMd ¢ dzOdz! dzr 2 fkzls! , f ts¢
e L dmisj e BBz j tOf  d tyignliz§ MHABOB 1 © ted Mz dzs | ¢
sBl jCIsr, ¢ =dO=ifHj dzis q dzd yof telsdz@igisq odrvAsOts tqspd ¢ dzO dz
COMC OHDb/ BGAD tslsd3j ud des S B OMmder KizQhk stk dbsj dzd
Bd L Jden d BOdz' dz' Bls 3 g ets H)f ozddxfj dgs Oypdjvis £dgzOMmlis j tso
M e dzO B dztiztBy O

l Qo OW rdtdndfgCR B tc Oy d2lg Usie § © tgdzlz © i fry choc Ga @Yz Iz
OCIsdeOydd HEQGRR.§fIs6HEBES Nd 30Gxs8] yJd fEsGFER{,tcz § tsdzC Zz tc d
Hicze d di3d dzd ¢ OdzH O3 H | 6 BO dzdzdz’ T BERHO 3 dptc jo WRERNP Az ( (
di f dtcj cERERfEz (L Ooah dMm! M WOCkstetsd tisdddt rislgsigy |
9 Moty wBYjL)Dijl Wi st ROE 5 OBPdR B jidSts Bz !
fted sy Hdd :GREZY 3BT d&zC dlsts YKRASH o p tzef Pz Hiz® N j
cOMf esMistceOdzj dzd¥ Mde dzOdzO o ydlstsf dzOL 5y yd ted |
COMCNAPK/IERK. ¢ C Isd o dzlg s 20 dztf dizlsefts MAPK filsd dsz dzd to Iz
Is tc O dzfn dzEL OIS te d §f y d s ddeaBX M1 W O& He if fsifijds) HQOE Isd o d 1
f ot BHIOSUsHKEDL . | Mmotss 5] tefjdzc'd,B oM I MEGH 50 Od
1L dlsj dzds@ dz'j digS d dfQjdis jo& DPHs s O dzO e dzd 8 OW 1 {Sdils, jetdzd O ¢
al.,2009)s OC dd3 BBtOL sd3 Is tc O dzfn NKX@ yYFPXMAdz o jdzw ¥ Gy s tel3 ]
fJted Ctod MIsO 3 Y HE MIMABGERK EZTGHIRH. ¢ OMS OH Odd

[ 4 8 OV  frdsoshidAsidf®dE Ot B e’ dzlz Is tc d ¢ dAf ¢f & dg@ztkd L @by d/d
SMAD fttd L Of XS {f ®sdzg dgO) dzd ¢ OdzH ™ -b ¥ Off stfs jfots
tc ts fifIGEBL, BMP2dBMP7)fno W L ' o @sjlyfjf SSEBR L, Sttt 2 W sf
ted yd ey vtz dzdAsizjslSMAD3 d L fj BIMADK 4 & d dzOH dzj 3 d IR- €
SMAD), ylsts o Mo S lsxfgigdidditn v L B B dzi fekzj dSHADAI( f sHIsd
co-SMAD). sts d3tf dzj WA 3/4SIstc O dzfdzsydtelz j Isfqpw o Mt HipdsW dSudedfr
MewL ' 90jlkMmw ) EyOfMmisS Okd OFIgdEs Ols s ic @ gsthts pdiphys ks &
Is tc © dzf S toaf § y O ff ISz jscfS NDARAL 1 d (MeNaha, kBt2al., 2008y j dzS d
Md B 2HIMAD OCY] dOf W Bzs Isota CEiS e 2ufigflssodiiz’ I3 d fn
ZEB1ZEB2. 1 j &zS dinjdsj 2 Mlse Snai |l d Zebi tfdslsjOdzcpy deils
COHG j(te@DRROL ) , yYybts ftodotsHdls ¢ twOMlsatstcj dzds OHOC
L dlsj dzd Ozt dz' B € dzj IsC BB dzi U te dlaf 5 d 55 gz i j ¥EO ¢ Is 1
Emd dzd o O Is + ¢ e @y ddz" ~d3jBLjjddf tso , Is(BNLJ- oSdQ@iE) dilsdo
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(VIM), Ij s MOod® HGicE kO fidsie [k ddhg dz'j dzE d 30 dz' dzts ¢ usO S %j s
1 S o SAAdessy jIs BT Is! d dzH z yfis 8 2 Odelzts 3 dzE §ff ea@(d 22
L et ORGSO toshils 02 MisYCH @fefighdfigialz’ etzts, 2015) | © B 5
f sL Hdzd n toiPls @H{dsW ' W BY EGRBGzttd o sH dIls ¢ AW ldsdfeds@3y offds d
Cd dz®BKd ¢ d &aL(Hamidi, et al., 2017; Suwanabol, etal., 202)f ¢ dzO dz' dzr 2 ¢
PBK/AKTtcj czdzd tclz j Is od >fdeos@igddit MdO@ d # & iStaAdidcdzOw  O¢
Yyofmists fMmewL OzBY fig ~tfstdafc ) M d Mls jlzsjdetstipsO s | &' dalg to
f OCkdodbs Outugdits?2 -dfjdLisjj dEdORD dztsdzigs sz I | o &6 d
&ZzO0 MdedzOdzr tetsMmis @,dH fsis dz@ apdztiziEcGE Is W Q¢ IststislOls s d3lz d
dzj 8 sMY tod d BBYEGERIS | Ste OFf dflsdf

1d3d fGtdojHjdO bEftesh|dde@y L 6)RF gl dedsiigaizy
sjweOfdd yjbktmddi3Ostsd, oftcOlsay jicjclOmdydty &) dag ™ .
fjtef Ctegifylst 2z M 6 dzOdz! dz'-bzsd d f ESFE B TGBEsKr j ftets(
SMAD3/4 ERKL2, O dsd®iS®ly IstcOdem € tod § yNKXAztlzr EOXMI®E Is ts
COujmise j B L MNISEMEHEZQIEDC Mdzj HEZjls dL e
cdfslsjLr, dzjdecodesdstety edkoizlsd j D b CEBPRISESEES ftod o j f
Hite]  tefffipfipdud MmO, ulsts o Mo ts¥ OMmifted e J ke SESG dats to difs 2
HW W j to] dsQeffolis® € dzdh Odlz gz & Qo d M BsMisd teglyj @Bisd
EGFR Hd&" ttshmksO0 d fsdkd¥%jttoydd Sdjsst.

——> aKTuBauumsa
— | penpeccus

EGFR —> ERK1/2
FOXM1/NKX2-1

J e J

/SMAD3/4
TGF- SnuTennanbHo-
S ZEB1 Me3eHXUMallbHbIN
SNAIL1 nepexor
SLUG

 dmizasskyf tsh j flazPW f szOc Ok B2 R RIS ¢ kjOfdd vyl
jBjStjmsO &y HE fdebdOflz B RIR]. frzdsey ffd TSoFO dzd j M d ¢ dzO dz'
dtedfejmmdd ¢f1, Ut o Ctdd ydesd dlstscy Byl ftedoa
é509qmq

&I‘-‘:&

Gsifle qzstis O EGFR Hd&v tesh)R@ gk sty jdDapsela, S dzj

N
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44.[ Bz H ] dad

I 1lt?2 cd&Ooj degsof @) HiffdiCoidzdS S toj Hj dzj dz
Bsdj Cdvted ° §HEOdgd Oarodzss L o jZzQ® ¢ ¢ D dzr 2
1t E@QP B 2 fBHOGH L OC dzd yOghoiy s lset i ticfij dnjf tsodbs jod
fjtejRitsHY Gl fskdtstcOdnStedf ssdde 7 oW ddj?2 ¢
O LOjd d € Cd&OMmks]j Ok SOOEE stnglsdEa BBty L O
f SHIGBBNEA)f SL o sdzv j s § tgt jsB 3P des Ols) sOdzd L d 559 O dzd
RO drfsdzl ste BOIsd o dz" j HJWWJ tej dedndf Gedpdy dpid dafs etz dzdf ¢
Mkh jiMlse | dedessdeg W G ogj o' & 6] ¢ k2 dzv Is She®xp dzts S )l dgj I6)
Bsdj Skdvicd ok BOMEHdd sfisdkd dHjdsd¥dydeks
f Oydjsasdnls j edL Oyal vV ntsg jelOO dzdsdO dpy gras Y] fdedm =0 6§ ¢ Iz
fsLotdY jls ©E@IERMNE O Oddey jz sid ¢ daDmizs KA gz8z5)D
s s & o KLAPRIFY d yd wEE®ESE ydlsj v ( shizh j flse dv
dets d BB BPL o Gjd & § tzelzts RBIEBT o f & Is|Ofgdfh J dzd
o1 Wo dzj dadz’ T togRts b bzl s ts g celrtsylsdjlsdzy d O d' oickis deEIPecg dfjHtatz
HfMEted B dz2Oydd o34 »HE teO Lirpsfrusde Woged Wedsifd dzd w4 M d d3d

I OLtOBSIsOdzdz" 2 f SH A SH Brdz ftedd3j dzgj dz ¢ O
SBGOL yse Codst]ClkOd dscts ©OCO. Gkt Lo tsdo
BdsdscdyuiMSdn cdislsjL. uvOC Qg 28 'd B0k dzs 0§
(Cf1) WOoddascets HEEMADTGFEIY Y j o] dzyd oo Odzdzts 1 ¢
fOyd,j destso, TOEOCIljtedL i N Ry skiklshlse dj &
vicOo dzdlsj &2 dzr 2 OROLdL &) dese ) tOL dzd yO¥ h j 2 fyw
fd ¢ 2O dz' dz' jb oz INIKPOROA.) sfdzj Hdzd 2, S OSC dL o j flsds,
ddzH Eydtetse Odzdz’ j -bW OCuiscsopassiRizj THBE 2 @ OdzOdzd L toj L Iz dz
fesW dddiese OdzdY Ekyj € dzjlstsydE GF RzdsidR0 fidimls S9asdie
MdcdzOdz dzr 2 bk, EBEEj,] SCScdRGCEEfsdsdd | sy
Gjcekddteses Odd™ Cf 1. [ tydts R H HadzsF QX ML/ Ny
stcOdMNSttdf ydsddzs? fesceOdrd tjckdvydd Sf13,
fjejHOYUO MdcdOdss yYjttjL MJcdOd dr2 ¢OMmsOo
fslsj deyd Ot dzdsO©C jtor , Lo BdY s h ddd -EfGERE dsty Listo] t
Hdzv Ctsdzste] CIsOdz dzgse s tcOC O.

[fdeOwm: &0 fodzyjdd 2 cf'ls ft OdOdkdLk
(st ClkOd dsets ©OSO oy dts fojHfsdsydls!
OClkdodeso Odidg C e s M) §ohdjHkzsh j2 BdCd
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L CMmMftej MMdd d tBtOL yss d&syjls BT Is! dmf sdz' L ¢
sOGE | Isdz" n B3 IsStsH 59 dzj u4g dzd v dzJ Stsdzy €5 ¢ tsdzts
L dzsC Oyj Mlse j dedzr 7 dzts o ts 5B tcd@@ HsjoOlelzd . , d3nN@ESits) J W Isdstap
d d3d ¥ " dirdEPvdzdsd] dadzisclgkias dz” = M Iswa, o HAzSY § dzdz" 2
Btsdzj J B JGHASlEEg MEEE] HME OL Odzd v .

Il g3 otcj BBYW Htoj HiNIsOo dzj dzdz" 2 @ dzOd3d d3j IstsH ME
Bselzls 56 tcOdfdtadfd3jOdsd BRIfpIds L dzjsdizE alg pAIEH O ¢ MIStt Ol
fOydjazsbesdizod® @R FEd tsdz B' dz 6OL ttOB B lic@de 545 W ts @Y B
OdzestedIsds3 dHJ dzlsdW¥WdS Oydd OF BNESJ tots s @ gzdels § tc o] @&C
dmf sdz' L 59 Oded | G BasNeDalzf Gztg D Misipiils d d Mis-ts J dzf &2O s sdgjo
oL Oddsmew L j2. [ ¢ tcCoREAYjoddfjjds MO dzaststdpfzdsk@® o d 4 kY
tcjcekzdzd y@idsdoeodtelze M j 2 ddzd dJdeededtolkzes h j2.  eze
fSHAtSHO WwWodzw jlsfw mMf smtse CdzOMmiIs jdeid L &t db off dz3@=di’c
Csdzdyd Mlso © C zOMIsj tese tjeckdzwIssteso . | Ote! qtetso C
BOL L dzOdzd?2 d Odze tsted Istscho jf Hsjdldn SO doi d3zdigl dzdsttc 59 O
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161 ¢ 1YJ.dsdBdEO d IsttOdzm€ toc
qazido dHEOdz! dzgs? 5dzS W Ote BBOC t

vsitfjte! fitej2HidB ¢ ftoddizitcORZ3 OdzOdzdL O 1 CL 5
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