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KPOC-MNAT®OPMHE OB’€AHAHHA AAHNX MIKPOMACHWB-
EKCMEPUMEHTIB TA OO BN/IMB HA 3HAYEHHSA FrEHHOI EKCMNPECII NPU
AHA/MI3I 3PA3KIB PAKOBUX MYX/IMH MOJIOYHOI 3A/1031 NTIOANHA

A. O. ®ponos.a, B. C. BoHaapeHko!, M. KO. O6oneHcbKa

IHcmumym mosneKynsipHoi 6ionogii | 2eHemuku HAH YkpaiHu
1Kuiscbkul HayioHasbHUl yHiBepcumem imeHi Tapaca LllesyeHka

Y pi3HuX ranysax 6ionorii Ta MeauLuHN Hakonmuunacs 3HavHa KinibKicTb faHux LWMPOKOMacLITabHUX AOCNIMKEHb FeHHOI
eKCcrnpecii 3a BUKOPUCTaHHS MiKpOMaCcUB-TEXHONOTiA. TOMY BUHMKAE HarasibHa NoTpe6a B NOPIBHAHHI, 06’eAHaHHI Ii aHanisi
LUMX OAHMX 3 METO NiABULLEHHS IHOPMATUBHOCTI Ta CTaTUCTUYHOT AOCTOBIPHOCTI pe3ynbTratiB aHauizy. OgHak, npouec
06’eIHAaHHSA pe3y/bTaTiB MIKpOMacKB-eKCNEPUMEHTIB Ha 6a3i Kpoc-N1aTOpPMHOro aHaslily yCcknaaHeHWn icHyBaHHAM Ga-
raTbox Mikpoapeii-niatopmM, Pi3HNX 3a TEXHOJTOTIEND BUTOTOB/IEHHS, METOAMKOK HAHECEHHS NPO6 Ha unn | Pi3HOBUAHICTHO
AnzaiiHy npo6. Lli 0co6/mMBOCTi KOXHOTO 3 AOCAIAKEHb MOBWHHI ByTU BpaxoBaHi Npy 06po6/eHHI Ta aHanisi pesynsraris
MIKpOMacKB-eKCNepUMEHTIB, OTPMMaHMX K Ha OAHaKOBMX, Tak i Ha Pi3HUX naaTgopmax.

MeTa poGoTu: JOCAIANTM 5K Pi3HI cNOocO6M 06pO6IEHHS Ta 06’'€AHAHHS faHNX MIKPOMaCKB-EKCNIEPUMEHTIB 3a BUKOPUC-
TaHHSA pPi3HUX NNaTgopM BNIMBAKOTbL HA 3HAYEHHS TeHHOT eKCnpecii.

3MiHM B npoLeci 06pobneHHs MiKpoMacuB-eKCNeprMEHTIB BN/MBAKOTb Ha pe3ybTaTu 4aHux ekcnpecii. PeaHoTauis npo6
Ha cyyacHi Bepcii 6a3 faHunx reHOMHUX/TPaHCKPUNTOMHUX NOC/IAOBHOCTEW fae 6ibLl TOYHUIA pe3ynbTar. Takox Bubip npoob-
CeTiB Ha OCHOBI BifMOBIAHOCTI NPO6 A0 NOC/IAOBHOCTI KOHKPETHOrO reHa (oro TpaHCKpUNTiB), a caMe Miaxoau, nokasaHi
npoekTom BrainArray Ta BUKOPUCTaHUMUN HaMK OL[iHKaMu cneundivHOCTi Ta Yy TIMBOCTI NPo6, AatoTb 6ifbLU 3BaXeEH Ta no-
Li6HI pesynsTaTy, WO BigobpaxeHo B aHani3i kopensuii ekcnpecii reHiB MK pisHMMUW BapiaHTaMn 06p0o6KmM Ta KnacTepHOMY
aHanisi npodineli reHHoT ekcnpecii.

O6’eHaHHA AaHUX i3 PI3HWX JOC/iLKeHb Aonomarae oTpMMaTty 6inbLl NPOrHo30BaHy NOXMOKY Npu knacudikauii 3paskis
pakoBUVX NyX/IMH MOIOYHOI 33103 JTIOANHM 33 MONEKYIAPHUMU NiATUNAMMW JAaHUX, HiX NPU BUKOPUCTaHHI JaHWX i3 OKpeMux
[ocnipkeHb. Lleli pe3ynstar ciyrye niagrpyHTsam 418 BUKOPUCTaHHA came Takoro nigxomy npu AocnigjKeHHi Npo6iem, Lo
NoB’si3aHi 3 knacugikaujieto byab-SKux 6i0N0rYHNX AaHnX, 0COBMBO SAKLLO 3a3ganerigp iHpopMalisi Tpo 3paskn HeBigoma,
a TakoX CMOHyKae [0 NoAaNbLUOro AOCAIMKEHHS BNIMBY 3/IUTTS AAHUX HA 3HAYEHHS TEHHOT eKcnpecii.

KnrouoBi cnoBa: reHHa ekcnpecisi, MikpoMaciB-TEXHO/Or T, pakoBi MyX/IMHM MOSTOYHOT 3a/103U NIIOAVHMN.

KPOCC-MNMAT®OPMEHHOE OB bEANHEHME AAHHBIX MUKPOMACKWB-
3KCMNEPUMEHTOB U ErO B/IMAHUE HA 3HAYEHUE FrEHHOW 9KCMNPECCUA
NP AHANTN3E OBPA3LL0B PAKOBbIX OMNYXONMEW MOMOYHOWN XXENE3bI
YE/TOBEKA

A. A. ®ponosa, B. C. boHgapeHko?!, M. FO. O6oneHckas

WMIHcmumym mosnekynsipHol 6uo/sio2uu u 2eHemuku HAH YkpauHsbi
IKuesckuli HayuoHasibHbIU yHUBepcumem umeHu Tapaca LllesyeHKo

B pas3nnuHbix 06/1acTax 6UonoruyM U MeAULMHbI HAKONIOCh 3HAYUTENTIbHOE KOIMYECTBO AaHHbIX LUMPOKOMACLUTabHbIX
nccnenoBaHWin reHHO 3KCNPeccu ¢ UCMNO/Ib30BaHNEM MUKPOMACUB-TEXHOOTMIA. M03TOMY BO3HMKAET HacyLHas Heo6Xxo-
[OVMMOCTb B CPABHEHUW, 06 beAVHEHNN 1 aHANN3E STUX AaHHbIX C Lief1bio NOBbILLEHUS MHCDOPMATMBHOCTU U CTATUCTUYECKON
[OCTOBEPHOCTU pe3y/bTaTtoB aHa/msa.

Llenb pa6oThbl: nccnefoBatb Kak pas3/inyHble crnocobbl 06paboTkM U 06begUHEHNSA faHHbIX MUKPOMACUB-3KCNEePVMEHTOB
C MUCMO/Ib30BaHNEM pas3/INyHbIX NAATOPM B/IUSIOT HA 3HAUYEHNE TEHHOW 3KCMPEeCCUn.

O6beavHeHNe AaHHbIX U3 pasHbIX KCCefoBaHuUii moMoraeT nonyyYnTb 6onee NPorHo3vpyemMyr NorpeLLuHoCTb Npy Knac-
cucpukaumm o6pasLioB PakoBbIX ONyXoneli MO/TIOYHOW Xernesbl YesioBeka ¢ MOMIEKYNSPHLIMW NOATUMNAMY AaHHbIX, HEXENN
Npu NCNOMIb30BAaHUM AAHHbIX U3 OTAENbHbIX NCCIef0BaHuiA.

KntoueBble cnoBa: reHHasa aKcnpeccus, MMKPOMacKB-TEXHOIOTUU, paKoBble OnyXosun MOJI0YHOW Xenesbl YenoBeka.
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THE INFLUENCE OF CROSS-PLATFORM MICROARRAY DATA INTEGRATION
ON GENE EXPRESSION VALUES IN HUMAN BREAST CANCER SAMPLES

A. O. Frolova, V. S. Bondarenko?, M. Yu. Obolenska

Institute of Molecular Biology and Genetics of NAS of Ukraine
1Taras Shevchenko Kyiv National University

Introduction. Currently advances in different fields of biology and medicine accumulated large amount of high—throughput
microarray datasets. It allows comparing, merging and analyzing such data in order to get more informative and statistically
significant results. However, the process of cross—platform microarray data integration is complicated by different platform
designs, that is the kind of probes used, the hybridization paradigm, the labeling and production methods. Such characteristics
of microarray platforms should be considered when analyzing datasets from one study and even more when merging datasets.

Aim. We investigate different variants of data processing and integration pipelines and their influence on gene expression.

Results. The changes in the microarray data processing influence the gene expression values. Probes reannotation on
the current version of genome/transcriptome databases produces more accurate results. Additionally, obtaining unique
probeset to gene mapping based on probe sequence alignment to the particular gene transcripts (BrainArray project; probes
specificity and sensitivity scores) gives more consistent and significant results.

Conlustions. Integrating datasets from different studies average a classification error, which was shown across hundreds
of datasets of human breast cancer samples. Such approach allowed to differentiate better between cancer molecular
subtypes in comparison with single—study analysis and can be used in other similar studies, especially if the sample

specification is unknown.

Key words: gene expression, mikromasiv technology, cancerous tumors of human breast.

Beryn. Y pisHux ramy3ax 6Giosorii Ta MeAUI[UHA
HaKOMWYM/Iacsl 3HaYHa Ki/IbKiCTh JaHUX LLIMPOKOMACLL-
TabHUX AOCTiZKEHb TeHHOI eKCITpecii 3a BUKOPUCTaHHS
MiKpOMaCHB-TeXHOJIOTiH, MO I1]0 CBi/[UATh CTBOPEHHSI
GaraTbOX pero3uTOpiiB MePBUHHUX JaHUX Oi0IOTiUHNX
€KCIIePUMEHTIB i3 MOK/IMBICTIO BIJIBHOTO JOCTYILY 70
HUX Ta IXHBOTO BUKOPUCTaHHSI PI3HUMHU 10 CJTiTHUKAMU.
HatibinbIoro 6a3010 JaHuUX MyO/IivHOTO AOCTYIY /0
pe3ysibraTiB MikpoMacuB-ekcriepuMeHTiB € GEO (Gene
Expression Omnimbus), 1110 MiCTUTh ZiaHi 3 MOHA[
17 tuc. pizHux gociigpkens Ta moHay 200 Tycsy 3pas-
KiB, KiJIbKiCTb SIKUX TIPOZIOBXKYE 3pocTaty (puc. 1). GEO
Mae 3pyUHHH Ta 3po3yMisinii iHTepdeiic, 6a30Bi HyHKIIii
aHaJTi3y eKCIIepUMEeHTIB, OaraTo MoCUIaHb Ha CyMi>KHi
PeCcypcH Ta HaJleyKUTh /10 pO3raimyKeHoi crucTeMu 0a3
nmanux Hauionansuux IHctuTyTiB 3mopos’st CLLA [1].

Takox icHye eBporelcbKa Bepcist 6a3u JaHux i3
aHasoriyHoto (yHkiero — ArrayExpress, 1110 MiCTUTb
TMOPIBHSIHY KIJIbKiCTh JaHUX, 3HAYHA YaCTHUHA AKUX I1e-
pekpuBaeThcst 3 GEO, mpoTe Ha BiZiMiHY Bifl 0CTaHHBOI
He MiCTUTh POrPaMHOro 3abe3reueHHs /it 6a30BOro
aHasi3y gaHux [2].

3 HaKOMWYEeHHS BeJIMKOI KiJIbKOCTI JaHUX BUHU-
Ka€e HarajbHa ToTpeba B TOpiBHSHHI, 00’ €AHAHHI I
aHasli3i JaHUX y KOKHIiN ramysi 10CIipKeHb 3 MeTOI0
MiJBUILIEHHS 3arajbHOi iHPOPMAaTUBHOCTI AaHUX Ta
IXHBOI CTaTMCTUYHOI JocTOoBipHOCTI. [IpoTe, mpouec
00’€e/iHaHHS pe3y/bTaTiB MiKpOMaCHB-eKCTIEPUMEHTIB
Ha 6a3i Kpoc-T/1aT(hOpPMHOT0 aHaJTi3y He € TPUBia/IbHIM,
1[0 TIOB’s13aHO 3 iCHYBaHHSM MiKpapeu-ratdopm,

Pi3HMX 3a TEXHOJIOTI€H0 BUTOTOBJIEHHS], METOAUKOIO
HaHeCeHHsI 1pob Ha uuM, Pi3HOBUHICTIO AM3aliHy
rpo6 Toro. L1i BacTUBOCTI 1 0COOMMBOCTI KOXKHOTO
3 IOC/TiIKeHb MIOBUHHI OyTH BpaxoBaHi Ipy 06po0iii i
aHaJti3i pe3y/bTariB MiKpOMaCUB-€KCTIEPUMEHTIB, OTPU-
MaHUX SIK Ha O/JHAaKOBUX, TaK i Ha pi3HKX r1aTopmax.

Mera poboTu: JOCTiAUTH SK Pi3HI criocobu 06-
pobsieHHs1 Ta 00’€HAaHHS [JaHUX MiKpOMacCHB-€KC-
TepuMeHTIiB 3a BUKOPUCTAHHS Pi3HUX iaThopm
BIJIMBAIOTh Ha 3HAUeHH$ TeHHOI eKcrpecil.

Marepianu Ta Mmetogu AocipkenHs. Ilpodievu
00po0/IeHHA MiKpOMacHB-eKCIepuMeHTiB. MeTof
IOHK-mikpounnie abo THK-mikpomacugsis (DNA
microarray) € CyuaCHUM MeTOZIOM MOJIEKY/ISIPHOI Oio-
Jiorii, 1o 3acHoBanuk Ha JIHK-/THK a6o THK-PHK
ribpram3ariii Mixk po6oto (0iIrOHYKIe0THIOM, 3aKpi-
TIJIeHUM Ha TeBHili TBep/1ili ToBepXHi) Ta KOMI/ieMeH-
TapHOIO 1i MiteHHto — Mostekynamu PHK a6o THK
(puc. 2). CyuacHi MiKpOMaCHB-UWITH HapPax0OBYIOTh CO-
THi TUCSTY 1TPO0 OJIITOHYKJIEOTHIB Ta 3aCTOCOBYIOThCS
B aHasli3i TeHHOI eKcripecii Jis1 3°ICyBaHHA [IITHOK
ammuidikarii B reHOMi, BU3HaueHHsI MeTUTyBaHHs re-
HOMY, MyTaLliii, CaiiTiB 3B’ sI3yBaHHSI TPAHCKPUITLIiTHMX
(haxTopiB Ta Gararo inrmoro [3].

Hapas3i, nepeBa)xHOT0 3aCTOCYBaHHsI HaOy/l UUIA
nBox BUpoOHUKiB — Affymetrix [4] Ta Illumina [5],
1[0 CYTTEBO Bi/Ipi3HAIOTHCA 3a Au3aiiHOM. Uunwu
Affymetrix BUroTOB/IEHI IIJIAXOM in situ cUHTe3y
OJIITOHYK/IEOTHIB JOBXUHOIO 25 Tlap HYKJIeOTHU[iB.
Koxxen unn moxe mictutua go 900 Tucay pi3HUX
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Puc. 1. KifbKicTh pi3HUX IIMPOKOMACIITaOHHUX TeHOMHHX [I0C/Ti/PKeHb, 1110 3 ABIAIOTHCS B 0a3i ganux GEO
KO)XHOTO POKY

OJIITOHYK/IeOTU/IIB, JIe KOXKHUM OJTITOHYK/Ie0TH I, TIpeJ-
cTaB/ieHWH MinbiioHamu Komii. Komii ofgHoro ostirony-
KJIEOTU[Y TIPE/ICTABITIOTH COO0I0 OfiHY MPo0y. Y CBOO
yepry pisHi rpobu 3ibpani y rnpobcetu (probesets).
ITpobceT — 11e Habip mpo6, 1110 crelybiuHi 70 pisHUX
JUISTHOK HYKJIEOTHUHOI MOC/IiIOBHOCTI ITeBHOI Mile-
Hi. 3a/ie)kHO Bifi Au3aiiHy KOHKpeTHOI ruiatdopmu,
npobceT MicTUTh B cepeHboMy Bif 10 o 20 mpob.

Ha Bigminy Big Affymetrix, miatdopmu Illumina
BJIAIITOBaHi iHakie. Hacammepes, HOCieM OJliroHy-
KJIEOTH/ly € He TBep/ja Ilacka MoBepXHs, a KBapLieBi
Ky/JbKU fiamMeTpoM 3 MKM. Ha MoBepxHIO KyabOK
HaHeCeHi KOMil OMrOHyK/Ie0TUY JOBXKUHOIO 79 Hy-
KJIEOTU[IiB, 3 SIKUX TMOC/iTOBHICTb 3 50 HYK/I€OTH/iB
Ha KiHI{i € abco/oTHO crerudiuHow 10 MillleHi,
a MOC/iOBHICTb 3 29 HYK/IeOTUAIB BUKOHYE ABI
(yHKIIii: BUKOPUCTOBYIOTBLCS SIK JIIHKED 3a SIKUH OJTi-
TOHYKJIEOTH/], TIPUKPITUTIOETHCS 0 TIOBEPXHi KY/IbKU
Ta AK IITPUX-KOJ, TIOCTiOBHICTb SIKOTO O3HAYa€ reH-
MinieHb. Taka crucTemMa KOJyBaHHsI BAKOPHUCTOBYETbCS
[/Isl BCTAHOBJIEHHS BiAmoBigHOCTI MiXK 1ipo6oto Ta
MmimeHHto. B ausaiini mnatdopm Illumina noHsTTS
1po6 Ta poOCeTIB iZIEHTUYHI, YUMITH MOXKYTb MiCTUTH
6/1m3pKo 50 THCSY TTPOO.

Y poboTi BUCBiT/IEHO TIPOG/IEMH, 1110 BUHMKAIOTh ITPU
00pobsieHHI MiKpOMaCHB-eKCIIePUMEHTIB.

IIpo6siema 3acTapiioi aHoTamii. /T3aiiH GiTbIoCTi
MiKPOMaCHB-UHITiB OyB CITPOEKTOBAHUH Y CEPETHBOMY
4-5 poKiB TOMY, ITpOTe SIKiCTh i TOBHOTa 6a3 JaHKX 0~
C/iJOBHOCTEH yCixX (eKCTpeCcoBaHMX ) T'eHiB/TPaHCKPUII-

TiB y>Ke BCTUIVIA 3a3HATH CYTTEBUX 3MiH, I MOCII0B-
HOCTI CTapyX YMITiB MOXKYTb BiZITIOBIaTH iHILIMM reHam/
TPAHCKPWIITAM, Hi’)K THM, II0 BKa3aHi BUPOOHUKOM
yuriB. Haripyksiazi, yacToTa OHOB/IEHHST aHOTallii TIpob
ynmiB Affymetrix craHoBUTE pa3 Ha pik, a 6i0mioTek
aHoTallilt Bijomoro rpoekty Bioconductor — fekinbka
pasiB Ha pik [7]. Tomy a5 oTprMaHHs1 HaWTOUHILLO]
iHdopmaiiii 060B’SI3KOBUM € BCTAHOBJIEHHS Bi/TIOBI -
HOCTi P00 Ta MOC/IiZIOBHOCTEH TeHiB/TPaHCKPHUIITIB
y Cy4YacHHX BepCisiX BinoBizHMx 6a3 gaHux [6].
IIpo0/ieMa BU3HAUYEHHS B3aEMHO OJHO3HAYHOI Bi/I-
MOBiIHOCTI MPoOCeTiB Ta ixHiX MimeHew. [HTerparlis
JIAHKX i3 UMITIB, 1[0 HAJIEXKaThb /10 Pi3HMX I/IaThOpM,
BHUMarae BU3HayeHHs1 OIHO3HAYHOI Bi/IMTOBiJHOCTI Mi>K

tﬂ;:ﬂ"}w

Puc. 2. ImocTpatiist 6y10Bu MiKpoMacHB-umIIa,
Ha MOBEpPXHi IKOT0 PO3TallloBaHi MpoOH, 110 € KOMITTi-
MeHTapHUMH 10 MOJIeKy/-MileHei. [Tpobu mo3HaueHi
CTOBIUMKAMHY, a MillIeHi — [yraMu
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SEQUENCES
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ARRAY
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N/

___Ipsz_'s___lpsa_\u_f__'psq

.0@@ Q00 00

L - - - g - - - J - - - L - - -

Y3

Unigue Probe Set a Probe Set

s Probe Set % Probe Set

Legend
G: a set of sequences belonging to the same gene family

5: a sequence
PS: a probe set
P: a probe in a probe set

Puc. 3. [Iu3aiin npo6cetiB uuny Affymetrix: PS1 — yHikaabHuU#E po6CeT, 1110 BiTIOBifae 0HOMY TPAHCKPUIITY MillleHi;
PS2 — npobcer, 1110 BiMOBija€ AeKiMbKOM TpaHCKpunTam; PS3 — mpobceT, 1110 BiANoBijae TPaHCKPUITaM Pi3HUX Te€HIiB
ofHo4acHO; PS4 — npo6cer, 1110 MicTUTEL TPOOH, 5IKi He BiATOBiZal0Th JKOAHUM reHaM

npobceTamy Ta IXHIMM MillleHsiMU (OUH TIpobceT —
0ofUH reH). Haxkasib, 4acTo 3 CyTO TeXHIUHMX NPUUMH,
y iM3aiiHi miathopMu HasiBHA ITeBHA KiTbKICTh Ipobce-
TiB, L]0 BMi3HAIOTh TPAHCKPUIITH KUJTbKOX Pi3HUX I'€HIB,
BO/IHOYAC OJJVH TeH Moyke OyTH TIpeICTaB/IeHUH Kislb-
KoMa ipobcetamu. B pi3HuX ruiardopmax st KiTbKicTb
CYTTEBO pi3HUTBCSA. Lle uy10BO itoCTpy€eThCs IU3aliHOM
nipo6ceTiB unmiB Affymterix (puc. 3).

3 MeTOr0 BCTaHOBJIEHHS OJHO3HAYHOI BiZINOBiJHOCTI
MK 1mpobceTaMu Ta TeHaMH 3aCTOCOBYIOTD Z€KijibKa
MeToziB. HalinpocTilmM BapiaHTOM € BUMaJKOBUM
BUOIp OfHOrO MpobCeTy cepes KiIbKOX, III0 BITi3Ha-
I0Tb O/IMH i TOM ke reH. TakoX Mo)KHa BUPaXOBYBaTU
cepe/iHe 3HAaUeHHsI a0 CyMy iHT@HCUBHOCTi CUTHAJIiB
npo6 y ux rpobcetax. Bisibll 00TPyHTOBAaHUM METO-
JIOM € PO3PaxyHOK TIEBHOTO KpUTepito mpobceTy, Ha
OCHOBI SIKOTO 3iHCHIOETbCS BUOip. TakMMHU MOXKYTh
OyTH, Hampuk/az, crenudiuHicTh Ta UyTIMBICTDH
3B’s13yBaHHs TpobceTy 3 MimmenHio [11]. Oxpemum
MEeTO/IOM € BU3HAUEHHS CAMUM [0 CJTi/IHUKOM rpobce-
TiB, e TPOOH B KOXKHOMY BizimoBizanmy 6 ogHoMy reHy/

TpaHckpunTy. OT)Ke, 0CTaTOYHA aHOTaLlisl IPobceTiB
Oyzie CyTTEBO BiJ]pi3HITHCS BiJ 3aIPOITIOHOBAHOI BH-
pobuukoMm [10]. TTpobsiema rosisira€ y TomMy, sIKUH i3
LIUX METO/iB 00paT [i/isi OTPUMAaHHS HaUTOUHIIIIOTO
BiZloOpa)keHHs! eKCIpecii MeBHOTO reHy.

Pe3ysbraru Ta ix 06roBopenHs. B po6oti Bukopuc-
TaHO JlaHi MIKpOMAaCHB-eKCIIepUMEHTIB i3 3-X pi3HuX
ZOC/TiJPKeHb paKy MOJIOUHOI 3a/1034, L0 OTpUMau
3 6a3u gannx GEO, ski 3arasiom HasiuyroTs 742 3pa3ka
(tabm. 1).

KoykeH 3pa3ok mae cynposifHy iHpopmariito (Bik
TaLjieHTa, /iesiKi K/IiHiuHi TOKa3HUKY TOII0), SIKY MOX-
Ha 3HalTH 3a izeHTHdiKaTopoM foCipKeHHs B 6asi
nmanux GEO. B Harti#i po6ori /s kinacudikariii mpodi-
Jieli TeHHOI eKcrpecii BUKOPUCTOBYBA/IU MOJIEKY/ISIDHI
migTurny paky, a came TNBC (Triple—negative breast
cancer), Her2, Luminal A Ta Luminal B. Lli migTunu
BU3HAYAIOTLCS Ha 0CHOBI Mpodisielt reHHOI eKcrepcil,
XOua MaloTh IeBHi KJIiHiUHI ocobmuBocTi (pi3Huit
PiBeHb eKcripecii reHiB peLjenTopiB eCcTPOreHy, rpo-
recTepoHy Ta emifiepMasbHOro ¢akropy pocty) [8].

Tabnuys 1
BukopucTaHi JaHi MiKpoMacHB-eKCIIEPUMEHTIB
HocnigpkeHHs MonnekyspHI MiATUNNA paKy MOJIOUHOI 3a/103U 3aranom
TNBC Her2 Luminal A Luminal B
GSE65216 55 39 29 30 153
GSE30682 58 14 145 58 275
GSES58644 50 20 206 38 314
3arasiom 163 73 380 126 742
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Hamu mopiBHSIHO Tpu BapiaHTU 00po6JieHHS Ta
MO€JHAaHHS JAaHUX MiKPOMaCHUB-€KCIIePUMEHTIB, BU-
3HaUeHO pi3Hi cxeMu 00pOO/IeHHs JaHUX, IO Bij-
Pi3HSIIOTHCS MifIX0JJaMU /10 BUPIIIeHHST MpoOieMu
BiZIMOBiIHOCTI MpOOCeTIB Ta iX MillleHeH.

e Bapiant 1. Knacnynuii mizxiz i3 BUKOpHUCTaHHAM
6ibmiorex Bioconductor y cepesoBHIIli Tiporpamy-
BaHHA R.

e Bapianr 2. ITifxin Ha OCHOBi BHM3HaueHHsS HOBUX
rpo0cetiB (fKi MicTsTh TIpoOH, 1[0 Bi/NOBifaOTH
Jiillle OHOMY TeHY) 3a BUKODUCTaHHSI aHOTallilt
BrainArray npoekry [9].

e Bapianr 3. ITifxig Ha OCHOBi 0OUMC/IEHHS CIielu-
(iuHocTi Ta uyTIMBOCTI MpobceTiB Ay 06paHHs
rpo6ceTy 3 KparLjoro OL{iHKOIO.

BapiauT 1 nepen6auae BUKOPHUCTaHHS aHOTALiM
pob6 i3 6ibmiorek Bioconductor Ta mpobcertiB, BU-
3HaueHHWX BUPOOHMKOM. OfiHaK Lied miaxia He BUpi-
1rye pobieMy B3a€EMHO OFHO3HAUHOI BiATIOBifHOCTI
npoOceT-reH, TOXK Ha BUXO/i OTPUMYEMO JleKilbKa
Mpo0OCeTiB, 110 BiAIMOBial0Th 0ZIHOMY TeHY. IcHy€e TpH
crocobw, SIK LIbOT0 YHUKHYTH: 00MpaTH OJj1H rpobceT
i3 ToMiXK ITpoOCeTiB, 110 Bi/[IIOBiJal0Th O[HOMY T€HY,
BUIAJKOBUM UKMHOM, CyMyBaTH 3HaueHHs po0OCeTiB
abo >k Opaty cepefiHE MiK 3HaYeHHSIMH ITPOOCETIB.
Y niTepaTypi MPOMOHYOTHCS BCi TPH MiIX0IH, OJHAK,
HEMae BiJjoMoCTel, SIKUH i3 HUX Kparte [11].

BapiaHT 2 nepesnbauae BU3HaueHHs1 MPOOCETIB,
BiZIMiHHUX BiJ] THX, I1[0 3aITPOIIOHOBaHI BUPOOHUKOM,
i BukopucroBye CDF (chip definition files) datimm
ormcy ripobcertiB 3a rpoekToM BrainArray [13]. B Taki
npobceTy BXOATH TiTbKK MPOOH, 110 BifITIOBi1ar0Th
OIHOMY KOHKPETHOMY I'eHY, TOMY, BiZITTIOBITHO Cymap-
He 3HaueHHs eKcrepcii mpobcety Oyze BiapisHATHCS
Biz Toro, 1o orpuMaHo y BapianTi 1. Baprto 3a3Ha-
unty, 1[0 BrainArray CDF ¢aiinu icHYOTb Ti/IbKU [i1s1
uynniB Affymetrix, ockineku OyzmoBa uwmmiB Illumina
30BCiM iHIIIa — TPOOCeTH MiCTATH OHAKOBI TIPOOH (K
Oys10 3a3HaueHo Buile). Toxx y BapianTi 2 fo uuris
Illumina 3acTocoBaHo MizXiZ HA OCHOBI OOUMC/IEHHS
crieriuivHOCTI Ta Uy T/IMBOCTI.

BapianTi 3 nepe/ibauae mepeaHoTaliito ycix mpoo,
TOOTO HYK/IEOTH/IHE BUPiBHIOBAHHS TIOC/TiZIOBHOCTEH
npo06 MpOTH Cy4yacHOi Bepcii aHOoTarlii TPaHCKPUIITOMY
moaunu RefSeq, 1o 37ificHIOBaiy 3a [J0MOMOTOHO
incrpymenty BLAST [14]. RefSeq imentudikaropu
TPaAHCKPUMTIB Oy/u TiepeBeZieHi y BiJMOBiAHI reHHi
ineatudikaropu Entrez ID 3a goromororo Biomart
[12]. TIpoGceTy, 110 BiATIOBiAIOTh TPAHCKPUIITaM
3 imeHTH(iKaTopamuy, 10 He Oy KOHBEPTOBaHI Ta
TIPeJICTaB/ISAIOTE COO0I0 MepeBaKHO TPaHCKPUITH

MEANYHA IHOOPMATUKA
TA IHXEHEPIA

3 XM i XN mMapkyBaHHsM, Oy BiidinerpoBasi. TTpo-

0a BBaXKasach CIieIfudiuHO0 10 IeBHOTO TPAHCKPHII-

Ty, SIKIIIO 3arajbHa OlliHKa BupiBHIOBaHHs (BLAST

score) Oyma Oinbinie 32 st po6 Affymetrix i 63,5

115 po0 Illumina. TTpo6ceTy 3 MEHII HiXK ITO/IOBUHOIO

crieridiyHUX 11pob Bij BUXigHOI KibKOCTi Oy Bif-

¢inerpoBaHi. 1151 KOXKHOTO MPOOCETY LiMbOBHUIA reH/

TPaHCKPHIIT OYB BU3HAUEHUH SIK TAKUH, IT10 crienydiy-

HO ymi3HaeThcs OinbImicTio po6b y mpobceTi. OTxe,

crierjudiuHicTs MpobceTy Hamu Oysia BUpaxyBaHa sIK

cyMma 3HaueHb crierdigHocTi mpo6 B nmpobceri mogi-

JieHa Ha KiJIbKiCTh BCiX 11po6 y ripobcerTi, a Uy T/IMBiCTh

TpobceTy — KifbKiCTh TPAHCKPUIITIB I[i/IbOBOTO T'eHa,

1110 crieriuiuHo JIeTeKTYOThCS BCiMa crieliudiuHuMu

rpobamu ToflijleHa Ha KiJIBKiCTb BCiX TPaHCKPUIITIB

1inboBoro reHa. OTXe, cepesi HU3KU MPOOCETIB, 1110

BiJITIOBiIafOTh OZTHOMY r'eHy, 00MpasTi TaKuii pobCeT,

SKUM Ma€ Kpailly OL[iHKy crelydiyHOCTi Ta 4yT/iu-

BOCTI.

ITicsist OTpUMaHHS CIUCKY MPOOCETIB Y KOXKHOMY

3 3aCTOCOBAHWX BapiaHTiB, Jle KOKeH Mpo0ceT Terep

Bi/ITTOBi/la€ OKpeMOMY TeHy, ITPOBeJIM TaKi ornepatriii:

1. CymyBanus npo6 y mipobceti (To6TO BU3HaueHHs
0CTaTOYHOTO PiBHS eKcIIpecii mpobceTta) Ta HOpMa-
Jtizariist po6ceTiB. ITig HOpMaUtizarfi€ro MaeTbCs Ha
yBas3i KopekLisi (POHOBOI iHTEHCUBHOCTI CUTHAJTY,
ajke iIHTEHCHBHICTh CUTHAITY 3 KO)KHOTO ITpo0CeTy
Bi/IMIOBi/la€ cCymMapHii KifIbKOCTi 3B’s3aHUX i3 HUM
MillleHeli Ta CK/IaZla€ThbCsI 3 IBOX KOMITOHEHTIB: Jili-
CHOTO, CTIPUUMHEHOTO crieliiuHMM 3B’ 13yBaHHAM
MmimieHi 3 nmpobamu npobcety, Ta GOHOBOTO,
CMIpUUYMHEHOro HecreudiuHUM 3B’SI3yBaHHSIM.
CTaTUCTUYHI MeTOAH, 1110 3aCTOCOBYIOTH IiC/Is
OTpPUMaHHsI 300pakKeHHsT MiKpoapel-unria MaroTh
Ha MeTi MakCHMaJ/IbHO TOUHEe pO3/iJeHHs [BOX
KOMITOHEHTIB CHUTHa/ly Ta BUajeHHs (JOHOBOTO.
Hamu 6ys10 BUKOPUCTAaHO HaMOi/bLI MOMIUPEHUH
MeTtog, RMA (Robust Multi—array Average), sikuii
3aCHOBAHHWI Ha TIpUIyIIeHi Tpo Te, 1110 GoHOBUM
KOMITOHEHT CyMapHOI IHTEHCUBHOCTI CUTHaIy
npobceta Mo)ke OyTH ONMUCAHUN HOPMa/bHUM
PO3MO/IiNIOM, a iCHUM — eKCITOHeHI[iabHuM [15].

2. TlepeBipKy SKOCTi JaHUX eKcrpecii 3pobieHo
raketoMm arrayQualityMetrics, 1110 BK/TFOUa€e pi3HO-
MaHITHI cTaTUCTUYHI TecTu [16].

3. YCyHeHHS TeXHIYHOI BapiaTUBHOCTI B JJaHUX €KC-
nipecii (batch-effect removal) — makerom ComBat
[17]. TexniuHa BapiaTUBHICTh, 110 BIIUBAE Ha 3Ha-
YeHHsI eKCIpecii, Moyke OyTH 3yMOB/IeHa Pi3HUMU
YMOBaMM BUKOHAHHSl eKCIIepUMEHTY, sIKa MOXKe
TIPU3BECTH /IO TOTO, 1[0 3pasku OynyTh Kinacudi-
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Get list of probesets with unique mapping to genes

Bioconductor

CONTSEES

5 different
datasets

Probes
reannotation
with BLAST

BrainArray
Project

Custom Probe
Scores
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probesets with
specificity and
coverage scores

Summarization of
probes in custom
probesets

.

Expression data processing

Summarization
and normalization
of probes

Quality control

Batch-effect

removal Quality control

5 processed
datasets
analysis

Puc. 4. Cxema pi3HUX BapiaHTiB 00po0ieHHs JaHUX MiKpOMacHB-eKcriepuMeHTiB. KiHIeBuil pe3ybTar 5 MacHBiB
JAHUX B3ITHX 3 OZJHAKOBMX JOCTi/PKeHb, 06p0ob/IeHNX y pi3Hui croci6

KyBaTHCsl 38 4aCOM IPOBeJIeHHSI eKCIIepUMEHTY,
a He 3a 6io/IOriUHOI0 03HAKOH).

OTyKe, OTPUMaHO 5 Pi3HMX MacCUBIB [JaHUX, Jle 3 —
3 BapianTty 1, 1 — 3 Bapianty 2, Ta 1 — 3 Bapianty 3
(y3aranbHeHa cxeMa 300paxkeHa Ha puc. 4). e pa3
BapTo 3a3Ha4YMTH, L0 BCi MacHBU JlaHUX OTPUMaHi
3 OJHUX | THUX XK€ «CUPHUX» JaHUX 1 BiPI3HAOTHCS
JIVIIIE METOJOM 00pOOKH.

KoxxHe 3 TpbOX ZOC/iIKeHb Oy/0 3po0/ieHo 3 BU-
KOPUCTaHHSM pi3HOI maTgopMu 3 pi3HOIO0 KifbKic-
TI0 ipo6certiB (Tabsm. 2). IMnardopmu Affymetrix ta
[Nlumina 3HauHO BiAPI3HSIOTHCS 3a CrielUQiuHiCTIO
npo0 /10 TpaHCKpUMTiB-MillleHeld. Me/iiaHa po3mogi-
ny crietudivnocri gy Affymetrix ninargopm craHo-

Buth 0.70 Ta 0.68, Tozi SIK MPaKTUYHO BCi MpobceTn
ratdopmu [llumina MaroTh Maike abCOMIOTHY CIie-
uudiuHicts. Po3moginu >k dyTnuBocTi mpobceTiB 3a
(opmoto € B 3HaUHIH Mipi mogibHUMM MiXK T1aTdOp-
MaMH, 10 CBiZ[YUTH MPO AOCTAaTHLO BUCOKUY pPiBeHb
PO3ITi3HaHHS BCiX aHOTOBAaHUX TPAHCKPWUIITIB TeHa.
BificoTok mpobceTiB, KApTOBaHUX Ha OZHAKOBi 'eHU
nuist tiatopmu Illumina craHoBute 65m3bko 19 %,
B tiatdopmi HuGene 1.0ST Array — 7 % Ta B HG
U133 Plus 2.0 — 6ru3bko 25 %.

[Ticnst 00’ eqHAHHS JAaHUX i3 yCiX TPhOX I/1aThopm
oTpuMany 6;m3bKo 12 THCsSY TpobceTiB momix 3 pi3-
HHUX BapiaHTiB 00po0/IeHHs JaHHX, e KOKeH mpobceT
BiJTIOBiza€ okpeMomy TeHy (Tabsm. 3).

Tabnuys 2
Onuc miargopM MiKpoMacuBiB
% reHiB, npe/cTaB-
Hasga niardhopmu BapianT 1 BapianT 2 Bapianrt 3 JIeHUX Ki/IbKOMa
ripobceTamMu
Affymetrix HGU133 Plus 2.0 54675 19702 (36 %) 34877 (64 %) 25 %
Affymetrix HG 1.0 ST 33297 19700 (59 %) 20252 (61 %) 7 %
Illumina HumanWG-6 v3.0 48803 — 19257 (40 %) 19 %
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Tabauys 3
KisbKicTh mpo0ceTiB mic/1s 00’ €HaHHA JaHUX 3 TPHOX IJIaT(HoOpPM
Bapianr 1 Bapianr 2 Bapianr 3 Tep e MUK BCIMa
BadplaHTaMU
16758 13969 12783 11547

CrarucTUYHe OI[iHIOBaHHS BapiaHTiB 00po0/ieH-
HA. OCKI/IbKM KiJIbKiCTh KO)KHOTO 3 MOJIEKY/ISIPHAX
MiATUITIB paKy MOJIOYHOI 3a/7103U PiSHUTBHCI MOMDK
TpbOMa JAOC/iPKEeHHSIMU, /JI1 CTaTUCTUYHOI 0CTO-
BipHOCTI MPaBU/ILHO OYJ10 O B3ATH OIHAKOBY KiJIbKiCTh
MiZTUITIB i3 KOXKHOTO JHociimpkeHHs. OnHak, BUOip
3pasKiB MO)Ke BIVIMHYTU Ha OCTaTOYHWUI pe3ysbTart,
TOMY Hamu 3reHepoBaHo 100 migMacuBiB aHUX AJis
KOXKHOTO 3 5 BapiaHTiB 06po6sieHHst qaHux, 168 3paskis
y KO)KHOMY (14 3pasKiB KOKHOTO 3 4 MiJTUITIB PaKy,
06paHuX BUIAJKOBUM UMHOM i3 3 Pi3HUX JOCTi/PKEHB),
JK TOKa3aHO Ha puc. 5. OTxe, maemo 100 macuBiB
JAaHUX JIJIT KOXKHOTO 3 5 BUMA/IKiB, TOOTO yckoro 500
HaOOpiB /aHMX i MOXXEMO CTaTUCTUYHO [OCTOBiPHO
OLIIHUTH pi3Hi BapiaHTH 00pO6/IeHHS JaHUX.

Kopensanis ekcnpecii reniB MK pisHMMH Ba-
pianTamMu 00po0sienHs. [IpoaHanizoBaHo sIK pi3Hi
BapiaHT 006pO0IeHHS JaHUX KOPEJTIOIOTh MiXK COO0F0
(puc. 6), mopaxyBaBiM Koedil[ieHT Kopessiiii paHry
CnipMeHa, 110 € HeMapaMeTPUYHOKO MIpPOKO CTaTUC-
THUYHOI 3a/1e)KHOCTI MiXK IBOMa 3MiHHUMHU (B JaHOMY

BUIIAJKy MK eKCIpeci€r0 KOHKPeTHOrO reHa Iic/is
pi3HMX BapiaHTiB 06po6sienHs) [18]. BusBunocs, mo
BapianT 2 Ta 3, T06T0 06p0o6Ka Ha ocHOBi BrainArray
MPOEKTy Ta BHM3HAUeHHsl OL[iHKW crielu(iyHOCTi Ta
UYyTIMBOCTI B3aeMOii Ipo6H 3 MillleHHIO 106pe Kope-
JIFOFOTB Mi>XK COO0F0, TOOTO MPO/IYKYIOTh CXOXKi 3HAUEH-
Hs1 eKcripecii. Tak camo cxoxi Mi>k c06010 pe3y/bTaTi
Y BHIAZIKY IOBI/TBHOTO BUOOPY IMpobCceTa Ta y BUTIAJKY
cepe/HBOTO 3HAUEHHsI eKCIpecii MiX mpobceTamu.
OpHak, cymMa MpoOCeTiB 0IHAKOBO MOTaHO KOPETHEe
3 pe3y/abTaTaMu 00po6ieHHsT OyAb-IKUM METOZOM.
Lle Moxke OyTH TOSICHEHO THM, III0 Ha BigMiHy Bif
aHorarlii BrainArray, B mpo6ceTax 3a/MIIal0TbCS He-
crerudiuHi Mpobu, Ta CyMyBaHHSI TAKUM YMHOM ZI0/Ia€
Heba)KaHUI I1IyM B eKCITPecito TIeBHOTO TeHY.
lofaTKOBUM [[0Ka30M BILTMBY METO/y 00p0o6/ieHHs
Ha eKCIIpeCilo reHiB € MOPIBHAHHA PO3IOJI/IIB iH-
TEHCUBHOCTeW CUrHaly 1po0ceTiB 3a BUKOPUCTaHHS
pi3Hux aHortayii. Tak, anas maatdpopmu HG U133
Plus 2.0 cranzaptHa aHorartjisi (Bapiant 1) mae of-
HOMOJJa/lIbHUI PO3MOAin, y Toi yac sk BrainArray

GSEB5216 GSE30682 GSE58644
“ANdom Selacy, =] ant!tamﬁe'l& s
14 TNBC
14 LumA Repeat
i procedure
100 times
14 Her2

168
samples

Puc. 5. TIpotiec rerepariii migMacueis fgannx, 168 3paskiB KoxKeH, LUISIXOM [JOBi/IBHOTO BUOODY 3pasKiB i3 3arajibHOI

KiJIbKOCTi 742
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Puc. 6. Kopessiiiisi reHHOI ekcripecii mic/is pisHuX BapiaHTiB 00pobieHHs JaHuX. BKa3aHo cepeiHe 3HAUEHHST TIOMiXK
100 macuBamu JaHUX

NPOEKT Ta BjacHa IlepeaHOTalligd 3a JOIOMOIOI0
BLAST (BapianT 2 Ta 3) Marots 6iMomambHIH Po3-
nofin i3 ABoma mikamu (puc. 7). OcTaHHE 3a3BUYald
MOB’SI3yIOTh 3 TPyNaMU I'eHiB, II]0 € BUCOKOEKCIIPeCo-
BaHUMHU Ta HeeKCIpeCoBaHUMH (200 HU3BKOEKCITpeCo-
BaHUMH ), TOOTO MaeMo OifbIll TOUHY AndepeHiiialito
MiX eKcripecisimu reHiB [19, 20].

Knacrepumii anasnmi3. [l aHasisy Toro, siKi MacCHBH
[IaHWX, OTPUMaHi Iic/1s1 pi3HUX BapiaHTiB 00po6ieHHs,
[IO3BOJISTIOTH Kpallle KiacrgikyBaTh 3pa3Ky 3a MoJie-
Ky/ISIPHUMU THUTIaMM paky, 3aCTOCYBaM K1aCTepHUM
aHasti3. A came KjacTepu3allito MeToZioM k-cepefHix
(k-means clustering) — BropsiiKyBaHHSI MHOXXUHU
00’€KTiB y TIOPiBHSIHO OAHOPigHI rpynu. B rouatko-
BUIl MOMEHT pOOOTH aJTOPUTMY AOBiIbHUM UHHOM

Standard annotation

BrainArray annotation

00MparoThCs LeHTPU KJ1acTepiB, Jasi /s KOXKHOTO
eJleMeHTa MHOXKHHU iTepaTUBHO 00paxoBYEThCS Bifl-
CTaHb Bi/l LIeHTPIB i3 IPU€EAHAHHSAM KOXKHOTO e/leMeHTa
10 KJ1acTepa 3 HalO/mKuiM [eHTPOoM. [171s1 KOPKHOTO 3
OTPYIMaHUX KJIacTepiB 0OUMCITFOIOTHCS HOBi 3HAUeHHs!
LIEHTPiB, HAMarar4YMCh MPU LIbOMY MiHIMi3yBaTy MEBHY
(hyHKLIit0 OL[iHKH, TTiC/Ts1 YO0 TOBTOPHOETHCS MPOLIeypa
1epepo3IofiNy eleMeHTiB MK KjaactepaMu. [laHuii
THIT aHaJTi3y HaleXWTh [J0 MAllIMHHOTO HaBUaHHs 0e3
yuuTesisi, TO6TO He noTpebye 3a3aerifib BU3HAUEHUX
BiJJOMOCTeli PO MpPHHAJIEXKHICTh /IeSIKUX e/IeMEeHTiB
[I0 KJIacTepy, Ta LUIMPOKO 3aCTOCOBYETHCS /I/Is aHAi3y
MiKpoMacHB-eKcriepiuMeHTiB [21]. Pesymnerartu po3ouTTst
3pa3KiB MaCHBY JIaHUX Ha 4 K/acTepu Oy/u MopiBHsAHI
3 TIPUHAJIE)KHICTIO LIUX 3pasKiB 10 OJHOrO 3 4-X Tifl-

Custom annotation (scores based)
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Pyc 7. Po3nofiiim iHTeHCHBHOCTeH CUTHAJTy ITPOOCeTiB IIPY BUKOPUCTAaHHI Pi3HUX aHOTaLil Ay Aannx miardopmu HG
U133 Plus 2.0, 1110 Mae HaibibIIMI BifICOTOK TeHiB, peCcTaBIeHUX KilbKoMa IpobceTamu
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Tabnuys 4
Ouinka kaacudikaiiii 00’ eAHaHUX 3pa3KiB 3a MO/IeKY/ISIPHUM MiATHIIOM paKy MeTooM K-cepeaHix
BapianT 1 BapianT 1 BapianT 1
TMoxmbKa Knacudikarii Bapianr 2 Bapianrt 3 3a cepefHIM 38 BUMNAaJKOBUM 3a CyMOIO
3Ha4YeHHAM TMMPUHLIUIIOM 3Ha4YeHb
Cepe/iHe TIOXUOKH 0,1883 0,1896 0,1902 0,1912 0,2030
CraHjapTHe BiXWIeHHS 0,0299 0,0293 0,0299 0,0285 0,0296
THITIB JaHUX Ta 00UKC/IEHO PiBeHb TTOXMOKK Kaacudi- Tabauys 5

Kauil [22]. TTpouenypy Oy/io MOBTOPeHO Ha KOXKHOMY
3i 100 MacuBiB laHUX i /11 KOXKHOTO 3 5-TU BapiaHTIB
00po0eHHs 1 06UKCIIEHO CepeTHE 3HAUEHHST TIOXUOKH
Kiacudikariii, e 0 — BificyTHiCTh MOXWOKH, a 1 — 1Mo-
BHIiCTIO HeBipHa K1acuikariisi. SIK BUJHO 3 pe3ysibTaris
y Tabs1. 4, 06pobKa saHux 3a Bapiantom 2 3abe3reuye
Halikpallly Kiacucikallito 3paskis.

Pesynbrar MOyKHA [IOKa3aTH HAOYHO, BUKOPUCTOBYIO-
YK MeTO/] TOJIOBHUX KOMITOHEHT [1j1s1 TT00yI0oBY rpadiky
(puc. 8). Liett MeTo/1 TeX IIMPOKO 3aCTOCOBYETHCS /ISt
aHasizy MiKpOMacCHB-[aHUX, BiH Zla€ MOXK/IMBICTb MO
M — YMC/Iy BUXIJHUX O3HaK BHUJIIMTH M TOJOBHUX
KOMTIOHEHT ab0 y3arajbHeHUX 03Hak [23].

Pesynbrar KjaacTepHOro aHajidy KOpesroe 3 Io-
PIBHSIHHSIM €KCIIpecCii TreHiB 3a JOMOMOTrOI paHry
CniipmeHa, To6To B 060X BHUIMajKax CyMa MpobceTiB
[la€ pe3ysbTart, BifMiHHUN Bif iHILWI BapiaHTiB. Ase
KJ/IaCTepHUI aHaJTi3 TaKOXK Ha/la€ He Ti/TbKU MOPiBHS/Tb-
HUH, a 1 AKicHUH aHaumi3.

1151 TOTO, 11106 3PO3YMITH, SIK 3/TUTTS IAHUX i3 Pi3HUX
JIOCJTiHKeHb BIJIMBAE Ha pe3y/bTaT K/iacTepur3atiii, 3aiii-
CHWJIY TaKU CaMUi K/IaCTepHUI aHasti3, aie [1jisi KOKHO-
IO JIOC/Ti/PKeHHs1 OKpeMo. B Tab1. 5 HaBeieHO 3HaUeHHST
MOXHUOOK KTacudikariii mmc/ist 06pooku faHux BapiaHtom
2, 1110 TI0Ka3aB HaMKpaIlli pe3y/ibTaTH, 1yis 00’ €qHaHuX
JTAHUX Ta J71s KOYKHOTO JI0CTiPKeHHSI OKPEMO.
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Omninka knacudikariii 3a MoJIeKy/IIpHUM Hiji-
THIIOM paKy MeTogoM k-cepeaHix mic/is 00po0Ku
AaHUX 3a BapianTom 2

Hasga TToxubka Knacudikariii
GSE58644 0,32
GSE30682 0,24
GSE65216 0,10

06’eHaHi gaHi 0,19

Pe3ynbTatH, HaBeZieHi B Tabm. 5, CBijuaTh Mpo Te,
1[0 aHa/Ii3y}0uM OKpeMi JOC/iPKeHHSsT, MOYKeMO OTPHU-
MarTH SIK 3a/J0BiJIbHUM pe3ysibTaT (ToOTO JIeTKO MOXKHA
Bi/Ipi3HUTHU 3pa3Ky 3a Pi3HUMU TUMAMMU), TaK i MeHIII
3a/10BibHUN. OJ[HaK, [JOCTIJHUK He 3aBXAU MOXe
OL[IHUTU pe3yJbTaT, OCKiJIbKMA 3a3BUuUail TOJIOBHUM
3aBJlJaHHSIM sIK pa3 i € BU3HaUeHHs TUIIB 3pa3KiB, 1110
3a3gaserizib HeBilomMo. ToXX MPUPOJHO, L0 BaXK/IUBUM
CTa€ OLiHIOBaHHS MOXWUOKU Mpu 00’€THAHHI JAHUX
i3 pi3HMX [JOC/iIKeHb, Ka MOXKe OyTH KpaIljoro, HiXK
y Halripuiomy 3 I0C/ifiKeHs, aje BOJHOUAC TipIlo0
3a MoXMOKy B HalKpalomy 3 J0C/Ii/KeHb.

BucHoBku. Pe3yrsTaTy JaHNX eKCcripecii reHiB y KOXKHO-
MY JOCTi/KEeHHI 7 0COB/MBO ITiC/Is1 KPOC-TIIaT(hOPMHOTO
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Puc. 8. I'padhiku rojIoOBHUX KOMIIOHEHT OJHOIO MacHBYy JlaHUX i3 168 3paskiB. JIiBopyu — BuxifiHa kiacudikariis 3paskiB
3a MOJIeKY/IIPHUMH MTiITUTIAMH PaKy, PaBopyu — OTPHMaHa 3a I0NIOMOTr0l0 MeToAy k-cepefHix
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00’€IHAHHS IAHUX 3a/IeXKaTh BiJj METony 0OpOO/IeHHS
MiKpOMacHB-eKCIiepiuMeHTiB. AHOTaLlisi Tpo0, oprai-
3aLjist mpobceTiB Ta (hOpMyBaHHsI B3aEMHO OfIHO3HAUHOI
BiZIMOBiTHOCTI reH — MpobceT mepe/ye iHIMM eTaram
00pOOKM Ta CYTTEBO BIUIMBAE HA KiHI|EBHUI Pe3y/IbTar.
Y po0oTi Bi3Hau€eHOo, IT0 peaHoTallist pob Ha CyuacHi
Bepcii 6a3 AaHUX reHOMHUX/TPAHCKPUNITOMHUX TIOC/Ti-
JOBHOCTeH @€ Gi/IbIll TOUHKE pe3ysisTar. Takok BUOip
npo0ceTiB Ha OCHOBI BiZiNOBiIHOCTI P06 /10 TOC/TiI0B-
HOCTi KOHKDeTHOr'0 TeHa (M0oro TpaHCKpHIITIB), a came
TMiZIXOM TOKa3aHi NMpoekToM BrainArray Ta BUKOpHC-
TaHUMH HaMH OL[iHKaMH1 CIelUpiuHOCTi Ta Uy TUBOCTI

po0, Jar0Th OibII MOAIOHI Ta 3BaXKEHi pe3y/bTaTy.

006’ eaHaHHS IaHMX i3 Pi3HUX JOC/TIKEHb JoTIoMarae
OTpUMaTH OisIbLI MPOTHO30BaHy MOXUOKY MU Kiackgi-
KaLlil 3pasKiB PAKOBHMX ITyXJIMH MOJIOYHOI 3a/103U1 JIFOIUHA
3a MOJIEKY/IIPHUMU MiJTUMaMU IJaHUX, Hi’K TTPU BUKO-
PUCTaHHI JAHUX i3 OKPeMHX J0CTiZpKeHb. Lleii pe3ynbrar
CIyTY€ TATPYHTSAM [JIsI BUKODUCTaHHSI CaMe TakKoro
TigXomy TpY JOC/IiHKeHHi mpobsieM, 110 1MoB’si3aHi 3
Kacudikariiero Oymb-IKux 6i0/oriuHNX JaHUX, 0COO/H-
BO SIKIT|O 3a3/1a/1eri/1b iHopMaltisi TIpo 3pa3Ku BiCyTHS,
a TaKOK CTIOHYKAE J10 TI0JA/IBIIOL0 JOC/L [PKeHHs BIUIUBY
3JIUTTS JAHMX Ha 3HAYeHHs1 TeHHOI eKCIIpecii.
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