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M3YYEHUE KAYECTBA KITACCUD®UKALIUN TKAHUN
NoO 3KCNMPECCUN TEHOB HA MUKPO4YUNAX

Beasies A. O.'
(Vupeorcoenue Poccutickou akademuu HayKk
HUncmumym npobaem ynpasnenuss PAH, Mockea)

Hccnedyemes cés3b wucia 2eHo8, UCnonb308aHHbIX Ol KIACCUGDU-
Kayuu KOHMPOTLHOU U NOOBEPICEHHOU OHKOIOSUYECKOMY 3a001e8a-
HUIO MKAHU NO IKCHPECCUU 2€HO8 HA MUKPOUUNAX, C Ka4ecmeom
kaaccuurayuu. Ilpeonodcen Henapamempuyeckuti pooacmmbiil
Memoo Kiaccugukayuu, OCHOBAHHLIN HA PACCMOsHUY XoIMMUHeA 00
meouar 6 08yx knaccax. Ilokazano, umo uckirouerue uz npoyedypvl
00yUeHUsL 2eH08, MAL0 UHDOPMAMUBHBIX NO CUMMEMPUZO8AHHOMY
ungopmayuonnomy paccmosnuio Kynvoaxa-Jletibnepa, nogviuaem
Kauecmeo Kiaccugpukayuu, OyeHusaemoe no IK3AMEHAYUOHHOU
8blOOpKe.

KittoueBrble ciioBa: 3KCIpeccusi TeHOB Ha MUKpodHIax, WHGOp-
MaTUBHBIC T€HBI, POOACTHOE MPABUJIO KJIACCU(UKAIIMH, PACCTOS-
HHC XC—)MMI/IHI‘a, A0JIs1 BCPHBIX OTBCTOB Ha 3K3aMeHaHHOHHOﬁ
BBIOODKE.

1. BeedeHue

AKTHBHOE Pa3BUTHE UCTPYMEHTAIBHBIX METOJIOB aHajau3a OHo-
MEIUIIMHCKON MH(OpMAIIUU ¥, B YaCTHOCTH, 3aBEPIICHUE MEXKTyHa-
ponHoit mporpammel "['eHOM denoBeka', CTaBUT HOBBIC 3a/1aUd KaK B
oOyiacTu OHMOJIOTMH, MEIUIIMHBI, 3JIPaBOOXPAHEHUS, TaK W 001acTh
MaTeMaTH4YecKoil 00paboTku naHHbIX. [lIupokoe BHenpeHUEe pe3yiib-
TaTOB TEHETUYECKOT0 aHaJM3a B HAayYHbIE UCCIIEOBAHUS TO3BOJIAET
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BBIIBJISATH  (DAKTOPBI PHCKA Pa3BUTHS TSDKENBIX HACIECTBEHHBIX
3a00JIeBaHM, MPOrHO3UPOBAThH "TEHETUYECKYIO Mporpammy" 3710po-
Bbs 4YelOBeKa W Ja)Ke CTaBUTH 3ajady MOWCKAa HHIUBUAYaIbHBIX
penentoB "monronerus” [1].

[lupokoe BHeApeHWE pe3yNbTAaTOB TEHETHUECKOTO aHAIN3a B
MpaKkTUKy TpeOyer pa3paboTku (PopManbHBIX METOJOB, MO3BOJISIO-
HIMX OTCEMBaTh Majio HMHPOPMATHUBHBIC U HCKAKEHHBIE HAOMIOACHUS,
CTPOUTH NPOLIECAYPHl IPUHATHS PEICHUH, He TPeOYIOIe MpUBIICYe-
HUSl YpE3MEPHBIX ANPUOPHBIX MPEANONOKEHUH O CTPYKType W Xa-
pakTepe pachpeaeieHnid JaHHbBIX, a TAKKe MO3BOJISIFOIIIE TIPOBOANTH
HAAGKHYIO BepH(HKALMI0O U OLEHKY JOCTOBEPHOCTH IONYYEHHBIX
pe3ynbTaToB. CIOKHOCTh pa3pabOTKK MOJAO0HBIX MPOLEAYP U METO-
JIOB CBsI3aHA C TEM, YTO COBPEMEHHbIC JaHHBbIE T€HETHYECKOro aHa-
nM3a, HampuMep, ¢ MCIOIb30BAHUEM MHKPOUYHMIIOB, UMEIOT CTPYKTY-
pY, IPOTHBOpEUAIIyI0 TPEOOBAHUSIM KJIACCHYECKOW MaTeMaTHIECKOM
CTATUCTUKHU. B TakuMX MAHHBIX 4YMUCIO HAOJMIOAEHUN - KOJIMYECTBO
UCCIIeyeMbIX 00pa3loB, MHOTO MEHbBIIIE YHCIIa M3y4aeMbIX (akKTo-
POB - YKCIla TEHOB. Pe3ynbTaThl aHanM3a ¢ MUCIOIb30BaHUEM COBpE-
MEHHBIX MHUKPOUYHIIOB ONEPUPYIOT OJKCIPECCHe eCATKOB ThICAY
TCHOB, TIOJYYEHHOW JIMIIb OT COTEH 00pa3loB TKaHed. JTO CBs3aHO,
BO-TIEPBBIX, C JOPOTOBHU3HOM TI'€HETHYECKOrO aHalin3a, KOoTopas B
CKOpPOM BpeMeHHU OyJeT MpeoAoJieHa, U, BO-BTOPBIX, C HEOAHOPOIHO-
CTBIO KaK W3y4aeMbIX TPYII MAUEHTOB U 30POBBIX JIIOACH, Tak U ¢
MHOT000pa3ueM MpOsIBIICHHUM caMOro 3a00JicBaHusl.

Meronp!l pelieHrs 3a1ad aHalu3a TaKUX JaHHBIX Pa3BUBAIOTCS
M0 HaNpaBJICHUIO CHIKEHUS Pa3MEpHOCTH 3a/ayH, TO €CTh YMEHb-
HIEHHs Yuclia U3y4aeMbIX (PaKTOpPOB, M MO HANpaBJICHUIO pa3paboT-
KH pOoOAaCTHBIX, YCTOHYNBBIX METOJIOB MPHUHSTHUS pelieHunil. B cTatbe
MpeYIOKEH podacTHbIi MeToa nuddepeHinaibHON KilacCupUKauu
00pa3ioB HOPMAaJIbHON M MOABEPKEHHOW OHKOJIOTMYECKOMY 3a0oie-
BaHWIO TKaHU IO DKCIPECCHH PA3IMYHOTO YKca TEHOB HA MHKPO-
yunax. Mccnemyercs BausHue uncia Hanbojaee MHPOPMATUBHBIX 110
cUMMeTpHu30BaHHOMY paccrosiauto Kyns6aka-JleitOnepa [3] renoB Ha
TOYHOCTh KJacCU(UKAIMK, OLECHHBAEMYIO IO 3K3aMEHAI[MOHHOM
BBIOODKE.
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2. Knaccudpukayusi no meduaHe

upoko pacnpocTpaHEHHbIE METOIBI KiIacCU(PUKALMKN OMHpa-
IOTCS Ha PAJ anpUOPHBIX NPEANONoKeHuil. B merone HaumBHOrO
baiieca mpeanonaraercs HE3aBUCUMOCTb MPU3HAKOB B paMKax H3Y-
YaeMbIX KJIacCOB, MPH TOCTPOSHWH IAMCKPUMHUHAHTHBIX (QyHKIMHA
@dumiepa cuuTaercs, 4To B KaKJIOM Kjacce MpPU3HAKH MMEIOT HOp-
MajbHOe pacnpenenenue [4]. Hacto Takue NpennoaokeHus MprBoO-
JSIT K IPUEMIIEMOMY pe3yJbTaTy, HO, KaK OKa3bIBACTCS, IIPH MAaJIOM
qrciae HaONoJeHui paboTaloT TIOX0 U 4acTo Oosee MpOCTHIE, HO
pobacTHBIE IO OTHOIIECHHUIO K allPHOPHBIM MPEATIONOKEHUSIM TPaBU-
Jia, Ha MPAKTHUKE TAl0T JIYYIINue pe3ybTathl [5].

Jnst mocTpoeHust KiaccupuKaTopa, He 3aBHCAIIEr0 OT arpuop-
HBIX TPEANOJIOKEHUI O pacmpeAereHny MpHU3HAKOB B Kilaccax, B
CTaThe IMpe/Ularaercs HCIOIb30BaTh MEIHaHy, KOTopas SBISEeTcs
YCTOMYMBOM XapaKTepUCTUKOU. [l omnMcaHus npeniaraceMoro
METoJia BBIYMCIUM 10 oOydaromield BRIOOpKE BEKTOp 3HaueHHUH Me-
JMaHbl TIPU3HAKOB 0€3 pa3/elieHHs Ha KIIACCHl U Tpeodpa3yeM diie-
MeHTHI o0ydJaromieli BbIOOpkH B OuHapHbie 3HaueHust 0 u 1 mo mpa-
BUJIy: €CIM TPHU3HAK MEHbIIE COOTBETCTBYIOIIErO IMpH3HAKa
Me/IMaHbl, TO OH Kojxupyercs 3HaueHHneM 0, nHadye oH Koxupyercs 1.
KonupoBka HOBOro BekTOpa z, MPEObSBISEMOrO Ui OMO3HABAHUS,
OCYIIECTBJISIETCS aHaJOrW4yHo. /[l 3aKOIMPOBAaHHBIX BEKTOPOB
BBIUUCIISIIOTCS PACCTOSHUSI XOMMHUHTA BEKTOPA Z OT 3aKOITUPOBAHHOM
o0y4aroleii BRBIOOPKHU TIEPBOTO U BTOPOTO KIACCOB 10 (hopMyJie
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3nech k=1,2 - uHaeke kiacca, Ly U L, - 4MCI0 BEKTOPOB B 00y4Yaro-
mieii BEIOOPKM TEpBOTO M BTOPOTrO Kjacca COOTBETCTBEHHO, Zz; -
3HAa4YCHUE i-TOW KOOPJMHATHI 3aKOIUPOBAHHOTO BEKTOpA Z, 11- YUCIIO
MpHU3HAKOB. JJIsl MPUHSTHS PElICHUS O MPUHAJISKHOCTH BEKTOPA Z
K TIEpBOMY WJIH KO BTOPOMY KIIACCY BBIYMCISIETCS HWHJIEKC
S=(s;+s;)/2, KOTOpBI CpaBHUBACTCS C IOPOTOBBIM 3HAUCHHEM g.
Ecin S>g, 1O BekTop z oTHOcHTCA K Kiaccy 2. Ilpu S<g Bektop z
oTHocuTCs K Kiaccy 1. Ilpu S=g BeKTop z paBHOBEPOATHO OTHOCHUTCS
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K kiaccy | wim 2. Bennumna mopora g BeIOMpaercsi MO KpUBOH
omMOOK, KOTOpas CTPOUTCS MO pe3yibTaTaM Kiaccupukanuud ooy-
yarorieil BRIOOPKHU.

3. Pesynbmamsi knaccughukayuu peasibHbIX OaHHbIX

HpI/I aHaJIn3€ HUCIHOJb30BAJIMCh IIOJYYCHHBIC Ha MHKPOUYHUIIAX
JIaHHBIC TI0 SKCIPECCHU TEHOB B MeTacTa3e, OTHECEHHBIC K dKCIpec-
CHH I'CHOB B HOpMaHLHOﬁ TKaHU 1 I10 3KCIIPECCHUHU I'€HOB B OITYyXO0JIH,
OTHECEHHBIE K DKCIIPECCHH T'€HOB B METacTa3e MpPU paKe IMEYCHH.
Takas npenoOpaboTKa MPOBOAMIACH JUIS YCTPaHEHHs CHCTEMaTHie-
CKMX MHCTPYMEHTAIBHBIX NOrpemHocTeid. beun copMupoBaHsbl 1Be
TabmuIpl Mo 127 cTONOLOB, YTO COOTBETCTBYET 127 mamueHTam, H
mo 7581 cTpokK, 4TO COOTBETCTBYET JAaHHBIM 3Kcnpeccun 7581 rena.
JlJiss IOCTpOCHUS W TIPOBEPKU TMPaBUIIA KIACCH(DHUKAIUU MAIMCHTHI
ObLIM pa3ieNieHbl CIIy4ailHbIM 00pa30M Ha JIBE IPYMIbI: 00ydeHHe
(63 uenoBeka) u sk3aMeH (64 denoBeka). Bee aneMenTs 0Oyuaromiei
BBIOOPKH U KJIacCH(PHUIUPYEMbIe BEKTOPHI Z KOAWPOBAINUCH COTTIACHO
OIMMCAaHHOMY BBIIIIE IPUHLIUITY 10 hopMyiaM
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Puc. 1. Kpusas owubox xnaccugpurayuu no meouane npu Ucnoiw3o-
BAHUU BCEX 2€HO8.
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PesynbraT knaccuukanuu odydaromeli BBIOOPKU TPU UCTIONb-
30BaHMM BCEX TE€HOB MPH PAa3IMYHBIX 3HAYEHUSAX Topora g Tmpel-
CTaBlieH Ha puc. 1 B BHJE TpaJuIHOHHOW KpuBoH ommubox (ROC
kpuBoii). [lo ocu abcuucc OTIOKEHA BEPOSITHOCTH OIIMOOYHOrO
MPUHATHS KJlacca 2 3a Kjacc 1, a MO0 OCH OpAMHAT BEPOSITHOCTH
BEpHOrO orno3HaHus kiacca 1. Obe BEpOSTHOCTH BBIPa’KEHBI B MPO-
neHrax. IlyHKTUpHas JIMHHS KacaeTcs KPUBOM B TOYKE, KOTOPAs
COOTBETCTBYET MOPOry IPH MHUHUMAJIbHOW CYMMapHOH OIINOKe
KJaccu(UKauyi, KOTopas B JIAaHHOM Cllydae OKa3bIBaeTCsl PaBHOM
57,2% 1 HEe MOXET CUUTAThCS YAOBIETBOPUTENHHOM.

lopaszgo nyuymmii pe3ysabTaT MOAy4Yaercsd, €CJIM MPOBOAMUTH
knaccugukanuio o 50% naunbonee HHGOPMATHBHBIM 110 CHUMMETPH-
30BaHHOMY paccrossauio KynbOaka-Jleiibnepa reHam, oTOOpaHHBIM
COIIACHO Tporenype, onucanHoil B [2]. CooTBETCTBYIOMIAs KpUBas
omMOOK MpHBeeHa Ha puc. 2. MUHUMalbHas OMMOKa Kiaccuduka-
uuu mpu 3ToM pasHa 17,5%.
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Puc. 2. Kpusas owubox xnaccupurayuu no meouare npu Ucnonwb3o-
sanuu 50% Haubonee UHBOPMAMUBHBIX 2EHO8.
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[Mpu xnaccudpukanuu no 10% nHambonee nHGOPMATHBHBIX Te-
HOB MHHHMMAaJbHas OIIMOKAa KiIacCU(UKAIMK, BBHIYMCICHHAS Ha
oOy4aroliieii BRIOOpPKE OKa3bIBaeTcs paBHoi 3,2%.

B tabnuie 1 nmpuBeneHbl MUHUMAJIBHBIC OIIUOKK KJIacCHU(UKa-
1MW, BBIYUCIICHHBIC MO OOydarolell BHIOOPKE C MOMOINBI0 KPUBOM
omMOOK, ¥ OMHOKK KIacCH(PHUKAMKA Ha SK3aMEHAIIMOHHOH BBIOOD-
Ke MPpH HalJJIeHHBIX TI0 o0yyJaromiell BEIOOpKE 3HAUEHHAX T10pora g, B
3aBUCHMOCTH OT JIOJU HanOosee nH(GOPMATUBHBIX TeHOB. U3 Tabmu-
bl BHJIHO, YTO YJAaJeHWE YWClia Mano HH()OPMATHBHBIX TE€HOB
yMEHbIIIAeT OMIMOKY KiIacCH(pHUKAIMH KaKk Ha oOydaromleil, Tak U Ha
9K3aMEHAIMOHHOH BbIOOpKe. [Ipu 3TOM ommbOKa Kiaccu(uKaluu Ha
9K3aMCHAIMOHHON BHIOOpPKE coM3MepuMa C OIMOKOH Kiaccuduka-
IIMU Ha 00y4YaroIeii BRIOOpKeE.

Tabnuya. 1. Owubku knaccuguxayuu npu yOaieHuu Maio uH@op-
MAMUBHBIX 2eHO8

Hons Yucno Ombka Omrdka
y[[aHéHHBIX OCTaBILINXCS Ha 06y‘ICHI/H/I Ha 3K3aMCHE
reHoB (%) TCHOB (%) (%)
50 3790 17,5 20,3
60 3032 14,3 28,1
70 2274 11,1 23,4
80 1516 9,5 6,2
90 758 3,2 4,7

4. 3aknro4yeHue

B crathe TPOBOAMTCS HKCIIEPUMEHTAIBHOE HCCIICI0BAHUE
BJIMAHUA 4YHKCJIa UCIIOJB3YEMbBIX T'CHOB HAa Ka4C€CTBO KJ]aCCI/I(bI/IKa]_[I/H/I
THa TKaHU. [ kmaccudukauu mpuMeHsIeTCsl MPaBUII0, OCHOBAH-
HOE HA PACCTOSHHHM XAMMHHIAa MEKIy OOy4aroIllMMH U paclo3Ha-
BacMbIM BCKTOpaMH, 3aKOAUPOBAHHBIMU OTHOCHUTCIBHO MCIAWAHbI
oOyuaroteii Beioopku. [IpoBen€HHOE HccienoBaHUE JIEMOHCTPUPYET,
9T0 OTOOp TeHOB MO WX HMH(OPMATHBHOCTH, OLEHWBAaEMOH uepe3
paccrosinne KynpOaka-Jleiibnepa Mexay pacnpenefieHus MU TeHOB B
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JBYX KJIaccax, IMOBBIIIACT KAa4eCTBO KJIACCU(UKAIMKM KaK Ha 00Y-
yaroIiel, Tak U Ha KOHTPOJIbHOW BhIOOpKax. Huskoe kauecTBo pac-
MO3HABaHUs MPHU KCIOJB30BAaHUU BCEro Habopa TeHOB OOBICHSCTCS
CJIOKHOCTBIO pElIaeMOi 3aJaud W MaJibiIM pa3MepoM OOydaromiei
BBIOOPKH. B HACTOSIIEM WCCIIEIOBAHUN BMECTO YCIIOKHEHHUS pe-
HIalomero mpaBuja ObUT BBIOpaH MyTh OTOPaKOBHIBaHHS T'EHOB,
UMEIOIINX OJIM3KUE pachpeneieHus dKCIPECCHU B JBYX Kiaccax, H
UCIIOJIb30BaHUsI TCHOB, PACIIPE/ICICHUs SKCIIPECCUU KOTOPBIX Haubo-
Jiee pa3UUMMBl B pacCMaTpHBaeMbIX TkaHsax. Kmaccupukarnms Ha
OCHOBAaHHHM TAaKMX T'€HOB IMO3BOJIMJIA TMOBBICUTH PE3YJIbTAT KIACCH-
(buKanyU, UCIONB3Ys TIPH 3TOM OYEHb MPOCTOE, HO PodacTHOE Tpa-
BHJIO KJIACCU(PUKAIIUY.
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INVESTIGATION OF TISSUE CLASSIFICATION
PERFORMANCE ON MICROCHIP GENE EXPRESSION
DATA
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Abstract: A classifier performance is evaluated in dependence to
number of genes, used to classify the control and cancer tissues,
based on the microchip gene expression data. A robust classifica-
tion procedure, based on Hamming distance to inner class medians,
is proposed. It is demonstrated that elimination of genes, which are
less informative in terms of Kullback—Leibler divergence, from the
learning procedure increases the resulting classification perform-
ance, estimated using examine sample.

Keywords: microchip gene expression data, informative genes,
robust classification, Hamming distance, classifier performance.
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