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NPUMEHEHUE NHO®OPMALIMOHHOI'O
PACCTOAHUA MEXAQY BHYTPUKINACCOBbIMU
PACNPEOENEHUAMU ANA BbIBOPA HABOPA

NMPU3HAKOB AJ1A KITIACCUDPUKALIUUN

Boponnos A. C.'
(Vupeorcoenue Poccutickou akademuu HayKk
HUncmumym npobaem ynpasnenuss PAH, Mockea)

Js oyenxu uH@OpMaAmueHOCMU 2eH08 HA OCHOBAHUU UX IKCHpeC-
CUU HA MUKPOYUNAX PACCMAMPUBAENCS XAPAKMEPUCUKA, ONU3KAL
K ungopmayuonnomy paccmosinuto Kynvbaxa-Jlevibnepa mesncoy
pacnpeoeieHusimMu KCApeccuu 2eHa 8 00pasyax KOHMPOIbHOU U
NOOBEPIHCEHHOU OHKONIO2UYECKOMY 3abonesanuio mranu. Onucvléa-
emcsi MemoouKa OYeHKU PACCMOSIHUSL MeNCOY PACHPeOeseHUsIMU U
Ppe3yabmanmsl paciémos no peanvHolm oanuwim. Ilokazana evicoxas
uHopmamueras u3ObIMOYHOCMU UCNONIb308AHUSL 6CEX 2€HO8 U
npPeoNioANCeHO 01 KAACCUDUKAYUY MKAHU OMOUPaAmsv 2eHbvl, UHGOp-
MAYUOHHOE PACCMOSHUE MeNCOY PACHPeOeNeHUIMU IKCHPeCcuu
KOMOPbIX 8 PA3IULHBIX 00PA3YAX MKAHU BETUKO.

KnroueBrie ciioBa: OKCIIpeCCHd I'CHOB Ha MHUKpOYHUIIaX, pacCCTOs-
HHUC MCKIY pacClipeACICHUAMN, CHUXKCHNUEC Pa3SMCPHOCTH.

1. BeedeHue

CoBpeMeHHbBIE TEHACHIIMY PA3BUTHS METUIIMHBI CBA3AHO C CO-
BEPLICHCTBOBAHHME TEXHOJIOTHYECKON 0a3bl OMOIOTHYECKHX HCCIIeN0-
BaHMIA W, B YACTHOCTH, C yCIIEXaMU B 00JaCTU IEHETUYECKUX HCCIIe-
noBanuii [1]. JlocTylmHOCTh OOJIBIIOrO YMCIIa TEHETHUECKUX JTaHHBIX
W Pa3IMYHBIX OMOMApKEepOB MO3BOJMIIA MPHOIU3UTHCS K MOHHMA-
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HUIO MEXaHM3MOB BO3HHUKHOBEHHS M Pa3BHTHSI OHKOJOTHYECKHX
3a00JieBaHmi, 3a00JIEBaHUN CEPICIYHO-COCYAUCTON CUCTEMbI, MHOTHX
JOPYTUX XPOHUYECKHUX MATONOTHA M OTKPBLIA MEPCIEKTUBBI CO3JaHUS
HOBBIX JIEKAPCTB M METOAOB JICUCHHsI, YTO BBIpAXKaeTcsd B TCHACHIIMH
pa3BUTHS IEPCOHUPUIMPOBAHHON MEUIUHEI [4-7].

B Hacrosimee BpeMsi MPOMBIIUIEHHO MPOHM3BOAUTCS O0JbIOE
YHCIO Pa3HOOOpa3HBIX TEHHBIX MHUKPOUMIIOB, WCIOJIB3YEMBIX JUIS
BBISICHEHHS MPEAPACIIONIOKEHHOCTH YelI0BeKa K Pa3InYHbIM 3a0oIie-
BaHUSIM, OLIEHKH PEaKLUU OpraHu3Ma Ha pas3inyHbIe JIEKapCTBEHHbIE
mpernapaTsl, 1 MHOToe Apyroe [2]. 'eHHble MUKPOYHUIIbI TIO3BOJISIIOT C
BBICOKOH TOYHOCTBIO JAWArHOCTUPOBATH 3a00JIEBaHHE HE TOJBKO Ha
PaHHHX CTAAMAX, HO U JIO MPOSIBICHHSI STOro 3a00JeBaHusl.

VYcnemHoe pa3BuTHE W BHEIPEHHE TEXHOJIOTUU TEHHBIX MUKPO-
YHIIOB CBSI3aHO C yCIeXaMH B OOJIACTH aHajH3a JAHHBIX, MTOJy4eH-
HBIX C TIOMOIIBI0O MUKPOUYHUIIOB. B TO ke Bpemsi, IpH aHAJIN3e TaKUX
JaHHBIX BO3HWKAIOT M HOBBIC 3a7auyl. [ eHHBbIE MHKpPOYHIIBI MO3BO-
JISIIOT 32 OIHO KCCIIEIOBaHUE B aBTOMATHYECKOM PEKHUME MOTYYUTh
WHPOPMALIUIO 00 DKCIPECCHH ThICSY TeHOB. M3-3a morpemHoctei
npuOOPOB, YEIOBEYECKOro (PaKTopa, HECOBEPILEHCTBA METO/IOB
pEerHCTpaliy CHUTHAJIOB, HAJM4YWsl MOJYAIIMX TEHOB W MHOTOTO
JPYroro, B BBIXOIHBIX JTAHHBIX MOSBIISIOTCS MOTPEIIHOCTH M OMIHO-
ku. Kpome Toro, Uit momy4eHus: CTaTUCTUYECKH HAAEKHOTO Pe3yiib-
TaTa MpH PerucTpanny OOJBIIOrO YKcia TEHOB HEOOXOANMO MMETh
JOCTaTOYHOE KOJIMYECTBO TMOBTOPHBIX HE3aBUCHMBIX HAOIIOJCHUM,
TO €CTh MPOBOJUTH F€HETHUYECKUH aHaM3 OOJIBIIOTO YHcia J0ACH,
CTpaJaroIIUX OJAMHAKOBOM OOJIE3HBIO, UTO MPOOJIEMATUYHO HE TOJb-
KO M3-32 BBICOKOW CTOMMOCTH HCCJIEAOBaHHMH, HO W 10 NpPUYMHE
MaJIOM PaclpOCTPAHEHHOCTH KOHKPETHBIX NMATOJIOTMK B TOMYJIALINH.

Takum 00pazoM, BO3HHKAET 3a7aya BIOOpa FeHOB, KOTOPHIC SIB-
JSI0TCsE HambOonee MHPOPMAaTUBHBIMU TPU H3YyYEHWH KOHKPETHOM
naTonoruu. B craThe paccmarpuBaeTcs METOl BbIAeICHUS HHDOp-
MaTHBHBIX T€HOB IyTEM CpaBHEHUS PpacCHpeleNieHnH 3KCIPECCHU
TeHOB B 00pa3lax KOHTPOJIBHOH W TOJBEpKEHHOH 3a00JIeBaHHIO
TKaHH.
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2. OuyeHka uH¢hopmamueHoOCmMuU 2eHoe

Brinenenne nHQOpMATHBHBIX T€HOB OCHOBBIBACTCS Ha XapakTe-
PUCTHKE PACCTOSHUSA MEXIY pPacHpeleleHUsIMU 3KCIPECCUU TeHa B
o0pasiiax KOHTPOJIbHOW W IOJABEPKEHHOW 3a00JieBaHUIO TKaHel. B
KauecTBe TaKOW XapaKTePUCTUKU B CTaThe paccMaTpHUBAaeTcs AUBEp-
reruus KynbOaka — JI€iiOnepa, Ha3piBaeMas B TeOpuu MH(poOpMauu
WH(POPMALIMOHHON JMBEPreHInel, TM00 OTHOCUTENBHON SHTPOIUEH
[2]. DTa xapakTepuCTHKa SIBISETCS HECHMMETPHYHON Mepou yna-
JIEHHOCTH JIpyI OT Jipyra JByX BEPOSTHOCTHBIX paclpeneieHuil.
OOBIYHO, OIHO W3 CPaBHUBAEMBIX pacClpeeleHu — 3TO «HCTHH-
HOE» paclpesiefieHle, BTOpoe — TpOoBepsieMoe, SBIISIOLIEeCs MpH-
OmbKeHneM 1epBoro. J{Jist TUCKPETHBIX paclpeelieHHid pacCTOSHUS
Kynbbaka-Jlelibnepa Bbraucisiercs mo Gpopmyie:

Dy =Y pxyin 2
; q(x)
riae p(x), g(x) — GyHKIMH BEPOSITHOCTH paclpeelieHUi JUCKPETHOM
CILy4aiiHOW BEJIMYMHBI X IIPU JBYX PACCMaTPUBAEMBIX IMIIOTE3AX.
[Ipu paccmoTpeHny 3a7auu aHajau3a SKCIPECCUU TEHOB, QyHK-
LIMA BEPOATHOCTH 3aMEHUM THCTOTPAaMMaMHM, IOCTPOEHHBIMHU I1O
HabopaM 3HAYEHHMI JKCIpeccWil B ABYX Kiaccax. B kauecTBe xiac-
COB PAacCMOTPHUM HOPMaJIbHYIO TKaHb M TOJBEPKECHHYIO 3a0oJieBa-
HUIO. XapaKTEepUCTHKY, aHAJIOTHYHYI0 paccrosHuio Kynpbaka-
JleiiOnepa Juist pa3nuyus pacipeieieHu, 3anuiieM Kak

Dy =23 (0 o) + o0 py ()

o2
3eCb CYMMHPOBAaHHE IIPOBOAMTCS II0 MHOMKECTBY JUCKPETHBIX
3HAQYEHUH DKCIPECCHHM TE€HA, MCIOIb30BAHHBIX IS IIOCTPOCHHS
THECTOTpaMM B JBYX KjaccaX, pi(x) — 3Ha4eHHs THCTOTPaMMbI, TO-
CTPOCHHOW B TIEPBOM KIlacce, pa(x) — 3HaYCHUsSI TUCTOTPAMMBI, TO-
CTPOEHHOI BO BTOPOM KJIacce.

Beruncinum xapakrepuctuky Dy JJIs KaKJI0ro reHa U yrnopsijao-
YUM TEHBI 10 Mepe yObIBaHUS 3TOW BenW4MHBL. [lodydeHHBIH psa
naét mpencrabieHue o0 MHPOPMATHBHOCTHA T€HOB MPH CPaBHEHHH
IBYX KJIACCOB M MOXKET HCIIONB30BaThCS B HAJIBHEHINEM aHaJMU3e,
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HampuMep, JUIsi 0T0Opa MPU3HAKOB MPH MOCTPOCHUH MpaBHiia Kilac-
CU(HKAIIHH.

3. Pesynbmamsi aHanu3a peasibHbiX OaHHbIX

Meronvka OIGHKM HH()OPMATUBHOCTH T'€HOB MPUMEHSIIACh K
pealibHbIM JIaHHBIM, COCTOSBIIMM U3 JIBYX HaOopoB. B mepBom
Habope ObUIM TPEICTaBICHBI JaHHBIC MO 3KCIIPECCUU T'EHOB B OITYy-
XOJIM TIPU pake rpyau. Bo BTopoMm HAOOpe CopepKaiuch JaHHBIC MO
AKCIPECCHH T€HOB B HOPMAJIbHOM TKaHH. JlaHHBIC ObUIHM MpeBapH-
TEIFHO HOPMHUPOBAHBI JUISI YCTPAHEHHS BO3MOXKHBIX HHCTPYMEH-
TanbHBIX HCKakeHud. O0a HaOopa BKIOYAIM JaHHBIE 10 17682
reHaM.

Ha puc. 1 mpeacraBieHa MIOTHOCTh PaclpeieieHUs] XapaKTe-
puctuku Dy, BBIYUCIEHHOMN MO BCEM reHaM. JTa IIOTHOCTh CTPOU-
JIaCh C MOMOIIBIO TIPOIeayphl density U3 cTaTucTUYecKoro nakera R
C HCMOJh30BAHUEM MApaMETPOB CIUIAKMBAHUSA, 3aJJAHHBIX B IIPOIlE-
Jype 10 yMOIYaHHUIO.
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PaccTosiHie Mexay pacrpeaeneHisimi

Puc. 1. [Tnomnocms pacnpedenenus snavenuil xapaxmepucmuku Dgy
ona 17682 zenos.

Ha puc. 2 qnsg wimocTpaliuy npeAcTaBiIeHbl IPUMEPHI paciipe-
JIeTIEHUH B IBYX KJlaccaxX DKCIPECCHI T€HOB C MaJIeHbKOH U ¢ 00Jb-
IO BETUYMHOMN XapaKkTepucTuku Dy .
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Tlorapudm OTHOLIEHAR SKCPECCUM Tlorapudm OTHOWEHAR SKCPECCUM

Puc. 2. ITnomnocmov pacnpedenenust 3KkCHpeccuu 2eH08 8 08X Kac-
cax. A - ons cena ¢ Dy, = 2,6, b - ons 2ena ¢ Dy, = 8,0. Cnaownas
JUHUSL - PAKOBASE MKAHb, NYHKMUP - HOPMATbHASL MKAHD.

N3 pucyHka BUJHO, YTO MaJIeHbKas BEJIMUYMHA XaPAKTEPUCTUKU Dy,
COOTBETCTBYET IUIOXO Pa3JeIUMbIM pACIPEICICHUIM, a OOJbIlas
BEJIMUMHA - XOPOLLIO Pa3aeIuMbIM.

PaccTosiHie Mexay pacnpeaeneHisimi

Puc. 3. Kymynamuenas ¢pynxyus pacnpeoeneHust Xapakmepucmuxu
D, ona 17682 eenos.

UToObI BBIICIUTh TE€HBI, PACIPEACICHUE IKCIPECCHH KOTOPBIX B
IBYX Kjaccax pas3iHyaloTcs B HawOONBIIEH CTEMEeHH, CTPOHIIAch
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KyMyJsiTHBHAsE (YHKUHMSL pacrpeneneHus. ['paduk KyMyJasSTHBHOH
(YHKUNHU, TOCTPOEHHON € TOMOIIBI0 Tpoueaypsl ecdf u3 cratucTu-
yeckoro maxera R, mpencrasnen Ha puc. 3. Ha pucyHke BepTuKab-
Hasl MMyHKTUPHAS JIMHUS yKa3bIBaeT JJIsl 3HAUYCHHS XapaKTEPUCTHKH
Dy, mopor, Bbiie Kotoporo jumb 10% TeHOB HMMET OonblIine
3HAaYeHUSI.

4. 3aknro4yeHue

IIpoBeneHHBI aHAIN3 PACIPEACICHUN 3KCIIPECCUU TE€HOB I10-
KaszalJl, 4To ¢ momomiplo paccrossHusi KynbOaka-JleiiGnepa MoXHO
MPOU3BECTH OTOOP T'€HOB, AJISI KOTOPBIX XapaKTEePHBI CYLIECTBEHHBIE
pasnuuusi B pachpefeieHuH UX JKCIPEecCHd B HOPMaJbHOH H B
pakoBoil TkaHH. Takas mpoueaypa HPOBOJUTCS ABTOMATHYECKU U
MO3BOJISIET CYLIECTBEHHO COKPATUTh Pa3MEPHOCTh peraeMoi 3a1aut,
TO €CTh YHCIIO T'€HOB, KOTOpbIE HEOOXOJIMMO HCCIIENOBATh Ha cie-
IOYIOIIMX CTaausX aHamm3a JaHHbIX. OToOpaHHBIE TE€HBI MOTYT
WCTIOJIB30BAaThCsl MPH TIOCTPOSHUN PELIAIONINX MPaBHI AJIS KIacCH-
(UKaMK TUIIOB TKAHEH U JUIA BBISBICHHS CTPYKTYPHBIX B3aIMOCBSI-
3eil TeHOB (IIOCTPOEHHS TEHHBIX ceTeif). Meroauka HpUMEHEHUS
paccrosaus KynnOaka-JleiOnepa st OIEHKH HH(POPMATHBHOCTH
MPHU3HAKOB YHHBEPCATbHA M MOXET NPUMEHSThCS sl  aHalM3a
JaHHBIX JII000H MPUPOIBI.
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IMPLEMENTATION OF INFORMATION DIVERGENCE
BETWEEN INCLASS DISTRIBUTIONS FOR SELECTION
OF FEATURE SET FOR CLASSIFICATION

Alexey Vorontsov, Institute of Control Sciences of RAS, Moscow,
student (lexa 13a@mail.ru).

Abstract: A problem of informative genes selection is considered. A
divergence between gene expression distribution in control and
cancer tissues is constructed like the symmetric Kulback-Leibler
distance. An estimate of the divergence between gene expression
distributions is proposed and the results for data on hepatic cancer
are presented. It is shown that no more than 10% of presented genes
demonstrate 90% of divergence between gene expression distribu-
tions. This fact indicates an informative redundancy of the total set
of genes in the presented data.

Keywords: microchip gene expression data; distributions diver-
gence; dimension reduction; informative redundancy.

XI BCEPOCCUMCKAS IKOJIA-KOH®EPEHIIUSA MOJIO/IBIX YUEHBIX
“YIPABJIEHME BOJIbIIMMU CUCTEMAMM”



