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1. ACTOPUYECKUE ACIHEKTBDI
BO3HUKHOBEHUS U PABBUTUS
NEPCOHAJIN3UPOBAHHOMA
MEJIUIINHBI
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OECTUBAJIb 'TEHOMMUKMA 2015, BOCTOH:

«Buepa BepnyJics ¢ ®ecrusais Fenomukn. Kak-0yaTo cjaeras Ha
APYIVIO IVIAHECTY UJIN nooObLIBAJI B 6VIIVIII€M. O1mej1oMJI€eH

reHOMHOM PEeBOJIIONINEN, KOTOpasi Ha0upaeT Xo0/1. S padoraro
B OTHOM M3 CaMbIX NIE€PE€AOBLIX HHCTUTYTOB, OJJHAKO0, YYBCTBOBAJI ce0do
IIPOBHHIIMAJIOM HaA 3TOM IPA3JAHHUKE BBICOKNX TE€XHOJIOTUM.

Yepes naTh JieT OyayT paciuin(ppoBaHbl TeHOMbI COTEH ThICHY JIKOAeH, a
yepes 1eCATh — FeHOMbI COTEH MUJIJIMOHOB Jiroaeil. Huuero B
YyeJI0BeYeCKOM Jesie (310poBbe, MUTAaHUe, MeAUIUHA) He Oyaer
aeaarbes 0e3 reHoMHOro anaausa. IlocraBieHa 3agaya npeackasaHus
(peHOTHIIA 10 TEHOMY M Pa3padOTaHbI METOAMKHU U3MepPeHus (PpeHOTHIIA
U npeacraBjeHud ero B mugposom Bujae. Ilo renomy Haydarcs
NpPeACKa3bIBATh MpeAnojiaraeMbie 3a00/1eBaHNs1, ONITUMAJIbHbIE
JIEKAPCTBA, a TAKXKe, JIUIO0, POCT, BEC, F0JI0C, HHTEJLJICKT,
ONTUMAJIBHOI0 OPa4YHOI0 NAPTHEPA U BCE-BCE ApPyroe. AHajau3 OVIyT
AeJATh MAIIMHbI, KOTOPbI€ MOYKHO OVIEeT TOHATh B IOMAIIIHUX
ycJaoBHsiX. B 3TOT NPOEeKT BKJIAABIBAKTCH KOJIOCCAIbHbIC YACTHDIEC
AeHbru. Beé cepbé3Ho.»




2. KOMMYHHUKALIMOHHAS PEBOJIIOLIMSI
KHUT' OITEYATAHME Tleuarnsrii cranok Moranna I'yrendepra

o0ecredyrBaJI ApXMBUPOBAHUE MATEPHAJIOB, CBA3AHHBIX C KYJbTYPOH U
BhlAa0OmuMucH JabMu B 1450 r. B EBpone menee 8% HacesieHus ObLJIO
rPaMOTHBIM, a C U300peTEeHHEM KHUTONeYaTaHusl (IpUuMep MaccoBOIo
MPOM3BOACTBA), 3HAHUSA CTAJM JAOCTYIMHBIM NPOCTHIM JIIOASIM, YTO
IPUBEJI0 K HACTOALIECH KYJIbTYPHO!, TEXHOJOIMYEeCKOU U HAYYHOH
PEeBOIIOLUEH.

Ce200H: KascOowvlii 0eHb 2eHepupyemcs mpu K6UHMUIIUOHA 0aiimoe
oannwix. [lompeodosanocs 16 nem, umoodvl Kaxrcowvlii uemeepmaolil
amepuKkaney cmaji ROAb306AMbCA NEPCOHAIbHBIM KOMRbIOmepom, 13 iem -
MOOUTbHBIM menehoHom, 7 1em — UHMEPHEMOM, a 6 ciyuae cmapmeona
xeamuo 08yx jiem (ecmv y 2 uz 7,25 mapo. sicumenei 3emau).

HTEPHET-CO00I1eCTBA, 00beAUHSIOIINE JIOIEH C
OJHHAKOBBIMH IIP00JIE€MAaMH €O 310poBLeM (Hanmpumep, PatientsLikeMe).

MOBWJIbHBIE TEJE®OHBI, CMAPT®OH apxusupyior

OrpoMHbIe 00beMbl YaCTHOU HHGopMauu. [Iporpammel

oOpa3oBaresibHbIe Yepe3 CMC, nocBsilieHHbIE TYOePKYJIe3y, MAJSIPUH U
HUIIIII




3. Dnoxa NMATEePHAJTUCTCKONA MeIUIIUHbI, KOI/IA

AOKTOP 3HACT JYYIIC, 4 MAMUCHT CHACT/INB, YTO Y

HEI'0 €CTh BpPa4, 3aKOHYNJIACh.

Maiika Cnextp, New Yorker, 2013.
MCI[I/IIII/IHa, OCHOBAaHHAaA Ha IMPE€BOCX0JACTBEC Bpayia.

IlepBbiM Bpauom B /IpeBHem Erunrte cuuraercs HUmxoren,
KOTOPBIN elle ¥ BEPXOBHBIN Kpell.

I'mnmokpar ObLI OTHOM He TOJbKO MEIUIUHbI, HO H
MEIMIIMHCKOI0 MNaTepHAJu3Ma. BpadyaMm cJjieayeT CKpPbIBATh
«0T 00JJLHOT0O MHOIO€», BKJIKYas Oylyliee MJIH HbIHEIIHee
COCTOSIHME MALUEHTA.

Toabko B 16 m 17 Bekax nosiBasitorcs Bpauu (>kon I'peropm,
Tomac IlepcuBajib) NMpU3HAKIINE, YTO Y NAIMEHTA MOXKET
WJIM JIOJIKHO OBITH IPABO rojioca Npu JIeYeHHUH.

IlepBoe ynmomMuHanue 00 HHGOPMHUPOBAHHOM COIVIACHUH
MOSIBUJIOCH TOJBbKO B 1957 ronay.



MEJUH®OPMALIUS CTAHOBUTCS JOCTYIIHOHU

B HegaBHeM MPOILJIOM NAIMEHT HE MOI HH
MOCMOTPeTh, HH TOBJHUSTH HA 3aIHCH,
KOTOpPbIE AeJAKTCA Npu KOpoTkoM (MeHee 10
MHUHYT) BH3MTe K Bpauyy 00 UX cocrosiHuH
300poBbia, UX opranuzme, npu 3tom OHU xe
M IJIATST.

OTBETCTBEHHOCTD 32 COOCTBEHHOE 3I0POBbE.



4. TP BAJKHEUIIINX TEXHOJOI'NHA
HAYAJIA BTOPOI'O AECATHJIETHUSA XXI
BEKA:

YCOBEPIIEHCTBOBAHUE TEXHOJIOT'UU
HAINIPABJIEHHOH KJIETOYHOU TN ®P®EPEHLIUPOBKU;

CO3JAHUE U UCITOJIB3OBAHUE CUCTEM
PEJAKTUPOBAHUSA TEHOMA;

SHAYUTEJIBHOE YIEHIEBJIEHUE U PYTUHHOE
INPUMEHEHUE ' EHOMHBIX CEKBEHATOPOB.



I'psiger 3pa nepCcoHAIU3ZUPOBAHHON METUIINHBI U

FOTOBUTHLCH K HEH HYKHO yKe CeroaHs.
JIicopoaic Uepu. 2007

Memqunuaa XXI| Beka: MenunuHa 4 «I1»

IlpenukruBHas (IpeacKazaTeiibHas)

IlpenynpeaurenbHas (IpoduiiakTuyecKas)

IlapTucunaTuBHAs — nAYUEHM YYACMHUK NPoYeccd, e20
ungopmupyrom u ooyuarom. Emy nomozaiom 6 evibope, o nem
3abomamcs.

IlepcoHanu3npoBaHHas (MHAWBUAYaJIbHAS )
Jepoii I'yo (Leroy Hood) CIIIA, 2008)

Ilpeumsuonnas 2015 200 MeauuuHa 5 «ll»

(Meanuunckuu ajgpasut. CopeMeHHas jgadoparopusi Ned,
2015.)




PUTIOCODPCKUE ITPOTUBOPEYNSA U
KOH®JIUKTDI IIM

1. WAES 1M JUISI KAXKJIOIO KOHKPETHOIO
YEJOBEKA HEBBINOJHUMA, TK. JUISI TOTO,
YTOBbl MEJUIMHCKOE BMEIIATEJLCTBO BbLIO
BE3OIMACHBIM, HEOBXOINMO MMPOBOJIUTDH
KJIMHUYECKUE WCCJEAOBAHUST HA TPYIIIIE
MALIMEHTOB.

2. MEJUIIAHA CTPEMUTCH K
CUCTEMATU3ALIUU u KJIACCUPUKAILINU,
KOTOPBIE HUMEIOT HEJOCTATKHM (CJOXKHOCTH
OPTAHU3MA, TETEPOTEHHOCTH TIATOJIOTHMHA U
JP)).

CTAHIAPTU3ALIMS MO3BOJISIET
TOCYIAPCTBY  PEIIATH HPABCTBEHHO-
IOPUJINYECKUE U DKOHOMUYECKHUE BOITPOCHI.




TAKOU JTOJKHA CTATH
MEJUMLUHA XXI BEKA
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I Meguy [oka3zarensHan MepcoHanuau pOBaHHaA
Beeit Monynay Meguuuna lpyn MeanunHa Mugvenayy



NEPCOHAJIU3UPOBAHHASI
MEJULIMHA

INHEPCOHAJIN3UPOBAHHASA MEAULINHA
MPEJCTABJSIET COBOU UHTETPAJIBHYIC
MEANLIHNHY, KOTOPASA BKIIIOYAET
PASPABOTRKY HEPCOHAJIN3NPOBAHHDbIX
CPEACTB IUATHOCTHUKHU NJIEYEHUSA
HA OCHOBE TEHOMHUKU, MTIPOTEOMUKH
N APYI'UX «OMHUK», TECTUPOBAHUS HA
IHPEJPACITIOJOKEHHOCTD

K 3ABOJTEBAHUAM, ITPOOU/TAKTHULKY,
OBbEJAMHEHUE IUATHOCTUKHA
CJEYEHHUEM U MOHUTOPUHI'OM
JIEYEHUWUA




3AJIAUU MEPCOHAJIM3UPOBAHHOU
ME/JIMLIUHBI:

1. IMMOHATD MOJIEKYJISIPHBIN MEXAHUW3M

3ABOJIEBAHUSI U HAUTU HAUBOJIEE BAKHBIE
BUOMAPKEPDI

. CO31AHUE JEKAPCTBHHBIX CPE/ICTB,
HAUBOJIEE D®PEKTUBHO JEHUCTBYIOLIUX HA
HYKHBIE MUIIIEHU, CBSI3BAHHBIE C
IMMATOJIOTUEA

. BOJIEE INTYBOKOE IMMOHUMAHUE JIJISI
PA3JIMYHBIX NOoANONYJasALUnu
IMATOTEHETHUYECKHX MEXAHHW3MOB

BO3HUKHOBEHHUSA N OCOBEHHOCTHU PA3ZBUTUA
3ABOJIEBAHUH , PASAEJEHUSI UX HA TUIIBI U
MHOATUIIbI



OBJIACTU ITIPUMEHEHUA
MNEPCOHAJIM3UPOBAHHOHN MEJTUIIUHBI

HauOoabmiui  mporpecc B  NPUMEHEHUH
noaxoaos IIM HaOmwgaercs B JAMATHOCTUKE M
JICYCHUHU MVJbTH(DAKTOPHBIX 3200/1CBAHMIA:
OHKOJIOTHUM, KAapAHOJOIrHHU, JSHIAOKPHUHOJOIUH,
JJabopaTropHou MeIUIMHE, IMHEKOJIOTUH,
PeBMATOJIOTUU, APYIrUX 00JaCTAX MEAUNUHbI, A
TaKKe (papmakosioruu (bapmakoreHeTuka,
(papMakoreHOMHKa), BbISIBJICHHE JICKAPCTBECHHOU
PE3UCTEHTHOCTH, PpPa3padoTke U KIMHUYECKHUX
UCNBITAHUAX  JICKAPCTBEHHBLIX  cpeacTts. B
OPraHU3ANMOHHBLIX  acmeKTax 3T0  PaHHAA
ANATHOCTUKA, OICHKA PHCKAa, NPOPUIAKTHKA,
MOHUTOPHUHI JICYCHHUS.




I'EHHBIE CETHU - OCHOBA

NPEJUKTUBHON MEJIUIIAHLI

I'EHHAS CETb — 2TO I'PYIIITA
KOOPAUHUPOBAHHO OYHKIINOHUPYIOHINX
I'EHOB, OBECIIEYUNBAIOIIAA ®OPMUPOBAHMUE
OEHOTUIINYECKUX ITIPU3ZHAKOB OPIrAHU3MA

(MOJIEKYJ/IAPHDBIX, BUOXUMHNYECKHX,
OU3NOTOT'NIYECKHUX)
CocraBiienue reHHOH ceTH 1A KaXKA0I0

MYJbTH(AKTOPHAJIBLHOIO 3200/1eBaHMsA, HACHTH(DUKAUS B
He [EHTPAJbHBIX T€HOB M TI€HOB-MOAU(HKATOPOB,
AHAJIN3 ACCOHANMM HMX NOJUMMOP(HU3MA ¢ KOHKPETHBIM
3a00/1IeBaHHEM, Pa3padoOTKa HA 3TOH OCHOBE KOMILIEKCA
NPOPUIAKTHIECKHMX MEPONPUSITHA JJI KOHKPETHOIO

nmanueHTa COCTaBJIAAIOT OCHOBY COBPEMEHHOM
HNPEJUKTUBHOU ME/IMIIUHDI.



UcnonHutenb: EBponenckuin koHcopuuym Gabriel

CoTpyaHu4ecTBO: 164 yyeHbix u3 19 ctpaH (23
nccnepoBaTeNibCKUX rpynmn)

OG6BLeKkTbl nccnegoBaHusa: 10 000 actmaTukoB (geTu
n B3pocnbie) n 16 000 3agopoBbIX MHAMBUAYYMOB.

Kirwueble pe3yibTarsl npoekta GABRIEL (2006-2010 r.r.)
O6Hapy»XeHbl HOBble reHbl, y4acTByOLWME B UMMYHHOM OTBETe, NPOHULLAEMOCTU 3NUTENUSA
6pPOHXOB M KOHTPO/1IE CKOPOCTU BOCCTAHOB/IEHUA NMOBPEXKAEHNIA CAN3NCTOU 060104KHN
AbIXaTeNbHbIX NyTEW.

e ACTmMy cunTanu egmuHom 6onesHblo. Ho nonyyeHHble pe3ynbTaTtbl NpeanoaaratoT
6buonoruyeckue pasnnuma gna Tpex KAMHNYeckux opm: AeTcKasa, actTma B3pOCAbIX U
TAXenaa actma.

® Anneprua ABNAETCA BTOPUUYHbIM NO OTHOLUEHUIO K AedeKTam cAn3ncToir 060104KH
AbIXaTeNbHbIX NYyTEU NPU aCTMe U KOXKHOTo bapbepa y geteit ¢ ak3emou. Tepanuma TONbKO
annepruu He byaet apPeKkTnBHa.

e MpeacKasarenbHas LEHHOCTb FreHeTUYECKMUX TECTOB HU3KaA. Heobxoguma naeHtudukauyma
BHelwHecpeaoBbiX GaKTOpPOB.

e 0603HaueHbl muweHn ana apPeKTUMBHOM Tepanmum acTMmbl.



I'EHETHYECKHUE BUOMAPKEPDI

Deciphering Complex Disease
A systems biology approach using the SOLID™ System
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BhisiBIeHMEe «T€HOB NMPEAPACHOJI0KEHHOCTH» K 3200J1€eBAHNIO0
NPOBOAUTCH NMyTe€M COMOCTABJIEHHH YACTOT FeHOTUIIOB Y 00JILHBIX U
30POBbIX

['pynma 00JIbHBIX KoHTpomb (310pOBEIE)

A

@)

@ - ICHOTHUII,

%% yKa3bIBAIOIINHA Ha
IZD IIPEAPACIIONIOKEHHOCTD
O@c@ pep
K 3200JIEBaHUIO.

>> P

P6OJIBHI>I€ KOHTPOJIb

OR — xonmmuecTBeHHas Mepa npeapacnonoxkennoctd (Odd Ratio),
MIOKA3bIBACT BO CKOJIBKO Pa3 MOBBIIICHA BEPOSTHOCTH 3a00JI€Th IS
HOCHUTEIIS «IUIOXOr0) IeHOTHUIIA

(1- P

60J1bele KOHTpOJIb)

OR =

KOHTpOJIL (1 P6OHBHLI€)




PacnpocTpaHeHHbie ajuieu ¢ 00ab1uM 3¢ dexrTom,
oonapy:xkeanble B GWAS (no Ch.S. Ku, 2010)

bonesHb HanMmeHoBaH rs OR OMIM PervoH
Me reHa
Bo3pacT- CFH 380390-C 4.60 134370 1q31
3aBucumMmasn
AereHepauus
ceTyaTKm
dkchonmaruBHas LOXL1 382942-G | 20.10 | 153456 | 15q24.1
rnaykoma
bone3sHb KpoHa JL23R 10889677 2.13 607562 | 1p31.3
Pak siMuka KILTG 3782179 3.08 184745 | 12q22
4474514 3.07




I'EHHBIE CETHU - OCHOBA

NPEJUKTUBHON MEJIUIIAHLI

I'EHHAS CETb — 2TO I'PYIIITA
KOOPAUHUPOBAHHO OYHKIINOHUPYIOHINX
I'EHOB, OBECIIEYUNBAIOIIAA ®OPMUPOBAHMUE
OEHOTUIINYECKUX ITIPU3ZHAKOB OPIrAHU3MA

(MOJIEKYJ/IAPHDBIX, BUOXUMHNYECKHX,
OU3NOTOT'NIYECKHUX)
CocraBiienue reHHOH ceTH 1A KaXKA0I0

MYJbTH(AKTOPHAJIBLHOIO 3200/1eBaHMsA, HACHTH(DUKAUS B
He [EHTPAJbHBIX T€HOB M TI€HOB-MOAU(HKATOPOB,
AHAJIN3 ACCOHANMM HMX NOJUMMOP(HU3MA ¢ KOHKPETHBIM
3a00/1IeBaHHEM, Pa3padoOTKa HA 3TOH OCHOBE KOMILIEKCA
NPOPUIAKTHIECKHMX MEPONPUSITHA JJI KOHKPETHOIO

nmanueHTa COCTaBJIAAIOT OCHOBY COBPEMEHHOM
HNPEJUKTUBHOU ME/IMIIUHDI.



OnpepeneHne 3STHUYECKON NPUHAAJIeXXHOCTU NalMeHTa —
OAMH U3 cNOoCco60B 6bICTPON OLLEHKN BEPOSATHOCTHU
pPa3BUTUSA Y HEro onpeaeneHHoro 3abonesanna. OgHako
cyanTb 06 3TOM MOXXHO, TOJIbKO nposeas AHK-
TecTupoBaHue.

LS




B Nature Medicine onybankoBaHa cTaTbfl, B KOTOPOM KpPYMHble
MUpOBbIe CTpaTern 34paBooXpaHeHnsa 3a4a/1MCb BONPOCOM
onpeaeneHus raBHbIX PecypcoB 34PaBOOXPAHEHUA C TOUKU 3peHuUs
apPeKTnBHOCTM paboTbl. [poBeaeHO cneumnanbHoe uccneaoBaHue: K
TbiCAYE NaLMEHTOB C onpeaesneHHoOU NaTtoNoruen NPUMeHuNn
COBpeMeHHOe CTaHAAPTHOEe /IeYeHne, HeKUM cpeaHUn ypoBeHb
BO3MOXHbIX Ha cerogHAa Tepanuun, u 3dPeKTMBHOCTb OKasanacb 30%.
K apyrou tbicaue 60sbHbIX NpumeHunun nogxoabl MM un
3P PpeKTUBHOCTbL cocTasuna ao 70%.

Takum 06pasom, yKe cerogHs, onnpascb Ha COBPEMEHHble
NNIEKApPCTBEHHbIe U MHCTPYMEHTaJIbHble pecypchl,
3P PEKTUBHOCTb 1IeHEHUA MOXKHO NOoBbICUTb Ha 40%!
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Source: Hua LV

Action Plan Ready to Play

Sequencing technology and research tools

Ethic, legal and social implication>
Medical education >

Insurance coverage>

This diagram portrays the stage of readiness of the important players for implementation
of personalized medicine, according to the Personalized Medicine Coalition.



POCCHS (2016 1.):
HAILINMOHAJIBHAA ACCOLIMALIUSA

JABOPATOPHOMU,
IMMEPCOHAJIN3UPOBAHHHOU U
TPAHCJISLIMOHHOUW ME/JULIMHBI

(HAJTITM.P®, NALPTM.RU)



MOHOI'PAOUSA «ITEPCOHAJIU3NUPOBAHHASA MEAULIUHA»
IHoaroroByeHsl K meyaru 2 Toma : ToM 1 «buosorn4eckue 0CHOBbI»
1 TOM 2 «JlabopaTopHbIe TEXHOJIOTHH.

IIEPCOHAJIM3VIPOBAHHA S
MEOVLIVIHA

B cemu movax

Ha koHpepeHunn «CTpateris nepcoHarn3npoBaHHON MeAULIMHbI
U ee pa3BuTme Bo PTM3NONyAbMOHOAOTMM»
B MockBe B pAekabpe 2013 r.: caeBa Hanpaso
npogeccop C. CyykoB (Poccus), Xupocu A63 (noHus), AvK BaH
leHT (HuaepaaHasl), A. Mapian (CLUA), C. ULlep6o (Poccus)

C.H. Lep6o, A.C. LWep6o

Lllep6o Ceprevi HukonaeBuu, AOKTOP BMOAOTMYECKMX HayK, Npo-
deccop, 3aBeayroWNin kKadeapPor KAMHUYECKOW AabopaTopHoW Ava-
rHocTukn ®AMNO PHUMY mnmenn H.U. Muporosa, npodeccop kade-

BUOJIOTMYECKUE
6 n M TUTYTa
BVAH, pesisen Hayonansio accoLimawym AaSoparopwok, nep- OCHOBDbI

COHAAU3UPOBAHHOMN M TPAHCAALMOHHON MEAULIMHDI, BULLE-NPE3UAEHT
Poccuiickoi accoumaumnm MeaAnLMHCKON AabopaTopHON AUArHOCTUKK.

BUOJIONTMHECKUE OCHOBDbI

Lilep60 Amutpuit CepreeBuu, KaHAUAAT GUOAOTUHECKUX HayK,
CTapWuit Hay4YHbI COTPYAHUK MHCTUTYTa TPaHCASILLMOHHOM MEAULM-
Hbl PHUMY nmenn H.U. Nuporosa.

....

C.H. Lep6o, A.C. WWep6o

Poccuiicknii yHUBCPCHTCT APYKObl HAPOAO!
2016 -
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9 “ 785209
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JIABOPATOPHASA U

INECOHAJ/IUBUPOBAHHAA MEAUILINHA

B HacToAllee BpemS CNOXKUNNCH HOBbIE
npeanocbIKK nns nepeoueHKu ponu
nabopatopHou meauumHbl B o06wen cucrteme
KIMHUYECKUX  AMUCUUIJIMH, YTO 0OycnoBneHo
TpeboBaHMAMMN, KOTOpPblE BbIABUralOTCA B CBA3U CO
CTPEMUTENBbHbBIM pa3BUTMEM COBPEMEHHbIX
noaxoA0B U MNPUHUMNOB  AOKa3aTe/NIbHOU W
NnepcoHaNIN3UPOBaAHHOM MeAUuLUUHDbI, bonee
ryboKnm MOHMMaHNEM XapaKrepa
ME)K.EI.I/ICLI.M n I/IHa_DH,bIX OTHOLLIEHMM




MOUCK HAUBOJIEE SHAHYHUMDbIX
NABOPATOPHbIX BUOMAPKEPOB U
OMMUKCHDbIE TEXHOJTOIUMN.



http://images.km.ru/health/zdorovie/genetika_480.jpg

NOUCK BUOMAPAKEPOB HA PA3/IMYHbIX YPOBHSAX
BUONTOMMYECKOU OPTAHU3ALIUU

Metabolomics (molecules)
MeTa0o010MHKA

< —

Transcriptomics (RNA - 100,000 mRNA’s)
c Tpanckpunromuka
MukpoPHK (2000) 2
Proteomics (Proteins - 1,000,000 proteins)
Ilporeomuka



OcHOBHbIe 33434 OMHbIX NOAXOA0B

epeHTUbMKauma nHpopMaLNOHHBLIX OOBLEKTOB, TaKUX
KaK reHbl, 6enku, nuraHgbi.

e OOHapyxeHue OTHOLIEeHUN B3auMoaeNCTBUA MeXay
oOobLeKTamum.

e [MocTpoeHne ceTen N UHTErpmpoBaHUe pasrinYHbIX
nopgobriacten — OMOB U OMUKCOB.



TEXHOJIOTUU NOJOXHUBIINE HAYAJIO DPBI
OMHUKCHOHU BUOJIOTUHA

B 1986 . Jlepoit Xy (KaiaugopHUHCKNI TEXHOJOTMYeCKUMA UHCTUTYT)
n300pes nmepBbid aBToOMaTudeckuu cekpenarop JJHK

B 1989 r. CtuB ®onop ( kommanusa Affimax) cozgan nepsorii JTHK-unn
(microarray).

B TeueHue nmocaeayrOmMX JeT OMUKCHbIM MHCTPYMEHTAPHI 000raTHJICS
MHOIONApaLieJIbHBIMHA METOIAMH JIJIS1 ONpeaeIeHUS] KOHIMEHTPAUuU |
AKTHBHOCTH 0eJIKOB (IIPOTEOMHKA), MeTa00IUTOB (MaTa00JI0MHUKA)
pPeryJsiiuu 3KCIPEeCCHH IeHOB (TPAHCKPUIITOMMKA) U JIP.

B Hayke 0oJiee 70% 3asiBok Ha uccienoBarenbckue rpanTol B CIIHA,
EBpone npeamosaraoT ucnojb3oBanue xotst 061 oqtnod OMUKcHon
TEXHOJIOTUH.

dapmaneBTHYeCKHE KOMIIAHUU IPUMEHSIOT OMMKCHbIE TEXHOJIOTHU HA
BCeX 3Tanax 0T TOKCHKOT€HOMMKH /10 MOHUTOPUHIA MAIIMEHTOB B
KJIAMHUYecKuX ucnbiTaHuAaX ( 10 10 pazanyasix OMUKCcHBIX TecTOB
IJI51 Ka)KA0ro mamuenTa B gase 11).



OcHoBHbIE IJIAT(HOPMBI NEPCOHAIUZUPOBAHHOU U
NPEeIUKTUBHOU MeIUIINMHbI

I'eHoaMarHocTu4YeCcKue TEXHOJOTUM
(aMmmiupuKaNA U CEKBEHUPOBAHME HYKJIEHHOBBIX KHUCJIOT);

MukpooOHoYHNnbI;
Macc-cnekrpoMeTpus;
Mukpo@1roMI0MHbIC TEXHOJIOIUH;

IIpoTouyHasi HUTOMETPHUS, XKUTKOCTHASA
oMorncus;

AHAJIU3 CBOOOTHONUPKYJIUPYIOLIEH
BHekJIeToOuHOU /IHK;

TexHoorum MOOMJIBHOIO 3IPABOOXPAHEHMS.



METOAbl U NNTATOOPMDbI

’EHOANATHOCTUKHA
TMBEPUAN3ALMOHHBLIN AHA/IU3 HYKNENHOBBIX

NN

KUCNOT -

XU DWW

AMINJTIMOUKAUNOHHDIE S0 SO DO SOV SO

TEXHONOI'UWU

DDA AR AR S
POMP@ AP >
CEKBEHUPOBAHWE HykKnenHoOBbIX KUCAOT




[1LIP B peantHOM BpemeH#

KanuanapHbli
InekTpodopes

BbICOKONPOW3BOAUTENBHOE
CEKBEHMPOBAHKWE

V

Bo3moKHOCTL 0DHapyKeH!A
meHee 0,1% MyTaHTHBIX

MoneKyn e reHomHoi AHK
AWKOro THNA

0,1% - 1%-0,25%
(33BMCHT OT MyTaLKMK)

[lna aHan13a KOCTaTOYHO
20-100 nr AHK

(HAYECTBEHHbI HONMYSCTEEHHLIA aHaNK3)

V

Bo3moKHOCTE 0DHApYHeHUa
3-5 % MyTaHTHBIX reHoB

B reHomHoi [JHK aukoro tuna
(bparmeHTHBIA aHanu3)

[lna aHan13a AOCTaTO4HO
10 wr IHK

V

Bo3amomHoCTL 0DHapyHeHns
0,01 % MyTaHTHBIX reHOE B

reHomHoM [IHK aukoro TMna

PaxHas duazHocmuka!

[lng aHanu3a 10CTaTOYHO
10 wr AHK, 5 Hr PHK



KOJINYECTBEHHASA OUEHKA BUOMAPKEPOB PAKA

MyTauuu, acCOMMPOBAHHBIE C PAKOM, UMEIOT
HU3KYI0 KOHIEHTPAIUIO [0 CPABHEHUIO C
(¢ponosou ITHK nukoro tuna B ToM ke odpasiie.

IHudposas IILP odecneurBaeT BO3MOKHOCTD
onpeae/eHue KOHIMEHTPAIIMA MUIICHH 10 OTHOU

u3 1000000 (0,0001%).

JerexkTupoBanue myrauuu T790M B peuenrope
MUIAECPMAIBHOIO (paKTOpa PocTa, BAaXKHOU
TepaneBTUYeCKO MUILIEHH JIsi HEKOTOPbIX BUI0B
paKa JIerKMX, JaeT Jy4yliee IOHUMAaAHHe
YCTOMYMBOCTH K HHTUOUTOPAM TUPO3UHKHHA3HI.



Bo3moxknoctu MmukpoPHK B 1narnocruke omyxoJien

Auddepenuuponars
A00pOKAYECTBEHHbIE  ONMYXO0JIU
oT 3JI0KA4€CTBEHHbIX
HOBOOOpPa30BaHUM
KonTpoauposarsb dpPexr

TePaneBTUYECKOr0 BO31eHCTBUS
(‘ryuyeBast M XUMHOTEpaNUs)

BoisABIATH pa3jIn4YHbIe
nmaroMop(@oIoru4yecKme  THUIIbI
onyxoJieu

Pa3zpaborarn AJITOPUTMbI
paHHen AUATHOCTUKH
OHKOJIOTHYEeCKHUX 3200/1eBAHU I

INPUMEHEHHNE
Panugas nuarnoctuka

OnpenelieHue THCTOTUIIA
OIlYXOJIH, CTaJIMH Pa3BUTHSI,
MOTCHIHAJIA K
METACTA3UPOBAHUIO

[Iporaocrudeckoe 3HaYEHUE
BbDKHUBAEMOCTH

[loTeHnmanpHas Tepanus



MUKPOBUOYMIIBI (MICROARRAY)

MuKpoOHOYHIIBI MPeaCTABISIOT codou
MHUHHATIOPHBIE  YCTPOWCTBA I  AHAJM3a
cnenu(PUIeCKUX B3aUMOAEHCTBUMA OHOJIOTMYECKUX
MAKPOMOJIeKYJ (OJMIOHYKJIEOTHAbI, (parMeHTbI
reaomuori JIHK, PHK, O0eaku, peuentopsl,
JIUTAH/BI U Ipyrue).

HpuHoun MHUHHATIOPU3ALMH, peain3oBaHHbIN B
OMOYMIIaX, NPUBOAUT K CHHKEHHIO Ce0eCTOMMOCTH H
MOBbINMICHUIO NPOU3BOAMTEIbHOCTH BBINOJHEHHUS aHAJIU3A
(HECKOJIBKO [IeCATKOB M COTEH ThICAY MapaMeTpoB
OJJHOBPEMEHHO) H OYeHb BbICOKOM AaBTOMATHU3AIUHU
HCCJICA0BAHUM.




OBJTACTU MPUMEHEHNA MUKPOBUOYUTTOB

BbBIABJIEHUE NTHOEKIIMOHHBIX ATEHTOB U UX
AHTUBUOTUHKOYCTOMYUBBIX ®OPM

MNOJUMOP®U3M MO EJEHUYHBIM HYKJIEOTUJIAM
(OHKOJIOTUYECKUE, CC3 U JIP.)

NCCIEJOBAHUE DKCIIPECCUU I'EHOB, ITPOD®NJISA
MUKPOPHK

N3YUYEHUE BOCITPUNMYUNBOCTHU K JIC



IlpeaukTuBHO-1IpeBeHTHBHAS
MEIUIIAHA



UOKOCTHAA BMONCUA

BbIAB/IEHUE LIUPKY/TUPYIOLLMX
ONYXO/IEBbIX KNETOK (LIOK,CTC)
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Leukocyte
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Harouaka R., Kang Zh., Zheng S. et al. Circulating tumor cells: advances in isolation and analysis, and challenges for clinical
applications.//Pharmacol Ther. — 2014. — 141. - 2. — P. 209 — 221




CTC - MUKPOBUNOYUAII

COCTOUT M3 KPEMHHEBOI0 YHUIIA C MPUCOEAMHEHHBIMM K HEMY
KOJIOHKaMH, KaMephbl, Kyaa MOMeInaKT 1701 "
NMHeBMaTH4YecKkoro Hacoca. KoJioHKM HNOKPBLITHI aHTUTEJIAMU
K aAre3suBHbLIM  MOJIEKYJIAM JSINHUTEJIHAJbHBIX KJETOK
(EpCAM, epithelial cell adhesion molecule) urparor poJsb
MHUHHATIOPHBIX NPOOHUPOK, B KOTOPLIX CMEIINBAIOTCHA KJIETKH
n__xumuueckue BemectBa. CTC-yunm comepkur /8 ThIC.
MHUKPOKOJIOHOK, BbIXBATHIBAIOINUX PaKoOBble KJETKH. B
OTJINUME OT OOBIYHBIX KJIETOK MOYTH BCe KJIETKH KapIHHOM
HecyT Ha moBepxHocT EPCAM.

Oounapv:xkuBaer oauy HOK kpoBu jgaske cpeam MuJamapaa
HopMaabHLIX, B 100 pa3 npeBocxoas M0 YYBCTBUTEJILHOCTH
HauOoJIee  PACHPOCTPAHEHHbIE  METOAbl _ MACHTH(UKALUH
AHOMAJILHBIX KJIETOK, Tpedymummue HHKYyO0auuu O00JbIIMX
00b€eMOB.




PakoBas KJIeTKa JIerkux "'mpuanmia’ K MUKPOKOJIOHKe
CTC-yuna, KoTopasi NOKPHITA AHTUTEJIAMHU K OJJTHOMY U3
IMOBEPXHOCTHBIX 0€JIKOB KJICTKH.

Pa3mepsbl kKaxa0i KoaoHKH - 100 x 100 mxm




TEXHO/IOTUUN AHAJTU3A
CBOBOAHOLUMUPKYIUPYIOLLIEU
BHEKNIETOYHOWU OHK

MPEHATA/IbHBIA CKPUHUHTI

AHANIN3 BHEKNIETOYHOW AHK NPU
PA3J/IN4HDbIX SABOJIEBAHUAX



Ucnoan3zoBanue B I'T nupkyjaupymwinen B KpOBOTOKe

marepu BHekJeTouHo JIHK niona
(celf-free fenal DNA, cffDNA)

BecbMa nepcneKTUBHOM TEXHOJIOTHEH MPeHATAJIBLHOTO
I'T sgBJasgercd HMCHOJb30BAHHME LUPKYJIUPYOLIIEH B
KpoBOTOKe Marepu BHekjeTouHou /IHK muioma, HauumHas
yaKe ¢ naTou Heaeau OepemenHocTu. Ilo yucay npouyreHuid,
KOTOpPbIe  OTHOCATCA K  HCCJIEAyeMOH  XpoMocome
OTHOCHUTEJIBHO pedepeHCHON, MOKHO ONpedeJuTh CJIay4au
aHEeyIUIOAMM, BBIABUTHL MOJ  Oyaymero  pedeHKa,
XPOMOCOMHbBIE IepecTPoiiku. Yka3zanHublii MeToa B 2012 1.
0100peH _KAaK JIONOJHEHHUE K CYIIECTBYIIIMM IPOTOK0JIAM
B CIITA, HO Ha3HayaeTcsi Ju0O0 IPH_BbICOKOM PHCKeE
HACJIEJACTBEHHbIX 3a00/ICBAHMI, WJIH 10 KeJaHUuK. Ecau
MPOBOAUTCH BBICOKONMPOU3BOIUTEIbHOEC CEKBEHHPOBAHUA
Bcell BHekyieTouHOM JIHK v marepu u mioma, To 310 Aaer
BO3MOKHOCTh JTHATHOCHHMPOBATH JI1000€ HACJIEICTBEHHOE
3a00JIeBaHue.




HAYMHAS C 5 HEJJEJIX BEPEMEHHOCTH TPOBOJUTCSI 3ABOP 18 MJI
BEHO3HOM KPOBU

HNHK pebeHKka B KpoBu maTepu

[ lnaueHTa MaTtepuHckas
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Dapa becknetodHasa [HK rmnoga
bp@a becknerodHas [1HK marepu



KosM4yecTBeHHBIN, KOIIA POCTO CPABHUBAKOT KOJHUYECTBO
ucciaeayemMbix xpomocom (13, 18, 21 1 m0J10BBIX)
OTHOCHUTEJILHO HIECTOU U ONPEAeJAI0T BEPOATHOCTH HAJIUYMA
cuHapomoB JlayHna, IaBapaua, Ilaray, Kinaindeabsrepa u

Tepuepa.
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MPELUUSUOHHAA MEOAULUHA

Precision <




Precision Medicine - Paradigm Shift

<
g Symptom-based Pattern-based Algorithm-based

. = =

5 Intuition Evidence-based Precision

5 Medicine Medicine Medicine

<

Persanal :
Molecular , Reference Maobile Precision

Analytics Databases Information Medicine

::F',nh%:rﬁ:m:f _omics) (Rules & Communication (prevention,
: Molecular Algorithms)  Technologies diagnosis,
Imaging treatment)
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HauunonaabHbie ”HCTUTYTHI 310poBbi CILIA (NIH) co3paror rpynmy m3
OIHOT0 MHJLJIMOHA JIK0el, KoTopbie OynyT yuyacTtBoBarh ¢ 2016 . B
MACIITA0OHBIX MEAUIUHCKUX UCCJICTOBAHUAX, B 32124y KOTOPbIX BXOIUT:

-KoJIn4yecTBEeHHO OLICHUTH PUCKU IJIS psAaa 3a00/1eBaHUI,
BKJIIOYASA (PAKTOPbI OKPYKAKOLIEH Cpebl, TCHETUYECKUE
(pakTOpHI U COUETAHUA ITUX (PAKTOPOB

-IIOHATH NPUYUHBI MHAUBUAYAJIbHBIX OTJIMYUNA PeaKIUU JI0AeH
HA O0LIENPUHATYIO Tepanuio (hapMaKoreHoMHKa)

-Hayiti OMosiornyeckue MapKepbl, KOTOpbIe YKAa3bIBAOT WU
YMEHBIIAKT PUCK PA3BUTUS 00BIYHBIX 00J1e3HEH

-BHeApPUTH TEXHOJIOIHA MOOMJIBHOIO0 310poBbia (mHealth), 4yTo0bI
CJICAMTD 32 1eCTBUAMHU YYACTHUKOB, PU3HOJOTrHYESCKUMHU
mapaMeTrpamMu M COCTOSIHUEM OKPY:Kallen cpeabl

-Pa3BuTh HOBbIE KJIacCCH(PUKALUIO 00JIe3HEl U UX B3AaUMOCBsI3el

-IIpexocTaBUTh Y4aCTHUKAM HUCCJICI0OBAHUA JaHHbIC U
nHpoOpMaALMI0O, KOTOPbIE YIYYINAT UX 3I0POBbE U CO3AAAYT 0a3y
IJIS HCNIBITAHUU HANIPABJIEHHOUW TEPaINuM.



JQIIMT'EHETUKA

N3MeHeHU S IKCIIPECCHH IT'eHOB MJIM (DEHOTHIIA KJICTKH,
BbI3BAHHDbIE MEXaHU3MaMHu, He 3aTparuBalIuMu
H3MEeHEeHHe HVKJIeOTWIHOM mnocjaenoBareJbHocTH JIHK
H3Yy4YaeT JNHUreHeTHKa. JNHUreHeTH4YeckHe HU3MeHEeHHUd
NPeACTABJIAT  CO00M  XMMHYECKHEe  MOAU(PUKAUHU
nocjaenoBareJbHocTd JIHK wniaM rucTOHOB — 0€JIKOB,
Heo0xomuMbIX 1Ji ynakoBku HurTe JHK B xpomocombl.

K JnureHerv4eckuM, TO €CTh K BHEIIHHM 110
oTHOmIeHUKW K JIHK MexaHusmaMm peryjasuuu 3KCIpPeccuu
reHOMa OTHOCAT METHWJIMPOBAaHHE, aleTHUJIUPOBaHUE,
YOUKBUTUHUJIMPOBAHUE (KOBAJICHTHOE NMPUCOCIMHEHHUE K
0eJIKy MMIICHM MHOKECTBO MOJIEKY]l YOUMKBUTHHA) U
dbochopuimpoBanue.
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TAIIJIOT PYIIIBI
MUTOXOHIPUAJIBHOU JHK

Simplified mtDNA lineages

www.mitomap.org, 2009 Asia

R E D
3E=rCcRS B G | /

All branch markers have the rCRS nucleotide / \ C13626T

C

on the left side of the position number. The

defining polymorphism for each haplogroup as F A4833G C5178A /

8271:8281 9bp A Q A13263G

AS5BA43G

it diverges from the rCRS is on the right side of
the position number. In some cases arrows are
used to clarify directionality. T9090C
Note: This tree should not be used as the sole P —

basis for assigning haplotypes. T6392C / Z

T10118C Y

T A M
J 2 \
—  Ad917G |  Gsssza
C10400T
G13708A x A663G
T4216C ,
H -*- ~c7o28T>  HV —c147e67 R c127057- N "« T10873C —

A12308G

G4580A U : 1€3594T|
Europe S LI [ Africa
\"4 w C6371T \
T13789C T10115C
A10850G = c3516A >
/ X L1 | L2
K A4529T A LO 7



BJIMAHUE MUTOXOH/IPUAJIbBHBIX
TIAIIVIOTHUITIOB HA OPIT'AHU3M

Famtorpynma IloHM:keHHAsI BEPOATHOCTD

J, Uk 0ose3nu IlapkuHcona

U T 0oJs1e3HH AJIbIreriMepa

T paKa MOJIOYHOH KeJie3bl

H BO3PACTHOH JereHepanumn
CeTYATKH

H cemncuca

N9a auadera, MeTad0JIHuYeCKOro

CUHApPOMA U
HH(PAPKTA MHOKAP/AA Y a3MATOB



KPYIIHEHUIIASA BA3A JAHHBIX TEHETUYECKOM Genomics @‘
UHO®OPMALUU (BeaukoOpuranus, 2015 r.) =2c

@ [
@

lecarnb KPYIHeNImuX hapManeBTHYECKHUX U
OMOTEXHOJIOTHYECKUX KOMITAHUH JTOTOBOPUJIUCH 0
COTPYIHHYECTBE c OpuTaHckou rocyiapCcTBeHHOM
opranm3amueii Genomics England ¢ meano mcmojan3oBaHus
reHeruyeckom wuHpopmanuu mnauueHroB HanuoHaabHOM
cay:xk0bl  3apaBooxpanennsi Beaukoopuranum (NHS) B
MEeIMIMHCKUX UCCIAEA0BAHUSAX, YTO0BI pacmupoBars reHom
100 ThICSIY NMANMEHTOB, CTPAAAIMIMX OT OHKOJOIMYE€CKHX
mim  peakux 3adoseanmii. Crapr mpoekra «100 ThICHY
renomoBy» coctosijicst B 2012 r. ( oromker 100 MJIH eBpo) H. K
2015 r. ynanochr pacmmnppoBarb reHOM 3 ThICAY MAIMEHTOB.
Ecim k 2017 r. kOMIIaHMHM CMOTYT TOCTUTHYTH CBOEH LeJIN U
pacmimdpoBars 100 ThICAY reHOMOB, OHM COOEpPYT OAHY W3
KpPpYHHedImux B MHpe ©0a3dy [JaHHBIX TeHETHYECKOH
uHpopManuu.



Hoii — 6-1eTHMH MAJIBYUK, KOTOPbIH CTPaaaeT
3a00J1eBaHMEM, HA3BAHUA JJIsl KOTOPOIro NMpPocTo HeT.. B
ssuBape 2015 r. nporpamMmmuctsl U3 TOPOHTO HAY AN
TECTUPOBATH CUCTEMY N0 00MEHY reHeTHUYeCKOM
nHopmanmnen Mexkay 00JbHULNAMHI U APYTUMH
MeIUIMHCKUMH opranusanmusaMu. Cucrema yxke mojayqausia
nazsanne MatchMaker Exchange, n moka ee rimaBuast mejn —
HAJIAKUBAHUE B3aUMOAEHCTBHE MEKIY MeTUKAMU
Pa3JIMYHBIX CTPAH, KOTOPbIE 3AaHUMAIOTCA NMPOOJIEeMOH peIKuX
reHeTH4YeCKNX MYTaliil B OJHOM-eJMHCTBEHHOM TeHe.

Natchrmalkker EeEe<xchamge

SGenormic discowery throogh the exchange of phanotypic & genoitywpic profiles




MukpodniouaHbie CUCTEMb!
ANA NPOBeAeHUA MYyNLTUNNEKCHOrO aHanu3a

CucteMbl MMKPOKaHaNoB U pe3epByapoB C ynpaBnsieMbiM ABUKEHUEM
NOTOKOB AN NPOBeAeHNA MHOrocTaaUHOro aHanmsa

- i

MuHuaTiopu3aums no3BonsieT NOKanu3oBaTb Ha Manoi nnowaau
OONbLIOe YMCNO YYACTKOB C peareHTamMu pasHol cneunduyHocTH ans
NnpoBeAeHUsA MyNbLTUNNEKCHOro aHanu3a




Isolation of CTCs Molecular Diagnosis
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Immunoaffinity
-based [27]
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MCF7 RBC On-chip RT—qPCR [30]

M‘ Combined ——
I i ‘ z co Immunomagnetic
-based [28]

Size-based [29]

Droplet-scale estrogen assay [32)

Microfluidics

Tumor Biology for Cancer High-throughput
Screening
Cell migration > E'__- ;z- == Blood protei s 88 s ‘5 Y:‘(
£ 2 “ s - = O pro Clll -5_ ‘:._..' Py o L Y
wray (351 | G /LE = deecion <

rtl —— [36]

/

Cell mlgration

in co-culture -4
platform e
3D co-culture [34] 22
spheroids [33] a2 Single-cell apoptotic array
Cell array for drug screening [37] [38]

Zhang Z., Nagrath S. Microfluidics and cancer: are we there yet?//Biomed. Microdevices. — 2013.
—15.-4.—-P 595 - 609.



bHoYHnbI HA OCHOBE
MUKPOQIIOUIOMHBIX TEXHOJIOT UM




BO3MOXHBIE OBJIACTUA IIPUMEHEHUN S
BioMark

JKCIIPECCHUA I'EHOB
3KCIPECCHUS TEHOB OTAEJbHOMU KJIETKHA
OHII AHAJIN3
CNV AHAJIN3

JTHK CUKBEHC



The Dynamic Array ™ Architecture




Dynamic Array

Sample Sample

Valve

Interface
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Fast & Easy Workflow

Pipette Load

10 min 45/90 min 90 min



Digital Array Image

Sample

Negative control




MOBWU/IbHAAl MEAULMUHA mHealth

HOCHUMBIE YCTPOMCTBA, HNOAKJIOYEHHBIE K

IHHIIAT®OPMAM HHO3BOJIAT OBECIIEYNUTD
OPAKTUYECKMN HENPEPBIBHOE MEAUIINMHCKOE
OBCUIIY’ KUBAHHUE (7/24), B YACTHOCTHU

OBHAPYKHUBATh PAHHHUE TPU3HAKH HPOBJEM
CO 3IOPOBBEM.

POCT WHBECTULIUA B HNPPOBOE
3IPABOOXPAHEHHUE YBEJIUYWJICA C 15 wmiapa.
nosuiapos CIHA B 2011 r. 1O 5,8 mupa. posuiapos B 2015 .



Microfluidic
devices
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I'EHETUYECKOE TECTUPOBAHUE

B nacrosimiee BpemMsi B IIM MOXHO BBIACJIUTH HECKOJIbKO
HanpaBjeHud I'T: npeuMIuIaHTALIMOHHOE, TIpeHATAJIbHOE,
HEOHATAJILHOE, TNEAHATPUYECKOE W TepameBTHYECKOe  JIIsA
B3pocjoro HaceseHus. OQO0bivHO I'T npumeHsroT B ciay4yasx
HAIMYUSA KIMHAYECKUX CHMITOMOB MJH POACTBCHHHKOB,
CTPAJAIIMUX e HETHYECKUM 3200/ 1eBAHUEM.

TexHogaornuecku I'T ocymecTBiasiercss ABYMS METOAaMH, BO-
NePBbIX, TAPreTHbIM  CEeKBEHMPOBAHHEM INPH  HAJUYHUHU
KOHKPETHbIX TIE€HEeTHYECKHX IOJUMOP(PU3IMOB, H, BO-BTOPBIX,
II0JJTHOT€HOMHOI'0 CeKBeHUpPOBaHUsi. B mepBoM cjiydyae MCCIeayrT
KOHKpeTHbIe reHeTndeckue mnoaumopusmbr: OHII, CNV,
BCTABKHM, JejeluM, AYIUIMKANMM U T.J. UeJeBbIX I'€HOB MJIM
XpOMOCOMHOIro  peruoHa. IloJIHOreHOMHBIE  MCCJIEeIOBAHUS
NPUMEHAKT NpPUH 3a00JeBAHMAX C¢ He COBCEM YeTKOH
KJIMHUYECKON KkapTuHoil, M®3, a TakiKe mnpu IMpPOBEJICHUU
CKPMHMHIOBBIX HCCJIEA0BAHMMN JsI BBIABJICHUS PEAKHUX M He
OYeBWIHBIX (heHOTHUIIOB




CuKBeHC OJHOH KJIeTKH

BOSMOXKHOCTb CUKBEHCA UHAUBUAYANbHDbIX
KJIETOK OTKPbIBAET HOBbIE BO3MOXHOCTU AONA
BUO/1OTUN U MEOULIUHDI.

( Battlich N. et al. Image-based transcriptomics in thousands of
single human cells at single-molecule resolution.// Nat.
Methods. — 2013. - 10.-P. 1127-1133.

UCC/IEAOBAHUE TETEPONEHHOCTH OHK B
ONYXO/EBbIX TKAHAX MO CPABHEHMIO C HOPMA/IbHOW,
OT NAUUEHTA K NALUUEHTY.

( Boycott K.M. et al Rare-disease genetics in he era of next-
generation sequencing. discovery to translation.// Nat.
Rev. Genet. — 2013. — 14. — P. 681-691.)
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bJIATOAAPIO 3A BHUMAHMUE!
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