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AHHOTAUMUSA

JocTmkeHns B NOHMMaHWUKN CTPYKTYPHO-(PYHKLIMOHANBHOW OpraHM3aLmMmn reHoma YernoBeka, paclumdpoBKa nepBUYHON nocne-
posatenbHocT [1HK B ero kneTke OTKpbINW HOBbIE, paHee HEAOCTUXKMMbIE BO3MOXHOCTM MEQULIMHCKON FEeHETUKN B MOHVMAa-
HUM MPUYUH N MEXAHU3MOB HacneacTBeHHOW natonoruu. 1o mepe CoBepLUEHCTBOBAaHUS METOA0B MONEKYNAPHOro aHanvsa
reHoma BHeApeHVe reHeTKN B MeaWLMHY MPOrpeccrBHO HapacTaeT. 3HaHWe reHoMa W ero (yHKLUA NO3BONSET HEe TONbKO
YTOYHWUTb OMarHo3, HO B 3HAYMTENbHOW Mepe NpeaBuaeTb Hannune y YyenoBeka HacrnegcTBEHHOW npenpacnonoXeHHOCTH K
naTornornm, OLEHUTb BEPOATHOCTb Pa3BUTUSA TOTO UM MHOTO 3aboneBaHns. [JaHHbIM NoAxoa COCTaBUi OCHOBY HOBOMO HanpaBs-
NEHVS MEOULMHCKON reHeTMKK, NOIyYUBLIEro Ha3BaHWe NPeauKTUBHONW (NpeackasartensHon) meguumtHbl (MM). Mporpecc MM
npexage BCero otpaxaet ycrnexu 6ypHOro pasBuTus MOMEKynspHO-reHeTUYECKUX METOAOB, HOBblE BO3MOXHOCTU U3Yy4eHWs
CTPYKTYPbI U OyHKUMI reHoma. MeHee yem 3a 15 neT nocne paclungpoBkM reHoMma MegULMHCKas reHeTUKa NpoLusa CroXHbIN
nyTb OT aHann3a eguHUYHbIX FeHOB A0 MCCMeaoBaHUs BCEro reHoMa, OT CKaHMPOBaHWS FeHHbIX accoumaunii 40 CUCTEMHON
reHEeTUKN MynbTUAdakTopHbIX 3abonesaHun (M®3), OT TpaHCASLMOHHOM A0 TOYHOW MEAWLUHBI, OT MAEWN KFEHETUYECKOoro na-
crnopTa» 4O FEHOMHOWM 3NEKTPOHHOW KapTbl 340poBbs. [N COBpeMEeHHOW MpakTUYeCcKon MeAMUMHbI OCOBEHHO akTyarbHbI
pa3paboTka reHeTM4ecKoro nacnopTa, passuTe NPOrHOCTUYECKOro reHeTnYeckoro Tectuposanms (') n kapTbl penpoayKTuB-
HOro 300POBbA.

KnioueBble cnoBsa: npeavkTMBHasi MEeQULMHA, CUCTEMHAs reHeTMKa MynbTUAKTOPHBIX 3aboneBaHuii, ToYHast Me-
OVLMHA, TEHETUYECKUIA MacropT, 3NIEKTPOHHas reHOMHasi KapTa 340pPOBbsl, FfeHOMHas KapTa pe-
NPOAYKTUBHOIO 340POBbS, MPOrHOCTUYECKOE FEHETUYECKOE TECTUPOBAHME.
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Abstract

Progress in understanding of structural and functional human genome organization and deciphering primary DNA sequence in
human cells allowed for hitherto unreachable new capabilities of medical genetics in identifying the causes and mechanisms of
inherited and inborn pathology. Implementation of genetics into medicine is progressively advancing along with improvement
of molecular analysis of genome. Knowledge of genome and its functions allows to provide more accurate diagnosis, predict,
to a considerable extent, the presence of genetic predisposition of a person to pathology, and to assess the chances for
developing one or another disease. This approach became the basis for a new area of medical genetics named predictive
medicine. The progress of predictive medicine reflects success in tremendous upgrowth of molecular genetic methods and
new capabilities of studying structure and functions of genome. Within less than 15 years after deciphering genome, medical
genetics has travelled a long way from a single gene analysis to whole genome studies, from screening of genetic associations
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to systems genetics of multifactorial diseases, from translational to high-precision genetics, and from genetic passport idea
to electronic genetic health records. The development of a genetic passport, prognostic genetic testing, and genomic chart of
reproductive health is especially relevant for current practical medicine.
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BBepgeHue

Wctopusa npeguktusHon meguumHbel (MM), ee pacuser,
CMEHMBLLNINCSA KOPOTKUM NEPUOAOM pasoyapoBaHus, nocre-
aylouiee Bo3poxaeHue u bypHoe pas3sutue, bnvkanuve u
OTAANeHHble NepCcrneKkTMBbl KpaTKo pacCMOTPEHbl B AaHHOM
ob3ope.

Llenb ob3opa: ykpenuTb B CO3HaAHUM MEAULIMHCKUX pa-
6OTHMKOB, CTYAEHTOB U COTPYAHWUKOB YUYPEXAEHUIA MEANLIMH-
cKoro npoduns HeobxoaMMOCTb Yriy6rneHHbIX 3HaHWA No
MEAULIMHCKOM reHeTrKe, obpaTnTb X BHUMaHWE Ha BaXHble
ANS KMUHUYECKOW MEANLMHBI U NPaKTUYECKNX Bpademn AoCTU-
XEHNs B 9TOM CPaBHMTENbHO HOBOM HanpasiieHUy MOMeKy-
NAPHON MeAULMHBI.

Pacwudposka reHoma yenoseka B 2000 r. npegonpese-
nuna nepexoa MeauuMHbl Ha MOMEKYNSpPHbIA (FEHOMHbIN)
ypoBeHb. [eHeTuyeckme TecTbl, HanpaBfeHHble Ha MOWCK
HOBbIX METOAOB AMArHOCTUKW, MPOMUNAKTUKN U NevYeHns
HacneacTBeHHbIX (HB) 1 YacTbix HeHacneacTBeHHbIX bones-
Heln, Nony4Yunu LWMpoKoe pacnpocTpaHeHne. MeHee yem 3a
10 net ngeHtTdMUMposaHo 6onee 1500 reHoB, MyTaLum Ko-
TOPbIX OTBETCTBEHHbI 3a ThicA4n HB.

B nHavane 90-x rr. XX B. cTpemutenHoe passuTue no-
Ny4nnyu MonekynsipHo-reHeTUYeckne nccneqoBaHns no nuay-
YEHUI0 MHOMMX YacTblX MynbTUPaKTOPHbIX 3aboneBaHui
(M®3), BbI3BaHHbIX KaKk rEHETUHECKMMU Bapuaumsamn, Tak 1
HebnaronpuATHeIMU dakTopamn BHelHen cpedpl. Cyule-
CTBEHHbIA BKNaj B pasBUTUE 3TOrO BaXHOIO HanpasieHus
BHeCnM paboTbl M3BECTHbIX OTEYECTBEHHbIX YYeHbIX-TeHe-
TMkoB akagemukoB H.MN. Boukosa, E.K. MuHTepa (Mockea),
B.IM. My3sbipeBa (Tomck), E.N. Weapua (CaHkT-MeTepbypr),
0O.B. Eerpadposa, B.B. Hocukosa, [1.B. 3anetaesa (Mocksa),
3.K. XycHytauHoson (Ydba) n ap. [1-5].

Takum ob6pasom, MM siBUNacb ecTecTBEHHbIM UTOrOM
BHEOPEHUS OOCTWXEHWA FeHETUKN 4enoBeka B MeauuuHy.
[MpuHMMas BO BHUMaHWE YHUKarNbHOCTb reHOMa KaXaoro ye-
noBeka M pearnbHyl0 BO3MOXHOCTb €ro aHanusa Ha nobou
cTagmm oHToreHesa [6], MM a priori sBnseTca He TonbKo npe-
AVIKTUBHOW (NMpeacKkasaTenbHoM), HO NePCOHNMULIMPOBAHHOWN
(MHanBMAyanbLHON) M NpeBeHTUBHOM (ynpexgatoLen). OTcio-
Aa 04eBMOHO ee MONHOEe HasBaHue — MpeavKTMBHas, npe-
BEHTMBHas, nepcoHannsmpoBaHHas meguumnHa (MHArM) nnu
MeguumHa 3 I [7]. OcHOBHbIE AaHHbIE O reHOME YenoBeKa,
MyTaumsx, nonumopdusme n Hb cymmmnposaHsl B MOHorpa-
duax [7-10].

Takum obpasom, MM — pasgen reHoMHON MeauUWHBbI,
HanpaeneHHbIN Ha AOCUMNTOMATUYECKOE BbISIBNEHME MWL,
C BbICOKON MpeapacronoXeHHOCTbIO K HACNeACTBEHHbIM U
YacTbiM M®3 ¢ uenbto x NpouNakTUKN, ANarHoCTUKK U ne-
YeHus.

Introduction

The article reviews a history of predictive medicine
(PM), its progress with a brief period of disappointment,
its further revival, rapid development, and the nearest and
long-term prospects.

The review aims at increasing awareness of medical
professionals, medical students, and specialists working
in medical institutions of the need for in-depth knowledge
of medical genetics and at drawing their attention to the
essential achievements in this relatively new area of mo-
lecular medicine.

Deciphering human genome in 2000s predetermined
the transition of medicine to the molecular (genomic) lev-
el. Genetic tests aimed at a search for new methods of
diagnostics, prevention, and treatment for hereditable
diseases (HD) and common non-hereditary diseases be-
came widespread. Over 1,500 genes with mutations re-
sponsible for thousands of HD have been identified for
less than 10 years.

The molecular-genetic studies of many common mul-
tifactorial diseases (MFD), caused by both genetic varia-
tions and unfavorable environmental factors, gained mo-
mentum during the early 1990s. The works of recognized
national genetic scientists, full members of the Russian
Academy of Sciences, N.P. Bochkov, E.K. Ginter (Mos-
cow), V.P. Puzyrev (Tomsk), E.l. Schwarz (Saint Peters-
burg), O.V. Evgrafov, V.V. Nosikov, D.V. Zaletaev (Mos-
cow), E.K. Khusutdinov (Ufa), and others significantly
contributed to the development of this priority research
area [15].

From this perspective, PM became a natural outcome
of implementing the advances of human genetics into
medicine. Considering the uniqueness of every person’s
genome and a realistic possibility for its analysis at any
stage of ontogenesis [6], PM is a priori not only a pre-
dictive, but also a personalized (individual) and preven-
tive (preemptive) discipline. Obviously, this consideration
clarifies the meaning of its full name: Predictive, Preven-
tive, and Personalized Medicine (PPPM) or 3P-Medicine
[7]. Key data on human genome, mutations, polymor-
phisms, and HDs are summarized in the monographs
[710].

In this regard, PM is a field of genomic medicine focus-
ing on the presymptomatic identification of persons with a
high predisposition to HDs and common MFDs and aim-
ing at their prevention, diagnosis, and treatment.
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MeToanyeckyto ocHosy [MIMIMM coctaensier TecTupoBa-
HWE TeHOB «MNpeapacrioNOXEHHOCTU» — MYTaHTHbIX FEHOB
(annenen), COBMECTUMbIX C aHTe- M MOCTHaTanbHbIM pas-
BUTUEM, HO MPUBOAALLMX NPU HEBNaronpuaTHbLIX YCNOBUAX
K pasnuyHblM 3abonesanuam [7, 8]. Nepsble 10 net (2000—
2010 rr.) 66N oTmMeyeHbl BypHbiM BHeagpeHuem TMMMNM He
TONbKO B OTHOLUEHUWN GonesHew, HO M ANs pelleHus pas-
NWYHBIX NPOGNeM neveHus, ctapeHus u crnopta. BosHuknn
1 AaBHO CaMOCTOSITENbHO Pa3BMBAIOTCA Takne HanpaBneHns
MM, kak chapmakoreHomuKa, HyTpUreHoMuKa, TOKCUKOreHOo-
MUKa, KapaMoreHoMu1Ka, NCMXoreHomuKa, AepmMaToreHoOMuKa,
reHomuKa ctapeHusi, CnopTMBHas reHomuka n ap. [8].

Ycnexu n pa3ovyapoBaHusA

WccnepoBaHus reHoma 4enoBeka B TeYeHME MepBbiX
net XXI| B. N0O3BONMNN HE TONMbLKO MOEHTUULNPOBATL rEeHbl
6onblwmnHcTBa HB, HO U BbISBUTL HEKOTOPbIE peaKMe MOHO-
reHHole doopMmbl paga yYactbix MP3, TakMx Kak OCTeonopos,
6one3Hn lMapkuHcoHa u AnbureriMepa, HeKoTopbIX opM
CcepaevHO-CoCyANCTON NaTonorum, psiaa HepBHO-MbILLIEYHbIX
3abonesanuin [1]. Kpome Toro, atm e mnccnegoBaHust yoe-
OWUTENbHO NoKa3anu HELOCTaTOYHYH MPOrHOCTUYECKYHO CUMy
reHeTnyeckoro tectmpoBaHus (I'M) M®3. MHdopmaLnOHHbIN
1 nporHoctudeckuin gecpmumt I'M B oTHOWeEHUU M3 nony-
4N HasBaHve heHOMeHa «HeJoCTalLWeR HacneayeMocTu»
(missing heritability). Mpu4nHbI 3TOrO heHomeHa ObinNu Npea-
MEeTOM OXuBreHHon auckyccum B 2009—2013 rr., n B HacTo-
sillee Bpemsl ee NPUYUHBI YXKE XOPOLLO U3YYeHbI (CM. HUXE)
[11-14].

KoHuentyanbHyto ocHoy MMM, ee kBUHT3CCEHLMIO CO-
crtaBnsieT reHetudeckun nacnopt ([M1) — nHAMBMAyanbHas
6a3a [HK-gaHHbIX, KOTOpasi oTpaXaeT yHuKarbHble reHe-
TUYeckne OCOBEHHOCTW KaXOoro 4eroBeka, ero npegpac-
NOMOXEHHOCTb K TEM UMW UHbIM HacneacTBeHHbIM 1 M®3.
OTmevaetcs, yto M1 cerogHs No3BoNsiET CyAMTh MULLb O TOM,
B KaKoOW Mepe YernoBeK OTHOCUTCS K rpynne pucka TOro Wmu
MHoro M®3, Ho He NO3BOMNSET JOCTOBEPHO YTBEPXKAATL Ha-
nnuune/otcytctane gaHHoro M®3 y KOHKpETHOro Yernoseka B
OyayLwiem. BaxHo Takke oTMeTUTb, YTo 1 — OTHIOAb HE BCs
nepBMYHas MOCNeaoBaTeNbHOCTb HYKNEeOoTUAOB (CUKBEHC)
BCEro reHoMa, HO TOMbKO TEX ero cocTaBnsoLmx (pparmer-
TOB), O4NS KOTOPbIX NMOKasaHa (fokasaHa) NpUYUHHasi CBSA3b
c natonorueit 4denoseka. OCHOBHblE NPUYMHBLI Heonpeae-
NEHHOCTU KPOKTCS B CMOXHOCTU pearbHbIX MEXreHHbIX U
0OEenkoBbIX B3aMMOAENCTBUA B OpraHuaMe, B TPYLHOCTAX
0OGBLEKTUBHONM OLEHKM BKMNaga SNUreHeTUYECKNX U BHELUHUX
dakTopoB B BO3HMKHOBEHME M®3. lNMepcnekTmBbl BHeOpe-
HWSi COBPEMEHHBLIX MeToaoB reHomukn B M, ee Gyayuiee
Kak npeareyn TovHow (precision) meguumHbl 1 1 1 kak co-
BPEMEHHOIO BapuaHTa 3NeKTPOHHOW «leHeTu4ecKkomn kapThbl
3popoBbsi» (Genetic Health Chart) [8] 6yayT paccmoTpeHsbl
B 3aKM4MTENbHONM YacTn 063opa. CneumansHOro BHUMaHms
3acnyxmsaet aHanus M®3 ¢ no3nuun cMCTEMHOW rEHETUKN,
TO €eCTb MEepPCOHaNU3MpPOBaHHOE W3y4YeHWe MNaTOreHOMMUKN
M®3 Ha Bcex YpOBHsIX peanu3auun HacrnegCcTBEHHOW WH-
dopmaumm [15].

Takum o6pasom, MMM npoluna TpyaHbIA NyTb OT TECTUPO-
BaHWsi €QUHWNYHbIX TEHOB [0 UCCNEAOBaHMS BCErO reHoma, ot
rEHHbIX CETEW U CKPUHMHIa accoumaumii 4o NOfIHOreHOMHOTO
cekBeHupoBaHus, ot [T ¢ BapraumnsiMm eaUHNYHbIX FrEeHOB A0
reHeTUYeCKON KapTbl 300POBbsi, COCTABIIEHHONW Ha OCHOBE
VHAMBUAYANbHBIX OMUKCHBIX MCCNeaoBaHU (reHoM, TpaHc-
Kpuntom, metabonoH). 3a nocnegHue 20 net MM He Tonbko
CUIbHO U3MeHunacb 1 brnaronony4yHo nepeHecna Bce Crox-

The basis of PPPM methodology integrates testing for
the predisposing genes, which are the mutant genes (al-
leles) compatible with ante- and postnatal development,
but causing various diseases under unfavorable condi-
tions [7, 8]. The first decade (2000-2010) was marked
by a vigorous implementation of PPPM in the contexts
of not only diseases, but also solving the different prob-
lems of treatments, aging, and sport. The following areas
of PM have emerged and long ago started their self-sus-
taining development: pharmacogenomics, nutrigenom-
ics, toxicogenomics, cardiogenomics, psychogenomics,
dermatogenomics, genomics of aging, sports genomics,
etc. [8].

Achievements and disappointments

During the early 2000s, human genome studies al-
lowed for identification of genes responsible for the most
HD as well as for elucidation of rare monogenic forms of
common MFDs including osteoporosis, Parkinson’s dis-
ease, Alzheimer’s disease, certain forms of cardiovas-
cular pathology, and some neuromuscular disorders [1].
Besides, the same studies convincingly demonstrated
insufficient prognostic strength of genetic testing (GT) for
MFDs. Missing heritability phenomenon acquired its name
from the prognostic and information deficits of GT in re-
gard to MFDs. The causes of this phenomenon sparked a
lively discussion in 2009-2013 and have been thoroughly
studied (see below) [11-14].

A conceptual basis of PPPM and its quintessence con-
sists in genetic passport (GP), an individual DNA data-
base representing the unique genetic features of person
and their predisposition to some genetic disorders and
MFDs. Itis noted that the GP today only allows to estimate
the extent a person belongs to the risk group for a partic-
ular MFD, but does not allow to reliably assert the future
presence or absence of this MFD in a particular person.

It is also important to note that GP is by no means
the complete primary nucleotide sequence of the entire
genome, but only those genomic components (fragments)
for which a causal relationship with human pathology has
been shown (proven). The main causes of this uncertainty
are rooted in the complexity of real intergenic and pro-
tein-based interactions in the organism, in difficulties to
unbiased assessment of contribution of epigenetic and
exogenous factors to the occurrence of MFDs. Prospects
of implementing the advanced genomics techniques in
PM and its future as an ancestor for precision medicine,
GT, and current version of electronic genetic health chart
[8] are discussed in the last section of the review. Special
attention is given to the analysis of MFDs from the per-
spective of systems genetics i.e. the personalized study
of MFD pathogenomics at all levels of unfolding hereditary
information [15].

Therefore, PM has come a long way from a single gene
testing to whole genome studies, from gene networks and
association screening to whole genome sequencing, and
from GP with single gene variations to genetic health chart
based on individual omics studies (genome, transcrip-
tome, and metabolome). Over the past 20 years, PM has
not only significantly evolved and successfully endured
all the difficulties of establishing and implementing new
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HOCTW CTaQHOBINEHWSA N BHEAPEHUSA HOBbLIX TEXHOMOMIA, HO MO
mepe nporpecca I'T ctana BaXHbIM UCTOYHWKOM OnepaTue-
HOW MHOPMaUMN ANS KIUHUYECKOW M NPOUakTU4eCcKon
MeaVLMHBI.

WNcTopusa Bo3HMKHOBEHWS u passutus MM HaxoguTcs B
NpsIMON 3aBMCMMOCTW OT Nporpecca B pasBUTUKN Hanpasne-
HWUIA Hayk o yenoBeke. MM cerogHsa — NpM3HaHHaa MeTo40s0-
rMs COBPEMEHHOW HayKn O reHOMHOM MeanumHe. O4eBUOHbIN
napannenuaMm XpoHOMOrMn pasBUTMSA FEHOMUKWU WU Mporpecc
MM npeacrtaeneHsl B Tabnuue 1.

technologies, but, along with the progress in GT, it also
became an important source of operational information for
clinical and preventive medicine.

The history of the emergence and development of
PM has much to do with the progress in the development
of human research areas. Current PM is the recognized
methodology for the modern science of genomic medi-
cine. The clear parallelism between the chronology of ad-
vances in genomics and PM is presented in Table 1.

Tabnuua 1. MNporpecc MonekynsipHbIX TEXHOMOMIA 1 3BONOLMSA FeHOMHOW MeanLUMHBI [8]

Table 1. Advancements of molecular technologies and genomic medicine evolution [8]

XpoHomnorus reHoM1KM Yeroeeka
Chronology of human genomics

3BonoLMSt MEAVNLIMHCKOWM reHEeTUKN
Evolution of medical genetics

1990-2003 — lNpoekT «eHoM Yenoseka» U naeHTUdnKaLmns reHos
MOHOreHHbIX BonesHe

1990-2003 — Human Genome Project and identification of genes
involved in monogenic diseases

2002-2006 — lMpoekTa «lannovnaHbli reHom» (HapMap)
2002-2006 — Human Genome Project (HapMap)

2002-2017 — lMonHoreHoMHbIV aHanu3 accoumauuin (GWAS)
2002-2017 — Genome-wide association studies (GWAS)

2009-2010 — Kommepumanusauusi reHeTU4eCKoro TeCTUPOBaHNS U
«mcyesaroLlas HacneayeMocTby

2009-2010 — Commercialization of genetic testing and vanishing
heritability

2011 — HacTosAwee BpeMs — CucTeMHas 6uonorvst u reHeTuka,
oHTonorua M®3

2011 — present — Systems biology and genetics and multifactorial
disease ontology

2005 — HacTosiwee BpeMsi — CeKkBeHVpOBaHWe HOBOrO MNOKONEHUs!
(NGS).

2005 — present — New-generation sequencing (NGS).

MporpaMmbl cerMeHTUpPOBaHUsi FeHOMOB:

2008-2021 — «1000 reHoMOB»

2021-2018 — «'eHombl aHrnnyaH» —100 000

2015-2021 — «Poccwuiickme reHombl» —2 500

2016 — HacTosiee BpeMsi — MupoBble reHOMHbIe NPoekTbl — Gonee
1 000 000

Programs for genome sequencing:

2008-2021 — The 1000 Genomes Project

2021-2018 — The 100,000 Genomes Project — England
2015-2021 — The 2,500 Genomes Project — Russia

2016 — present — World Genomes Projects — over 1,000,000

FeHeTnYeckas MeguumnHa — MoHoOreHHble 6onesHmn
Genetic medicine — Monogenic diseases

eHoMHast megnumHa — MynbTudakTopHble 6onesHn
Genomic medicine — Multifactorial diseases

MonekynspHas meguuvHa — AHK-guarHocTrika
Molecular medicine — DNA diagnostics

MpeavkTnBHas MeanumnHa — MHameuayanbHble 6a3bl JHK-gaHHbIX
Predictive medicine — Individual DNA databases

MepcoHanusnpoBaHHasa MmeguumHa — FeHoMHble npocounu M$3
Personalized medicine — Genomic profiles of multifactorial diseases

TpaHcnaunoHHas meguuuHa — Buomapkepbl M®3
Translational medicine — Multifactorial disease biomarkers

TouHas (pokasaTenbHas) MeavLMHa — ONEKTPOHHAsA reHeTuYeckas kapTa
High-precision (evidence-based) medicine — Electronic genetic chart

YMeCTHO HanoMHuTb, 410 noHATUS MM u T pogmnuce
Ha Ctpenke Bacunbesckoro OctpoBa B CaHkT-lNeTepbypre
ewe B 2000 r. [7]. X BHeapeHue B reHeTMKy npovcxoauT
nporpeccmBHoO M noctosHHO [16]. Brnarogaps monekynsp-
HbIM MeTodaM BO3HMWKNA reHetuyeckas MeguunHa (reHHbie/
MOHOreHHble 60nes3Hn), a BHeApPEHNE reHOMHbIX TEXHOMOMMN
(GWAS, NGS), metogoB 6GrmouHMOpMaTMKM U OMUKCHOTO
aHanu3a onpeaenvno CMeLLeHNe Hay4YHbIX MHTEPECOB B CTO-
POHY MynbTUaKTOpHOW naTtonorun. Havyanack apa reHom-
HOW MeaWLMHBI U ee MPOU3BOAHbIX: MOMEKYNAPHON, Npeamk-
TMBHOW, TPAHCMALMOHHON, NePCOHaNn3MpPOBaHHOW N TOYHOW
MeauumHbl. MHdopmauma o reHax-kaHauaartax, a TaKkke o
BapmaHTax, acCoumMnpoBaHHbIX ¢ M®3, MOXHO NOYepnHyTb B
pa3nunyHbiXx 6a3ax u mexgyHapoaHbix karanorax HB: OMIM
(http://lwww.omim.org).

HecmoTps Ha reHeTM4ecKyto MAEHTUYHOCTb, COBMageHne
B napax 6rm3HeuoB 3a marnbIM UCKMoYeHnem (popma ylien,

Itis worthy to note that the concepts of PM and GP came
into existence on the Spit of Vasilievsky Island in Saint Pe-
tersburg back in 2000s [7]. Their introduction to genetics
has been occurring progressively and continuously [16].
Genetic medicine focusing on genetic/monogenic diseases
emerged due to the development of molecular methods,
whereas implementation of genomic technologies such as
genome-wide association studies (GWAS), new-genera-
tion sequencing (NGS), bioinformatics methods, and omics
analysis resulted in the shift of research interests towards
multifactorial pathology. The era of genomic medicine and
its derivatives including molecular, predictive, translational,
personalized, and precision medicine began. Information
on candidate genes and variants associated with MFDs
may be obtained from the various databases and interna-
tional catalogues: OMIM (http://www.omim.org).
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LBET rnas, Koxu, Bornoc) Haxoautcs B npegenax 70-80%, a
ONnsA TUNNYHbIX, Hanbonee Yactbix MO3 (gmabeT, atepockne-
po3, runepToHns) — 40-45%. C 6onbLuon BEPOATHOCTHIO 3TO
O3HayaeT, 4YTO Npu TeCTUPOBAHUUN Aaxe BCEX U3BECTHbIX re-
HeTn4Yeckux akTopoB (annenen) npegpacnonoXeHHOCTU
OKOHYaTenbHas oueHKa HacreacTBeHHoro pucka M®3 He go-
cturHeT 100% v He MOXET NPEeBbICUTb YacTOTy COBMNaaeHus
(EHOTUNNYECKMX MPU3HAKOB Y OOHOSINLUOBLIX OrnM3HELOoB.
CnepoBarenbHO, CNOXHbIE B3aUMOAENCTBUS reHoTMna n ge-
HOTUMa B npoueccax OHToreHesa ABNATCS OCHOBHOW Mpwu-
YMHOW TpygHOCTeW nHTepnpeTtaumm pesynesratos T M®3. Mo
MHEHWIO M3BECTHOTO aMepUKaHCKoro reHetuka Q. JlaHaepa,
cuTyaumio ¢ pasragkon pesynsratoB ['T MP3 moxHO ynogo-
O6u1Tb ropanesy y3ny, KOTOPbIN MOXHO pa3Ba3aTh, TONbKO pas-
pybwus ero, a B cny4yae MM — nccneposatb metogom NGS re-
HOMbI 60MbLIOro YMcna NaumeHToB C TOYHO YCTaHOBMEHHbIM
AVarHo3oM 1 ¢ nNogpobHbIMK pedynbTatamu naboparTopHbIX
W KNMMHWYeckux ncenegosanun [17]. Ana xpaHeHns 6onbLumx
MaCcCUBOB JaHHbIX CO3Aal0TCA KPynHble Konnekumn buonorun-
Yyeckmx obpasuoB, Tak HasbiBaeMbIx 6uobaHkoB. CumTaetcs,
yTO Wwupokoe BHegpeHve Metoga NGS no3BonuT uaeHTu-
uruMpoBaTb HOBblE TeHbl-KaHAMAATLI U NaTOreHeTU4ecKn
BaXHble MyTaumm M®3, NpoBecT Ka4eCTBEHHbIN N Konnye-
CTBEHHbI aHanu3 TakMx HapyLleHWW, Kak Bapuauuv yncna
konui (copy number variations — CNV). B CLIA 6bin cos-
AaH LleHTpanbHbIn MHCTUTYT NO MCCNegoBaHUI0 NaLUEeHTOB
(Patient Centered Outcomes Research Institute — PCORI),
Lernb KOTOPOro COBMECTUTbL MEAMLMHCKNE KapTbl 6OMbHLIX C
pesynstatamMmy nx nabopaTtopHbIX aHanusoB, C AAHHBIMU UX
nepcoHarnbHbIX FEHOMOB AN YMyYLleHns KayecTBa AuarHo-
CTUKK, NPOMMNaKkTUKN N NeveHusa Yactbix 3abonesaHun. B
2015 r. npn yyactum n ¢ bnarocnoseHusa npesmaeHta CLUA
B. Obambl B CLUA 6bina 3anyuweHa nporpamma « ToyHas me-
avumnHa» (Precision Medicine). Mo mHeHuio ®p. KonnuHaa,
«pesynbTaThl UCCNEeLoBaHMSA Ha Takon 6omnbLIon rpynne no-
3BONAT MONYyYMTb JOKa3aTenbCTBa peanbHOCTM KOHUenuuu
TOYHOW MeauLMHbIY.

Wpeonornyeckum npopgomkeHnem npoekta «ToyHasa me-
AVumnHa» asnseTca amepukaHckmin npoekT «All of Usy» (https://
allofus.nih.gov/news-events) nnu «Cgenan cBoo MeguUnHy
cam» («Self-made Medicine»), HanpaeneHHbIe Ha peLleHne
3aga4y NepcoHann3vpoBaHHOM MeanUmMHbl. VX uenb — nonck un
COBEpLUEHCTBOBaHNE NyTew nHTepnperaunm reHOMHbIX 1 Me-
OVLMHCKUX AaHHbIX. B npoekTe y4acTByIOT KpynHenwmne ame-
puvkaHckue yHnsepcuTeTbl: MeauuuHckuin bannop konnegx,
YHuBepcutet [xkoHca XOnkuMHca, TexacCkuin YHUBEPCUTET,
BawwmHrtroHckmn YuusepcuteT n KeMOpuaxckui YHusepcu-
TeT. [poeKTbI BKMNOYakoT NOfMHbIE AaHHbIE O 340pOBbe A06pO-
BONbLEB, Y KOTOPbIX TecTUpytoTcs 59 reHoB Tsxenbix HB.

B 2015 r. B ctpanax Esponenckoro Cotosa 6bino cosna-
Ho EBponenckoe obLecTBO NpeaukTUBHOWN, NPEBEHTUBHON
W nepcoHanuavpoBaHHou MeguumHel (EOMTTM), koTtopoe
onybrnmkosano nporpammy «llepcoHanusnpoBaHHas meau-
LUMHa Ansi eBponenueB: Ha NyTu K bonee TOYHOW MeauuuHe
C Uenblo AnarHOCTUKK, NeYeHns n npegoTtepalleHus bones-
Hen — WHTerpatuBHasa MNepcoHanuanpoBaHHas MeguuuHa,
2015.

BHeapeHue HoBbIx TexHonorun (GWAS) naeHTtudmkaumm
M TEeCTUpPOBaHUS TEHOB-KaHAMOATOB, acCOLMMPOBAHHBLIX C
M®3, He npvBeno K NoBbIWEHMIO 3MMEKTUBHOCTN NpeaunK-
TMBHOIO TecTMpoBaHus [18]. YBennyeHne yucna reHoB, acco-
UMMpoBaHHbIX ¢ M®3, cTMMynmMpoBano co3gaHune CrOoXHbIX
HabopoB reHoB nnn SNP-naHenemn, koTopble NMPUMEHSAOTCA
ana ['T HacneacTBeHHOW npeapacnonoXxeHHocTu. Hekoto-

Despite the genetic identity, the phenotypic concor-
dance with few exceptions (shape of ears and eye, skin,
and hair color) in twin pairs is within 7080% and within
4045% for typical most common MFDs (diabetes, athero-
sclerosis, and hypertension). With a high probability, this
means that the final estimation of familial risk for MFDs
will not reach 100% even while testing all known genet-
ic predisposing factors (alleles) and cannot exceed the
frequency of concordance of phenotypic traits in identical
twins. Therefore, the complex genotype-and phenotype
interactions in the processes of ontogenesis are the main
reason for the difficulties in interpreting the GT results on
MFDs. According to the well-known American geneticist
E. Lander, solving the results of GT for MFD may be lik-
ened to the Gordian knot, which could be loosed only by
cutting it, and, in case of PM, by studying large number
of genomes by NGS method in patients with accurately
established diagnosis and detailed results of laborato-
ry and clinical tests [17]. Large collections of biological
samples known as biobanks are being created to store
large amounts of data. It is believed that implementation
of NGS method will allow to identify new candidate genes
and pathogenetically significant mutations in MFDs and
perform qualitative and quantitative analyses of abnormal-
ities such as copy number variations (CNV). The Patient
Centered Outcomes Research Institute (PCORI) in the
U.S.A. has been created to match patient medical charts
containing the results of patient laboratory tests with their
personal genome data to improve the quality of diagnosis,
prevention, and treatment of common diseases. In 2015,
the Precision Medicine Program has been launched with
the participation and official blessing of the U.S. President
B. Obama. According to Francis Collins, study results ob-
tained on such a large group would allow to obtain the
proof of concept of precision medicine.

The U.S. projects “All of Us” (https://allofus.nih.gov/
news-events) or “Self-Made Medicine” are the ideologi-
cal continuation of Precision Medicine Project. They aim
at solving the tasks of personalized medicine. Their goal
consists in a search for and improvement of interpreta-
tion of genomic and medical data. The greatest American
universities are involved in the project including Baylor
College of Medicine, Johns Hopkins University, University
of Texas, Washington University, and University of Cam-
bridge. The projects comprise complete data on health
of volunteers undergoing testing for 59 genes involved in
severe HD.

The European Association for Predictive, Preventive
and Personalized Medicine was established in the coun-
tries of European Union in 2015. The society published
the program “Personalized Medicine for the European cit-
izen - towards more precise medicine for the diagnosis,
treatment and prevention of disease” (2015).

Implementation of new technologies (GWAS) for iden-
tification of candidate genes associated with MFDs has
not resulted in an increase in the effectiveness of pre-
dictive testing [18]. An increase in the number of genes
associated with MFDs stimulated the development of
complex sets of genes or SNP-panels used for GT of ge-
netic predisposition. Some panels are currently used for
testing on demand by the DNA sequencing method, but
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pble NaHenu y>xe UCNonb3ylTCH B HACTOSALLEE BPEMS Mpu Te-
CTUpoBaHuK «no 3anpocy» metogom [OHK-cekBeHnpoBaHus,
OAHAaKO MX MPOrHOCTUYECKasA LLIEeHHOCTb He BEMMWKa (CM. HXe).
MopcyeTt reHeTuyeckoro pucka Ha ocHose SNP He gocTaToueH
ANng npenckasaHusa cnoxHelx M®3, 1. e. He nokpbiBaeT non-
HOCTbIO HEAOCTAaKLLYI0 HacnegyeMocTb. CuntaeTcsi MOITOMY,
YTO NOMCK NPUYnHHBIX reHoB M®3 metogom GWAS cnepyet
AOMNOMNHATbL 3K30MHBIM U [axe MONHOreHOMHbIM CEeKBEHUPO-
BaHVeM C Lenbio naeHTudmkaummn pegkux SNP [19, 20].

MpaBuNbHOCTL NPOrHO3a HEKOTOpbIX 3abonesaHnn npwu
Takom [T Bo3pocna o 20% (pak npoctatbl) n gaxe 80%
(6onesHb KpoHa). Ycnex ob6bsACHSeTCS co3aaHmeM CrOoXHbIX
naHenew BbICOKOW MIOTHOCTW, MO3BOMSAOLMX OQHOBPEMEH-
HO TECTMPOBAaTb HECKOIbKO COTEH reHOB MPeApacrnofioXeH-
HOCTK unu TapreTHbIX dparmeHToB AHK, Bknovawowmx kna-
CTepbl TakMx reHoB. VccnegoBaHne aTUX NaHenen ¢ uenbto
rnomcka MyTaumin n HebnaronpuaTHLIX NONMMOPEHBLIX CakTOB
npoaormKaeTcs.

TecTupoBaHWe naHeneln reHoB NPeapacnonoXeHHOCTH K
M®3 npumeHsAeTcs B HEKOTOPbIX OTeYEeCTBEHHbLIX naboparo-
pusx n kKommepyecknx rpmax. CyLlecTBeHHblE N3MEHEHNS
npetepneny NaHenu reHoB Ans TeCTMPOBAHUA FEHOB CUCTe-
Mbl ETOKCUKaL N, CEpAEYHO-COCYANCTON NaTonormm, ocTeo-
noposa, caxapHoro gnaberta v gp. (tabn. 2).

its prognostic value is not high (see below). The SNP-
based genetic risk calculation is insufficient for prediction
of complex MFDs, i.e. it does not completely cover the
missing heritability. Therefore, it is believed that a search
for causal genes of MFDs by the GWAS method should
be complimented by exome sequencing and even whole
genome sequencing aimed at identification of rare SNPs
[19, 20].

The accuracy of prognosis in some diseases in-
creased to 20% (prostate cancer) and even 80% (Crohn’s
disease) while using such GT. The success is explained
by the creation of sophisticated high-density panels allow-
ing for simultaneous testing of several hundred predispo-
sition genes or target DNA fragments containing clusters
of such genes. The study of predisposition gene panels
aimed at search for mutations and disadvantageous poly-
morphic sites is ongoing.

Testing of panels for MFD predisposition genes is used
in some national laboratories and commercial companies.
The gene panels for testing genes related to the detox-
ification system, cardiovascular pathology, osteoporosis,
diabetes mellitus, etc. underwent significant modifications
(tabn. 2).

Tabnuua 2. leHeTn4Yeckve NnaTtdopMbl AN NPeAVKTUBHOTO TECTUPOBAHNS YacTbiX MyrbTUdhaKTOpHbIX 3ab6oneBaHnin

Table 2. Genetic platforms for predictive testing of common multifactorial diseases

[eHeTnyeckne nnaThopmbl AN NPEAVKTUBHOTO TECTUPOBAHUS YacTbIX MyMbTU(AKTOPHbLIX 3abonesaHni
Genetic arrays for predictive testing of common multifactorial diseases

GeneSCKits Systemas Genomicos
BuobGaHku reHoB [MonHoreHoMHOE CekBeHnpoBaHune BrounHdopmaTuyeckuii aHanua / HtepnpeTauns
Gene Biobanks Whole-Genome Sequencing Bioinformatic Analysis & Interpretation
OHko- 111 reHoB HacnepncreeHHble onyxonu
Onco- 111 genes Hereditary cancers
HenpopgereHepauun 326 reHoB HepBoB, MbiLL, AMCNNa3un, atakcum
Neurodegenerations 326 genes Nerve & muscle degeneration disorders, dysplasias, ataxias
Ocrteo- 241 reH OcTeoaucnnasuu, KonnareHosbl
Osteo- 241 genes Osteodysplasia, connective tissue diseases
Kapauo- 238 reHoB KaHanonatum, kopoHapHasi 6onesHb, kapanoMmonaTui, NaTonorus aopTsl,
Cardio- 238 genes CVHAPOM BHe3arnHow cMepTu
Channelopathies, coronary heart disease, cardiomyopathy, pathology of
aorta, sudden death syndrome
MuToxoHapumn 207 reHoB MuToxoHapuanbHble 6onesHn
Mitochondria 207 genes Mitochondrial disorders
Onunencus 200 reHoB OHuedanonaTun, HeoHaTanbHble U AeTCKMEe KOHTPAKTypbl
Epilepsy 200 genes Encephalopathies, neonatal & baby seizures
Oucnunuaemus 24 reHa ATepocknepos, kopoHapHasi 6onesHb cepaua
Dyslipidemia 24 genes Atherosclerosis, coronary heart disease

MM n natoreHomunka M®3

YBenuyeHne 4ymucna reHoB-KaHAMOATOB OKasanocb Ma-
noycnewHbIM AN noBblweHus adpgekTmBHocTM [T Hacnea-
CTBEHHOW npeapacnonoxeHHoctn k M®3. Bonee nepcnek-
TUBHbIM SIBMISIETCSA CPABHUTENbHBIN aHanNn3 yHKLMOHarbHOW
aKTUBHOCTU MPUYMNHHBIX TEHOB B HOPME W NpY NaTonorum Ha
pasHblX YpPOBHSX (reHOM, NpoTeoM, MeTabonom), KOTOpbIi
Mo3BOMSIET MOHATb AMHAMUKKY MaTONorMyeckoro npoiecca —
ero natoreHomuky (naugwacdpt) MP3 [13, 22]. Kaxpgasa Tex-
HOMorns B OTAEMNbHOCTM HE MOXET onucaTb BECb NaTonoru-
YecKuin npouecc.

PM and pathogenomics of MFDs

An increase in the number of candidate genes was
found to be of little success in improving GT for inherit-
ed predisposition to MFDs. A comparative analysis of
functional activities of causal genes at different levels
(genome, proteome, and metabolome) allows for under-
standing the pathological process dynamics, i.e. MFD
pathogenomics (landscape) is more promising [13, 22].
Each technology on its own cannot describe the entire
pathological process.
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MmMeeTca MHOro MeTodoB MHTErpaTMBHOIO aHanusa pe-
3ynbTaToB OMUKCHBbIX nccnegoBaHunm (Network analysis) ¢
nomoLlbio cetert 6enok-6enkoBbiXx B3auMOOEWCTBUN, pery-
NATOPHbBIX U KOIKCMPECCUPYHIOLLIMXCA CETEWN, KOTOpble Cyxa-
10T apean NoucKoB N NO3BONSAKT BbINTU Ha pearbHble reHbl
6onesHen n 6enkosble Gruomapkepbl M®3 [19, 22]. inga aToro
NpOBOASAT MONMHOrEHOMHOE UCCneaoBaHne 3KCNpeccumn npu-
UMHHBIX FEHOB, HaaeHHbIX ¢ noMowwbo SNP aHanusa. UHTe-
rpauuio gaHHbIx 6enkoBoro aHanmsa, CeKBEHMPOBaHUS BCETO
reHoma u SNP (GWAS) aHanunsa ucnonb3ytoT ona agnabeta
Tuna 2, bonesHewn cepaua, aytuama. MIHTerpaTvBHbIN NOaxXoAa
C MO3MUMKN CUCTEMHOWN FEHETUKWN MO3BONSAET MOHATb reHeTu-
YECKYI0 apXUTEKTOHUKY M®3 1 cTaHOBUTCH AOMUHMPYHOLLMM
B coBpemeHHoun M. Ha coBpeMeHHOM 3Tane mHTerpaTme-
Has meguuMHa obpeTaeT Bce Heobxogumble KayecTBa TOu-
HOW MeanLuuHBbI [23].

CornacHo nporpamme EOTMIMM, popoxHas kapta MM
B Ka4yecTBe CBOEro OCHOBHOIMO KOMMOHEHTAa BKMIOYaeT mac-
COBble CEKBEHMPOBAHWS FEHOMOB C LEMb BbIACHEHUS WX
NONYNALNOHHBIX, 3THUYECKUX, COLMarnbHbIX 1 Aaxe MexTKa-
HeBbIX ocobeHHocTen. NocpeacTBOM WHTErpaTMBHOIO aHa-
nn3a aKcnpeccumn reHoB, 6enok-6enkoBbIX B3aMMogencTBmn
hopMUPYIOTCSH UHAMBUAYANbHBIE OMUKCHbIE NPOUN, KOTO-
pble NPOXOAAT KNMHUYECKY0 anpobaLuio — ConocTaBnsaTCs
C pesynsTaTaMmu KIUMHWYECKUX U nabopaTopHbIX aHanusoB
TOro e nauueHta. Hanuune aTmx AaHHbIX NO3BOMSET CO-
30aTb MHTErpypoBaHHbIE FEHHbIE CETU MOPaXEeHHbIX opra-
HOB 1 CMCTEM naumeHTa n pabotatb C HUM B BUPTYarbHOM
mupe. CneposaTtenbHO, CaMu NauneHTbl SBASKOTCA He TOMb-
KO MCTOYHNKOM MHGOpMaLun, HO U NoNb30BaTeENAMU AaHHbIX
MMMNM. AKUeHT «4OpOXHOW KapTbl» Ha npegnovteHne pabo-
Tbl HE C CaMUM NaLMEHTOM, @ C €r0 «BUPTYyarbHbIMW MOAENs-
MU» 3acnyxuBaeT AarnbHenwero obCyXaeHns, paBHO Kak 1
caM TepMWH «To4Hasa meauuuHay. bonee ageksaTHbIM nNpea-
CTaBnsIETCsl Ha3BaHWe «MHAVBUAYanbHas MeauumHa.

Ananus ntoroe GWAS cKpuHWHra no3sonun NpuiTK K 3a-
Krno4eHnto, 4To MP3 He 9BNAIOTCA pesynsTatoM CoYeTaHus
HebnaronpuaTHLIX annenbHbIX BapvaHTOB MHOMMX FEHOB.
Camu no cebe yacTble NONUMOPdU3MbI FreHOB-KaHANMOATOB
M®3 okasanucb HegoCcTaTouYHbIMU ANt OObACHEHUSI BO3HUK-
HoBeHus M®3. Tak, 6bina onpoBeprHyTa runoTesa «common
diseases — common genes», NpeanoxeHHasi Ans obbacHe-
HUs heHoMeHa uc4desatowen HacrnegyemocTw. [Mpegnpu-
HUManucb MonbITkN 06BACHUTL pa3suTne M®P3 Hanmymem
pPeaKknX AOMUHAHTHBLIX annenewn, BCTPEYaloLNXCs B reHoMe
¢ yactoTton meHee 0,5% 1 NOTOMy He ynaBnMBaeMbIX METO-
aom GWAS. Tak nosiBunacb runotesa «pegkux» annenen
Kak NpuYMHHBIX hakTopoB M®3 (rare variants — common
diseases hypothesis) [24]. OgHako ans ee npoBepkn Heobxo-
OVIM CpaBHUTEMbHLIV aHanu3 pesynsTatoB CEKBEHWPOBaHMWSA
TbICHY FEHOMOB 340POBbIX U BOMbHBLIX MOAEn, U Takme uc-
cnegoBaHua yxe nposoasaTtcsa B BennkobpuTtanum, a Takke B
cTpaHax Esponbl n Amepukn. BmecTe ¢ Tem TeopeTunyeckune
pacyeTbl yb6exaalT B HENPaBOMEPHOCTM FMMNOTE3bl peaKnx
annenen B atuonornm Yyacteix M®3 [25, 26]. CornacHo ru-
notese S. Hussain, npnunHon M®3 aensaetca GuannensHas
WHaKTMBaLUs OQHOrO U3 NPUYMHHBIX FTEHOB COOTBETCTBYIOLLE-
ro M®3. MocTtynupyeTcs, 4To Nepsas MyTaums (peueccuBbin
annenb) HacnegyeTcsl OT OAHOrO U3 poauTenew, Torga Kak
BTOpPOW (Cnabbin annenb) MMeeT coMaTUYecKoe MPOUCXOXK-
AeHne 1 BO3HMKaeT elle B aMbpuoreHese unv Bckope nocne
poXaeHus. BaxHylo ponb B MHaKTMBaUWMM BTOPOro annens
MOTyT urpatb 3MNUreHeTUYecKMe HapylleHus, B YaCTHOCTU
MyTauuK, BbI3BaHHble Ae3aMWHUPOBaHWEM METUM-LMTO3N-

There are many methods for integrative analysis of om-
ics study results (Network Analysis) using the protein-pro-
tein interaction networks, regulatory networks, and gene
co-expression networks, which narrow the search area
and allow to identify causal genes of diseases and protein
biomarkers of MFDs [19, 22]. Whole genome studies of
the expression of causal genes identified based on SNP
analysis are performed for this purpose. The integration
of data from protein analysis, whole genome sequencing,
and SNP analysis (GWAS) are used for type 2 diabetes
mellitus, cardiac diseases, and autism. Integrative ap-
proach from the perspective of systems genetics allows to
understand genetic architectonics of MFDs and becomes
predominant in current PM. At the modern stage, integra-
tive medicine acquires all necessary qualities of precision
medicine [23].

According to EAOPM program, PM roadmap includes
mass sequencing of genomes as an essential element
aimed at elucidation of their population, ethnic, social, and
even tissue-specific features. Integrative analysis of gene
expression and protein-protein interactions allow to form
individual omics profiles, which undergo clinical approba-
tion, i.e. are compared with the results of clinical and lab-
oratory tests in the same patient. The availability of these
data allows to create the integrated gene networks of
damaged organ systems in a patient and work with them
in virtual reality. Therefore, patients themselves are both
information source and users of PPPM data. Roadmap
focus on the preferred work with the virtual models of pa-
tients rather than with the patients themselves deserves
a further discussion along with the term “precision med-
icine”. “Personalized medicine” is a more adequate term.

The analysis of GWAS screening outcomes allowed
to conclude that MFDs are not the result of a superposi-
tion of disadvantageous allelic variants of many genes.
The common polymorphisms of candidate MFD genes on
their own are insufficient to explain the onset of MFDs.
Indeed, the hypothesis “common diseases — common
genes”, proposed to explain missing heritability phenom-
enon, was rejected. The attempts were made to explain
the development of MFDs through the presence of rare
dominant alleles present in the genome with a frequency
less than 0.5%, which, therefore, could not be detected by
GWAS. It led to establishing the hypothesis of rare alleles
as the causal factors for MFDs (rare variants — common
diseases hypothesis) [24]. However, testing this hypoth-
esis requires a comparative analysis of results from se-
quencing thousands of genomes from healthy and dis-
eased persons, and such studies are currently ongoing in
the United Kingdom and countries of Europe and Ameri-
ca. At the same time, theoretical considerations suggest
inappropriateness of rare variant hypothesis in regard to
the etiology of common MFDs [25, 26]. According to the
hypothesis of S. Hussain, a cause of MFD is a biallelic
inactivation of one of causal genes related to MFD. It is
postulated that the first mutation (recessive allele) is in-
herited from one of parents, whereas the other (weak al-
lele) has a somatic origin and emerges in embryogenesis
or soon after the birth. Epigenetic abnormalities, in partic-
ular, mutations caused by methyl-cytosine deamination to
thymidine in CpG islands of the structural genes, may play
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Ha B TuMnamH B CpG-0CTpOBKax CTPYKTYpPHbIX reHoB. UTak,
AOMMWHaAHTHbIE MyTauun CTPYKTYPHbIX T[EHOB, COYeTaHus
HebnaronpuaTHbLIX annenen HecKONbKUX FreHOB OJHOro Me-
Tabonuyeckoro nyTu, a Takke roMo3uroTHble MyTauMnm MHO-
FOMMCIEHHbIX PELEeCCUBHBIX FEHOB MOTyT ObiTb MPUYMHON
pa3Hoo6pa3nst U BLICOKOW NOMYMALMOHHOW YacTOTbl pas3nmy-
Hbix M®3 [26]. WccnegosBaHne noboro Konm4yecTBEHHOrO
npu3Haka, paBHO kak u natoreHesa M®3, HeBO3MOXHO 6e3
aHanm3a yHKLUM reHoMa, TO eCTb BbIACHEHWS BCEX 3TarnoB
peanu3auum reHeTU4ecKkon MHopmaLmn Ha pasHblX ypoB-
HSX OpraHu3auum xusow Mmatepuun: monekynspHom (OHK,
PHK), 6rnoxnmumyeckom (6enku, yHKUMOHanbHbIe Genkosble
Moaynu, metabonumyeckme nyTu), KNETOYHOM, MEXKNETOYHOM
n gp. [27].

Takvum obpasom, ans yrnybneHHoro noHMmaHus M®3 He-
o6xogum nepexof OT aHanu3a OTAEeNbHbIX COCTaBMASHLMX
naTonornyeckoro npouecca (reHom, TpaHCKpUNToM, meTabo-
oM 1 T. A.) K ux 0606LweHwnto [22].

HeobxoamMmocTb nepexoga eCTeCTBEHHbIX HayK OT aHa-
nn3a K CuHTe3y, OT «peayKUMOoHM3Ma K Xxonuamy» bbina obo-
cHoBaHa ewe B 1968 r. J1. bepTanaHddu, KoTOpLIN Npea-
noXwun n matematmyeckm o6OCHOBaN «TEOPUID CUCTEMY,
MONOXEHHYI0 B OCHOBY «CUCTEMHOW Bronorun» — mexaucum-
NAVHapPHOW Haykn, HanpaBreHHOW Ha N3y4yeHne 1 MOAENMpPo-
BaHWe CNOXHbIX B3auMOCBA3e B BMONOrmyeckmx cuctemax
C no3unumm uenoro (xonuam/peaykunonunsm) [28—-30]. OgHum
13 ee HanpasneHni ABNSETCA CUCTEMHAsA reHeTuKa, KoTopas
npu3saHa nsyyaTb NPoLEeCChl peanv3aumm reHeTUYeCKom NH-
dhopmMauum, B3aMMOCBS3b FrEHETUYECKMX KOMMNOHEHTOB MeTa-
B6onnyeckux nyten n PyHKUMOHANbHBLIX MOgynen B passuTnm
deHoTunmyecknx npusHakos [22, 30]. OcobeHHO nepcnek-
TMBHbIM Ha AAHHOM 3Tane MpeacTaBnseTcs Nnouck B3avMo-
CBA3EM MEXAy 9KCrnpeccren NPUYMHHBIX FeHOB U KNUHUYe-
ckumy cumntomamv M®3. YTouHeHne CTPYKTYpbl FreHHbIX ce-
TeW, X 9KCnpeccum, CBONCTB 1 B3aMMOAENCTBMSA NPOOYKTOB
NMPUYMHHBIX FEHOB, COCTOSAHWE COOTBETCTBYIOLMX MeTabonu-
YeCcKux MyTeun nexar B OCHOBE MOMEKYNAPHON MeaULMHBI.

MM n cucrtemHas reHetnka Mo3

BaxHbiM ntorom mnccnegosaHuii no MM sasnsietcs MHTe-
rpauusi NoMyyYeHHbIX Pe3ynbTaTtoB, UX COBMELLEHME C KIUHU-
YeCKUMU JaHHBbIMKW, CO34aHNe Ha 3ToM oCcHoBe BronHgpopMa-
LMOHHOM Mogenu 3aboneBaHns, nAEHTUMUKALNS KIOYEBbIX
MyCKOBbLIX MeXaHW3MOB, (MOMNEKYmNsSpHbIX OpaniBepoOB), WUC-
Nnonb30BaHWE KOTOPbIX BaXKHO Ansi NpodunakTuku u uene-
HanpaBneHHoro (TapretHoro) neveHns M®3 [25]. LWupokoe
BHEAPEHWe NoAXOA40B U METOOO0B CUCTEMHOM FEHETUKU 3Ha-
MeHyeT Hayano HoBoro atana MM — TpaHcnsAUMOHHON (Tap-
reTHou) MeanuUMHbI.

HoBbii nogbeM nHTepeca k NM 6bin o6ycnosneH cTpemu-
TenbHbIM POCTOM 3(PAEKTUBHOCTU MOSTHOTEHOMHOIO CEKBe-
HUPOBaHWS, BHEAPEHUEM CEKBEHUPOBAHMWS CNeayoLero no-
koneHus (Next Generation Sequencing). lNpumeHeHne NGS
No3BONWIO B CPABHUTENBHO KOPOTKMIA CPOK NPOBECTU CEKBE-
HupoBaHue reHomoB 1500 xutener EBponbl, akTUBHO cekBe-
HMpPOBaTb MWIMOHLI TEHOMOB >xuTenen BenvkobputaHum,
CesepHoint Amepukn, Kutasa [22]. MNMpeanonaraetcs, 4to NGS
NoO3BOMNUT PELLUNTL Psif, OCHOBHbIX Npobnem M, B YacTHOCTK
nMaoeHTMPOUUMPOBaTb HOoBble reHbl-kaHanaaTbl MP3 1 o6Ha-
PYXWUTb HOBblE MAaTOrEHETUYECKU BaXkHble MyTauuu: MpoBe-
CTU Ka4yeCTBEHHbIA U KOMWYECTBEHHLIN aHanvM3 Bapuauui
uncna konum (CNV), oueHnTb nMx Bknag B naroreHes MP3,
MHAMBMAYAmNbHYO reHeTu4eckyto cneunduyHocts M3, co-
34aTb HOBYIO TEHETUYECKYIO Knaccudumkaumio 6onesHen.

an essential role. Dominant mutations of structural genes,
combinations of unfavorable alleles of several genes in
one metabolic pathway, and homozygous mutations of
multiple recessive genes may be the cause of diversi-
ty and high population frequency of various MFDs [26].
The study of any qualitative variable and likewise MFD
pathogenesis is impossible without the functional genome
analysis, i.e. elucidation of all stages of genetic informa-
tion unfolding at different levels of live matter organization:
molecular (DNA, RNA), biochemical (proteins, functional
protein modules), cellular, intercellular, etc. [27].

Therefore, an in-depth understanding of MFDs re-
quires a transition from the analysis of individual elements
of pathological process such as genome, transcriptome,
metabolome, etc. to their integration [22].

The need for natural science transition from analysis
to synthesis and from reductionism to holism was justified
in 1968 by Karl Ludwig von Bertalanffy who proposed and
provided mathematical foundation for general systems
theory that became a foundation of systems biology, an
interdisciplinary scientific discipline aimed at study and
modeling of complex interrelationships in biological sys-
tems from the perspective of the whole (holism/reduction-
ism) [28-30]. One of its areas is systems genetics aimed
at studying the processes of genetic information unfold-
ing and the relationships between genetic components of
metabolic pathways and functional modules in the devel-
opment of phenotypic traits [22, 30]. A search for relation-
ships between causal gene expression and clinical symp-
toms of MFDs seems especially promising at the current
stage. Refinement of the structure of genetic networks,
their expression, properties, causal gene product interac-
tions, and states of the corresponding metabolic pathways
underlie molecular medicine.

PM and systems genetics of MFDs

The PM studies essentially result in an integration of
obtained data, their alignment with clinical data, creation
of bioinformatics model of disease, and identification of
key trigger mechanisms (molecular drivers), whose use
is essential for prevention and target treatment of MFDs
[25]. Wide implementation of systems genetics approach-
es and methods signifies the beginning of new stage of
PM: translational (target) medicine.

New surge of interest in PM was caused by rapidly
growing effectiveness of whole genome sequencing and
implementation of NGS. Within a short period of time, the
use of NGS allowed to perform genome sequencing of
1,500 residents of Europe and vigorously sequence mil-
lions of genomes of people living in the United Kingdom,
North America, and China [22]. It is proposed that NGS
will allow to solve the essential problems in PM, in par-
ticular, identify the new candidate genes for MFDs and
detect new pathogenetically significant mutations: to per-
form qualitative and quantitative analysis of copy number
variations (CNV), assess their contribution to MFD patho-
genesis and individual genetic specificity of MFDs, and
create new genetic classification of diseases.

It is proposed to combine the results of wide-spread
whole genome sequencing with analysis of causal gene
expression in relationships with individual clinical data and
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Mpennonaraetca COBMECTUTb pes3ynbraTbl MacCoOBOroO
NONTHOrEHOMHOIO CEKBEHMPOBAHUSA C 3KCMpPeccuen npuydmH-
HbIX FEHOB B COMETaHuW C MHANBUAYanbHbIMU KIMHUYECKUMM
AaHHbIMK 1 pedynbTatamu nabopaTopHbIX MCCregoBaHWn.
[ocTtmxeHne aTon rnobanbHONM Lenu, CTomMb BaXKHON NS Ye-
rnoeeyecTBa, Npegnonaraet cregyoLwme aransbi:

— co3faHue penpeseHTaTuBHbIX 6nobaHkoB OHK n o6-
pasuoB TkaHeln 60nbHbIX ¢ pasnuyHeiMun M®3;

— ngeHTndUKauns reHoB-kaHAMOAToB, onpeaeneHne re-
HeTnyeckoro npodunsg M®3 (metoq GWAS, ak3omHoe 1 re-
HOMHOE CEKBEHUpPOBaHMWE);

— CpaBHUTENbHbLIN aHanM3 3NUreHeTU4YecKon perynauum
reHoB-KaHAMAATOB (METUNMPOBaHWe, CMeKTPbl PerynsaTtop-
HbIX MiIRNAS, 3KCnpeccrMOoHHbIe NPpodUny reHoOB-KaHaANAAToB
B HOPME W Npu NaTonorum);

— pa3paboTka KOMNbIOTEPHLIX NporpaMm 1 GronHdopma-
LIMOHHbIX Moaenen;

— onpepgernexHve rmaBHbIX MeTabonuyeckux nyTen, KOTo-
pble HapyLualTcst Npy pasHbix MO3;

— nouck u mnaeHTudmkauma Guomapkepos M®P3, npu-
rOAHbIX AN paHHeW AMArHOCTUKK, NeYeHns U 06beKTUBHOM
OLEHKM nHAMBMAyansHoro pucka M®3.

B TeyeHne Gnmxanwmx 5 netr 6yayt nonyyeHbl gokasa-
TenbCTBa OCHOBHbIX cTpaTtermdeckux npuHumnos MMM,
yepe3 10 nNeT HaYHETCA ee NpakTMyYeckoe BHeapeHWE, Yepes
20 neTt oHa NOMHOCTBIO BOMAET B KIMMHUYECKYIO NPAaKTUKY W,
BO3MOXHO, BbIVAET HA YPOBEHb MEPCOHaNM3MPOBAHHON Te-
neMeauLmMHbI.

B 2013 r. B CWWA 6bin co3gaH HAWM no reHeTudeckomy
KOHTponto 3a0opoBbA nauneHToB (Patient Centered Outcomes
Research Institute — PCORI), uenbto koTOporo siBNsieTcsi Co-
BMELLEHNEe MEAMLMHCKNX KapT KOHKPETHbIX BOrMbHbIX C pe-
3ynstatamy ux nabopaTopHbIX aHanM3oB U C AaHHbIMU UX
nepcoHarnbHbIX FEHOMOB AN YNyYLleHnsa KayecTBa AnarHo-
CTVKK, NPOMMNaKkTUKN N NevyeHnsa yactblix 3abonesaHun. B
HacToswee Bpema NGS senseTtca Hanbonee BakHbIM METO-
OOM OMarHOCTMKM pefkux 3abonesaHun, Ho ero Bknag B MM
MynbTMEaKTOPHOM NaToNorMm OgHO3HaYHbIN.

PeanbHbIn Noaxod K NpeoforneHnto 3ToW TPyaHOCTU OT-
KpblBaeT CUCTEMHas reHeTuka. AHanmu3 9KCMPeCCUOHHBLIX
W 3MUreHeTUYecKnx npodunert MPUYMHHBLIX FEeHOB, (YHK-
LMoHarnbHbIX Mogynewn, acpekToB anncTasa, reH-reHHbIX 1
6enok-6enkoBbIX B3aMMOL4ENCTBUA B COOTBETCTBMM C Mpa-
BUIaMN CUCTEMHOWN FEHETUKN CyLLIECTBEHHO PacLLUMPSIET BO3-
MOXHOCTW anarHocTnkn M®3 [19]. OMUKCHbIE TEXHOMOTMM 1
OCHOBAHHbIN Ha HUX UHTErpaTUBHLIN NOAXOA AalT BO3MOX-
HOCTb 3arnsaHyTb B MMyOUHHBIE MONEKYNAPHbIE MEeXaHU3Mbl
natoreHomukn M®3, nageHTndunumposaTb rmaeHble MeTabo-
nuyeckne nyTu, HapylleHWe KOTOpbIX SABMAETCSH MPUYNHON
6onesHu, nNpeanoXuTtb MNEepCoOHaNM3MPOBaHHOE IeYeHue.
PesynbraTbl reHOMHOrO, TPaHCKPUNTOMHOIO M NPOTEOMHOIO
aHanu30B JOIMKHbI COCTaBMATbL OCHOBY 3MIEKTPOHHOW KapTbl
300poBbs Yenoseka, ero M1 n cemenHon kapTbl penpoayk-
TMBHOTO 340POBbSA B Heganekom dyayuiem [31, 32].

B HacTosilee Bpems eHeTuyeckas kapTa penpoayKTunBe-
Horo 3g0poBbst (TKP3) [8] Bce valle paccmaTtpuBaeTcsa Kak
Habop reHeTnyecknx u Apyrux nabopaTtopHbIX TECTOB, Ha-
NpaeneHHbIX Ha BbISCHEHME OCOGEHHOCTEN M MPOrHO3MPO-
BaHWe penpoayKkTUBHOMO pucka B cembe. OHa BKMOYaeT He
TOMNbKO KapuoTUMMPOBaHUE Cynpyros, HO U UX TECTUPOBaHNe
Ha ckpbiToe HocuTenbcTBo 6onee 1000 ayTocomMHo-peuec-
CUBHbIX 3aboneBaHuiA, BKMYas cemenHble opMbl runep-
XOnecTepvHeMnn, HacneaCcTBEHHbIE paku, KapavoMmuonaTnum
n ap. Ocoboe 3HayeHue [ns NporHo3a penpoayKTUBHOM

results of laboratory tests. An achievement of this global
goal, which is so important for humanity, implies the fol-
lowing milestones:

Creation of representative DNA biobanks and tissue
samples from patients with various MFDs

— Identification of candidate genes and determination
of MFD genetic profiles (GWAS, exome and genome se-
quencing)

— Comparative analysis of epigenetic regulation of
candidate genes (methylation, spectrums of regulatory
miRNA, and expression profiles of candidate genes in
health and disease)

— Development of computer software and bioinformat-
ics models

— Determination of main metabolic pathways disrupted
in various MFDs

— Search and identification of MFD biomarkers suit-
able for early diagnosis, treatment, and unbiased assess-
ment of individual MFD risk

The proofs of main strategic PPPM principles will be
acquired during the following five years, and, in ten years,
PPPM will be included in clinical practice, and, possibly, it
will achieve the level of personalized medicine.

Patient Centered Outcomes Research Institute (PCO-
RI) has been established in the U.S. in 2013 aimed at
aligning the medical charts of patients with the results of
their laboratory tests and personal genome data to im-
prove quality of diagnosis, prevention, and treatment of
common diseases. NGS is currently the most important
diagnostic method in rare diseases, but its contribution to
PM of multifactorial pathology is certain.

Systems genetics opens the true way to overcoming
this challenge. The analysis of expression and epigene-
tic profiles of causal genes, functional modules, epistasis
effects, and gene-gene and protein-protein interactions
according to the rules of systems genetics significant-
ly expands capabilities of MFD diagnostics [19]. Omics
technologies and omics-based integrative approach allow
to get in-depth insights into the molecular mechanisms of
MFD pathogenomics, identify the main metabolic path-
ways causing disease if disrupted, and offer personalized
treatment. The results of genomic, transcriptomic, and
proteomic analysis may provide the basis for electronic
records of human health, GP, and family charts of repro-
ductive health in the near future [31, 32].

Currently available genetic chart of reproductive health
(GCRH) [8] is increasingly often considered an array of
genetic and other laboratory tests aimed at detection of
traits and prediction of reproductive risk in the family. It
comprises not only karyotyping of spouses, but also test-
ing for latent carriership of over 1,000 autosomal recessive
diseases including familial forms of hypercholesterolemia,
hereditary cancers, cardiomyopathies, etc. Testing for the
genetic markers of recurrent pregnancy loss, infertility, fe-
toplacental insufficiency, and thrombophilia are especially
significant for the prognosis of reproductive function. To
preserve reproductive health in the presence of appropri-
ate clinical indications, GT for hereditary causes of male
and female infertility deserves a special attention.

A current variant of familial GCRH comprises the re-
sults of medical genetic testing, reproductive functional



BapaHos B.C.
"eHOMUVKa 1 NpeanKTMBHASA MeanunHa

PYHKUMM MMEeeT TeCTUPOBAHWE TEeHETUYECKUX MapKepoB
HeBblHaWMBaHUs 6epemeHHocTH, 6ecnnoaus, detonnaueH-
TapHOW HeJoCTaToyHOCTH, TpoMBodunun. [ing coxpaHeHus
penpoayKTUBHOIO 340POBbA NPU HANMMYUN COOTBETCTBYHOLLIMX
KIMHMYECKMX MOKa3aHUM cneumanbHOro BHUMaHusA 3acny-
xuBaeT ['T HacneaCTBEHHbIX MPUYMH MYXKCKOTO M JKEHCKOro
6ecnnogus.

MpeKOHLENUUOHHBIN CKPUHUHT
Preconception screening

KapTa penpoayKTMBHOrO 3[0pOBbS CEMbY
Family reproductive health chart

state, and the factors of male and female infertility (Fig.
1) [6, 21]. Other relevant goals on the way to advanced
GP include the need for creation of up-to-date biobanks
of DNA samples of blood and tissues from patients with
various MFDs [20, 26] and development and implementa-
tion of artificial intelligence, which will help to significantly
deepen the deciphering of DNA sequencing results [18].

KapTa obLiero 300poBbsi cemMbi
Genetic family chart

CKPUHWHT reTepo3uroTHOro HOCUTENLCTBA
MaXOPHbIX MyTaLMiA YacTbIX
HacneAcTBeHHbIx 3abonesanui (MLP,
MUKPOUUMbI, CEKBEHUPOBAHWE W T.M.):
Screening for major mutations carriers and
pathologic variants of common genetic
disorders (PCR, CGH, NGS, etc.):

AHanu3 reHomHbIX nepecTpoek metogom arayCGH
Analysis of genomic rearrangements by arrayCGH method

WccnepoBaHue Ha HocutenbcTBo Gonee 1000
HacneACTBEHHbIX ayTOCOMHO-PeLIeCCUBHBIX 3abonieBaHuii ¢
nomolLubio NGS cekBeHMpoBaHWS

Study of carriership of over 1,000 hereditary autosome

WccnepoBaHve Ha HocuTenbcTBo Gonee
1000 HacneacTBEHHbIX @yTOCOMHO-
peLeccBHbIX 3a6GoneBaHuii ¢ MOMOLLbIO
NGS cekBeHupoBaHusi

Study of carriership of over 1,000
hereditary autosome recessive disorders
by NGS sequencing

recessive disorders by NGS sequencing

MykoBucumgos
Cystic fibrosis

Muoauctpodms [diowenHa
Duchenne muscular dystrophy

Femocbunus A
Hemophilia A

DeHoNKEeTOHypUs
Phenylketonuria

AppeHo-reHnTanbHbIA CUHOPOM

CnuHanbHas MbileyHas atpodus
Spinal muscular atrophy

Myxckoe 340poBbe:

HeOGCprKTI/IBHaﬂ asoocnepmMud, onuro3oocrnepmma ot

BpeaHew Ao Tshxenon (AZF)

Non-obstructive azoospermia, oligozoospermatism of

Mownck «BTOPUYHBIX» HAaXOAOK, COrNAacHoO PEKOMEHAALMSAM
ACGVG (HacneacTBeHHble paku, kapavoMuonaTum,
cemeliHble (DOPMbI TMNEPXONUCTEPUHEMUN U Ap.)

Search for secondary findings according to ACMG
recommendations (inherited cancers, cardiomyopathies,
familial forms of hypercholesterolemia, etc.)

Mapkepbl HeBbIHaLLIMBAHUS
B6epemeHHOCTU
Miscarriage markers

Mapkepbl 6ecnnoaus
Infertility markers

Tpom6odpunus
Thrombophilia

Mapkepbl cheTonnaweHTapHomn
He0CTaTO4HOCTH
Fetoplacental insufficiency markers

Bromapkepbl (MMKPOBGMOM KULLIEYHUKA),
MeTabonuyeckuii CnexkTp

Biomarkers (intestinal microbiome),
metabolic spectrum

moderate to severe degree (AZF)

OGCprKTMBHaH asoocnepmMus, BpoxXaeHHaa ABYCTOPOHHAA
annasmnsg CeMABbIHOCALLNX MPOTOKOB UIN TaxXenas
onurosoocnepmMud, annasua ceMsaBbIHOCALLUX NPOTOKOB

(CFTR)

Obstructive azoospermia, congenital bilateral absence of the

vas deferens (CFTR)

Basbl AaHHbIX (FEHOM, TPaHCKPUMTOM, MPOTEOM, MeTaborom)
Data bases (genome, transcriptome, proteome, metabolome)

Puc. 1. BapnaHT reHeTn4ecKkol KapTbl penpoayKkTUBHOMO 340POBbsi ceMby [6]
Fig. 1. Tentative genetic chart of family reproductive health [6]

CoBpeMeHHbI BapnaHT [KP3 cembn BkntovaeT pesyrnb-
TaTbl MEAUKO-TEHETUYECKOro TECTUPOBAHWS, COCTOAHUA pe-
NPOAYKTUBHOW (DYHKLMK, (PAKTOPOB MYXKCKOrO W >KEHCKOrO
6ecnnogus (puc. 1) [6, 21]. B ka4yecTBe Apyrnx akTyanbHbIX
3agad Ha nytm k coBpemeHHomy [Tl paccmartpusaetcs He-
06X0aMMOCTb CO34aHNA COBPEMEHHbIX 6nobaHkoB 06pasLIoB
IOHK kpoBu u TkaHen nauueHToB ¢ pasHbiMmn M®3 [20, 26],
pa3paboTka u BHeApPEHME NCKYCCTBEHHOrO MHTENnekTa, Ko-
TOPbIN MOMOXET CyLLECTBEHHO YrnybuTb pacumdpoBKy pe-
synsrartos [1HK cekBeHnposaHus [18].

Gene panels for selective screening of newborns,
spouses, and adults under 25 years are currently under
development. Standardization of screening procedure
and known gene variant testing is warranted [6].

PM nowadays

Pathogenomics of common obstetric pathology (endo-
metriosis and uterine myoma)

An approach to MFDs from the standpoint of PM
has allowed to significantly advance understanding the
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CerogHsi paspabaTbiBalOTCA M  HAYMHAKT UCMOMb30-
BaTbCA NaHenu reHoB AN CENeKTUBHOrO CKPUMHWHIa HOBO-
POXAEHHbIX, CynpyroB u B3pocnbix Ao 25 net. OTmevaercs
HeobXoAuMOCTb CTaHgapTU3auun npoueaypbl CKPUHWHIA,
TeCTUpOBaHWE N3BECTHbLIX BApMaHTOB reHos [6].

MM cerogHsa
NMamozeHomuka yacmoii akywepcKoli namosaoauu
(3Hdomempuo3 u muoma Mamkuy)

Mooxog k M®3 ¢ nosuuyum MM no3sonun CyLEeCcTBEHHO
NpoABUHYTLCSA BNepes B MOHUMaHWM MATOFrE€HOMMUKW TUMnY-
Hbix M®3, Takmx kak aHgomeTpuo3 (M) m Mmoma MaTku
(MM), B 4aCTHOCTU YTOYHUTb NYyTWU NPOUNAKTUKN, YIYULLINTb
OMarHOCTUKY U NOBbICUTb 3(EKTUBHOCTb NEPCOHANM3NPO-
BaHHOrO NneYeHusi, HayaTb pa3paboTKy MEeTOA4O0B reHHOW Te-
panuu.

MpoBeneHHble vccnegoBaHus ybeautenbHO nokasanwu,
YTO WUMEHHO WHTErpaTuMBHbLIA Noaxon sensietcs Haubonee
NPOAYKTUBHBLIM U €AMHCTBEHHbIM A5 OOBLEKTUBHOIO MOHU-
MaHus naTtoreHoMunkn 3aboneeaHusi. Bonpoc o Tom, B kakon
Mepe UAEHTUMULUPOBAHHBLIE «MPUYUHHbLIEY TEHbl U NPOAYK-
Tbl UX 3KCMPEccUn MOryT paccmaTpuBaTbCs Kak Guomapke-
pbl, TpebyeT AononHUTENbLHOWM npoBepkn. OgHako yxe cen-
Yyac C NoSHbLIM OCHOBaHWEM MOXHO cAenaTb BblBOA, YTO 06a
3abonesanus (OM n MM) siBnstoTcs COOPHBIMU NOHATUSIMNA,
TaK Kak NnpeacTaBnsitoT cobon Habopbl KNMHUYECKN CXOOHbIX,
HO NaToreHeTUYEeCKN pasHbix 3aboneBaHnn, Kaxaoe U3 KoTo-
pbIX MMEET CBOW 3MUreHOM, KOTOPOMY COOTBETCTBYHOT CBOM
KnuHuyeckme opmbl. VIMEHHO BHYTpPU Takux cybbeguHuL,
Hanbonee BepoOSiTHbI Haxoaku crneuududeckmx Gromapke-
pos 3M 1 MM [33].

HenpemMeHHbIM YCNOBMEM YCMELIHOCTM Takoro nowvcka
ABMSIETCS Hanuune penpes3eHTaTMBHbLIX rPynn COOTBETCTBY-
HOLLMX BOMNbHBIX C TOYHLIM AnarHo3om. OTcoga NOrMYHbIM 1
CBOEBpPEMEHHbIM siBNsieTcs opraHusauusi HK-6uomapkepos
6onbHbIX AM, cekBeHMpoOBaHME WX FEHOMOB, AOMOMHEHHOE
6rounHdopmaTnieckum aHannaoMm. OM — KOMMMeKcHoe cu-
cTemMHoe 3aboneBaHve 3HOOMETPUs, UMELoLLEee CBOK CO6-
CTBEHHYIO reHeTu4deckyto nporpammy passutus ([MPJ), ko-
TOpas perynupyet 1 HanpaBnseT OCHOBHbIE FEHETUYECKME U
anureHeTNYeckne npolecchl B knetkax aHgometpus. Mpea-
NnoxeHa runotesa, cornacHo kotopoun MIPO Bkniovaet, no
KpaniHen mepe, Tpu kputudeckux nepuoga (KIM), Bo Bpems
KOTOpPbIX NPOUCXOAMT NepenporpaMmmMupoBaHne reHoMa Kre-
ToK aHgomeTpusda. KI-1 cooTBeTCcTBYyeT 3aknagke >XEeHCKON
penpogykTnsHon cuctemsl, KlM-2 — tpaHcpopmauun anute-
nnanbHbIX KNETOK 3HAOMETPUS 1 OPIOLLMHBI B ME3EHXMMAaTb-
Hble cTBomnoBble knetku, KM-3 — ctaHOBNEHWIO U pa3BUTUIO
aHAoMeTpuonaHbIX retepotonuin (3 T) [34]. IHTerpaTuBHbIN
noaxod K M3y4YeHUo NaToreHOMUKN Hapy>KHOTO reHuTanbHo-
ro aHgometpunosa (HIM3) no3sonun nony4nTb HOBbIE AaHHbIE
O FEHETUYECKMX U BMUreHEeTUYECKUX hakTopax, nexawux B
OCHOBE BO3HWKHOBEHUS 1 pa3BuUTUS 3aboneBaHus. YCTaHOB-
neHo, 4To OM — He camocTosiTeNnbHast HO30/0rus, a ckopee,
Habop («BykeT») cxodHbIX WnM eHoTUNUYeckn OGnM3KMx
KINMHUYECKMX (DOPM, BbI3BAHHbIX MyTaLMsIMU Pa3HbIX FEHOB
Unmn HebnaronpuaTHLIM coveTaHneM YHKLMOHANbLHO HEMon-
HOLIEHHbIX annenew n ux anUreHeTU4Yeckon ancperynsiLuen.
Kaxxgast knmHuyeckaa doopma OM MMeEeT CBOM anureHeTn4e-
ckun nangwadt (A1) — cneundunyeckne yHKLMOHAmNbHbIE
N3MEHEHUS! TPAHCKPUMUUM MPUYUHHBIX FTEHOB. JKBUMHAMB-
HOCTb MATONOrM4ecKoro npoLecca (ero OKOHYaTenbHbIA KNn-
HUYeckuii beHOTMN) onpedenseTcs UHAMBUAYaNbHBIMU OCO-
©EHHOCTSIMU reHoOMa W 3nuMreHoMa GoMbHbIX KEHLLMH.

pathogenomics of typical MFDs such as endometriosis
and uterine myoma, in particular, specify the ways of
prevention, improve diagnosis, increase efficacy of per-
sonalized treatment, and begin the development of gene
therapy methods.

Performed studies convincingly demonstrate that the
very integrative approach is the most productive and the
only unbiased way to understanding pathogenomics of
disease. The question to what extent identified causal
genes and products of their expression may be consid-
ered biomarkers requires further studies. However, one
may currently conclude that both diseases (endometriosis
and uterine myoma) are miscellaneous entities because
they comprise clinically similar, but pathogenetically di-
verse diseases, each of which has its own epigenome
with the corresponding clinical forms. Specific biomarkers
of endometriosis and uterine myoma may be found within
these subunits [33].

An essential condition for such a search is the pres-
ence of representative groups of relevant patients with
accurate diagnosis. Therefore, the organization of DNA
biobanks of patients with endometriosis and sequencing
of their genomes supplemented by bioinformatic analy-
sis is a logical and timely measure. Endometriosis is a
complex systemic endometrial disease, which has its
own genetic program of development regulating and di-
recting the main genetic and epigenetic processes in the
endometrial cells. The proposed hypothesis suggesting
that the genetic program of endometriosis development
includes at least three critical periods when the repro-
gramming of genome of endometrial cells occurs. Criti-
cal period 1 corresponds to the establishment of female
reproductive system; critical period 2 corresponds to the
transformation of epithelial cells of the endometrium and
peritoneum to the mesenchymal stem cells; critical period
3 corresponds to the establishment and development of
endometrioid heterotopies [34]. Integrative approach to
studying pathogenomics of external genital endometrio-
sis allowed to obtain new data regarding the genetic and
epigenetic factors underlying the onset and progression
of disease. Evidence suggests that endometriosis is not a
self-sufficient nosology, but rather an array (bunch) of sim-
ilar or phenotypically close clinical forms caused by the
mutations of different genes or unfavorable combination
of dysfunctional alleles and their epigenetic dysregulation.
Each clinical from of endometriosis has its own epigenetic
landscape i.e. specific functional changes in the transcrip-
tion of causal genes. Equifinality of pathological process
(its final clinical phenotype) is determined by the individual
features of genome and epigenome of affected women.

Therefore, the study of endometriosis pathogenesis,
based on omics technologies and methods of systems ge-
netics, open the prospects for the development of effec-
tive methods of prevention, diagnostics, and personalized
treatment of endometriosis, a common socially significant
disease.

Uterine Myoma (UM)

Studies of PM in the uterine myoma (UM) suggest the
presence of at least two diverse molecular mechanisms of
pathogenesis: genetic and epigenetic [35]. The first and
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Takvum obpa3om, usdyyeHue natoreHoMukn OM c nNomo-
L0 OMUKCHBIX TEXHONOMMN N METOAO0B CUCTEMHOWN reHeTU-
KV OTKpbIBaET NepCcrneKkTuBbl AN pa3paboTkun apdekTUBHBbIX
METOAOB NPOMUNAKTUKN, ANArHOCTUKM M MEepPCOHanu3mpo-
BaHHOro neyeHns OM — yacToro coumanbHO 3HAYMMOro 3a-
6onesaHus.

Mwuoma matkn (MM)

Wccneposanusa no MM muombl matkn (MM) ykasbiatoT
Ha Hanu4yue no KpawmHew Mepe ABYX pasHbIX MOMEKYNSIPHbIX
MEXaHU3MOB MaToreHesa: reHeTUYEeCcKoro U aNUreHeTUYecKo-
ro [35]. MNepBeIt n Hanbonee vactbii (80—85%) kacaetcs
reHa MED12, myTaunm KOTOPOro COMNpsiKeHbl C NOBbILLEHHOMN
akcnpeccuen «paHHero» reHa — WINT4, KoTopbl akTMBUPY-
€TCS B CTBOSOBbIE KINETKN MUOMETPUS MaTK1 Nog AeNCTBUEM
pas3nunyHbIX MoBpexaallmx akTopoB (MHMeKuun, mexa-
HoTpaHcaykumm). MyTtaumsa reHa MED12 HapywaeT metabo-
nnyeckue nyTu, CBsi3aHHble ¢ nNponudepaumen mmobnacros
n chopmmpoBaHMeM mexkneTodHoro matpukca (Wnt/B-karte-
HWHT, NPONaKTWH, U MHCYNMHOBLIN pocToBor dakTop — IGF).
B pesynerate 3TMX HapyLleHUI pa3BMBaKOTCA MHOXECTBEH-
Hole MM — y3nbl cpegHero pasmepa. Btopow mexaHusm
XapakTepuayeTcsi Hanuuumem TpaHcrokauun t(12;14)(q14-
q15;,923-g24) v noBblllEHMEM aKTUBHOCTM reHa HMGA2,
NpOAYyKT KOTOPOro MonvnenTuz, OTHOCALLUIACS K CEMENCTBY
JHK-cBsi3bIBalOLLMX TMCTOHOBLIX GEMKOB, CTUMYNUPYET Npo-
nudpepaunto KNeTok n ux tpaHchopmaumo B krnetkm MM.
Skcnpeccus reHa HMGAZ2 akTnBupyeTcs rMnokcuemn, KCeHo-
OMOTUKaMK, HapyLlEHWEM CUCTEMbl AETOKCMKALMMW, XPOMO-
COMHbIMK abeppauusmu. MpoaykT reHa HMGA2 aBnsieTcs
rnasHbIM gpariBepom pa3sutna MM. M'vnepakcnpeccus reHa
HMGAZ2 aktusupyeT npotooHkoreH PLAGT n reH WIF1 —
UHrMBuTOp MetTabonudeckoro nytn Wnt/B-kateHuH. Pe3ynb-
TaTOM BTOPOrO 3MUreHETUYECKOrO MyTW SIBMSIIOTCHA KpYMHble
conuTtapHble MM-y3nbl.

MHoroumcneHHble faHHbIE CBUAETENLCTBYHOT O rnobans-
HbIX HapyLUEHUSIX NPOLECCOB METUMMPOBAHUS/AEMETUNNPO-
BaHWs reHoma B KneTkax neriomuomsl (JIM). 1o ykaseiBaeT
Ha BaXHbI BKNaj HapyLIeHWA 3MUreHeTUYECKON perynsumm
B natoreHe3 atoro 3abonesanus [35[. CyliecTBeHHasa ponb
B 3nureHeTnyeckon perynauum orsoamtcss MUkpoPHK. Yxe
nepeble nccnegosaHus JIM nokasanu 3Ha4uTenbHbIE Hapy-
LWeHnsa nNpodunsa cuHTeda perynsatopHbix MukpoPHK, oco-
6eHHo let7, miR-21, miR-93,miR-106b, miR-200. MHoruve
u3 Hux (let-7, 200a, 200c, 93, 106b and 21) perynupytoT
npoueccel nponudepaunm, BocnaneHns, aHrmoreHesa, KoH-
TPONMPYIOT CUHTE3 KOMMOHEHTOB BHEKINETOYHOrO MaTtpukca,
npouecckbl anonto3a kneTtok JIM.

JocTuxeHuss B M3y4eHun natoreHommkn MM oTkpbiBatoT
HOBbIE CTpaTerMYeckne NepcrneKkTuBbl B AUArHOCTUKE U fnede-
HWM aToro 3abonesaHus. B yacTHoCcTW, NnoaaBneHne curHarnb-
HOrO NyTW MHCYNMHOBOIO POCTOBOro hakTopa (reH IGF2BP2)
AN CHYKeHna akecnpeccun reHa HMGAZ2; nogasneHue pocTa
BHEKIETOYHOro MaTpukca nytem cynpeccun reHos TGF-( u
ACVR1 — HoBasi NepcnekTuBHas cTparerns oapMakoreHeTu-
kn MM.

Takum obpa3om, Mcnonb3yst COBPEMEHHbIE MOMNEKynsp-
Hble TEXHOMNOrMN U METOoAbl CUCTEMHOW FEHETUKU, yOanoch
CYLLECTBEHHO NPOABMHYTBLCA B MOHUMaHUW MATOrE€HOMMKM
MM 1 npeanoxutb HOBble MEPCNEeKTUBHbIE NMOAXOAdbl K ee
neveHuto.

CyLLEeCTBEHHBIN Nporpecc JOCTUIHYT U B Apyrux pasge-
nax MM, kak TpaguuMOHHBIX (hapmakoreHeTuka, reHeTuka
CTapeHusi, HyTpPUreHoOMM1Ka, CnopTUBHas reHoMuka [8]), Tak n

the most common mechanism (8085%) refers to MED12
gene whose mutations are associated with an increased
expression of early WNT4 gene, which is activated in the
uterine myometrium stem cells in response to various
damaging factors (infections, mechanotransductions).
Mutation of MED 12 gene disrupts the metabolic pathways
associated with myoblast proliferation and intracellular
matrix formation (Wnt/B-catenin, prolactin, and insulin
growth factor (IGF)). These abnormalities result in the
development of multiple moderate-size UM nodes. The
second mechanism is characterized by the presence of
translocation t(12;14)(q14-q15;q23-q24) and an increase
in the activity of HMGAZ2 gene whose product, a polypep-
tide belonging to the family of NA-binding histone pro-
teins, stimulates cell proliferation and transformation to
UM cells. The expression of HUGAZ2 gene is activated by
hypoxia, xenobiotics, detoxification system abnormalities,
and chromosome aberrations. HMGA2 gene product is
the main driver of UM development. The HMGAZ2 gene hy-
perexpression activates protooncogene PLAG1 and WIF1
gene, an inhibitor of metabolic pathway of Wnt/B-catenin.
Large solitary UM nodes result from the second epigene-
tic pathway.

Abundant data suggest the globally abnormal pro-
cesses of methylation/demethylation in the genome of
leiomyoma (LM) cells. This observation denotes a sig-
nificant contribution of abnormal epigenetic regulation to
the pathogenesis of the disease [35]. MicroRNAs play a
significant role in the epigenetic regulation. Even the first
studies of LM showed the presence of significant abnor-
malities in the profile of synthesis of regulatory microRNA
especially let7, miR-21, miR-93, miR-106b, and miR-200.
Many of them (let-7, 200a, 200c, 93, 106b, and 21) reg-
ulate the processes of proliferation, inflammation, and
angiogenesis and control synthesis of extracellular matrix
components and apoptotic processes in the LM cells.

The achievements of studying the UM pathogenomics
open new strategic perspectives for diagnosis and treat-
ment of this disease. In particular, a new promising strat-
egy of UM pharmacogenetics consists in the downregu-
lation of insulin growth factor (/IGF2BP2 gene) signaling
pathway to attenuate the HMGAZ2 gene expression and
the decrease in extracellular matrix growth via suppres-
sion of TGF- and ACVR1 genes.

Therefore, the use of cutting-edge molecular technol-
ogies and methods of systems genetics allowed to suc-
ceeded in understanding the UM pathogenomics and pro-
pose new promising approaches to its treatment.

A significant success has been also achieved in other
PM subdisciplines including both traditional (pharmacog-
enetics, genetics of aging, nutrigenetics, and sports ge-
netics [8]) and relatively recent areas (prenatal GT [6] and
hereditary features of sensitivity to COVID-19 infection).

These areas of PM represent the focus of a second
edition of new book “Predictive medicine evolution”, which
is currently in press.

Conclusion
PM is a natural result of implementing molecular

technologies in human genetics. Over 20 years of its ex-
istence, PM has travelled the difficult path from the first
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CpaBHUTENbHO HOBbIX HanpaeneHuax (npeHatansHoe [T [6]
W HacnegcTBeHHble OCOBEHHOCTU YyBCTBUTENBLHOCTU K KO-
BUAHOW UHdEKLNN).

B HacToswee Bpems aTu HanpaeneHus M coctasunm
OCHOBY 2-TOMHOTO M34aHNsi HOBOW MOHOTrpadummn «3BonoLus
NPeavKTBHON MEAMLUMHbBI», KOTOpas HAXOAWUTCA B nevaTu.

3akno4yeHue

MM — ecTecTBeHHbI pe3ynsTaT BHEAPEHUS MOEKyNsip-
HbIX TEXHONMOrM B reHeTuky 4veroseka. 3a 20 net cyule-
cTBoBaHusi MM npoLuna CnoXxHbli NyTb OT NEPBbIX NOMbITOK
OOCMMNTOMATUYECKON AMarHOCTUKN MOHOTEHHbIX GonesHen
00 (PYHKUMOHANbLHOINO KapTUPOBaHWUSt KaHAMOATHLIX FEeHOB
yacTblx M®3. BHegpeHne metroga MOMHONEHOMHONO CKpU-
HWHra annenbHbix accoumauui (GWAS) cnocobcTBoBano
naeHTUdMKaLMN MHOMMX paHee HEU3BECTHbIX MPUYUHHBIX
reHoB M®3, ogHako He BbI3Bano pelunTenisHOro neperioma
B 3dpdpekTMBHOCTU NpeaukTneHoro ['T. Ee HM3kasa addekTus-
HOCTb, Kak CTano NoHATHbIM, Obina obycnoBneHa «HegocTa-
IOLWEN HacneayeMocTbio», CBA3aHHOW C HECOBEPLLEHCTBOM
TectupoBaHus. MNMoaxog k MM ¢ no3nunmn CUCTEMHON reHETUKN
(MccnenoBaHve NaTonornM Ha pasHbiX YPOBHSX peannsaumm
reHeTN4Yeckon MHopMaLMK) CYLLLECTBEHHO YKPENnun No3uLmm
MM n nossonun nydwe MNoHATb natoreHomuky M®3. Ctpe-
MUTENbHbIA NPOrPecc reHOMWKX NO3BONSET YTBEPXKAATb, YTO
B 0603pMMoM ByayLLEM YXKe MPU POXAEHUN YENOBEK MOXET
nony4yaTtb pesynsraTbl aHanMsa MHAMBUAYarNbHOro reHoMa He
TOSMbKO Ha HaNM4une yxe CyLLeCTBYIOLLEN UMW NOTEHUMATBHON,
HeMaHWUdEeCTUPYIOLLEN NaToNorMmu, Ho 1 06 MHANBUAYANLHON
npeapacnonoXeHHOCTN K YyactbiM MP3 [34], nHdopmauuio,
BaxkHyl Ansi cbapmakotepanuu. C BO3pacToM pesynbsraThl
CEKBEHUPOBaHWS reHoMa npeanonaraeTcs MHTerpupoBaTth C
MEAMLMHCKOM KapTON HOBOPOXAEHHOI0, YTO MOMOXUT Ha4Yano
3NEKTPOHHOM KapTe 340poBbsi. B HacToswee Bpems MMM
BCE ellle HaXO4MTCs Ha paHHWUX dTanax pas3sutusi. I'T ceroa-
Hsl JaeT BO3MOXHOCTb ONpeaenuTb ANs KOHKPETHOTO Yero-
Beka Tomnbko rpynny pucka M®3, Ho 3a ManbiM UCKMHYEHU-
€M He Mo3BONseT Aenatb HUKaKMX OOBbEeKTUBHbLIX NPOrHO30B
B OTHOLUEHWM Oyaylumx GonesHen. YMEeCTHO MoayYepKHyTb,
41O NMtOBbIE KMMHMYECKME UCCNEenOBaHMSA U aHanu3bl (Gnoxu-
MUYeckue, yHKLMOHarbHbIE, CEPONiorMyeckue 1 ap.) aawot
BO3MOXHOCTb CyAUTb TOMBKO O TEKYLLEM COCTOSIHUM OpraHm3-
Ma, Torga kak ['T, npoBegeHHOe pa3s B XU3HU, NpeaocTaBnsieT
nHopmaumio 06 yHUKanbHbIX 0COBEHHOCTSIX BCeW Hacnen-
CTBEHHOW Nporpammbl Yernoeeka [36].

Utak, MM, BosHukwas ewe B 2000 r., npetepnena ce-
PbE3HYI0 3BOMIOLIMIO U COXpaHMIa CBOK akTyanbHocTb. OHa
nonoxwuna Hayano MMM, kotopasi B o603pumMom ByayLiem
BMecTe ¢ OBMOMHOPMAaTUKON M CUCTEMHOW FreHETUKOI CTaHeT
HEOTBbEMMNEMOW YacCTbio TPAHCNSALUMOHHON (TapreTHon) Meau-
LUUHBI. He UCKMYeHO, YTO YXe YNOMUHABLUUACS «TEeHETUYE-
CKMI nacnopT» B TOM UNn MHOW chopme TpaHcdhopmupyeTcs
B 3NIEKTPOHHYIO KapTy 300POBbS, COBMELLEHHYIO C MHOANBUAY-
anbHbIMWM FEHOMHbIMU faHHbiMK [37]. BHegpeHue cekBeHu-
poBaHusi HoBoro nokoneHus (NGS), cozgaHne 0606LLEeHHBbIX
rEHETUYECKMX U KIMUHUYECKNX 6a3 AaHHbIX — NyTb K «TOYHON
rEHOMHOW NEepPCOoHanM3NPOBaHHON MeauuuHe» Oyayuiero.
Paspabotka 1 BHegpeHuMe MacluTabHbIX MeXOyHapOOHbIX
npoekTtoB (EPPPM, Precision Medicine), HanpaBneHHbIX Ha
aHanu3 Koppensuui Mexay MOMeKkynsipHbIMU U3MEHEHUs-
MU reHoMa U 0COBEHHOCTAMM MX HEHOTUMMYECKOTO MPOSIB-
neHwusi, Bkntodast MO3, cBugetenscTByeT 06 akTyarnbHOCTH,
NepcnekTMBHOCTU M NPaKTUYECKON 3HAYMMOCTU UCCrenoBa-
Hui no MM.

attempts of presymptomatic diagnostics in monogenic dis-
eases to functional mapping of candidate genes in com-
mon MFDs. Implementation of GWAS method contributed
to the identification of many previously unknown causal
MGF genes, but it did not result in breakthrough effective-
ness of predictive GT. It became clear that low effective-
ness of PM was caused by missing heritability associated
with the imperfections of testing. An approach to PM from
perspective of systems genetics (study of pathology at dif-
ferent levels of genetic information unfolding) significantly
reinforced a stand of PM and allowed for better under-
standing the MFD pathogenomics. Tremendous progress
of genomics allows to state that, in the foreseeable future,
a person even at birth may receive the results of individual
genome analysis not only for the presence of already ex-
isting or potential not-yet manifesting pathology, but also
for individual predisposition to common MFDs [34], which
is essential for pharmacotherapy. It is perceived that, the
results of genome sequencing are proposed to be inte-
grated with medical record of a newborn, which will lay
foundation for the life-long electronic health record. Cur-
rent PPPM is still at the early stages of its development.
Nowadays, GT provides an opportunity for a given person
to determine only their risk group for MFD, but, with very
few exceptions, it does not allow to make any unbiased
predictions in regard to occurrence of future diseases. It
is reasonable to emphasize that any clinical studies and
tests (biochemical, functional, serological, etc.) provide an
opportunity to estimate only a current state of organism,
whereas GT, once made, provides information on unique
features of the entire inheritable program of person [36].

In summary, PM, which emerged in 2000s, has un-
derwent a significant evolution and preserved its rele-
vance. This discipline gave rise to PPPM, which, along
with bioinformatics and systems genetics, will become an
essential element of translational (target) medicine. The
above-mentioned GP in one or another form will poten-
tially turn into the electronic health record integrated with
individual genomic data [37]. Implementation of NGS and
creation of integrated genetic and clinical databases are
the way to future precision genomic personalized med-
icine. Development and implementation of large-scale
projects (EPPPM, Precision Medicine) aimed at the analy-
sis of correlations between molecular changes in genome
and features of the phenotypic manifestation including
MFDs suggests the relevance, bright prospects, and prac-
tical significance of PM studies.
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BnarogapHocTu

Imy6okasi npu3HaTeNnbHOCTb BedyLUMM HayYHbIM COTpyAHUKaM oTaena
reHOMHOW MeaAMUMHbI AokTopam Guonormuyeckux Hayk T.B. KysHeuoBon un
T.K. KawieeBott 3a nomoLLb B NOAroTOBKE pyKONUCK B nevaTb, akagemuky PAH
B.M. My3bipeBy 3a akTUBHOE OGCYXAEHUE N KOHCTPYKTUBHYIO KPUTHKY.
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