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37oT HoMep BronneTeHs BbINYLYEH NPU NiC :

B nocnepHue rogbl pacTyluiee BHMMaHWE UCCnepoBa’
cumMnToMbl 6onesHn MapkUHCOHA, KOTOPbIE CYLEeCTEEHHO
XU3HW MAUMEHTOB, a TaKkkKe WMEIOT BaXHeilee auarH
HEMOTOPHLIX NposiBneHuii 6onesnn MapkuHcoxna omio
CTPOWCTRa cHa. HekoTopkle U3 HUX, Hanp1uMep paccTpo
ro cHa”, MOryT BCTpe4YaTbCH Y KJINMHU4ECKHU anopnaux 10[
Bble NposieneHuns. B HacTosLee BpeMs 3T HapylueHus

NaTeHTHOW CTAAMM MHOTOJIETHEro HeiipofdereHepPaTUBHOro
06n0XK1 NpeAcTaBneHa UNNICTPaLNA K pomaHy M. |
Lo Kuxot JlamaHuckuin”, rae n3ob6paxeH UMEHHO T
napacomuuii [JloH Knxota, B KOTOPbIX OH CpaXaeTcs C
Ha cTtp. 29-33 npodeccop B.B. NoHomapes genutcs
HUAMM 06 3TOM M APYruX aNM304ax HapyLIeHWi cHa
HU3MY M NPEeACTABNEHHbIX B U3BECTHbIX XYA0XECTBEHH!




HOBbIE TEXHONIOTUK

CekBeHMpoBaHUEe HOBOro NOKOJIEHUS
B AMarHocTuke 3aboneBaHuim,
COMPOBOXAAIOLLMNXCH
paccTpoucTBaMu ABMXXEHUIN

H.IO. A6pambruesa*, E.JO. @enorosa*, B.B. Yerunosa**, SI.1. Aekceep***

*@I'EHY “Hayunviii yenmp nesponoeuu” (Mockea)
** 340 “Cunmon” (Mockea)
¥+ QIBHY “BHHH ceavckoxosaiicmeentoll Guomexnoroauu” (Mockea)

WHTEeHCHBHOE pa3BUTHE MOJIEKYJISIPHOMH 6HO-
Joruu, OHOXMMHUM, MHKDOIJIEKTPOHWUKH B Tec-
HOIl CBA3M ¢ yCIexaMM KOMITbIOTEPHOI WHIyCT-
punr 1 OMOMHDOPMATHKH TIPHBEJIO K MOSBIEHHIO
Ka4eCTBEHHO HOBOIO pasieia MEeIMIIMHCKOI
HayKM — Mmoaekyaaproi meouyuns.. Ee ocHOBHbBIE
KauecTBa — MEPCOHAIM3UPOBAHHEIN XapakTep,
BBICOYAMINAS TOYHOCTh, NpoduIaKTHUeCKas
HANpaBIeHHOCTb. JIOCTUXEHHS MOJIEKYISAPHOM
MEIWLHHBI OCOOEHHO 3HAYMMBI Ui Haubonee
pPacnpoCTpaHEHHBIX M COLMAIBHO 3HAYMMBIX
3a00/1eBaHNIl 4elOBeKa, B DALY KOTOPBIX BCE
Dornee 3HAYUMYIO POJTb CETOIHS UTPAET MHOT000-
pasHas HeHpoJereHepaTHBHAs  I1aTOJOTHUS,
HEPEIKO COIMPOBOXIAOMIASACS PaccTPOHCTBAMM
IBUKEHUH,

CrietyeT OTMETHTB, UTO Cpelu HelpoereHepa-
TUBHBIX 3a00J€BAHMI 3HAYWTENBLHYIO JOJIO
COCTABJISIOT TO3AHKHE (DOPMBI, MaHU(ECTUPYIO-
LIMe Y JIMLL TIOKHMIIOTO Bospacta (GonesHb Ilap-
KHMHCOHA, aTUIUYHBIA MApKMHCOHU3M, OONe3HH
ABHTATETBHOrO HEHMpOHA, CIIHHOLEPebe/UIsIpHEIE
JereHepalMu u ap.). Bospact-3aBucumelii xapak-
Tep UMeeT 00JIbIIOE 3HAYEHHE TP aHAIM3E STMH-
IEMMOJIOTHH 3THX 3a00JeBaHUI, [MOCKOILKY
BedyLIel JeMorpadieckoii TeHIeHInel B 60/b-
IIMHCTBE PA3BUTBIX CTPAaH MUpa ABISETCS He-
VKJIOHHOE TTOBbILICHHE OOJMM JTHII TIOKWIIOTO W
CTapyecKoro Bo3pacta. Tak, KaXmelil I€Hb 0KOIO
200 ThIc. YenoBeK Ha IUIAHETE MPEOXOJCBAIOT
60-neTHuit pybex. Eciu B 1950 1. b 8% mupo-

BOro HaceneHus ObL1o B Bo3pacte crapuie 60 ner,
Tto B 2000 r s1a umdpa cocraeuna 10% (B
Poccuiickoit ®@eneparmu — 18,5%), a x 2050 r.
OHa, cornacHo nporHo3am OOH, nocturner 21%
(B Poccuiickoii ®enepaunu — 37,2%) [1, 40].
EXeroHo moxunoe Hace/JeH1e MUpa yBe NI UBA-
eTcsl Ha 2%, 4YTO CYIIECTBEHHO ONEePexaeT TeMITbI
pocTa HaceneHus BooOuue. [pennonaraercs, yto
TaKas IMHAMUKA COXPAHHUTCS 110 KpaiiHeil Mepe B
TEYEHHE CIEAYIOLIUX 23 JIET, & TEMITbI EXKETOIHOr0
[IPUPOCTA TTOXKMIIOTO HACETEHUS JOCTUTHYT 2,8%
B 2025-2030 romax [40].

CoBpeMeHHBIH  YPOBEHb Da3BUTHA HayKH
MIO3BOJISIET HE TOJIBKO MAEHTU()UIIMPOBATE pa3-
JIMYHBIE CTAUH U CTETeHb TSKECTH MaTOOTHYE -
CKUX [POLIECCOB B LEHTPAILHOM HEPBHOI CHCTe-
me (IHC) na done HOpManbHOro crapeHus
MO3ra 1 B YCIOBUSX BO3PACT-3aBUCUMBIX 3a60]1¢e-
BaHMI{, HO W BBIIETATH TPYIIIBI PUCKA, POBO-
ANUTh WHIUBUAYATM3UPOBAHHYIO TIPO(DMIAKTHKY
M OMpeleNaATh NMPOrHO3 OonesHu. MMeHHO Ha
NPUMEpPE HeHpoJdereHepaTHBHBIX 3aboneBaHMii,
COMPOBOXIAIOLIMXCS IBUTATETLHBIMU PAcCTPOii-
CTBaMH, HanboJiee peabedHO MOTYT GBITh Tpen-
CTaBJIeHBl ¥ PealM30BaHbl Ha TPAKTHKE CEroi-
HSALIHME BO3MOXHOCTH TPEBEHTHBHON MOJIEKY-
JSIPHOW MeaMuuHBL. LleHTpanrsHoe MecTo B Hei
3aHUMAIOT TeHETHYECKOe TECTHPOBAHKME M OMpe-
JeJIeHUEe KOHKPETHBIX MOBPEXICHUIH B TOM WIH
WUHOM IeHe, BEAYIUUX K HapyLIeHHIO0 (PYHKIIMO-
HUPOBAHMS MO3r4.

nﬁmcm N0 U3y4enmio Gonesnn MNapkMHCOHa M PaCCTPOICTE ABMKEHMI
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leHeTM4Yeckas reTeporeHHoOCTb
1 npo6nema nomcka MyTaumii
npv HerMpogereHepaTUBHbIX
3aboneBaHunax C ABUraTesibHbIMMH
paccTpoucTBamMmm

[To nanubiM Lopez-Bigas et al. [28], npumMepHo
14% wneHTH(hUIIMPOBAHHBIX TEHOB YeJIOBEKa
00YC/IOBINBAIOT HACAEACTBEHHLIE HEBPOJIOTHYE-
ckue 3abosneBanus. Eciv npHHATL BO BHUMaHME,
yto 0OlIee YHMCIO TeHOB 4eloBeKa COCTABISET
OKOJIO 22 TBIC., TO YMCJIO TEHOB, CBA3AHHBIX C
pasBuUTHEM 3a00JIeBaHWII HEPBHOM CHCTEMBI,
nokHO ObiTe He MmeHee 3000. Ha npakTtuke B
HEBPOJIOTMH Mbl CETOIHA UMEEM 10 NPUOIU3H-
tenbHO ¢ 1000—1200 renamu, npuyem Oosee
TPETH M3 HUX OTHOCSATCS K HelpoaereHepaTuB-
HBIM 3a00J1€BaHUSIM.

C10KHOCTH B CHCTEMATH3ALMH U MOJIEKYJISIp-
HOM IMarHOCTHKEe HelpoaereHepaTHUBHbIX 3a00-
JIeBaHWH, COMPOBOXAAIOIIMXCS ABUTATEIbHBIMH
paccTpoMCTBAMM, ODYCIOBIEHBI MX BbIPAXKEHHOM
TeHeTHUEeCKOil rereporeHHocTsio [17, 33].
Haubonee spkue mpuMepsl TAKOil reTeporeHHo-
CTH mnpeactaBieHsl B Tabumue. M3 tadauubi
BUJIHO, 4TO (10 cocTOsAHMIO Ha cepennHy 2016 )
M3BECTHBI YKe 76 FeHOB HAC/IEICTBEHHbIX CIIACTH-
YeCcKMX Maparuierdii, 43 reHa ayrocoMHO-I0MM-
HAaHTHBIX CITHHOLEPeOE/UIAPHBIX aTakcuid, bonee
60 reHOB ayTOCOMHO-PELECCHBHBIX aTaKCHId,
23 reHa nepBUYHLBIX TUCTOHUH, 20 reHOB 6oe3HU
IMapkuHcona u T.1. [2, 14, 23, 25, 26|. OueBuHO,
4TO pa3obpaTbesi B 3TOM Kaxyuiemcs “xaoce”
TEHOB, YIOPSIOYMTH €r0 M MOCTPOUTb pasyMHbIe
anroput™Mbl JJHK-1MarHocTMKM MOXKHO TOJBKO €
MOMOLILK) HOBBIX  BBICOKOMHGMOPMATHBHBIX
MOJIEKYJISPHO-TEHETHYECKHUX METOIIOB.

CoBceM 3amyTaHHOW CTAHOBUTCS CHMTYallHs,
KOT/a pa3iMuHble MyTallMK B OZHOM T€HE MOTYT
NPHBOINTL K PA3BUTHIO COBEPLIEHHO pa3iny-
HBIX KJIMHUUECKHUX CHHIPOMOB, KBATH(hULIUPYe-
MBIX KaK CcaMOCTOATeNbHbIe 3abojeBaHus.
Hanpumep, pasaumyHble M0 CBOEMY XapakKTepy
MyTallMK B FeHe KaJlblLMEBOro KaHana Ha 19-i
XpOMOCOME OTBETCTBEHHBI 3a pa3BUTHE Tpex
CaMOCTOSITEILHBIX (hOPM ayTOCOMHO-TOMUHAHT-
HBIX HacJIeICTBEHHBIX 3a00/JeBaHUM HEPBHOU
CHCTEMBl — MPOrPECCHPYIOLIEH JlereHepalum

[eHeTHYecKas reTeporeHHOCTh HelpojereHepaTHB-
HBIX 3a0071eBaHHIi, COMPOBOX/IAIOIIMXCS IBUTATE b=
HBIMH PacCTPOHCTBAMH

Yucno

3adonesannsn ;
reHoB

HacnencreeHHble criacTHYECKHE 76
naparuierum
AYTOCOMHO-A0MMUHAHTHbIE ATAKCUU 43
AYTOCOMHO-PELIECCHBHBIE aTAKCHU >60
[TepButHbIE TMCTOHWUH 23
bonesus [NapkuHcona 20
HeiiponereHepauuu ¢ HaKOTUIEHHEM XeJle3a 6
B IOJIOBHOM MO3re
@opMBbI IEPBUYHOI XOpeH 6
ScceHUMATBHBIN TpEMOP
Cunapom Perra

MO3XKe4Ka, MapoKCH3MalbHONH aTakKCUM M FreMH-
naernyeckoi murpenu [37]. Ewe 6onee Brnevar-
JISIIOLMI TpUMeED Tako#i AWBepreHuMu — 3abolie-
BaHMSI, CBSI3aHHbIE C MyTAllMSIMKM IeHa TJaMHHa A
(LMNA): x HacTosillIeMy BpeMEHHM MOKa3aHo, 4To
mytaumn LMNA SBASIOTCS 3THOJOTMYECKHM
thakropom 11 (!) caMoCTOSTEILHBIX HO30J10THYE-
CKHUX (hopM, BXOOSIIMX B COCTAB MATH [PYIN
HacleACTBEHHBIX 0Gose3Hell — mporpeccupylo-
IIMX MBIILIEYHBIX IMCTPOUI, HACIECACTBEHHBIX
HEBpONATHIl, KapAWOMUOIATHH, JHIIOAMCTPO-
(huii, CHHIPOMOB NpPeXIEBPEMEHHOIO CTAPEHMS
[39]. PasymeeTcsi, npu AMarHOCTHKE TaKMX 3a00-
JIEBAHMI MCTMONb30BAHUE HANEXKHBIX M BbICOKO-
npoussoauTeabHbX TexHonoruit JHK-ckpu-
HUHIA HOCHT pPellialonii Xapakrep.

[Tpy HATHYKMK CTONb BHYIIHTEIBHOTO IeHeTH-
4yeckoro pasHooOpasus 3aboneBaHHM HEPBHOM
CHUCTEMbl MOJEKYJISPHO-TeHeTHYeCKas IUarHo-
CTHMKA YK€ He MOXET, KaK 3T0 ObL10 paHee, Dasu-
pOBATLCSl HA MPOCTOM TIOCJIEA0BATENIBHOM CKPH-
HUHTE JOCTYIHBIX /Ul aHATM3a TeHOB — B 3TOM
CITyJae MOMCK MYTaliMii MOXKET OKa3aThCsl CIIMIL-
KOM [UTMTETbHBIM U He0DOCHOBAHHO 10POTOCTOSI-
LIMM rponieccoM. Tak, HayuHbIM LIEHTPOM HEBpO-
JIOTMM COBMECTHO C PSIIOM JIPYTHX YYpexXIeHH
NpOBeleH CHCTeMaTHYECKHI MOMCK TreHeTHYe-
CKMX OCHOB HauboJsiee 4acThIX HelpoaereHepa-
THBHBIX 3a00/1€BAHUI B POCCUMCKOM MOMY/ISLUU
(MapKMHCOHW3M, MEepPBHYHAS IUCTOHHUSI, ICCEH-

@ Ne 2 - 2016
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BronHGOPMALUHOHHBIH AHATH3 MPOYTEHHIA
MMJUTHOHOB KOpOTKHX dparmenToB JHK

LUHATbHBIH TpeMop, criuHolepebe/UIsIpHBIe aTak-
CHM, TOJIMITIYTAMUHOBBIE 3a00/1eBaHus U ap.) [4,
5,9, 18-22, 24, 34, 36]|. [NapaiiensbHo ObUIM pas-
pabotanbl aTHdeckue npuHLMILL JHK-amuarnoc-
THKM, TPEATOKEHbl HOBble OHOMAapKepbl MNpe-
CHMMIITOMHOH CTaIMM W HOBbIE MOIeIN Heifpome-
reHepaTUBHBIX 3a00/J1eBaHU M, XapaKTepU3YIOLIMX-
csl IBMTaTelIbHBIMM paccTpoiicTBamu |3, 7, 8, 31].
Onnako 3TM MCCAeI0BaHUA 3aHSUH 0K0J10 20 neT
1 octaBwin bonee 40% MOHOTEHHBIX CHHIPOMOB
6e3 TOYHOro MOJIEKY/IIPHOTO JHArHO3a.
Pemenunem npobiaeMbl cTana paspaboTKa B
MOCHENHHNE TObI HOBEUILIMUX BHICOKOIPOU3BOIM-
TeTbHBIX MOJEKYJIAPHO-TEHETHYECKHUX TeXHOJIO-
Ui, [denallMX BO3MOXHBIM  [MOJyYeHHE
ObicTpoit MHboOpMauuM 00 OrpoMHOM HHCIE
HYKJICOTUIHBIX BADMAHTOB B COTHAX M ThICAYax

F€HOB, YTO CO344€T HOBYIO PEATBHOCTE B KJIIMHH -
YECKOW MEIMLIMHE.

O6wme npuHUMNbI
CeKBeHUpPOoBaHUS
cnenylowero noKoneHus

Cexaenuposarue ciedyrowezo noxonrenus (Next
Generation Sequencing, NGS) — texHosornye-
ckas paspabotka 2009—2015 romos [12, 29, 41].
Cunouumbl NGS — swicokonpoussodumenvroe
CeKBeHUposanue N wupokopopmamunoe naparnens-
Hoe cekeeHuposaHue. B TPOTHBOMOIOXHOCTh
KJIACCHYECKOMY CIHI€POBCKOMY CEKBEHHPOBa-
HUIO TEPBOTO IMOKOJEHHMA, KoTopoe Tpebyer
MHOTHMX Helelb (MHOIIA MecslleB, B 3aBUCHMMO-
CTM OT pa3MepoB M CTPYKTYPbI I'eHa) W 3HaAuM-
TEJAbHBIX 3aTpaT 1S YCTAHOBJEHMS OONBLIMX
HYKJICOTHAHBIX [10CAEA0BATENLHOCTEH, MPOU3-
BoauTenbHOCTE NGS signsieTcst GecrnpelieneHT-
HOWM M M3MepsieTCs] MILIHAPAAMM HYKJIEOTHIOB.
B pesyabrate 3a oouH pabouMii LMK MOXKET
ObiTh ObecrnieueHo 20—30-kpaTHoe MOKpPBITHE
BCET0 YyesoBeyeckoro renoma. Huvero nono6Ho-
ro paHee HayKa He 3HaJa.

Texnonorns NGS (pucyHOK) OCHOBaHa Ha
co3naHuu Oubauorek ¢parmento JHK #n
OIHOBPEMEHHOM TNapaije]bHOM MPOYTEeHHH
HECKOJbKMX MHWJIJTMOHOB TAKMX KOPOTKMX (hpar-
MEHTOB ¢ nocieayluum GuouHdbopMauuoH-
HBIM aHAJTHU30M.

M3BeCcTHBI TPU OCHOBHBIX CTPATErMH MpHMe-
HeHMs TexHoaoruu NGS Ha mpakTuke [38]:
® [aHeIbHOE CeKBEHUPOBAHHUE;
® T0JIHOZK30MHOE CEKBEHHPOBaHHE;
® TIOJIHOTEHOMHOE CEKBEHHPOBaHME,

[Tanenvroe cexsenuposanue — 310 NGS-ananus
reHOB, COOpaHHBIX B MYJIbTUI€HHBIE MaHEIH.
[Tpu 4pe3BelYaifHO BBICOKOH TIeTEPOreHHOCTH
OCHOBHBIX TPYIINl HEHpOIereHepaTUBHBIX 3a00-
JIEBAaHMI M 3HAYMTEILHOM TMEPEKPBITHH KIMHM-
YEeCKHUX T[POSIBJICHMIA JIECATKOB TE€HETHYECKHMX
dhopM IBUraTeJbHBIX PACCTPOMCTB B paMKax
OJIHO# TPyTMbl yAAYHBIM pelIeHHeM MpobaeMbl
ABISICTCH TapaliebHOe CeKBEHMPOBAHUE BCeX
W3BECTHBIX T€HOB, UMEIOIIMX OTHOLIEHHE MMEH-
HO K HccneayeMoMy (heHOTUITY — MapKMHCOHM3-

mm MapkuHCOHA W PacCTPOWHCTE ABUXEHHIA
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MY, aTAKCHM, TUCTOHMHM U T.N. Takum obpasom,
MaHeJbHOE CEKBEHMPOBAHMWE SIBISETCH LleleHa-
MpasieHHOH, anpecHoi pasHoBUIHOCTEI0 NGS
npeacTaBisieT cobOH npUMep mapeemuoeo TeHe-
THyeckoro ananusa [11]. [Manenn ang NGS-ana-
JIM3a MOTYT BKJIHOUYaTh oT 15—20 10 HECKOMbKHX
COTEH IeHOB.

VY MaHeJbHOro CEKBEHUPOBAHUS CTh Psil TIpe-
MUMYILIECTB 110 CPABHEHMIO C APYTUMHU MOAXOAAMH
NGS. [y6uHa nokpbIThs (T.€. YUCIO pa3, KOTo-
pble KaxIblil HYKJIe0THI Oy/eT MpOYMTaH B Mpo-
liecce CeKBeHMPOBAHUS) T TEHOB, BXOIALIMX B
naHeJb, O0/bIIe aHAJIOTHYHOTO MOKa3aTesns MpH
MOJIHOTEHOMHOM M TMOJHO3K30MHOM aHaJu3e.
[Mostomy puck “nponycka” MyTauuii mnpwu
naHe/lbHOM CEKBEeHMPOBAHMM HMXe, a obias
JUArHOCTHYECKAas YYBCTBMTEJBHOCTb — BBILIE
[32, 38]. IMockonbky mobdas naneab cokycupo-
BaHA H4 KOHKPETHOM CHHIPOMATbHOM MOKa3a-
HHUM, CIIyYaiiHble pe3yabTaThl IIPH TAKOM MOIXO0e
MajloBepOsTHbI. K TOMY Xe CTOMMOCTb MaHesb-
HOTO CEKBEHHMPOBAHMS YXE CEroiHs BIOJHE
COTMOCTABMMA C PAIOM CTAHJAPTHBIX BEICOKOTEX-
HOJIOTHYHBIX HEBPOJIOTHUecKUX 00cC/e10BaHMiI,
OueBuaHble HeTOCTaTKM naHeasHoro NGS-cek-
BEHUPOBAHUS — OrpPaHU4YEHHE BO3MOXHOCTEH
IUATHOCTHKHM TOJBKO HaboOpoM HcclenyeMblX
reHOB M BapHabesbHOCTh 3Toro Habopa ot Jabo-
PAaTOPHUM K J1aDOPATOPHUM B 3aBUCHMOCTH OT NPH-
meHsiemoii maHenmd. NGS-naHenu, Kak npaBuio,
OBLICTPO BBIXOASAT M3 yHoTpebJeHUs 1Mo Mepe
OTKPHLITMS HOBBIX T€HOB WMJIM BbIABIEHHS Y
“HenpoduabHbix” 3aboseBaHUH  ATUITUYHbBIX
CUMITTOMOB, NEPECEKAIOLIMXCS C MOKA3ZAHUAMHU K
HCTIONIb30BAHMIO TOM WIH MHOM MaHeIH.

[Toanoak3omioe cexeenuposanue TIPEACTABIACT
co0oii onpejiesieHUe HYKJICOTHIHOIO COCTaBa
9K30Ma, T.€. COBOKYITHOCTH 3K30HOB — KOAUPYIO-
wx obaacreit JJHK. Tennble nocienosateibHO-
CTH, KOAMPYIOLIME CHUHTE3 OeJIKOB, COCTABIAIOT
BCETO JIMIIL ~ | % yenoBevecKoro reHoMa, HO MpH
9TOM comepXKat oKoJ10 85% Bcex MyTallMid, BbI3bl-
BAOIIMX MeHAeaupyloume 3abonesanHus [2].
[To3TOMY NOJTHO3K30MHOE HCCTIeI0OBAHME BeCbMa
MPHUBIEKATEIbHO € KIMHUYECKUX [MO3HIIHIA:
METOA He OrpaHHuYeH KaKUM-JIH00 MYyJLTHIEeH-
HbIM HabopoM M criocobeH obecrieyuts MHMOP-

MAaTHBHOE CEKBEHUPOBAHME KOIUPYIOIIEH YacTh
BonbiHeTBa M3 22000 U3BECTHBIX TEHOB Yemo-
Beka. B uenoM, 1MarHocTHYECKHit yerex rnojiHo-
5K30MHOTO aHaIW3a B BBISBIEHMM Kay3albHBIX
MYTalMH Y MAaIMeHTOB C TeHeTHYeCKUMHU 3aborie-
BaHMSIMM cocTaBnser ot 22 mo 31% [27, 42].

[MoHO2K30MHOE CEKBEHMPOBAHHE SIBISETCSH
LEHTPATEHBIM Ha CeTOIHSIIHWI IeHb WHCTPY-
MEHTOM ISl BbICOKOTIPOM3BOAMTEILHOTO MYTa-
LIMOHHOTO CKPMHMHIa TeHOB penkux 3aboneBa-
HUi. O ero ponu B COBPEMEHHON MEIWIIMHCKOI
reHeTHKE CBHUIETELCTBYET BCE ILIMPE MCIIONb3Ye-
MBIH TEPMMH “KJIMHHYECKOE MOJIHOIK30MHOE
ceKBeHUpOoBaHHe” | TIOIUEPKUBAIOLINI NIPUKIIA/I-
HYIO THATHOCTHYECKYIO HATPaBIeHHOCTh METOIA.
Cpenu SpKUX NIPUMEPOB YCTIELIHOTO TPUMEHEHHS
MOJTHOZK30MHOTO aHAJIM3a MPU HeliponereHepa-
THUBHBIX 3a00/IEBAHMAX C JBUraTeJIbHBIMH pac-
CTPOICTBAMM MOXHO Ha3BaThb MAEHTH(HHUKALMIO
Honee 20 HOBBIX T€HOB HACIEICTBEHHBIX CIIACTH-
yeckux naparieruid [30], HECKONBKMX TE€HOB
oonesnu [lapkuHcona [15] u t.a. Hemocratkm
MOJTHO9K30MHOTO aHaM3a — JOCTATOYHO BBICO-
Kasg crouMmocThb (okono 1500—-2000 momnn. CIIIA
st ogHoro obpasua u 4000—-5000 monn. CIIIA
JUTSI CeMbH M3 TPeX 4eJloBeK) U DoJiee HU3Kas YyB-
CTBHMTEIbHOCTL IO CPABHEHHID C MaHEeIbHbIM
cekBeHHpoBaHueM. [TpM NpoBedeHHM MOTHOIK-
30MHOTO aHajlu3a BEJIMKAa BEPOSITHOCTb BhISIBIIE-
HHSI CJIy4aifHBIX TeHeTHYeCKHMX BapHaHTOB
(“Haxomok”), KOTOpbleé MOTEHIMAJbHO MOTYT
OBbITh 3HAYMMBI LISl CAMBIX pa3HbIX 3a00/1eBaHMIA,
HO MX TpakTOBKa OObIYHO ObIBaeT Ype3BbIYANHO
3aTpyaHeHa.

IToanoeeHomHoe cexkeenuposanue SIBISIETCS
Haubosiee 3aTpaTHBIM M MPEIIoaraeT onpeiene-
HHe BceX HYKJIeOTHIHBIX NOC/Ie10BaTe/IbHOCTEH B
KOOMPYIOIIMX M Hekoaupyroumx obnacrsx. Ero
OYEBHMIHOE TPEUMYILECTBO 3aKIIOUAETCH B BO3-
MOXHOCTH OOHapyXeHHs MyTaluuil B 1100BIX
PeryJasiTOpHBIX M BCTIOMOTATENbHBIX YYaCTKax
reHa, KOTopble O0OBIMHO BBHIMANAKT U3 OIS 3pe-
HHUS CHELMATUCTOR, 3aHUMAIOLINXCSA MpaKTHYe-
ckoit JIHK-auarnoctukoii. [losHOreHOMHBINM
aHaIN3 TI0 CPAaBHEHHIO C MOJTHOIK30MHBIM 0bec-
neyuBaeT 60J1ee pABHOMEPHOE MTOKPLITHE, TIO3TO-
MY HEKOTOpble MYTalUWH, OTCYTCTBYIOLIME B
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3K30MHBIX JaHHBIX, MOTYT OBITh BbIABICHBI IPH
MOJIHOTeHOMHOM CcKpuHuHre [38]. OueBuaHbie
HEJIOCTATKK TOJTHOTEHOMHOTO aHaam3a — 4pes-
BBIYAMHAs CHOXHOCTh OuoMHMOPMALMOHHON
cocTap/solei, OONbIIOK BBIXOD CIIyYalHBIX
MOTEHLIHAIBHO 3HAYMMbBIX MYTALlMi, He CBI3aH-
HBIX C TPOBOIWUMBIM IMATHOCTUUECKUM TIOMC-
KOM, a TAKXe BBICOKAas CTOMMOCTb (KaK MWHM-
MyM 10 3000—5000 nonn. CLUA Ha reHom). [Ipu
3TOM CIeIyeT OTMETHTb, YTO CYLIECTBEHHOE yie-
HIEBJCHUE METOIA TIPOTHO3MPYETCS yXe B Onu-
Kaime 3 rona.

MHTepecHO, YTO WMCIOJb30BaHUE TMOIHOIe-
HOMHOTO M TMOJHO3K30MHOTO aHaiu3a MOXET
NPUBOIMTH K IMOCTAHOBKE IBYX U Bojee MOJIEKY-
JIIPHBIX IMAarHO30B Y OJHOTO U TOTO e MallueH-
Ta, 0COOEHHO B CJIOXHBIX M JUIHTEIBHOE BpEMs
HEeIMAarHOCTMPOBAHHBIX ciydasx. Tak, coriacHo
HEKOTOPBIM olieHKaM, 1o utoraM NGS nBoiiHoit
JIMArHO3 MOXKET ObITh BRICTAB/IEH NPUMEPHO Y 7%
obceyeMbIX MALIMEHTOB C HEACHOMH M/WIH pel-
KOH KJIMHMYeCKON KapTuHOit [13].

CobcTBEeHHbIE AaHHbIe

B HeiiporeHeTHueckoM otaeneHnu HayyHoro
[IEHTpa HEeBPOJIOTUH 3a MOC/ACAHMUE 3 Toaa Mmony-
YeH OIBIT Y4acTHsl B MPUMEHEHWUU W OLEHKE
pesyabtatoB NGS 1 apyrux BEICOKOTIPOM3BOLU-
TeIbHBIX MOJEKYISPHO-TEHETUYECKHUX TEXHOJIO-
THMii TIpM HelpoJereHepaTUBHbLIX 3a00/eBaAHUSX,
XapaKTepU3YIOLIMXCsl IBUTATeIbHBIMU PACCTPOTi-
cTeaMH. B pesynbrate BriepBble B POCCHIICKON
TIOITYJISIIIMN BBISIBNIEHBI PeaKkue GopMbl Helpoe-
reHepaTHBHBIX 3aboeBaHui ¢ MIEHTUHHULIMPO-
BaHHBLIMM MyTalMaAMu B redax /TPR [ (cnuHoIe-
pebennapuas arakcuss 15-ro tuna), DDHDI
(HacTenCcTBeHHas CracTHYecKas maparuierus
28-ro tuna), CI90RFI2 (HeiiponereHepaluu c
HAKOIUIEHHEM XKene3a B Mo3re 4-ro tuna), THAPI
(DYT6-thopma mepBHYHON TUCTOHKUM) U 1Ip. [6,
35]. C 2015 r. B pamkax ®enepanbHOl 1ENEBOI
nporpammbl “MccnenoBaHus M pa3paboTKu 1O
TIPHOPUTETHBIM HAMPAaBIeHUSIM PA3BUTHs Hayd-
HO-TEXHOJIOTMYEeCKOro kKomiulekca Poccum Ha
20142020 rogsi” HayuHBIM LIEHTPOM HEBPOJIO-
TMHA COBMECTHO ¢ KoMmnaHueit “CuHTON” npoBo-

JIMTCS pa3paboTKa OPUTHHAIBHOM UarHocTuye-
ckoit NGS-manenu (matdopma [llumina MiSeq)
JUTST paHHEeW AMAarHOCTUKU W MNpodhUIaKTHKH
HelpoaereHepaTuBHbIX 3aboaeBaHuid. [laHenn
Hanpasjie¢Ha Ha CEKBEHHPOBAHWE KOAMPYIOLIEH
obnacty 298 reHoB cOIMATEHO 3HAYMMEIX HEHpPO-
nereHepaTuBHBIX 3ab6onesanuit LUHC, nposipis-
IOLIMXCS ABUTaTeIbHBIMU M KOTHUTUBHBIMU Pac-
CTPOMCTBAMH, B TOM YHCIIE:

e cruHoLepeOe/IsipHble aTakCHH — 136 reHoB;
® CcriacTMyeckMe naparuieruu — 43 rexa;

e JeMEHLMH — 23 reHa;

e JeiikogucTpodun U neikosaHuedalonaTuy —
22 reHa;

NapKUHCOHU3M — 2() TEHOB;

e DOKOBOH aMHMOTpOhUUYECKHH

20 reHoB;
® IMCTOHUHM — 16 reHoB;

e HelpolereHepaluu ¢ HAaKOTUIEHHEM Xele3a B

Mo3re — 6 TeHOB;

e Xopes — 5 TeHOB;
® SCCEeHUMANbHBIA TpeMop — 4 reHa;
e DonesHb Papa — 3 reHa.

ViKe B pe3yssraTe TepBbIX IMKIOB UCIOIbL30-
BaHud co3naHHoi NGS-naHenu Ha riatgopme
[Mlumina MiSeq npu aHanmM3e cepuu ciyvaes
HelipoaereHepaTHBHBIX 3a00JIeBaHMIA ¢ IBMTra-
TETBHBIMM HM/WJIM KOTHUTMBHBIMM PaccTpoii-
CTBAMU, JLIS1 KOTOPBIX MOJIEKYISIPHBIN edekT He
ObUI YCTAHOBIIEH paHee ¢ MIOMOIIBIO TPaTHIIMOH-
ubix JHK-MeToouk, HaMu ObLTH BLISBIEHBI (U
TIOATBEPAKAEHBI C MOMOLLLID TPSAMOrO CEKBEHM-
POBaHMA) MYTALIMK B reHax:

e SPTBN2 (cnuHouepebennsipHas atakcusi 5-ro

TUMA);

e PINKI(PARK7-dhopma ayTocOMHO-PELIECCUB-

HOTO MapKMHCOHM3MA);

e GRN, AGER, NOTCH3 (paznuuHeie GopMEl

MePBUYHBIX IeMEHLNH);

e NPC] (6one3snb Humanna—ITuka, Tun C).

Hai mepBblif OMBIT MAHENIBHOTO CKPHMHMHIA
0O0MBIION CepPUM TUATHOCTUYECKU HESCHBIX CITY-
yaeB HeliponereHepaTHBHBIX 3a00JeBaHMil, Mpo-
SBJISTIOLMXCS JIBUTATEIbHBIMA M KOTHUTHBHBIMU
paccTpoiicTBaMH, TOKa3ad, YTO BBISABIEHHE U
nocjeayiollee MOATBEPXKIACHUE MYTAaLMiAd B pas-
JIMYHBIX TeHAX BO3MOXHO Oosee yeM B 25-30%

CKIIepo3 —
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obcnenyeMbix cnyyaes. [IpuHUMas BO BHUMaHMe,
YTO OPMEHTHPOBOYHAS] CTOMMOCTb TIPUMEHEHMS
JAHHOW IUArHOCTHYECKOH MaHeIu s OZHOTO
nauuenTa cocranisier okoio 18000 pyb., MoxHO
c/ie1aTh BHIBOI 00 9KOHOMMYECKOI ONpaBIaHHO-
CTH JanbHeiluei pa3paboTKH M MPaKTHYeCKOTo
BHEAPEHHMA NAHHOW MaHeau npu obciel0BaHUK
MAalLMEHTOB ¢ BO3PACT-3aBUCMMbBIMH Heilpozaere-
HepaTUBHBIMM 3a00J1e BAHHSAMH.

Kak BcsiIKMiT HOBBII, OYPHO pa3BHBAIOLIMIiCS
METO/, BBICOKOIPOW3BOIUTENLHOE CEKBEHHPO-
BaHHME CTAaBMT TIEPed MCCIIEI0BaTeIsIMH Cepbe3-
Hble BbI30BBI, TpeOyiowue otBeta. CIOXHOH
npobaeMoit aBsieTcs MHTeprnpeTauus 60abIIoro
YMCIa FeHeTHYECKHUX BApHAHTOB (rmonuMopdus-
MOB, MYTalIHii), KOTOPbIE MOTYT OBITh BbISIBJICHBI
B pe3yjibTaTe MPUMEHEHUs MOJTHOTEHOMHOIO M
nojaHo3k3oMHoro (opmaros NGS. B 3aBucumo-
CTH OT Pa3’HOBHMIHOCTH METOAMKM OOBIYHOE
ynco BapuaHTos coctaenger ot 20000 xo 50000
Ha FeHOM, MpHYEM JaXe Mocie XKeCcTKOi Buibpa-
KoBKH ocTatotcst o1 150 1o 500 peakux HecHHoO-
HUMHWYHBIX HYKJIEOTHAHBIX 3aMEH WX MyTaLMii B
CITAHCHHTOBBIX 00J1AaCTAX, KOTOpPblE MOTYT pac-
CMAaTpUBaTbCH KaK MOTEHLMAIbHO MAaTOTeHHbIe
[41]. Ins wmHTepnpeTauuu oOHAPYXMBAEMbIX
TEHETHYECKHX BAPUAHTOB IPHUMEHSIOT MHOXeE-
CTBO B3aHMOIOMOJHSIOLIMUX MOAXOI0B — CIELH-
anbHble OuoMHGOpPMaLMOHHbIE GUILTPBI, MPO-
rpaMMbl [T OLIEHKHM MAaTOTeHHOCTH HYKJIEOTHII-
HBIX 3aMeH, KOMIIbIOTepHble 0a3bl JaHHBIX JUIS
MyTauuii (noaumopdusMoB) U pedepeHCHBIX
TeHOMOB, OLIEHKY Cerperalum B ceMbe, HYHKIIHO-
Ha/IbHbIM aHAIU3 U T.1.

Brenpenue B npakTuky TexHosnoruii NGS
TIPUBEJIO K MOSIBIEHWIO M HOBBIX 3THUECKHUX TTPO-
Baem, Kayiux cBoero peiieHus. OnHa U3 HUX, 0
KOTOPOIi yXKe YIOMHUHAIOCh Bbillle, — CIy4yaiHas
HACHTH(HUKALMA HeOnarompusSTHBIX TeHeTHe-
CKMX BAPMAHTOB, HE CBA3AHHLIX C LIEJIbIO POBO-
JAMMOTO aHaau3a. [OTOB JIM YesloBeK, pellaroLuii
BIOJIHE KOHKPETHYI0 IMAarHOCTHYECKYIO 3a/1ayy,
y3HaTh “no xomy aena” pesyabTaThl CJIOXHOIO
MYJIBTUTEHHOTO NpodHIMPOBaHMs, 10 OTpeae-
JIECHHOW CTENEHM NpPEACKa3bIBAIOLIErO €ro Cylb-
6y? IMockonbKy Ui GONBLLUIMHCTBA FreHETHYECKHUX
MApKepOB MPeAMKTUBHA CHJIa HA CerOAHAIIHMI

JleHb BecbMa HeEBEJIMKa, Takasg HWHdopMmauus
MOXET 0Ka3aTbCsl IMpexXIeBpeMeHHOH M, Oosee
TOro, HeOIArOMpPUATHOU C TCHXOJOTMYECKOM
TOUKH 3peHust. Ob1as npakTHKa 31eCh COCTOUT B
TOM, YTO TECTHPYEMBII IOJDKEH 3apaHee omnpene-
TUTLCS, KelaeT T OH ObITb MH(POPMHPOBAH O
nonobHbix “Haxonkax” [10]. MHTepecHa peko-
MEHIaLNs AMEPHUKaHCKOTO KOJUTeIKa MeIUIIHH-
CKOM TeHEeTHKH U reHOMUKHU (ACMG): naumeHTy
B KayecTBe ONUMHU nepes Havanom NGS-aHanusa
NpeIaraeTesl Y3HaTh pe3y/bTaThl THITMPOBAHUS
56 “3HauMMBIX” (“AeHCTBEHHBIX”) TEHOB, MyTa-
LIMM B KOTOPBIX MOBBIIAKT PUCK CEPbE3HBIX, HO
NpH 3TOM KypabesibHbIX 3a001eBaHNil — Hacne-
CTBEHHBIX ()OPM paKa, HACACACTBEHHBIX apuT-
MUA U T [16]. B aTOM cityuae noBeneHue “n3obi-
TOYHOH" MH(OPMALIMK 10 TECTUPYEMOTO JIMLia
MMEET OYEeBHIHYIO TNMPOMUIAKTHUECKYID Tep-
CMEKTHBY M TMPEACTaBIsSETCS OMNMpaBIaHHBIM.
K 4ueny aTHyecKux W rpaBoBbIX npodiem, Bo3-
HuKawmux B 3roxy NGS, otHocsTCs coxpaHe-
HHe KOH()HIEHIIMATLHOCTH PEe3YILTATOB F€HOM-
HOTO NpoguIMpoBaHHs BOJIBILIOTO YUCIa JIOeH
MpH JUIMTETBHOM XpaHEeHHH, a TaKXkKe HeoOXoau-
MOCTB 2I1eKBATHOTO, DEpexxHOro pacropsKeHus
3TUM YHUKAJIbHBIM MacCHBOM TI€PCOHATBHbBIX
JIAHHBIX CO CTOPOHBI COTPYIHUKOB J1a00paTopHH.
OuyeBMAHO, YTO 3Ta 3ajaya JODKHA pellaThes
3aKOHONATELHO.

HeoGxoaumo moauepKHYTh, YTO TIPaKTHYE-
ckoe BHenpeHue texHonoruit NGS Ttpebyer
MOBCEMECTHOTO BBE/ICHHS HOBOM ClELHaIbHO-
CTH B 1a00OpaTOPHON MeIMLIMHE — FeHEeTHYECKOI
OMOMH(OPMATUKH.

Takum obpa3zom, pe3ynabTaThl MPUMEHEHHS
NGS u Ipyrux MHHOBALMOHHBIX TEXHOJIOTH
CBUIETENLCTBYIOT O TOM, YTO NPHUHIIMITBI TEHOM-
OPMEHTHPOBAHHOH  MEPCOHATU3UPOBAHHOM
MEIMLMHBI TMOCTENEHHO 3aHMMaloT Bcé Oonee
3HAUUTEJILHOE MECTO B COBPEMEHHOI KIMHHYe-
CKOI HEeBpPOIOTHH. DTO B MOJHOI Mepe COOTBeT-
CTBYET AOJATOCPOYHOMY BEKTOPY Pa3BHTUS pa3-
JIMYHBIX 00MacTedl MEIULIMHBI B MOCTHHIYCTPH-
anbHyio 3moxy. B cuny toro, uto paccMoTpeHHbBIE
pa3paboTKK HOCAT KOMIUIEKCHBIH Xapaktep, IUis
MX pelleHus HeoOX0IMMBI TOATOTOBKA U IPHBJIe-
YeHHe CIEeLHATUCTOB M3 pasHbIx obsacTeit — Bpa-
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yeil (KIMHULMCTOB M CTIELIMATMCTOB B 00/1aCTH
N1aboPaTOpPHON IMATHOCTHKH), MONEKY/IAPHBIX
BUOTOrOB, TEHETHKOB, OHOMH(OPMATUKOB.
B HacTosiiee BpeMs KOMITAHMU-JMIEPHI KakK B
Poccui, TaK 1 3a pyOexoM BelyT 3TH pa3pabor-
KM B TaAHIEMaX C MPOMUIbHBIMEA CTICLAATNAZH-
POBAHHBIMM  HayYHO-MCCIEN0BATEIbCKUMH
opranuzaimsMu. [lonyueHHbli COBMECTHBIN
OIBIT JOBKEH CTaTh OCHOBOM [UIA IIMPOKOro
BHeapeHns MerofoB NGS B METMUMHCKHX
LieHTpax 1 TabopaTOPUsIX CTPaHbI.

PaGora TmpoBeneHa TPH  IOMLIEPKKE
MunucTepcTBa 006pazoBaHus M Hayku Poc-
cuitckoit Memepaiiii (YHUKAIbHBIH HICHTH-
dukatop cornawenns REMEFI60714X0094).
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