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Hcropua pa3sButusa CTPOECHUA
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1869 roa



Omxpoemue Yomcona u Kpuka

AsxeriMc YOTCOH

dpencuc Kpuxk




I'ae HaxoauTca moaekyaa AHK?
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Buowvt ynaxoexu AHK

Breiareaarorcsa 4
YPOBHA
YIIAKOBKU
AHK B
XPOMOCOME.
1)O6pasyrorca
“OycuHbI”’
HYKA€OCOMBEI.
2)O06pasyrorca
dpudpuasa.
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Ypoenu vnaxosexu AHK. I enemuueckus koo

B oaHoM moAekyae AHK naxoaurcsa
AOCTATOYHO UH(POPMALTUU AAA TOTO,
yT0OBI 3ar10AHUTE 1000 KHHUr. JTO
sammudgposano 8 AHK,
n300pa>kE€HHON HAa KapTUuHKe. Bee
JepThI Y€AOBEKA 3aImU(PPOBaAHbI

aadpaBUTOM, CHMBOAU3HPYEMOM

oykBamu A, T, C, G.
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Penamkarmma AHK

Hexoanas uens

Penankanmma AHK — ato
IIPOIIECC KOITMPOBAHUSA
AEC30KCUPHOOHYKAEHHOBOI
KICAOTBI, KOTOPBII
IIPOUCXOAUT B IIpoIiecce
AeaeHnd kaeTku. [1pu srom
T€HETUYECKUI MATEPHUAA,
sammdposannet B AHK,
VABAMBACTCH 1T ACAUTCSA MEKAY
AOYEPHIMH KACTKAMH.
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ITpobaema Ne2

Hp ONCXO2KACHMNEC UCAOBCKA.

TeAo geAOBEKA COAEPKAT
IIPUIMEPHO
100000000000000

KACTOK.

B Aenunckonr OomoOAmoTeke
43 MUAAMOHA KHHUT.

Kax msBectHo B 1 kaetke
46 XpOMOCOM, B KQKAOU
XpOMOCOME 2

moaekyAsr AHK.

IloAayaaem 9TO B OAHOU
KAETKE MOKHO XPAHUTD

1010 xaur







3HaueHUEe reHoOMA?

Aetrom 2000 roaa
IMOABUANCH COOOIIICHUA
O TOM, YTO IIOAHOCTBIO
OIIpEAEACHA
IIOCAEAOBATEALHOCTD
HYKACOTHAOB BCEro "
r€HOMA YEAOBEKA

3HayeHUEe reHOMA?



I'A00aAbHBIE TPOOAEMBI
YE€AOBEUECTBA U IIyTHU UX PEeHICHUA

Simian
crease |

boaesns Aayna

Normal palm
creases (M




[TpobaemaNe3

= ['Ac MOXHO IPUMEHUTD 3HAHUA?



ITpobaemaNe4

I'eneTnyecku MOAU(MPUITTPOBAHHBIE ITPOAYKTHI

s I MO - OpOAYKTBI HUTAHUA OHACHBI!
VrorpeOAeHNE TEHETHYECKN
MOAUDHAITIPOBAHHBIX PACTEHNH
(I'MO) npuBOAUT HE TOABKO K
IIOEAN KUBOTHBIX. 1 aM TA€
BbIpaInuBaroT 1 M-pacrenus craan
MICYE3aTh ITOYBEHHBIE OAKTEPHLL.
Kpome Toro noasasarorca 1’ M-
pPACTEHHA CIOCOOHBIE BEITECHUTD

OOBIYHBIE BHAFL.

boarpmion kpriceHOK — HOPMAaABHBIN
KPBICEHOK U3 TPYIIH «KOHTPOADBY.
MaAeHBKHI KPBICEHOK — HEAOPA3BUTHII
KPbICEHOK U3 rpymibl «I M-comy.



buoasoruueckue @yHKHHH

AHK saBaserca HoOCHTEAEM T€HETUIECKOM MH(POPMALINH, 3AITNCAHHOMN B BUAE
IIOCAEAOBATEABHOCTU HYKAEOTHAOB C IIOMOIIBIO F€HETHUYECKOT0 KoAa. C
moAaekysamu AHK cBA3aHBI ABa 0CHOBOIIOAATAIOIIX CBOMICTBA YKUBBIX
OpPraHU3MOB — HACA€ACTBEHHOCTH U M3MEHUYHNBOCTE. B x0A€e mporecca,
Ha3piBaemoro perankanueii AHK, oOpa3yrorca ABe Koy NCXOAHOM I1€TIOYKH,
HACAEAYEMBIE AOUEPHUMHU KACTKAMU IIPY ACACHHH, TAKIM 00pa3oM
06pa3oBaBHINECA KAETKH OKa3bIBAIOTCA I€HETUYECKH MACHTUYHBI HCXOAHOIA.

I'eneTnueckaa nHopMauA peasu3yeTcs IPU SKCIIPECCUU T€HOB B Mpolieccax
TpaHckpunmmun (cuare3a moaekya PHK na matpune AHK) u Tpancaaun
(cunTe3a 6eaxoB Ha marpunie PHK).

ITocaeAOBATEABHOCTD HYKA€OTHAOB «KOAUPYET» HH(POPMAIIUIO O PA3ANIHBIX
tunax PHK: uadopmanmonneix, nan marpuasabsix (MPHK), ppubocomaapHbIX
(pPHK) u rpaucnoprabix (TPHK). Bce atu Tune: PHK cunresupyrorca na
ocHoBe AHK B niporiecce Tpanckpuriuu. Poas nx B OmocuHTe3e 0€AKOB
(mpouiecce TpaHcAaanun) pasanyHa. Muadopmanmonnaa PHK coaepxur
MH(OPMAITHIO O IIOCAEAOBATEABHOCTU AMHHOKHCAOT B OeAake, ppdbocomMasbHBIE
PHK cay>xaT 0CHOBOI Aad prOOCOM (CAOYKHBIX HYKAE€OIIPOTENHOBBIX
KOMIIA€KCOB, OCHOBHAs (PYHKIIMA KOTOPBIX — COOpKa O€AKa M3 OTA€ABHBIX
amuHOKucAoT Ha ocHoBe nPHK), rpancnioprasie PHK AocraBasaror
AMUHOKHCAOTBI K MECTY COOpPKH 0€AKOB — B AKTUBHBIN [IEHTP PUOOCOMBEI,
«mroa3ymein» no uPHK.



» IQOBpemAeHI/m AHK

JHK Mm. NMOBPEKAATHCH PA3HOOOPA3HBIMHM MYTATCHAMHU, K KOTOPbIM OTHOCATCSH OKUCASIIOIINE U
AJKUJIMPYOLIME BelllecTBa, 4 TAKIKEe Bb JHEPreTUuYecKas JJIeKTPOMATHUTHASA paauallus —
yiabTpaduo/1eToBoe U PEHTIeHOBCKOE ue. Tun nospexxkaenus JJHK 3aBpucuT or TUIIa Myrares
Hampumep, yjabrpa €T MOBpexIae yTéM 00pa3oBaHUsA B HEl
o0pasyrTcs npu o0 BaHHH KOBaJICHTHBIX CBsi3eiiMe:xy coce
OKCUAAHTBI, TAKU K CBO0O/IHbIE PANHKAIBIHIIN HEPeKuch Poaa NPUBOIAT K HECKOJIbKUM

' THUIIAM IOBPeEkK/IeH HK, Brirouas MOHH(bHKaIIHI/I-(;CHOBaH , B 0COOCHHOCTH I'yaHO3MHA, 2 TAKKe
nBynenodednbie pa3pbibl B JIHK. [0 HEKOTOPLIM OLleHKAaM B KaK/10ii KJIeTKe Ye0BeKa
OKHCJISIOIMMH COCANHEHNSIMU EKEIHEBHO 1108 aeTcsi mopsiika 500 ocHoBanmi |. Cpeau pa3HbIx
TUIIOB NOBPEKICHUA HAN € OlacHbie — ) Mo4Ye4Hblie pa3pbIBbI, IOTOMY YTO OHH TP
penapupyrTcs ¥ MOTYT nﬁ[ﬁecwl K M0TepAM 0B XpOMOCOM (aesenusim) M TPaHC
MHorue MoJ1eKyJIbl MyTAr€HOB aBJIAOTCH (MHTEPKAJIUP 10T)
ocHOBaHHUH. BOJAbLIINHCTBO 3TI/I$III/IH€HI/I171, Hanpume . OMUIIMH, TOKCOPYOUIIMH U
TATHIOMHI HMEIOT apOMATHYECKYI0 CTPYKTYPY. JLisi 010, 4ToGHI HHTePKAIMPYIOLIee COeIHHEHHE
MOIJIO TOMECTUTHCS MEAKAY OCHOBAHUSIMU, OHM T0JKHbI PA30MTHCH, PACINICTAs U HAPYWIASI CTPYKTYPY
ABOMHOM CIMPAJIH. JTH U3 Hus B crpykrype IHK MemarT TpaHCKPHIIMY U PeIVIMKALUM,
BbI3BIBAS MYT . HoaT‘HTepKaJmpylomne COCTUHEHMS YACTO ABJIAOTCS KAaHIEPOreHAMU,
HauoOos1ee u3B 1€ U3 KOTOPbIX — O€H30IMPEH, AKPUINHbI, APIATOKCMH 1 OPOMUCTBIN dTUAH.

OLPS HA OTH HEFATHBHLIE CBOIICTBA, B CHJIY HX CIIOCOOHOCTH IOAABJISTH TPAHCKPUIIIHIO U

pemmkanuio THK, HHTEPKATUPYIOUIHe COeANHEHH HCIO/Ib3YIOTCS B XMMHOTEPANMHM /1151 IOAaB/ICHHS

651crp6 pac HUX KJIETOK paka.
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CBA3p MyTauu C pernAnKanmueu

AHK
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Yuénble, paboTaroimue HaA paciInpPOBKOM IreHOMA Y€AOBEKA, OITyOAMKOBAAH
IIOAHYIO T€HETUYECKYIO KAPTYy XpPOMOCOMBI 1, KOTOpas OblAa IIOCACAHEN U3 HE
IIOAHOCTBIO CEKBEHCHPOBAHHOM XpoMocoMoii yeaoBeka. Kapra xpomocomsr 1, kak
1 OCTAABHBIX, ObIAa oyOAmMKOBaHA B HOMepe 334 sxypHasa Nature ot 18 maa 2006
ropa. CoocrBeHHO paboTa 110 CEKBEHCUPOBAHHUIO XPOMOCOMEI 1 ObIAa 3aBepHIcHA B
KxoHrre 2005 roaa - CTaThA KOAAEKTHBA U3 HECKOABKHUX A€CATKOB aBTOPOB
IIOCTYIIAA B peAaxmuio 24 aekadpsa 2005, a mpuHATa K ryoankamuu 28 maprta 2006
roAQ.

Hy>xHO 0TMeETUTB, YTO IPEABAPUTEABHAA FT€HETHUECKAA KAPTA YEAOBEKA ObIAA
orryoankoBaHa B 2003 roay, 4ro o3HaMeHOBAAO POPMAABHOE 3aBEPIIIEHHUE IPOEKTA
Human Genome. B ero pamkax 0bIAM CEKBEHCUPOBAHBI (pparMeHTHI T€HOMA,
coaeprkamue 99% reHos yeaoBeka. TOUYHOCTE MACHTUPHUKAIINN T€HOB COCTABUAA
99,99%. OAHaKO Ha MOMEHT 3aBEPIIECHUA IIPOEKTA IOAHOCTHIO CEKBEHCUPOBAHBI
ObIAM AWIIOE YeThIpe U3 24 xpomocoM. A€AO B TOM, YTO IIOMUMO I'€HOB XPOMOCOMBI
coAeprkaT PpParMeHThI, He KOAUPYIOIINE HUKAKUX IIPU3HAKOB U HE YYACTBYIOIINE
B cuHTe3€e 0eAKkoB. PoAb, KoTOpBIE 3TN (PPAarMEHTHI UTPAFOT B Y)KU3HHU OPraHU3MA
IIOKA OCTA€TCA HEU3BECTHOI, HO BCE OOABIITE MCCAEAOBATEAEH CKAOHAFOTCA K
MHEHHIO, YTO OHU OTHIOAb HE ABAAIOTCA MyCOPOM, U UX U3y4Y€HHUE TPeOdyeT CaMoro
IIPUCTAABHOI'O BHUMAHUA.

3aBepHiaronias 4acTb PabOThI IO CEKBEHCUPOBAHUIO T€HOMA YEAOBEKA 3aHAAA Y
YUIEHBIX OKOAO TPEx AeT. Pacimmdposka xpomocomsl 1 morpeboBasa HanGoABIIIETO
BPEMEHH, IIOCKOABKY 3TAa XpOMOCOMA - CaMasA AAMHHasA BO BceMm reHome. OHa B
IIIECTH Pa3 AAMHHEE CaMBIX KOPOTKHUX XpomocoM (21, 22 u Y). B Helt HaxoanTCA
ox0A0 8% renermueckoro koaa: 3141 ren u 991 nceBaoreH, npuuem MHOTHIE
KOAHPYIOIINE ITIOCAEAOBATEABHOCTH IIEPEKPBIBAIOTCA. MyTanuu 1 HapyIneHu:A B
XpOMOCOME OTBETCTBEHHBI 34 BO3HUKHOBeHHE 0oaee yem 350 3a00AeBaHUM,
BKAFOYAA pak. Tak 9YTO BAXKHOCTh IyOAMKAITNMY IIOAHOM KAPTHI 3TOM XPOMOCOMBI
CAO>KHO II€PEOIICHUTE.



YCTAHOBJIEHUE OTLOBCTBA. OMNPEAOENEHUE POOCTBA.
OCINAPUBAHUE OTLUOBCTBA HA OCHOBAHUU
TEHETUYECKOIO UCCJIIEOOBAHUA OHK

MoaekyasapHo-reneTnueckoe nccaeaopanne AHK Ha mpeaMeT ycTaHOBA€HHA OTIIOBCTBA Oasupyerca HA
cpaBHeHHHU BbIcOKonIoAnMopdHbIX pparmeHToB AHK npeanosaraemoro orna u pe6enka. PeGeHok nmoayuaer
nnoroBuHy Bceli ceoeri AHK o1 6mosormyeckoii MaTepu, APyIryrO IIOAOBUHY — OT Omoasormyeckoro orna. CoraacHo
ITpukasza Munucrepcra 3apaBooxpanenua Poccuu N 161 ot 24.04.2003 roaa Aas A0Ka3areAabCcTBa PaKTA
OTLOBCTBA AOCTATOYHO BEPOATHOCTH OTIIOBCTBA 99,90%.

ITpu ycraHOBA€HUE OTHOBCTBA 0€3 MaTepruasa MATePH, CAOJKHEE AOCTUYDb YPOBHA HEOOXOAMMOI AOCTOBEPHOCTH,
4eM B cAydae TectTupoBaHusA Bcell cembu. IloaTomy, koraa AHK-skcniepTr3a mpoBOANTCA C IEABIO YCTAHOBACHUA
VAW OCITAPUBAHUA OTIIOBCTBA B CyA€OHOM IOPAAKE, CYABHI HACTAMBAIOT HA OAHOBPEMEHHOM CAQUe
OHMOAOTrMYIECKOI0 MATEPHAAA OT IIPEAIIOAATAEMOI0 OTHA, peOeHKa u 6moAorumueckoit marepu. FIMmeHHo B aTnx
cAydasax (POPMyAHMPOBKA 3AKAFOUYEHU:A, BBIAAHHOI'O CYA€OHO-MEAMIIMHCKIM 9KCIIEPTOM, IIPOBOAUBIIIAM
HCCACAOBAaHME, HE AOA’KHA BBI3bIBATHh HUKAKOI'0O COMHEHUA.

AAdA ucKkArOUYeHuA PAKTA OTHOBCTBA HEOOXOAMMO MOAYYUTH KAK MUHUMYM TPU HECOBIIAACHHA MEXKAY U3yIAE€MBIMU
dparmenramu AHK npeaniosaraemoro ormna u pedbenka. Bce remerndeckme ncCA€AOBAaHUA, IPOBOAUMBIE B
AabopaTopHuH, OCHOBAHbBI HAa UCIIOAB30BAHUU YACTOTHBIX XaPAKTEPUCTUK, KOTOPHIE IIOAYYIECHBI AAA ITOITYy AALTHI,
HaceAaromx Poccuro.

YcraHoBA€HME OTLOBCTBA C MOMOIIBIO BcCAeAOBAaHUA MOAeKYABI AHK — 310 BO3MOXKHOCTE IOAYyUNTE A0COAIOTHO
AOCTOBEPHBI, HAyYHO 00OOCHOBAHHBIIN PE3yABTAT, KOTOPBINA ABAAETCA BAXKHBIM APIYMEHTOM B PEIIIEHHU MHOTHUX
IOPUAMYECKUX IIPOOAEM.

AabGopaTopusa MOAEKYAAPHOM AMATHOCTUKH U TeHOMHOU AakTHAockonuu «I'ocHHMH reneruxa» mpoBoAUT
CyA€OHO-MEAUITUHCKIE MOAECKYAAPHO-T€EHETUUECKHE SKCIIEPHU3BI II0 YCTAHOBACHHIO POACTBA.

Hauunas ¢ 1992 roaa, HayuHBIE COTPYAHHKH Aa0opaTopun uccaeAyroT moaekyay AHK Ha mpeAaMeT ycraHOBAEHUA
POACTBEHHBIX CBA3eH. 3a 310 Bpema 6oaee 90% Bcex oOparmieHHnii CBOAUTCA K YKEAAHHIO YCTAHOBUTH OTIIOBCTBO.
ITpruem, GOABIITMHCTBO AFOAEH CTPEMHTCA BHAYAAE Y3HATH IIPABAY, IPOBEAA HCCAEAOBAHUE KOH(PUAECHIINAABHO, 1
TOABKO IIOTOM, B CAy4Yae HaAOOHOCTH, 00PAINAIOTCA B CYyA€OHBbIE HHCTAHIIUY AAAl Y3AKOHUBAHUA BO3HUKIIIIX
IOPHAMYECKHUX IIPo06AeM. Tak IIoCTyaroT My>KYHNHBI, KOTOPbIE HE XOTAT 0€CIIOKOUTH CBOUX >KEH IIOAO3PEHUAMHU, A
IIPOCTO HY>KAAIOTCA B AOKYyMEHTAABHOM IIOATBEPI>KACHHHU POACTBA IO TEM AW MHBIM CoOOOparkeHuAM. BeAan o
CTATUCTHUKE AHIIB B OAHOM CAYYae U3 IIATH OTIIOBCTBO MCKAIOYAETCA, 4 3HAYUT, IIOAO3PEHHUA BO3HUKAIOT
HanpacHo. FIHOrAa oOpaIaroTcsa U pOAUTEAU IPEAIIOAATAEMOI'0 OTIA, HE AOBEPAA CBOEH HeBecTKe. B cayuae
IIPEHATAABHOTO (AOPOAOBOI0O) OIIPEAECAEHHUE OTIIOBCTBA YAIlle OOpaIaroTca OyAylIue MaTepH, He CIIOCOOHBIE
OAHO3HAYHO OTBETHUTH HA BOIIPOC 00 OTIIE CBOETO OyAyIEro peGeHkKa.




B teuenun nepsont getsepru XX BeKa, CIMTAAOCH YTO HOCUTEAEM
I'€HETHYECKON (HACACACTBEHHON) HH(MOPMAITUN ABAAETCA OCAOK(IIPOTEHH).
AeAo B TOM, 9TO OEAKOB BEAMKOE MHOKECTBO, OHHU KYTKO Pa3HOOOPA3HBL.
DTO pazHOOOpa3ume, BMECTE C (PAKTOM HX IIPUCYTCTBUA B SAPE KACTKH
5YKapHOTOB (BCEX MHOTOKAETOYHBIX U HEKOTOPBIX OAHOKACTOYHBIX,
SYKapHOTBI UMEIOT KACTOYHOE SAPO, 2 IIPOKAPHOTHI HET) YKA3BIBAAO Ha TO,
YTO UIMEHHO OHU ABASIOTCS IEPEHOCYNKAMU ITAMATH.

AHK kazarace CAHUIIIKOM IIPOCTOM AAS TOTO ITOOBI OBITH HOCHTEAEM TAKOI'O
OTPOMHOrO Koamdectsa nagopmanuu. Ho sta Teopus He ObIA2
OOIIEIIPUHATOM.

C TeueHHEeM BpeMEHN BO3HUKAH IToao3peHus, uTo poab AHK kyaa BaxHee,
9eM Ka3aA0Ch. Ho m3-32 OTCyTCTBHA TEXHOAOTHH, IIPOBEPHUTH OBIAO
HEBO3MOIKHO.






