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KIETKHA U JHK

Y10 TaKO0E KJIeTKA?

Krnetku sIBISIOTCS CTPOUTENbHBIMU OJIOKaMM JJis BCEX JKHUBBIX CYHIECTB Ha 3emuie. Teno

YeJIoBeKa COCTOMT M3 TPWIUIMOHOB KieToK. KieTku oOecrneyuBaiOT CTPYKTypy Tena,
MOTJIOIIAI0T THUTATEIbHBIE BEUIECTBA M3 MHINM, NPEBPALAlOT 3aT€M ATH BEIECTBA B
HHEPryI0, a TaKXKe BBINOJHIIOT pa3iuyHble creuuanbHblie ¢GyHkuuu. Kietkum Ttaxoke
coJiep KaT HACIECTBEHHBIN MaTepuail U CliocOOHBI KOMMUPOBATh CEOsl.

Krnerka cocTOMT M3 HECKOJBKUX YacTel, KaJash U3 KOTOPBIX BBHINOJHSET pa3IMyHbIC
¢ynkuuu.  Hekoropble W3 3THX 4YacTeil, Ha3bIBa€Mble OpraHeiibl, SBISIOTCS
CHEUATU3UPOBAHHBIMU CTPYKTYPaMHU, KOTOPBIE BHITIOJIHAIOT ONPEACIICHHbIE 3a]1a4ll BHYTPU
KJICTKH.

CTpoeHue KneTku

ApnepHan membpana

Mna3smarnyeckasn
membpana

Annapart Nonsopxu
MuTtoxoHapus

Mepokcucoma

Iln3ocoma

3HAoNNasMaTu4eCcKumn

peTukynym LN CekpeTopHble BE3NKYNbI

Humonnazma

BHYyTpeHHSsT dYacTh KJICTKH COCTOMT W3 JKEIeOOpa3HOH JKHUJIKOCTH (IUTO30JIb) M
CIIeIIMATIBHBIX CTPYKTYP (OpTraHesu1), KOTOPhIE OKPYKAIOT PO KIETKH.
Humockenem
[MuTtockener — ceTh M3 JUHHBIX HUTECOOPA3HBIX BOJIOKOH, KOTOpas OOECIeuMBaeT |
MOJJICPKMUBACT CTPYKTYPY KJIETKH, IPYTMMHU CJIOBAaMH BBITIOIHSAET OMOPHO-ABUTATEIBHYIO
dbyukiuo. I[lomumo omnpenenenus (GOpMBbI KIETKH, ITUTOCKEIET Y4YacTBYET B JICJIICHUU
KJIETKH, a TaKXKe MO3BOJISIECT el IBUTraThes. [{uTockeneT Takxke odecreunBaeT onpeieeHHbIN
MIOTOK OpPraHesl U IPYTUX BEIIECTB BHYTPHU KIIETKHU.



Inoonnazmamuyeckuii pemuxyaym (IP)

Ota opra”eia oOecrneunBaeT 3Q(PEKTUBHOE MPOTEKAHHE MHOTHX META00IMUYECKUX
MPOLECCOB B KJIETKE. DHMOIJIA3MATUYECKUN PETUKYJIYM MPUHUMAET y4acTUE B TPAHCIIOPTE
CO3ZIaHHBIX B KJIETKE MOJIEKYJ K MECTy MX Ha3HayeHUs JU0O0 BHYTPH KJIETKH, JUOO 3a
MpEeEIbl KIETKU.

Annapam I'onvoocu

VYakoBBIBAET MOJIEKYJIbI, CUHTE3UPOBAHHBIE B HHIOIIA3MATUYECKOM PETUKYIyME, IS
BBIBEJICHUS U3 KIIETKHU.
JIuzocomul u nepoxkcucomol

OTU OpraHesuibl SBISIOTCS TepepadaThIBAIOIIUMK IIEHTpaMH KJIeTKH. OHU y4acTBYIOT B
pacuierjieHud OaKTepuid, MOMABIIMX B KIJIETKY, OCBOOOXIAIOT KJIETKY OT TOKCHYECKUX
MPOJYKTOB U TiepepadaThiBatOT OTPAOOTaHHBIC KOMITOHEHTHI KJIETKH.
Mumoxonopuu

MuToXOoHIpUss — CIOXHAs OpraHeiuia, y4acTBYIOIIas B MPEBpPAIICHUH SHEPTrUH
MUTATEIbHBIX BEIIECTB B OPMY SHEPTUHU, KOTOPYIO KJIETKa MOKET MUCIIOJI30BaTh JJIsl CBOUX
HYXJ. DJTa OpraHejyia UMEET CBOM T'€HETHMYECKUM Marepuas, KOTOPbI YyIMaKOBaH BHYTPHU
MUTOXOHJPUU U MOXKET CaM KOIMUPOBATHCHL.
Aopo

Anpo sABAsSETCS] KOMAHAHBIM ILIEHTPOM KJIETKH, KOTOPBIA MOCHUIAET CUTHAJbI KIETKE -
NeIUThCSA,  CO3peBaTh, pacTd WM  TOTUOAaTh. B sagpe waxomurca  JIHK
(ne30KkcupHOOHYKIEMHOBAasT KHUCJIOTa), B KOTOPOWM 3aKOJMpOBaHA BCA HAacCJeJICTBEHHAs
uHopManus. Sapo OKpyXKEHO TOBEPXHOCTHOW MeMmOpaHnou, 3amumaromeit JHK wu
OTZIEJIAONIEH PO OT OCTATBHOM YaCTH KIIETKH.
IThazmamuueckan memopana

[lnazmatuyeckass MemOpaHa — BHEIIHAS TOBEPXHOCTh KIETKH, KOTOpas OTACINSIeT
COJIEP)KMMOE KJIETKM OT BHEIIHEH cpenbl M O00eCleyuBaeT MPOHUKHOBEHUE PA3TMYHBIX
BEILECTB B KJIETKY, & TAKKE COAEPKUT KOMIIOHEHTHI, [TO3BOJISIIOLINE KIETKaM y3HaBaTh APYT
Apyra.
Pubocomur

DOTO OpraHesibl, peaau3yloliue TeHEeTUYEeCKHe HWHCTPYKIuHU, 3ainoxeHHble B JHK mo
CUHTE3Y CIICIMAJBHBIX MOJICKYN - OEJIKOB. JTH OpraHeuibl CBOOOIHO IUIABAIOT BHYTPH
LUTOIIa3Mbl UJIM HAXOASATCSA B KOHTAKTE C 3HIOIIA3MATUYECKUM PETUKYIYMOM.
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OcrtoB 3 pocharos n caxapos



Yro Takoe JTHK?

JIHK, wnu ne30KkcupruOOHYKIEHHOBAsT KUCIIOTa, 00ECIeYyMBaeT XpaHEHUE U Mepenavdy H3
MOKOJICHUsI B TOKOJICHHME HACJIEICTBEHHONW HHGpOpMAIMU Yy YeJIOBeKa M OOJIbIIMHCTBA
IPYTUX OPraHu3MOB. B KaKI0l KJI€TKe OpraHu3Ma 4esloBeKa XpaHuTces ofHa u Ta ke JIHK,
OoJibIlIast 4acTh KOTOPOM HAXOAMUTCS B S/Ipe KIETKHU (4acTo ee Ha3biBaloT sijaepHoit JTHK).
Onnako, Hebomwioe konumdectBo JIHK Haxomurtcs Takke B MUTOXOHAPUSIX (HA3BIBAIOT
murtoxonapuanbias JIHK, unu mt/IHK).

Nudopmanus B JIHK 3akonupoBana B BUJi€ COUETAHUS YETHIPEX XUMHUECKUX COCAMHEHUMN
(MMeroT crienualibHOE Ha3BaHUE — OCHOBaHUA): ajfeHuHa (A), ryanuna (I'), uurozuna (C) u
tumuHa (T). JJTHK uenoBeka coctouT u3 3 MWIIHAPAOB TaKUX OCHOBaHUU, u okoio 99%
JIHK onunakoBo y Bcex mroneit. [lopsmok (wim mocienoBaTeibHOCTh) ATUX OCHOBAaHHM B
JIHK, MoxHO cpaBHUTH C HAOOPOM OYKB B MHUChME, KOTOPBIE HAXOMSITCS B OMPEICICHHBIX
KOMOUHAIUAX I POPMUPOBAHUS CIOB U TIPEIJIOKEHU.

JIHK ocHOBaHUs COCTaBIISIIOT OMNpenesieHHbIe mapbl Apyr ¢ apyrom, A ¢ T, I ¢ I', koTopsie u
bopMUPYIOT TaK Ha3bIBa€MbIE Mapbl HYKJICOTHAOB (KOMIUIEMEHTapHble maphl). Kaxkmoe
OCHOBaHHUE COCJMHEHO C MOJIEKYJIOW caxapa (me30Kkcupu0030ii) u Mojekynoi docdara.
Bmecte ocHoBanue, caxap W ¢ochar Ha3bIBAIOTCS HYKICOTHA. ITH HYKICOTHIBI
COEJIMHEHBI B JIBE€ MPOTSIKEHHBIE HUTH, KOTOPHIC 3aKPYYMBAIOTCS OTHOCHUTEIBHO JAPYT
apyra W 00pa3yloT JBOWHYHO crupaib. CTpyKTypa W3 JIBOWHOW CIHpaId HECKOJIBKO
MOX0Xa Ha BHUHTOBYIO JICCTHHUILY, TJIe OCHOBaHUS (OPMHUPYIOT CTYNEHBKH, a caxap H
Mosiekyna ¢ocdara GopMHUPYIOT BEPTUKAIBbHBIC MTepUIa TON JECTHHUIIHI.

Ouenp BaxkHo, uto JIHK moxer nenarh kornum camoit cebst (perummiupoBaThes). Kaxnas
Huth JIHK B naBoitHO#N crnupanu BbICTymaeT B KauecTBe oOpasma s KOIMHUPOBAHUS
MOCJIEI0BATEIbHOCTA OCHOBAaHUM. DTO JIOBOJBHO BaXKHO JJIsl JICJICHUSI KJIETKHU, TOTOMY 4YTO
HOBOM KJIeTKe HeoOXxoauMo uMeTh TouHyto kormio JIHK poauTensckoii (cTapoit) KieTKu.

Yro Takoe MmutoxonapuanabHas JJTHK?

Xots 6omnpiras yacth JJHK ymakoBana B XpoMOCOMBI BHYTPH s7Ipa, MUTOXOHAPHUS TAKXKE

colepKuT Hebombimoe kKomumdecTBO cooctBeHHoW JIHK. DrtoT renernueckuit Marepmal
Ha3biBatOT MuTOXOHApUanbHou JIHK, nmm mt/IHK.
MuroxoHipus - 3TO CTPYKTypa BHYTPU KJIETKH, KOTOpash MpeBpallaeT >SHEPTHI0
MUTATENIBHBIX BEIIECTB B (POPMY DHEPTHH, KOTOPAst MOKET ObITh MCIIOIb30BaHA KJIETKOW TSt
cBoux mnorpedHocTel. Kaxkmas kieTrka COIEpXKUT OT HECKOJbKUX COTEH J0 HECKOJIbKHUX
THICSIY MUTOXOHJPUN, KOTOpPbIE CBOOOJHO PAaCHOJIOKEHbI CBOOOJHO BOKPYr siapa B
LUTOIIa3Me.

MutoxoHJipusi  BbIpaOaTbIBAET HHEPIUI0  4Yepe3 CEeTh  peakluil, Ha3bIBAEMBbIX
OKUCIHTENBHBIM (hochopumupoBanreM. B 3ToMm mporiecce ydacTBYIOT KHUCIOPOJ U TPOCTHIE
caxapa, B pe3yJbTaTe 4ero CuHTe3upyeTcs aaeHo3uH Tpudocdat (ATD), rmaBHbIA HCTOUYHUK
sHeprum B kjetke. OxucnurenbHoe (ochopunupoBaHue BHYTPU  MHUTOXOHIAPHI
o0ecrnieurBaeT KOMILIEKC (PepMEHTOB, U3BECTHBIN Kak KoMIuiekc [-V.

Kpome »sHeprernueckoil (QyHKIHMH, MUTOXOHJPUU HUIPAIOT BAXHYI POJb B JAPYIHX
KJIETOYHBIX nponeccax. OHU Takke He0OXOIUMBI JJIsl BBIPAOOTKHM TaKUX BEIIECTB, KaK



XOJIECTEPUH U TeMa (KOMIIOHEHT IreMOrjio0HnHa, MOJIEKYJIa KOTOPOTo MEPEHOCUT KUCIOPO B
KpOBH).

Eme ogHa 0cOOEHHOCT MUTOXOHAPHUA B TOM, YTO OHU NEPENAIOTCS PEOEHKY TOJIBKO OT
MaTepu, TO €CTh BCE MHUTOXOHJIPUU YEJIIOBEKA — MOTOMKM MUTOXOHAPUN SHUILIEKIETKH.
MuToXOHAPUH CIIEPMATO30M1a MOTMOAOT IPH 3a4aATHH.

Jmuuaa mt JIHK — Bcero 16 ¢ mosioBUHOW ThICSAY HYKJICOTHUIOB, OHA COJNEPKUT 37 T€HOB
(KOIMPYIOUIMX MOCIEI0BATEIBHOCTEH) U KOHTPOJIbHYIO 00nacTh pazmepom 1122 mapsl
HYKJICOTHJIOB, Ha3biBaeMyto O-metiedi. Bce 37 reHOB SBIAIOTCS HEOOXOIUMBIMH IS
HOPMaJILHOTO () YHKIIMOHUPOBAHUS MUTOXOHAPUNA. TpHUILIaTh U3 3TUX TEHOB COAECPKAT
MHCTPYKIMHU CO3/1aHMsI (KOOUPOBAHUS) (PEPMEHTOB, KOTOPHIE YYACTBYIOT B OKUCIUTEIHLHOM
dochopunupoBanun. OcTaBiasicss 4aCcTh T'€HOB KOJUPYET TaK HA3bIBAEMbIE TPAHCIIOPTHBIE
PHK (tPHK) u pu6ocomansusie PHK (pPHK), xoropsie xumuuecku cxoxu ¢ JJHK. Otu
tunel PHK nmomoraroT npaBuibHO coOMpaTh COCTaBHbIE YacTH OENKOB (AMHUHOKHUCIIOTHI) B
(GYyHKIMOHUpYIOLIHE OENKH.

Y10 TaKoe reu?

['en sBisieTcsi OCHOBHOM CTPYKTYpHOU M (DYHKIIMOHAJIBHOW €IMHUIIEH HAClIeICTBEHHOCTH.
I'enwvt - 510 omnpenenennsle yyactku JHK, KoTopble comepkaT MHCTPYKLMU IO CO3JaHUIO
MOJIEKYJ, Ha3blBa€MbIX Oe€likaMu, TO €CTh B HHUX 3amudpoBaHa wuHPoOpMaLUSI O
COOTBETCTBYIOIIIEM Oelike. Y uejoBeKa IeHbl pa3IMyaroTcs MO pa3MepaM OT HECKOJIBKUX
coted JIHK map ocHoBanwuii 1o 60see yem 2 MIJLTHOHOB OCHOBAaHUM.

IIpoekr «I'enoma YenoBeka» IO3BOJIMI YCTAHOBUTH, YTO KOJIMYECTBO I'€HOB y YEJIOBEKA
coctapisieT 20 — 25 Teic. Kaxxaplit MHAMBUI UMEET JBE KOTIMU I'e€Ha, KaXKIBIA U3 KOTOPHIX OBLIT
MOJIyY€H OT OJJHOTO M3 poAUTENeH. BOIBITMHCTBO IeHOB Y JIIOJIEH CXOXKHU MEXIy cOo00#, HO
HEKOTOpbIE reHbl (MeHee 1% OT BceX) 3HAUUTENIbHO Pa3IMuaroTCs MEXKY JIFObMH.

Annenu - 510 QOpPMBI OAHOTO W TOrO K€ TeHAa C HEOOJNBIIMMU OTIUYUSIMHU B
nocienoBarenpbHocTH JIHK ocHOBaHmii. T HEOOIBIITNE OTIUYUS M O0YCIaBIMBAIOT TO, YTO
KQKIbI UHAWBU] SBJSIETCS YHUKAJIBHBIM.

Xpomocoma

l MenH

Yro Takoe xpomocoma?

B sanpe xaxnmoi knetku modekynsl JIHK ymakoBanel B HHUTEOOpasHble CTPYKTYPHI,
Ha3biBaemble xpomocoMamu. Kaxmas xpomocoma, cocrosimas u3 JIHK, tyro Hamorana
BOKpPYI' O€JIKOB, HAa3bIBAEMbIX T'MCTOHAMH, KOTOPBIE MOJJIEPKUBAIOT XPOMOCOMBI B TaKOM
COCTOSIHMM. XPOMOCOMBI HE BHUJIHBI B SIIP€ KIIETOK Ja)K€ IOJ MUKPOCKOIIOM, €CJIM KJIETKa
eme He npucrymwia K genenuto. Opnako JIHK, koropas cocraBiasieT XpomMocomy,
CTAaHOBUTCSI OoJiee ymakoBaHHOUM (IJIOTHO), KOrja KJIETKa JEIUTCs, TaKuM 00pa3oMm, ee
MOKHO YBHJIETH O] MUKPOCKOTIOM.



BonbIIMHCTBO 3HaHUH O XpPOMOCOMax, OBUIM MOJYYEHbl MCCIEIOBATEISIMU  TIPU
HaOJIIOICHUH 32 XPOMOCOMAaMHM MpHU JIeJIeHUH KiIeTkH. Kaxxaas xpomocoMa B ONpeIeIeHHOM
MECTE MMEET BBIPAKECHHBIN OKPYIVIBIA YY4aCTOK, Ha3bIBAEMbIN LIECHTPOMEPOU, KOTOPBIN
pas3zmensseT XpOMOCOMY Ha JIBE HEOJWHAKOBBIE 4YacTH, win Iuieud. KopoTkoe mieuo
XpOMOCOMBI 0003HaUaeTcs Kak “p miaedo”. J[nuHHOe miieuo o003HaYaeTcs Kak “q mie4o”.
[lonoxeHne LEHTPOMEPHI HA KaXIOH XpPOMOCOME SIBIIIETCS XapaKTEPHBIM M MOXET ObITh
MCIIOJI30BAHO ISl OMUCAHUSI MECTOTOIO0KEHUS CTIeU(PUUECKOro reHa.

OesonHasa cnupane OHK

nneyo p

/ LeHTpomepa

XpoMmogoMa —
nne4yo q

TMMCTOHBI

OHK

CKO0JILKO XpOMOCOM Y Yesi0Beka?

Kaxnas ximerka dyenoBeka B HOPMAJIbHOM COCTOSSHUM (HOpPME) COAEPKUT 23 maphbl
XpoMocoM, Bcero 46. J[BaauaTe B€ M3 ATUX Hap HA3bIBAIOTCS ayTOCOMAaMHU M OJUHAKOBBI
KaK JUId KEHUIMH, TaK W JJs MYX4YHUH. 23-5 Mapa XpoOMOCOM - IIOJIOBBIE XPOMOCOMBI
paziuyaercs MEXIy MYXYMHAMH U JKeHIIMHamMu. JKEHIIMHbI HMMEIOT JB€ Komuu X
XpPOMOCOMBI, TOTJa KaK MY>KUMHBI UMEIOT OJHY X U OJHY Y XPOMOCOMY.

22  ayTOCOMBI HyMEpOBaHBI COTJacHO WX pa3mepam. Jlpyrue nse xpomocombl, X u Y
- TIOJIOBBIE XpPOMOCOMBI. [10THBIN XpOMOCOMHBIN HA0Op YEOBEKa  HA3BIBACTCS

KapuoOTHUIIOM.
HopmanbHbIn
KapuoTun
JYenoseka
1 2 3 4 5
6 7 8 9 10 1 12
i i i i i i 16 17 18
13 14 15

¢¢ 3 3 @i S 1
19 20 21 22
XX (ke HekuA) XY (MyKCKo i nos)

AyTOCOMbI MonoBble XpoMocombl



KAK PABOTAIOT I'EHBI
Yro Takoe 0eJIKM U 32a4eM OHHU HYKHbI?

benku - 310 OoJbIINE CIOKHBIE MOJIEKYJIbI, KOTOPbIE UTPAIOT MHOKECTBO BAKHBIX POJIEH.
OHU BBINOJHAIOT OOJIBIIUHCTBO PabOT B KIETKE U HEOOXOAUMBI ISl CTPYKTYPUpPOBAHUSA,
(GYHKIMOHUPOBAHMS U PETYJIUPOBAHUS TKAHEH U OPraHOB YeJIOBEKaA.
benku coCcTOAT M3 COTEH M ThHICSY MOJEKYJ, Ha3bIBAEMbIX AMHHOKHCIOTAMHU, KOTOpPbIE
MPUCOEIMHEHBI OJHA K ApYyroil u oOpasyroT niauHHble nenu. CymectByeT 20 pa3iMyuHbIX
TUIIOB ~ aMHUHOKHCIIOT, KOMOMHAmusi W3 KOTOPBIX CO3/1ae€T  pa3jiuyHble  OEJKH.
[locnenoBaTenbHOCT ~ AMUHOKHUCIIOT — ONPENENseT  YHUKAIbHYIO  IMPOCTPAHCTBEHHYIO
CTPYKTYypy H creuuduyeckyro (QyHkuuwoo kKaxaoro Oenka. benku xmaccudpumupyroTcs
COTJIacHO UX (PYHKIUH.

NMPUMEPbLI BE/IKOB

dyHKUMA OnucaHue Mpumep
AHTUTENA AHTuTena cneumduyeckm ceasbiBatoT] UMmyHornobyamH G (IgG) A
yyKepoaHble 4YacTUupl, TakMe Kak| KoJMYecTBEHHO npeobnasatoLLmii
BMpYCbl M BaKTepuu, M MOMOratoT| Knacc CbIBOPOTOYHbIX|
3aWwMLaTh OpPraHmM3m UMMYHOTrN06yINHOB, OCHOBHble
aHTMTeNa, obecneunsaroLLme
BTOPWUYHbIA MMMYHHbIN OTBET
PepmeHThbI PepmeHTbl  OCyLLeCcTBAAT  TbicAYU| PeHnNanaHMHIIMAPOKCKMIa3a
XMMUYECKMX  peaKkuui,  KoTopble| npeBpalaet aMUHOKMNCNOTY

npoTekaloT B KaeTke. OHM Takxe| GeHWNanaHMH B ApyrMe BasKHbie
y4acTBYIOT B  CO34aHMKM  HOBbIX| COeAMHeHMA B OpraHusme.
MOJIEKY/l, CUUTbIBAA TEHETUYECKYIO| [pn aedekTe 3TOr0  pepmeHTa
MHPOPMALMIO, KOTOpas XPaHUTCA B| HakanaueaeTcA QeHWNanaHuH, B
AHK. pesynbTaTe uero MOBPEXAaoTCA
HEpPBHbIE KNeTKM, NPUBOAA K
NOBPEeXAEHMI0 MO3ra

MocpeaHuKm Benku-nocpedHUKN,  TakMe  Kak| FOpMOH pocTa
HeKoTopble TUMbI rOPMOHOB,
nepesarT CUrHan Ans KoopAuHauum
6MONOTMYECKMX MPOLECCOB  MEKAY
Pa3NINYHBLIMU KIETKAMM, TKaHAMU U

opraHamm.
CTpyKTypHble 3TM  benku obecneumnsatot AKTVMH - OOMH U3 OCHOBHbIX 6€/KOB
KOMMOHEHTbI CTPYKTYPY M OMopy AAA KAETKWU. B| COKpaleHMs B MbILLEYHOM BOJIOKHE

MaKpOMaCUJTa6e OHM obecneumnBaltoT
ABUXeHUe Tena.

TpaHcnopt/ 3T 6enKM CBA3bLIBAIOT U COXpaHAloT ®eppUTUH  BbINOMIHAET  POJb
XpaHeHue aTomMbl M MafieHbKME MOJIeKY/bll OCHOBHOMO  KJ/IETOYHOro Aeno
BHYTPU KAETKM U MEepeHoCcAT WX No| »Kesesa

opraHusmy.




deHunanaHuHrngpokcunasa

OanHOYHbIN cyB0bnok
heHnnanaHuHrnapoKcMnasbl

Monekyna eHnnanaHnHrnapokcunasbl,
cocrosiwan u3 4 cybbnokos

MmmyHornobynuu G (IgG)

CTOpoHa, cBasyrowas
NOCTOPOHHWE YacTuLbI

CTOopoHa,cBasyouan
NOCTOPOHHWUE YacTULbI

Kak resb! ynpaBJjsiloT CHHTe30M 0eJIKOB?

bonpmmHCTBO TEeHOB  cojepkar HWHPOPMANNMIO, HEOOXOAMMYIO IS  CO3JaHUs
(YyHKIMOHAIBHBIX MOJIEKYJ, Ha3biBaeMbIX Oenkamu. (HeOombinasi 4acTh TEHOB COAEPKUT
uH(MOPMAITNIO O IPYTUX MOJIEKYJIaX, KOTOPBIE MTOMOTAIOT MPaBUILHO cOOMpaThcs OenkaM B
KJIETKaX)

[Tyts OT cumThiBaHUS WHPOPMAIMH C T€HA O CO3/IaHUs OEJKa JTOCTATOYHO CIIOKHBIA U

CTPOr0 KOHTPOJIMPYETCS BHYTPU KaXA0W KJIETKH. ITyTh COCTOUT W3 NBYX TJIaBHBIX IIaroB:
TPAHCKpUIIMKM U TpaHCIsuMu. Bwmecrte mnpouecchl TPAHCKPUNUMHU UM TPaHCISALHUU
Ha3bIBAIOTCS IKCIIPECCHS TEHA.
B xozne peakuuu TpaHCKpuUIuu, HHPOpMAIHs, KoTopas xpanutcs B rere (yuactok JIHK),
MIEPETMCHIBACTCS HA HEOOMBIITNE MOJIEKYJIbI, Ha3biBaeMbie PHK (pnOoHyKI€MHOBBIE KUCITIOTHI)
B saape kiuetkn. Kak u JIHK, PHK »3Ta nenouka HYKI€OTHIHBIX OCHOBaHWH, HO
oTJIMYAIOmMuXcs xuMmuaeckumu cpoiictBamu. Tun PHK, koTopas conepxut nuadopmaiiuio



(MHCTPYKLMIO) TIO CO3JaHUI0 Oenka, Ha3bIBalOT MaTpuyHOM miau uHpopmanuonHo PHK
(MPHK), Tak kak ona Hecet ungopmaruto win curtain ot JIHK u3 sigpa B uuroninazmy.
Tpancnsiiusi, BTOpod IIar B MyTH OT IeHa K Oenky, mpoucxoauT B nutormiazme. MPHK
B3aUMOJIEUCTBYET CO CHEIHAIU3UPOBAHHBIM KOMIUIEKCOM, Ha3bIBaEMBIM PHOOCOMOIA,
KOTOPBIM  CYMTBIBAET  MoOcienoBarenbHOCTh  ocHOoBanmi B MPHK.  Kaxnas
MOCJIEIOBATENILHOCTh U3 TPEX OCHOBAaHMi, Ha3blBaeMas KOJJOHOM, OOBIYHO KOJIUPYET OJHY
13 20 aMMHOKHUCIOT (AMUHOKHUCIIOTHI - CTPOUTENIbHBIE OJIOKH OEJIKOB).

PHK TpancnopTupymomas aMUHOKUCIOTEI K MeCTy COOpKd O€lKOB, Ha3bIBaeTCA
tpancrioptHoit PHK (TPHK). Kaxmoit amunokucnore coorBerctByer oana TPHK. B
3aBUCUMOCTH OT TWIA cyuThbiBaeMoro kojgoHa B MPHK B monunenTtuanyro uemns Oenka
BCTpauBaeTCs Ta WM MHas aMuHokuciota. COopka Oenka mpoAoKaeTcs, 10 TeX Mop, Moka
pubocomMa He IPOYTET CTOM KOJOH (MOCIeA0BATEbHOCTh U3 TPEX OCHOBAaHUM, KOTOpasl HE
KOJUPYET HUKAKYI0 aMMHOKHUCIIOTY) Ha reHe. [lepenaya nndopmanuu or JJHK uepe3 PHK k
OelIKy sBISIETCSI OJHUM M3 (PYHIAMEHTAJIbHBIX MPUHIMUIIOB MOJEKYJISIPHONH OHOJOTUM H
HA3bIBACTCS LICHTPAJIIBHOU JTOTMOM.

[IHK \
RMARNANRRNA

TpaHckpunumsa

TpaHcnopTupoBka
B uuTonnasmy
©%0

TpaHcnaumsa

Mo0:KHO JIM BBIKJIOYUTh UJIH BKJIIYUTH F'eHbI B KJIeTKe?

B kaxaoil KJIeTKe 3KCIPECCUPOBAHbI WM BKIIFOYEHBI TOJBKO 4YacTh NeHOB. OcCTalIbHbIE
I'EHbl PENPECCUPOBAaHbl WIIM BBIKIIOYEHBI. [Ipomecc BBIKIIOUEHHS W BKIIOYEHUS TI'€HOB
Ha3bIBACTCA PETyJsilMsl TEHOB. Perynsnus TeHOB ABISETCA BAKHEMIIEHM YaCTbIO
HOPMaJIbHOTO Pa3BUTHS OpraHu3Ma. ['€Hbl BKIIOYAIOTCS M BBIKJIIOYAKOTCS HA Pa3jIW4YHBIX
JTallax pa3sBUTHA OPraHW3Ma II0- Pa3HOMY B Pa3sHBIX KJIETKAaX M TKaHAX. Perynsanus reHos
MO3BOJISIET KJIETKE OBICTPO pearupoBaThb Ha M3MEHEHHE YCJIOBHM BHewHel cpenbl. M xots
MBI 3HAa€M, KaK Ba)K€H IPOLIECC PETYJISIUU T'€HOB B KM3HU, HAIIM MPEACTaBICHUS 00 3TUX
IIPOLIECCaX HE COBCEM ITOJIHBIE.

Perynsuuss reHOB MOXET MPOUCXOAMTh Ha JIIOOOM YypOBHE OJKCIPECCUU TE€HOB, HO
OOBIYHO INPOUCXOJUT HAa YPOBHE TPAHCKPUIILMHU, KOrja HHPopManus OT TeHa (y4acToK
JTHK) nepenucsiBaetcs B MPHK. Curnanbsl 00 u3MEHEHUHN OKPY>KAIOIIEH CpeIbl UK OT



IpPYrMX  KIETOK  aKTUBUPYIOT  crnenuduyeckue  O€lIKH, KOTOpPbIE  Ha3bIBAIOTCS
TPaHCKPUIIMOHHBIE (AKTOPBL. DTU OENKH CBS3bIBAIOTCA C PEryJISATOPHBIMU OO0JACTIMU
(yyacTkaMM) reHa, TeM CaMbIM YBEJIUYMBAs WM CHI)KAs YPOBEHb TPAHCKPUILMHU. 3a CUET
KOHTPOJIUPOBAHMS YPOBHS TPAHCKPHUILMU ONpPENEAETCS KOJIMYECTBO OeiKka, MHPpOpMaLHs
0 KOTOPOM 3aKOAMPOBAaHA B I€HE B TAHHBIM MOMEHT BPEMEHU.

HeratusHas v NO3UTUBHAA perynauuu
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Kak kierka neaurcsa?

JleneHnue KJIETKH — 3TO XapaKTEPHBIN I KUBBIX OPraHU3MOB IPOLIECC TMOSBICHUS U3

POJIUTEIHCKOM KIETKH JIBYX M 00Jiee HOBBIX KIeTOK. CyIIIECTBYET J1Ba THIMA JIEJICHUS KIETOK -
MHMTO3 M ME€H03. BOJBIIMHCTBO JIIOJEN MOAPA3YMEBAIOT IO JCICHUEM KJIECTKH MMTO3,
MPOLIECC CO3JaHUsI HOBBIX (COMAaTHMYECKHUX) KJIETOK B oOpraHusme. MuTo3 sBIeTCS
(GyHIIaMEeHTaIbHBIM TIPOIIECCOM B KU3HU. B Xolle MUTO3a B KJIETKE YIBauWBaeTCA BCE €€
COJIEPKUMOE, BKJIIOUAss XPOMOCOMBI, U
3aTeM 00pa3yloTcs JIB€ a0COJIFOTHO MACHTHYHBIE TOYEPHUE KIETKHU. Tak KaK 3THU MPOIECCHI
SBJISIFOTCS BaXXKHBIMU, MOCJIEA0BATEIBHOCTh CTAU MHUTO3a KOHTPOJIUPYETCS HECKOIbKUMHU
reHamMu. Korga MUTO3 peryiupyeTrcs HENpaBUIbHO, BO3ZHUKAIOT MPOOJIEMBbI CO 310POBBEM,
TaKue Kak pax.
Meiio3 — >TO TUN JeNeHUs KIETKH, MPEUMYIIECTBEHHO CBSI3aHHBIM C 00pa3oBaHUEM
CHEUUAIM3UPOBAHHBIX MOJIOBBIX KIIETOK (CHEpMAaTO30MAOB W SAMIEKIETKH). OTOT THII
JejeHus1 00ecrneuyrnBaeT OJJMHAKOBOE KOJIMYECTBO XPOMOCOM B KaXKI0M MOKOJIeHUU. Meiio3 -
JIBYXATAaMHBIN mpouecc (peAyKIMOHHBIM M SKBAllMOHHBINA H3Tambl Meio03a) B pe3yjbTaTe
KOTOPOTO TPOUCXOJIUT yYMEHBIIICHHE YHuCiIa XpoMocoMm OT 46 nmo 23 c¢ dopmupoBanuem
CIIEpMaTO30MJI0B U silekieTkn. Korma cnepmaro3onn OIIOAOTBOPSET  SIMLEKIETKY,
MIPOUCXOAUT 0OPATHO BOCCTAHOBJICHHE HOPMAJILHOTO YMCIIa XpOMOcoM 110 46 B amOprone (23
XpOMOCOMBI criepMaTo3onga + 23 XpOMOCOMBI SIHIEKIETKH). B mpormecce meio3a MOTyT
MIPOUCXOAUTH T€HETUYECKNE U3MEHEHUS.
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Pennukauus AHK

KieTouHbIi UK

KiteTounsIil UK — 3TO MEpPUO KU3HHU KJIETKH OT OJHOTO JCJICHHS JO0 JIPYroro WM OT
neneHus 10 cMepTd. KileTouHbIM UK cOCTOMT U3 MHTepdasbl (Iepruoj BHE JICICHUS) U
caMoro KJIETOYHOro jelieHus. Ecim kieTka coOupaercs KOrjaa-HUOYAb JACIUTHCA, TO
uHTepdasza OyneT cocToATh U3 Tpex mepuojaoB. Cpasy mocie BbIXOJa M3 MHUTO3a KIIETKA
BCTymnaeT B mpecuHrernueckuit nmepuoy (G1- nepuon), nanee nepexoauT B CUHTETHYCCKUM
nepuon (S-neproa) u MoToM — B MocTcuHTeTHYecKui repuoj (G2-nepuoy). G2-neproaom
3aKaH4YMBAETCsl MHTEpPa3a, U Mociie Hee KIIETKa BCTYNAeT B CIEAYIOUUNA MUTO3.

Ecnu xieTka He miIaHUpyeT CHOBA JICNIUTHCS, TO OHA KaK Obl BHIXOJIUT U3 KJIETOYHOTO IIUKJIIA
U BCcTymnaer B nepuoj mnokos, uiu GO-nepuon. Ecnu kietka, Haxonsmasics B GO-nepuoje,
CHOBA 3aX0Y€T JIEJIUThCS, TO OHa BbIXOAMUT U3 GO-nepuona u BcrynaeT B Gl-nepuon. Takum
obOpaszom, eciu kieTka HaxoautTcs B Gl-mepuoze, To oHa 00sS3aTEIbHO PAHO WM TO3HO
OyneT aenuthes, He TOBOps yxke o S- u G2-mepuojax, Korja KieTka B Onuxaiiiiee Bpems
0053aTEIBbHO BCTYITUT B MUTO3.

Campblii rIaBHBIN TIpoLiECcC, KOTOPBIA UIET B S-TIEPUOJIE, 3TO YABOCHUE, WIH PeayIUIAKAIUS,
JIHK. Bce ocTanpHbIe peakiuu, MPOUCXOISIINE B TO BPeMsl, HAIPaBJICHBI Ha 00ECIICUCHHE
cunresa JJHK

— CHHTE3 TUCTOHOBBIX OEJKOB, CHHTE3 (PEPMEHTOB, PETYIMPYIOMUX U 00ECTICUNBAIOIINX
CHUHTE3 HYKJICOTHJIOB K 0Opa3oBanue HOBbIX HUTeH JIHK.

M-nepuoa

G2-nepuog G1-nepwon

GO-nepwog

S-nepuon Mokon



Kak reHbl KOHTPOJIMPYIOT POCT M eJIeHNe KJIeTOK?

PaznuyHble reHbl BOBJIEUEHBI B KOHTPOJIb POCTa W JEJICHMS KIETOK. TouHas perysius

JIeJIEHUs] KJIETKH He00X0AuMa, J1JIsl TOrO YTOObI:

1) AHK komnupoBanack NpaBuibHO, 0€3 OIIHOOK;

2) npu BO3HUKHOBEHUH OLUIMOOK MCHPABIIATH UX, & TAKXKE, UTOObI

3) xaxaas JouepHss KIETKa MOoJydusia MOoJHbI Habop XxpoMocoM. KieTouHsblil UK umMeeT
KOHTPOJIbHYIO TOYKY (TOYKY PECTPUKIIMHU), KOTOpas IMO3BOJIAET OIpPEACNIEHHbIM TI'eHaM
npoBepsATh omnOku B JIHK 1 3aTeM ncnpaBiats ux, eciiv OMMUOKH MOSBUIIKCH.

Ecnmu knerka umeer ommbku B JIHK, koTOpbhie He ucmpaBieHbl, TOr/Aa OHU MOTYT OBITh
MOJIBEPTHYTHI MPOrpaMMUPYEMOi KIIETOUHOU rudenu (arnonTo3). AMonTo3 - 3T0 J0CTaTOYHO
pacnpoCTpaHEHHBIH MPOLIECC B KUBOM MPHUPOJE, MOMOTAIOIMINNA HM30aBIATHCS OT KIETOK,
KOTOpbIE HE HYXKHBI, HAIlpUMEp, CTAPbIX WJIM HEBOCTPEOOBAaHHBIX KJIETOK. B pe3ynbrare
anomnTo3a KieTka (parMeHTUPYETCs Ha OTAEIbHbIEC allONTOTUYECKHUE Telblla, OTPAaHUYEHHBIE
Ia3MaTuyeckoil MemOpanoil. dparMeHTbl MOruodIIeld KIETKM OOBIYHO OYEeHb OBICTPO (B
cpeaHeM 3a 90 MuHyT) (HaroUTUPYIOTCS WU MepepadaThIBAIOTCS OCOOBIM THIIOM KJIETOK —
Makpodaramu, MO0 COCEAHUMH KJIETKaMU, MUHYS Pa3BUTHE BOCIAJIUTEIIBHOW pPEaKIuu.
OnHoii M3 OCHOBHBIX (YHKIMHA amomnTo3a SBISETCS  YHUUTOXKEHUE J1ePEeKTHBIX
(MOBpeXAEHHBIX, MYTaHTHBIX, THOUIMPOBAHHBIX) KJIETOK, KOTOPbIE MOTYT ObITh MPUYHUHOM
pa3BUTHUS paka. AMONTO3 UIPaeT BAXKHYIO pOJIb B Pa3BUTHUH dMOpHOHA U MOJJEP’KAHUM B
HOPMaJIbHOM COCTOSIHUM TKaHEH opraHusma.

Pak siBisieTcs pe3yabTaToM HapyUIeHHs HOpMajabHOM peryisiiuu KiaeToyHoro nukia. Korna
KJIETKH JIENATCS OECKOHTPOJIBHO U OecnopsoyHO, OHM HAKaIIMBAIOT pa3jIdyYHbIC
reHeTH4YecKue 1e(heKThl, UTO, B CBOIO OUEPEIb BEJET K PA3BUTHIO PAKOBOM OITyXOJIH.

AnonTo3
(nporpammupyemas KneToyHasa CMepTb)
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Kak reneruxu onpeae/JasaioT MECTOIMOJIOKECHUE rena?

['eHeTHKM WMCMONB3YIOT KapThl, JJII TOTO YTOOBI OMUCATh MECTOMOJIO)KCHUE T'eHa Ha
xpomMocome. OaMH TUN KapThl [JiI OIMCAHHWS MECTOIOJIOKEHUS T'eHa OCHOBaH Ha
IIUTOr€HETUYECKUX 0COOCHHOCTSIX. [{uTOoreHeTnueckoe MecTonoI0KeHHe reHa OCHOBAHO Ha
BUIUMBIX OTJIMYHUSIX B XpOMOCOME TIpU 00pabOTKE €€ OmNpeleCHHBIMH XUMUYECKUMHU
peakTuBaMH. TOYHOCTh UHUTOIE€HETUYECKOTO KAPTUPOBAHUS ONPENEIAETCS CTEIEHBIO
CIUpaJN3allil  XpPOMOCOM, XapakKTepOM MCIOJIb30BAHHOW METKM M  pa3peuiaroliei
CIIOCOOHOCTBhI0 MUKPOCKOMHYECKOro obopynoBanus. [Ipu kapTupoBaHUM Ha CTaHAAPTHBIX
MeTadazHbIX XPOMOCOMAX U UCTIOIB30BAHUH PAIMOAKTUBHO MEUEHBIX 30H/I0B TOYHOCTh
KapTUpOBaHUsI cocTaBigeT okoso 5-10 wmwummonoB mnap ocHoBanuit JIHK. Ilpu
UCIIOJIb30BaHUM CHEIMAIU3UPOBAHHBIX METOK Ha MpomeTadasHbIX XPOMOCOMax TOYHOCTh
KapTUPOBaHUS BO3pacTaeT B cpeaHeM B 5-10 pa3 (mo 1 mwmmmmoHa 11.0.), a mpu padbore co
CHEIUAIbHO TMPUTOTOBIEHHBIMU W PACTAHYTHIMU HHTEP(}AZHBIMH XPOMOCOMAMH MOXKET
IOXOIUTH 10 50 THIC. II.0.

Jlpyro#i TUm KapTUPOBAaHMUS OCHOBAH HA MOJEKYJSIPHOW JIOKAJIM3allMd M TO3BOJSET Ooiiee
TOYHO ONUCAThH MO3UIMIO F'€Ha Ha XpoMocoMe. MONEeKyIsIpHOE KapTUPOBAaHUE OCHOBAHO Ha
onpenenenun nocienoarenbHocty JJHK ocHoBanmii B XxpoMmocome.

[{uroreHeTueckoe KapTUPOBAHUE

['eHeTUKN UCMONB3YIOT CTAHAAPTU3UPOBAHHBINA MYTh [Ji OMHCAHUS IIUTOT€HETHYECKOIO
MECTOIOJIOKEHHUSI TeHa. YK€ OTMeyalaoch, 4YTO JUisi 0oJjiee JEeTallbHOIO M TOYHOTO
HCCIIEIOBAHUSI XPOMOCOM HCIOJB3YETCSl METOJ OKPACKH XPOMOCOM  CIElHaTIbHBIMU
KpPacUTEISIMHU, MCIIOIB30BaHUE KOTOPBIX BBI3BIBAET 00pa30BaHHE XapaKTEPHOH MOJIOCATOU
cTpyKTypbl. Kaxkmas xpoMocomMa HMMEET YHHUKAJIbHYIO YETKYIO IOJIOCATYIO CTPYKTYpY, a
KaXJasi TO0JIOCKA HMEET HOMEp, KOTOPBIM MOMOTaeT OmnpeneiuTh (JIOKAIM3UpOBaTH)
KOHKPETHYIO YacTh XpOMOCOMBI (JIoKyc). Hampumep, ren Oera- remornobuna (HBB)
pa3menieH Ha xpomocome 11p15.4. KomOunauust uudp m OykB O3HA4aeT ajpec reHa Ha
xpoMocoMe. ITo o3HavaeT, yto reH HBB pacnonoxen Ha KOpoTkom miieue (p) XpOMOCOMBbI
11 u wnaxonutcs Ha 4-i1 monoce 15-ro ydactka 3TOoM Xxpomocombl. Jlokanu3zauusi reHa
mykoBuctuugoza CFTR Ha qnuHHOM muiede 7 XpOMOCOMBI.
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MosekyasipHoe KapTHPOBaHUe

[IpoekT renoma uenoBeka, KOTOpbI ObuT 3aBepiieH B 2003 roay, pacuindposal MoJHYIO
nocnenoBatenbHocTh JJHK ocHoBanmil B kax ol xpoMocome. D1a HHPOpMaIUs O3B0
UCCIIeIOBaTEeNsIM ~ yKa3aTh Ooyiee TOYHBIM ajapec uisi  OONBIIMHCTBA TEHOB, YeM
IUTOT€HETUYECKOE KapThupoBaHue. [loyiokeHHe reHa ompenenseTcss AOCTATOYHO TOYHO
(1o oxHOTO HYKJIEOTHJa) B Maciutabe Tmap OCHOBaHHMM. VYKa3blBaeTcs TOYHOE
pacIioIOKEHHE T'eHa Ha XPOMOCOME, a TAaKXe yKas3blBaeTca ero pazMmep. Hmke ykazaHa
nokanuszanus resa HBB meToqomM MoIeKyIsspHOro KapTHPOBaHUS.

YT10 TaK0E ceMelCTBO reHOB?

B pesynbTaTte moigHON AyIUTMKAIIMK TeHa 00pa3yroTcs ABE WACHTHYHbIE KOnuH. To, Kak OHU
OyIyT SBOJIOIIMOHUPOBATDH, 3aBUCUT OT KOHKpEeTHOTro ciydas. Jtu konuu JJHK, nanpumep,
MOTYT COXPaHUTh MEPBUYHYIO (YHKIMIO U TPEIOCTABIT, TaKUM O0Opa30oM, OPraHU3MY
CIOCOOHOCTh TIPOM3BOJUTH OoJiblie KonudecTBa ompenenenHod PHK w/mmm Genka. B
IPYyTOM cily4dae, OJiHa U3 KOIHUK MOYKET CTaTh HEAKTUBHOM 3a CUET HAKOIUICHUS MYyTalud U
NPEeBPATUTHCS B JUIICHHBIA (QyHKIMU T1iceBnored. Wmm, yrto Oojee BaKHO, TEHHAs
TYTITUKAIHAST MOKET MPUBECTU K BOSHUKHOBEHHUIO HOBOT'O TeHa. Takoe coOObITHE TPOU30MIeT
B TOM cCly4yae, €CIM OJuWH U3 JAYIUIMIUPOBAHHBIX YYACTKOB COXPAHUT CBOIO
MEPBOHAUATBHYIO (YHKIMIO, TOTJa KakK JpYrod TMOCTENEHHO MPETepIUT TaKue
MOJICKYJIIPHBIE W3MEHEHHS, YTO CO BPEMEHEM CTaHET CIOCOOCH BBIMIOIHATH KaKYHO-TO
HOBYIO (DYHKIIHIO.

CemeiictBo reHoB (gene family) - HaGop TeHOB ¢ OJW3KMMH TIOCIICIOBATEIIHBHOCTSIMH,
BO3HUKIIUMN B pe3yibTaTe KOMUPOBAHUS MPEAKOBOIO INeHa U MOCIEAYIOIINX MU3MEHEHUU B
Ka)XXJIOM I'€HE CEMEMCTBA B MPOIECCE SBOJIONMH. BO MHOTMX ciyyasx T'€Hbl CEMEHCTBA
KOJIUPYIOT CUHTE3 CXOJIHBIX MPOJAYKTOB (Hampumep, OEIKOB).

UJteHBI TEHHOTO CEeMEHCTBAa OOBIYHO HAXOATCS HA OJJHON XpOMOCOME PSIIOM JPYT C APYTOM.
B HekoTOpbIX ciyyasx Kakue-HUOYIb (PYHKIHMOHAIbHbIE WM HEe(PYHKIHMOHAJIbHBIC YJICHBI
CEMENCTBA MOTYT HaXOJIUTHCS HA APYTrOl XPOMOCOME.

Uucno reHoB B pa3HBIX CEMEMCTBAX y MNPEACTABUTENEW Pa3HbIX BHUAOB BapbUPYIOT OT
€IUHUIl 10 HECKOJbKHX cOTeH. K mpumepy, 4uCIO T'€HOB TMCTOHOB Y pa3HbIX BHJOB B
oTnenbHbIX cemeiictBax konebnerca or 10 mo 1200, remoB TPHK — ot 6 go 400, renos
5SPHK — ot 200 go 24000, renoB a-rmoouHOoB — OT 1 110 5, B-rmo6uHOB — 0T 2 10 7. K
yuCi1y O0€IKOB, KOJAUPYEMbIX MYJIbTUT€HHBIMU CEMEUCTBAMU, KPOME YKAa3aHHBIX BBIIIIE,



OTHOCSITCSL aKTUHBI ¥ TYOYJIMHBI, UTPAIOIIHE BAKHYIO POJIb B MOJBUKHOCTH KIIETOK,
KOJUIareHbl COEUHUTENIbHON TKaHW, HEKOTOPBIE OEJKU KJIETOYHBIX MEMOpPAaH M ChIBOPOTKHU
KpPOBH.

Knaccudukanuss WHIMBUIYaTbHBIX TE€HOB B CEMEHCTBAa IMO3BOJSET MCCIEI0BATEISIM
ONMCHIBATh HOBBIE T'€HbI HA OCHOBAHUU UX CXOJCTBA C YK€ U3BECTHBIMU IPEACTABUTEIIMU
TOIO WA HHOrO cemencrsa. TO eCTb HCIHOIB3YeTCs CXOACTBO  HYKJICOTHUIHOMN
IIOCJIEIOBATEIbHOCTH BHOBb HAWJEHHBIX TE€HOB C XAPAaKTEPHBIMU HYKJIEOTHIHBIMHU
IIOCJIEIOBATEIBHOCTSIMU YK€ M3BECTHBIX TI'€HOB. HalileHHOe CXOACTBO  MO3BOJSET
MCCIIEZI0BATESIM MPEATIONIOKUTE (PYHKLMIO O€lKa, KOAUPYEMOIO HOBBIM I'€HOM.

MYTALIHUUAU U 3TOPOBBE

Yr1o Takoe MyTalnusi B r€cHE U KaK OHH l'[pOl/ICXOI[fIT?

Myrtanuu B TreHax — 3TO [MOCTOSAHHO Tmpoucxoasmue wu3MeHenns B JHK
MOCJICIOBATEIBHOCTH TreHa. MyTaluu MOXeT OBITh TOJBEPXKEH KaK eIMHUYHBIN
anemenTapusblil JIHK 6mok (JIHK ocHoBaHue) Tak U O0IBIION CETMEHT XPOMOCOMBI.
['eneTnyeckre MyTaluud MOTYT OBITH NPUOOPETEHBI JIBYMS NYTSIMU: OHM MOTYT OBITh
MOJIy4Y€Hbl HACJIEJACTBEHHBIM IMYTEM OT POJUTENICH WM K€ MPOU30UTH B TEUCHHUE KU3HHU.
MyTanuu, KOTOpbIE TEPeNaloTcs OT POAUTENs PeOEHKY, HA3bIBAIOTCS HACIEICTBEHHBIMU
MyTalUsMUA. DTOT TUIl MYTAalUU OCTAETCS y MHAMBHIA HA BCIO JKU3Hb B KaXKIOW KIIETKE
Opra’usma.

MyTtanuuu, KOTOpbI€ MPOU3OLLIA YXKE B SUILIEKIECTKE WIM CIIEPMATO30UE, WIH Cpa3y IOcie
OIUIOZIOTBOPCHHSI HA3bIBAIOTCS HOBbIMU (de NOVO) myTamusMu U OyAyT OOHApyKUBAThCS
BO BCEX KJIETKax opranu3sMa. De novo MyTanud MOTYT OOBSACHUTh T'E€HETUYECKUE
3a00eBaHUsl WM OTKJIOHEHUA y peOeHKa, MpU OTCYTCTBUU CEMEHHOM HCTOPUHU HTOTO
3a0oseBaHusl.

[Tpuobperennsie (Mau comatudeckue) myrtanuu npoucxomsaT B JIHK uHmuBuayanpHOM
KJIETKA B KaKOW-TO TMEpPUOJ BPEMEHU Ha MPOTKEHUM KU3HM uesoBeka. [IpumoOpeTeHHbIC
MyTAaIMi B COMaTUYECKHUX KJIETKaX HE MOTYT OBITh MEpPEeIaHbl CISAYIONEMY TTOKOJIECHUIO.
MyTanuu MOTYT TaKKe MPOU30NTH B €IUHUYHON KJIETKE Ha CTaIUU paHHETo AMOpuoHa. Tak
KaK BCE 9TU KJIETKH JCIATCS BO BPEMs POCTa U Pa3BUTHUS OpraHU3Ma, HHAUBUA OYJIET UMETh
4acTh KJIETOK C MyTaIlUsIMHU, TOT/Ia KaK JApyras 4acTh OyAeT 0e3 reHeTHYeCKUX M3MEHEHUH.
Takoil BapuaHT Ha3bIBACTCSI MO3AULIU3MOM.

HekoTtoprie TeHeTHUeCcKHME HW3MEHEHHsS OY€Hb PEeIKd, IpYyrue, HaoOOpOT, MPOUCXOMST
JIOCTaTOYHO YacTO B MOMYJSIIIUH. | €eHETHYeCKHue M3MEHEHHUs, KOTOphIe MPOUCXOAAT Oosee
gyeMm y 1% momymnsiiuu, Ha3sBalOTCA MOJIUMOPGU3MAMHU M XapaKTEPU3YIOT HOPMAITBHYIO
BapuabenpHocTh JIHK B momymsmum. Ilomumopdusm OTBETCTBEHEH 3a MHOXKECTBO
HOPMAJIBHBIX OTJIMYUNA MEXIY JIFOAbMH, TAKUX KAK IBET IJIa3, BOJIOC U IPyIIa KpoBU. XOTs
MHOXECTBO TMOIMUMOP(HU3MOB HE HUMEIOT OTpUllATeNbHOTO d3(h(dexTa Ha mMepcoHATBHOE
310POBbE, HEKOTOPBIE U3 ITUX BapUalMd MOTYT BIUATh HAa PUCK PA3BUTHS ONPEIECIEHHBIX
3a00s1eBaHU.



Kak myTanuu B reHe MOryT OBJIMATH HA 310POBbE YeI0BeKa?

HopmanbHoe (yHKIIMOHMpOBaHHME KaXI0W KJIETKA 3aBUCHT OT THICSYU OEIKOB, KOTOPBIC
JOJDKHBI OBITH B HY’)KHOM MECT€ B HY)KHOE BpeMsi. MIHOT[1a MyTaliy B TeHaX HE MO3BOJISIIOT
OJTHOMY WJIM HECKOJIBKHM OelkaM paboTaTh AODKHBIM oOpa3oM. BHocs m3MeHEHHs B TeH,
MyTalMsl TEM CaMbIM MEHSIET MHCTPYKLHUIO ISl CUHTE3a OesKka TakuM o0pa3oMm, 4To OesloK
nepectaeT QyHKIMOHUPOBATH MPAaBUIILHO WIIM BOOOIIE He cuHTe3upyercs. Koraa myrarus
HapylIaeT CTPYKTypy OeiKa, KOTOPBIM BBHIMONHIET BAXKHYIO (YHKIHIO B OpraHU3MeE,
HapylIaeTcss HOPMajdbHOE pAa3BUTHE OpraHW3Ma WIH K€ TMOSBISIOTCS MEIULIUHCKNE
OTKJIOHeHHs. Takwe W3MeHEeHHs, OOYCIOBJICHHbIE MyTaludeld B OJHOM WJIM HECKOJIBKUX
reHax, Ha3bIBAIOT FTEHETUUECKUMHU OTKIIOHCHHSIMH.

B HCKOTOPBIX CHyYasaX MYyTallUMU B I'€HAX UMCIOT HACTOJIBKO TAKCIIBIC MOCICACTBUA, YTO
OHUM IPCAOTBpAITAOT PA3BUTHC 3M6pI/IOHa. OTH U3MCHCHUS MPOUCXOOAT B I'€HAX, KOTOPHIC
YUaCTBYIOT B KOHTPOJIC PAHHUX CTaJII/Iﬁ pa3BUTHUA 3M6pI/IOHa, U TIO3TOMY HX IMOBPCKACHHC
HapymacT HOPMAJIbHOC Pa3BUTHC 3M6pI/IOHa. Tak kak 3TH MyTalluid HUMCIOT AOCTATOYHO
CepLCSHLIﬁ 3(1)(1)CKT, HUX CYIICCTBOBAHNEC HCCOBMCCTHMO C JKHU3HBIO.

Ba)KHO, YTO I'eHbl CaMH 10 ceOe He BBI3BIBAIOT 3a00JICBaHUS — NEeHETHYECKUE OTKIIOHCHUS
BBI3BIBAOT MYTallUH, KOTOPBIC HAPYIIAKOT (1)YHKIII/IIO T'CHOB. JIJISI npuMepa, Korjga KTo-TO
TOBOPHUT, UYTO HCKTO MMCCT I'CH MYKOBHCIIN 034, OOBIYHO moApasyMeBacCTCsA: MYTUPOBAHHAA
(I/I3M€H€HHa}I) BCpCHUs rCHa MYKOBUCTINA03ad, KOTOPAd U ABJISACTCA HpI/I‘II/IHOﬁ 3a00JIeBaHUSL.

I[eﬁCTBHTeJIBHO JIM BCE€E MyTallUM B r€cHaX BJIMAIOT HA 3/I0POBbLE yeJjioBeka?

Hert, To1bK0O MaJIEHBKHM TIPOLIEHT MYTAllMK BBI3bIBACT TEHETUYECKNE OTKIIOHEHUS —
OOJBIIMHCTBO MYTAIlMi HE OKA3bIBAIOT HUKAKOT'O BIMSHUS HA PAa3BUTHE U 3710pOBhe. Jlis
IpUMepa: HEKOTOPbIE MyTAIlUU U3MEHSIOT HYKICOTUIHYIO MTOCIEA0BATEIbHOCTh F€HA, HO HE
U3MEHSIOT QYHKIIUIO O€Ka, CO3/IaHHOTO M0 €r0 MHCTPYKIMU. YacTo MyTaluu, KOTOpbhIe
MOTYT BbI3BaTh FT€HETUUYECKUE OTKIOHEHUS, UCTIPABIISIIOTCS ONPEAEICHHBIM TUIIOM
(dbepMeHTOB mepes] TeM Kak reH OyJeT SKCIPECCUpOBaH (TIEpel CHHTE30M OeKa).

Kaxxnas kiieTka iMeeT HECKOJIbKO MEXaHU3MOB Y3HABaHUS U UCTIPABICHUS OMIUOOK
(myranmii) B IHK. Tak kak JIHK MoxeT ObITh TOBpEXKIE€HA WM MYTHPOBaHA Pa3IMYHBIMU
BO3JICUCTBUAMU (HAIpUMED: paauanusi, BO3ACHCTBUE XUMHUKATOB U T.I1.), TO MEXaHU3M
ucnpasienus JJHK ommboxk siBisieTCsl BAXKHBIM 3BE€HOM B 3allIUTE OpraHu3Ma OT
F€HETUYECKHUX 3a00JIEeBaHU.

OueHb HEOONBIION MPOUEHT BCEX MyTallMil B JEHCTBUTEIILHOCTH UMEET MOJIOKUTEIbHBIH
s dexT. 3T MyTanuu BeIyT K HOBOW BEPCUU OEIKOB, KOTOPHIE TIOMOTAIOT OPTaHU3MY U €r0
MOCJEYIOIINM F€HEPALUSM JIyULIe aJalTUPOBATHCS K U3MEHEHHUIO OKPYKAIOLIEH CPEbI.
Jlist mpuMepa, ToJIe3HbIE MYTAIIMA MOTYT MTPUBECTH K TOMY, YTO O€JIOK OyAeT 3aniaTh
OpraHu3M OT HOBBIX IITAMMOB OaKTEPHil.



Kaxkue Tunbl MyTanuii B reHaX BO3MOKHbI?

[locnenoBatenbHocth TeHa B JHK MoxeT ObITh U3MEHEHA HECKOJBKUMH ITyTSMHU.
MyTanuu B reHax OKa3bIBalOT pa3HbIi 3(pPEeKT Ha 340pOBBE M 3aBUCAT OT TOr0, B KaKHUX
reHax OHM MPOU3O0ILIN U U3MEHSETCs I (PYHKLMS 3TUX OEJIKOB.

Boiaenstor cieyromniye TUIbl MyTalui:
MucceHc-MyTauuu

OTOT TUN MyTanui o0ycnoBieH 3ameHoil ogHoro JIHK-ocHoBanus Ha npyroe (Hampumep
3amena T Ha C, unu I Ha A), B pe3ynbpTaTe 4ero NpoucXoJUT 3aMeHa OJHOW aMHUHOKHUCIIOTHI
Ha JPYTyIo B O€JKe, KOJUPYEMOM ITHUM T'€HOM.

HoHCeHc-myTaums

OpurvHanbHbiv ko AHK Ans aMUHOKMCNOTHON NOCNEA0BATENbHOCTH
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Honcenc-mymayuu

Honcenc-myranuu tak:xe 00yciaoBieHsl 3ameHon ogHoro JJHK-ocHoBanus Ha npyroil.
OpnHako Takasi 3aMeHa NPUBOJUT K PaHHEH OCTaHOBKE CHUHTE3a Oenka. B pesynbpraTe
CUHTE3UPYETCs] KOPOTKUN 00K, KOTOPbIA MOXKET (PYHKIIMOHUPOBATh HEHAJIEKAIUM
oOpa3zom wiu BooOIe He OyaeT PyHKIIMOHUPOBATh.

chaeku, uncepuuu

BcTaBka 0JJHOrO MM HECKOIBKUX HYKJIEOTHA0B u3MeHseT konnuecTBo JIHK-ocHoBaHMit B
reHe. B pe3ynbrare cUHTE3UpyeMbIil O€JI0K, KOTOPBIA KOJUPYETCS STUM I'€HOM, MOXKET
(YHKIITMOHUPOBAThH HEHAJJICKAIITUM 00pa3oM.

BcraBoyHaa mytaums

OpwruHaanbm koa AHK ansi aMMHOKUCNOTHOWM nocnenoaarenbnocm
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Heneuuu

[loTepst 0AHOTO UM HECKOJIBKUX HYKJIEOTHUOB B IOCIEA0BATEIbHOCTHU T'eHa. Jlenenuu
MOTYT IPUBOJIUTH K U3MEHEHUIO (DYHKIIUU CUHTE3UPYEMOI0 OelKa, KOAUPYEMOT0 T€HOM, B
KOTOPOM IPOU30I1ILIA IeTEUHs.
Y BoeHue, QyniuKaluu
MyTauusi, HapyIaromnas CTpyKTypy XpoOMOCOM, MPEACTAaBISIET CO00M yABOCHHE ydacTKa
XPOMOCOMBI, COJIEP>KAILEr0 I'eHbl. DTOT THUI MYTAallMH MOXET U3MEHATb (PYHKIIUIO
CUHTE3UPYyEeMOro Oeska.

Mymauyuu co cOguzom pamku cuumvléanus

OTOT THUIl MyTallMu, KOrjaa BctaBka, win aenernus JJHK ocHoBaHMi mpUBOAUT K U3MEHEHHUIO
MOCJIEIOBATEILHOCTH CUUTBHIBAHUS CUHTE3UpyeMoro Oenka Ha pubocome. OTKpbITasi pamka
cuutbiBanusg (OPC, Open Reading Frame, ORF) — nocneaoBarenbHOCTh HyKIEOTUIOB B
COCTaBe

JIHK wimn PHK, notennmansHo ciocoOHast KogupoBaTh 0e10K. OCHOBHBIM MapaMeTpoM
Hanmuuusg ORF cinyxuT orcyTcTBUE cTON-KOAOHOB (B 60abIIMHCTBE cinyyaeB — T AA, TGA
u TAG) Ha 10CTaTOYHO MPOIOJKUTETLHOM YYaCTKE MOCIIEeI0BATEIbHOCTH MOCTE
CTapTOBOTO KojloHa (B nmoaasisitonieM ciydae ATG). Pamka cauThIBaHMSI COCTOUT U3 TPYIIT
10 TPU HYKJICOTHA, KAXKAbIA U3 KOTOPBIX KOAUPYET OJHY AMUHOKHUCIOTY. MyTanuu casura
paMKu HapylarT IPYNIUPOBKY 3TUX OCHOBAaHUM U MEHSIOT IOCIIEI0BATEIbHOCTh
KOJMPOBAHMSI aMUHOKHUCIIOT. B pe3ynbrare cuHTe3upyeMblil 6€10K OOBIYHO
He(YHKITMOHAJICH.

MyTauus cagura pamkv CYUTbIBAHNSA

OpuruHanbHbi ko AHK Ans aMMHOKUCNOTHON NOCNEA0BATENLHOCTH
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Mo:keT 1M M3MEeHEHHE KOJIHYECTBA I'eHOB MOBJIUATH HA 310pOBLE yejioBeka?

JItoqu UMEIOT ABE KOMUK OOJIBITUHCTBA TEHOB — [0 OJHOM KOMUU OT KaXKJ0TO U3
poauteneil. B HEKOTOPBIX ciydasix KOJIMYECTBO KOMUN I'eHa BapbUPYET, TO €CTh UHIUBU/]L
MOKET POJIUTHCS C OJHOM, TpeMs U OoJee KOMUSIMHU OJTHOTO reHa. MeHee peaiKo KOTria OJIuH
WM HECKOJIBKO T€HOB MOTYT UCUE3HYTh U3 T€HOMA. DT CIIy4yau Ha3bIBAIOTCS BapUaLUU
yucia kornui (anria. Copy num- ber variation, CNV) — otinuune naausuayaibHbix JJHK
[IOCJIEI0BATEILHOCTEN OpraHu3Ma 110 YUCily Konui. Bapuanuu uncia KOnuu sABIIsIIOTCS
pe3yabTaTOM MHCEPLUH, Teennit u nyrukanuii 6onpimux cerMmeHToB JJHK. Ot cermeHTsI
JIOCTAaTOYHO OOJIBIIINE, U BKIIOUAIOT TeHbl. Bapuaruu yucia Konuid MOTyT BIUSTh Ha
AKTUBHOCTH T€HOB U (DYHKIIUU OpraHu3Ma.

Bapuanuu urciia konuii reHOB 3aHUMAIOT 3HAUYUTENIbHYIO YacTh TCHETUYECKUX Pa3Iuuuid
Mexay moasmu. bonee 10 % JIHK uenoBeka oTiiMyaroTCs MEXKy JIFOABMHU BapHUaluen
yucia Konui reHoB. Torja kak 0oJbIiiast 4acTh ATUX BapUallii HUKAK HE BIUSET Ha
310poBbe, HeKoTopble CNV MOBBIIAIOT PUCK Pa3BUTHA 3a00J€BaHUS U U3MEHSAIOT OTBET
opraHu3Ma Ha jekapcTBa. B Oynymem uccienoBatenu OynyT (OKyCUpOBaThCs Ha
BapHUalUsIX YMCIa KOMHUM B Pa3IUYHBIX y4acTKaxX reHoMa YeJI0oBeKa U U3y4aTh UX BKJIA]l B
pa3IUYHbIC TUIIBI 3200JIEBaHUM.

MoskeT 11 U3MEHEHHE KOJTMYEeCTBa XPOMOCOM TMOBJIHATH Ha pa3BUTHE 3a001€BaHUN U
3JI0pOBbE YesoBeKa?

Kiietkn yenoBeka B HOpMe cofepkar 23 mapbsl XpOMOCOM, BCETO 46 XpOMOCOM B KayKJ101
kieTke. Mi3MeHeHune yncia XpoMocoM MOKET ObITh MPUYUHON MPoOIIeM, CBI3aHHBIX C
pPOCTOM, pa3BUTHEM U (HYHKIIMOHUPOBAHUEM CHUCTEM OpraHU3Ma. DTH U3MEHEHHUS MOTYT
IPOUCXOUTH B X0J1e (HOPMUPOBAHUSI MTOJOBBIX KIETOK (SIUIEKIETKU U CIIEPMATO30HI0B), Ha
pPaHHUX CTAIUSAX Pa3BUTHS SMOPHOHA WM B HEKOTOPBIX KIIeTKax rocie poxaeHus. [loteps
WJIM YBEJIIMYEHHE XPOMOCOM OT CTaHAApPTHOIO KoaudyecTBa (46) Ha3bIBaeTCA aHEYILJIOAUCH.
Haubonee pacnpoctpaneHHOM GOopMOI aHEYIIOAUH SBIISICTCS TPUCOMHUS, WU HATUINE
JUIIHEN XPOMOCOMBI B KJIETKaX (TPHU KOMUU ONPEAECICHHON XPOMOCOMBI B KJIETKE BMECTO
IBYX Konuii B HopMme). CunapoMm JlayHa sBIsIETCS MPUMEPOM TPUCOMUU 110 21 XpoMocoMe B
KaXXJ0¥ KJIETKE, TO €CTh 3TH MAIIMEHTHI UMEIOT TP Komuu 21 XpoMocoMbl, a Bcero 47
XpOMOCOM Ha KIIETKY.

MoHocOMUS, WA IOTEPSI OJHOM XPOMOCOMBI B KIIETKE - IPYTOW BUJ aHEYIUIOIHH.
[TaneHTHI ¢ MOHOCOMUEN UMEIOT TOJIBKO OJIHY KOIHUIO ONPEAECIEHHON XPOMOCOMBI BMECTO
IBYX Konuii B HOopMe. CUHIpOM

Tepnepa siBasieTCS NPUMEPOM TaKOM NMATONOTUU. JKEeHIIUHBI ¢ CHHAPOMOM TepHepa 0ObIYHO
HMMEIOT TOJBKO OJHY KOMHIO0 X-XpPOMOCOMBI B KaXJ0M KIIETKE, a BCEro 45 XpoMOCOM B

KIICTKCE.
HopmanbHblit
KapuoTun
Yenoseka
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6 7 8 9 10 1 12
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AWOCOMM Monosble XpoMocomb!



OdyeHb peaKo, KIETKa COAEPKUT M30BITOK IOJHOro Habopa xpomocoMm. Kietku c
JOTIOHUTENbHBIM HAaObOpOM XpoMOCOM, Bcero 69 XpomMocoM Ha KIETKY, Ha3bIBAIOT
TpuruiongHbIMU. KileTkuM ¢ JOByMs JONMOJHUTENbHBIMU HabopaMu XpoMOcoM, Bcero 94
XPOMOCOMBI, Ha3bIBAIOT TETPATIOUTHBIMH.

VYcnoBust, Korna Kaxaasi KjieTka UMeeT JOMOJHUTEIbHBIM HAa00Op XpOMOCOM, HECOBMECTUMBI
C KM3HBIO.

B HEKOTOpBIX cllydasX W3MEHEHUE YHCIIa XPOMOCOM MOXET MPOUCXOJUTh TOJIBKO B
ONpEJENICHHbIX KJEeTKax. SIBleHue, KOorjna y HWHAMBUAA JBE WM Oojiee KIETOYHBIE
MOMYJISIUU C PA3IMYHBIM HAOOPOM XPOMOCOM,  HAa3bIBAIOT XPOMOCOMHBIM
MO3auLIU3MOM. XPOMOCOMHBIM MO3aULIU3M MOKET MPOU30MTH BCJIEACTBUE OLIMOOK MpPHU
nenenuu kinetok. Haubonee pacnpoctpaHeHHas
CUTyallusl, KOIJla HEKOTOpble KIETKHM HMEIOT JIMIIHIOI XpOMOCOMY WJIM, Ha00O0pOoT,
HEJI0CTaTOK XpOMOCOMBI (Bcero 45 mnu 47 XpoMOCOM Ha KIJIETKY), TOT/la KaK OCTaJIbHbIE
KJIETKH UMEIOT HOpMaJIbHBIN HAOOp 13 46 XpOMOCOM.

Mo3zauuusm cunapoma TepHepa MOKET ObITh MPUMEPOM TAKOW CUTYalMH. Y KEHILIUH C
TaKUM CHHJIPOMOM HEKOTOPBIE KJIETKH HMMEIOT 45 XpoMOCOM, TaK KaK OTCYTCTBYET OJIHa
KOIUsi X-XpOMOCOMBI, TOT/Ia KaK OCTaJIbHble UMEIOT OObIYHBIA HAOOp XxpomocoM. [loatomy
Opy MO3aulM3ME KIIACCHMYECKHE MpPHU3HAKK CHHJpoMa TepHepa MOTyT OTCYTCTBOBATb,
npeo0I1aialoT ero cTepThie (POPMBI.

MHOXX€ECTBO PAaKOBBIX KJIETOK TaKK€ HMEIOT Pa3IUYHOE KOJIMYECTBO XPOMOCOM. OTH
U3MEHEHMSI HE SBIIIFOTCS HACJIEICTBEHHBIMH, OHM MOTYT IIPOHUCXOJUTH B COMAaTHYECKUX
KJIETKaX B XOJI€ pPOCTa ¥ Pa3MHOKEHUS OIIyXOJIEBBIX KIIETOK.
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KneTka ¢ 0TcyTCTBYHOLEil XPOMOCOMOW XpoMOCOMHbifi
AyTocombl X MO3anLM3M
TMonoBbie XpoMOoCcoMbI

MoryT 11 u3MeHeHHsI CTPYKTYPbl XpOMOCOMBI IOBJHMSATH HA 310POBbE YeJI0BeKa?

N3meHeHust CTPYKTYypbl XpOMOCOM MOTYT BbI3BaTh MPOOJIEMY C pPOCTOM, Pa3BUTHUEM H
(GYHKITMOHUPOBAHUEM OpPraHW3Ma. DTH U3MEHEHUSI MOTYT 3aTparuBaTh MHOKECTBO T'€HOB Ha
XpOMOCOME U, TakuM oOpa3oM, HapyliaTb HOPMaJbHbIA CUHTE3 OenkoB. CTpyKTypHBIE
M3MEHEHHUSI MOTYT IPOUCXOIUTh B X0/1€ POPMUPOBAHUS SIMIEKIIETKU WU CIEPMATO30U 0B, B
paHHEM Iepuoje YMOPUOHAIBHOTO PA3BUTHS U B JIFOOOW KIIETKE MOCIE POKICHUS.



VYyactku JIHK Moryr ObITh mHeperpynnupoBaHbl BHYTPU OJHOW XPOMOCOMBI WM
MEepEHECeHbl Ha JIPYTryl0 XpoMocomy. D(P@PEKT CTPYKTYpPHBIX MEPECTPOEK 3aBUCUT OT UX
pa3Mepa U MecTonosoxkeHus. Hekoropblie n3MEeHEHUsI MOTyT ObITh MPUYUHON MEIUIIUHCKUX
npo0ieM, TOrja Kak OCTallbHble MOTYT BOOOIIE HE OKa3blBaTh HHUKAkKoro s¢@exra Ha
310pPOBLE.

CtpyKTypHBIE HI3MeHeHHsI B Xxpomocome. TpaHciiokannu

IIpy TpaHCiOKaMM YacTb XPOMOCOMBI COEIMHSETCS C JAPYIOM 4YacThK0 TaKOM K€ WIu
OTJINYHOM OT HEE XPOMOCOMBL. OTO MPUBOAUT K HU3MEHEHUIO IOCIJIEI0BATEIBHOCTH
PACIIOJIOKEHHBIX HAa XPOMOCOMAax I'€HOB U MOXKET SIBUTHCS IPUUYMHOU Pa3BUTHUS CEPbE3HBIX
reHeTHYeCKUX  3a00JIeBaHUM, HampuMep, XPOHUYECKOM  MHUENOUIHOM  JICHKEeMHH.
Tpancnokanus MOXeT ObIThb COaJaHCUPOBAHHOM, KOIJa HE MPOUCXOAUT MOTeps
F€HETUYECKOr0 Marepuaia KJIeTKOU. Eciiin npoucXoauT noTepst Uiy yrpaTta FreHETUYECKOTO
MaTepuaa, TO 3Ta TPAHCJIOKALUs ONHCHIBAETCS KaK HeCcOaaHCUpOBaHHAsL.

Heneuyuu

Jleneuyn — XPOMOCOMHBIE MEPECTPOMKH, MPU KOTOPHIX MPOUCXOAUT TOTEPS ydacTKa
XpOMOCOMBI. Jlenmenuu MOryT ObITh OOJIBIIIUMU ¥ MJIBIMU, U MOTYT MPOUCXOJAUTH B JIFIOOOM
MECTE XPOMOCOMBI.

Jynaukayuu

VY BoeHue MPOUCXOIUT TOTAA, KOTAa YacTh XPOMOCOMBI KOMTUPYETCSI MHOTO pa3. DTOT THUII
XPOMOCOMHBIX HW3MEHEHUW MPUBOAUT K TIOABJICHUIO JMIIHUX KOMHUM TE€HETUYECKOIo
Marepuaia B YABOCHHOM CETMEHTE.

XpOoMOCOMbI OT BTOPOro
poauTens co cbanaHcupoBaHHON

TpaHcnokayuei i
? l Xpomocoma B

Xpomocoma A

HopmaribHble XpoMocoMbl
OT NEPBOro POANTENS

CbanaHcupoBaHHast
TpaHcnokaums

HecbanaHcuposaHHad
TpaHcnokaums



Oynnukaums

[leneuus

Pa3prBbI
B xpomocome

JynnuumposaHHbiii

reHeTMYecKuin
matepuan

Ytpaueunuu

TEHETHYECKHH

Martepuan
Hueepcuu

ITepecTpoiiku XpOMOCOM, CBA3aHHBIE C TMOBOPOTOM xpomocom Ha 180 rpamycos.
['eneTnyeckuii Matepuan Ipu 3TOM MOXKET U He ObITh oTepsiH. Knaccudunupyrot napa- u
MEPUIICHTPUUYECKUE MHBEepcUU. B ciydae mapareHTpUUeCKOW WHBEPCHUU MPOUCXOJST JIBa
paspeiBa XpoOMOCOM, 00a MO OJHY CTOPOHY OT IEHTPOMEpPHI. YHACTOK MEXKIYy TOUYKAMH
paspeiBa moBopaumBaeTcs Ha 180 rpamycoB. Ilpu mepuiieHTpUYECKOW HWHBEPCHUU TOUKHU
pa3phiBa PaCIoONIOKEHBI 10 00€ CTOPOHBI OT LIEHTPOMEPHI.

H3zoxpomocomuwl

N30XpoMOCOMBI - 3TO XPOMOCOMBI C JABYMS WMJICHTHYHBIMU TUIe4aMH. BmecTo oaHOrO
JUTMHHOTO (q) TJIeYa U OJIHOTO KOPOTKOTO (P) Ijieya U30XPOMOCOMBI UMEIOT JBa JITMHHBIX
Iie4a WIKA JIBa KOPOTKUX. B pe3ynprare 3TH HENpaBWIbHBIE XPOMOCOMBI UMEIOT JIUIIHIOIO
KOITMIO HEKOTOPBIX TEHOB U OTCYTCTBUE OCTAJIbHBIX F€HOB.

Juyenmpuueckue Xpomocomul

B mpoTHBOMNONIOKHOCTh HOPMaJIbHBIM XPOMOCOMAaM, KOTOpPbIE MUMEIOT OJHY LIEHTPOMEPY
(meHTpomepa -  Y4acCTOK  XpPOMOCOMBI,  XapakTepHU3YyIOHIMIcS  crnenuduueckoi
MIOCJIEI0BATENBHOCTRIO HYKJIEOTUIOB U CTPYKTYpo#). /ulleHTpuueckas XpoMOcoMa UMEET
JIBE IICHTPOMEpHL. JTa CTPYKTypa HecTaOWiIbHAa M YacTO COMPOBOXKIAETCS IOTEPEH
T€HETUYECKOr0 MaTepHaa.

MoryT 51 u3meHenuss MUTOXoHapuainbHou JIHK noBnusATs Ha pa3sBUTHE U 310POBLE.
Mumoxondpuu - 3TO CTPYKTYpbl BHYTPH KJIETOK, KOTOpPbIE yYacTBYIOT B IpEBpallCHUU
sHepruu B GoOpMy, TOCTYHHYIO I KIETKH. XoTs Oonbimas yacte JIHK ymakoBana B
XpOMOCOMBI BHYTPU  SI/Ipa, MHUTOXOHJIPUU TaKKe HWMEIOT HEOOJbIIOe KOJIUYECTBO
cooctBennort JIHK (takke wm3BecTHoi kak mutoxoHapuanbHas JHK wmm mt/IHK). B
HEKOTOPBIX CIIy4yasiX HACJIEACTBEHHbIE W3MEHEHUs B MuTOXOHApuanbHOM JIHK mMoryr
BBI3BATh MPOOJIEMBI C POCTOM, Pa3BUTHEM M (PYHKIIMOHMPOBAHWEM OPTaHM3Ma YEJIOBEKa.
OTH MyTalluu HAPYIIAIOT CIOCOOHOCTh MUTOXOHIPUI BbIpaOaThiBaTh A (HPEKTUBHO YHEPTUIO
JUTSL KJIIETKH. MapaueHTpudeckas UHBEpCUs

LieHTpomepa
Paspuigsl F
B Xpomocome <
— —
CnusHve &2 LieHTpomepbl '

W3oxpomocombl

> 2 nneva p

Mnevo p

NOBTOPHO

—_— —_— BCTaBneHHbIH
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WHeepcun yuacrox AHK

.

MepeLieHTpUYecKas Hsepcna

~as3pbiBbl
« Xpomocomax

YTpaveHHbI
reHeTUYeckuii
MaTepuan

[OuueHTpudeckas
XpoMocoma

Mnevo q

w1
. ‘>

Pazpbiebl < _-LlenTpomepa : ]_nosropno
8 XpoMocome " .’ BCTaBneHHbIit
Mueepcus yuacTtok HK
C UeHTpoMepon



N3meHeHns1, BbI3BaHHBIE MyTauusmMu B MutoxoHapuanbHou JHK, wacto Bmmsror Ha
MHOECTBO OPraHOB uejoBeKa. DTOT 3PdeKT Hanboiee 3HAUUTEILHO OTPakKAETCsl Ha OpraHax
U TKaHSIX, KOTOpbIe TPeOYIOT MHOTO 3HEpruu (cepaue, Mo3r u Mblibl). Hanbonee yacteie
npoOjieMbl B pe3yibTaTe MyTanuii B MurtoxonapuanbHoi JHK — crabocts Mbli,
3aTpylHEHHUs C  JBWKEHUEM, Jaualber, To4YedyHass HEIOCTATOYHOCTh, CHM)KEHHE
MHTEJUIEKTYaJIbHBIX CTIOCOOHOCTEHN (AeMeHIHs ), 1e(DEeKThI 3pEHUS U T.II.

B wmurtoxongpuansHoyt JIHK Takxke MOryT NOpOHMCXOAUTH COMAaTHYECKHME MYTAIWH,
KOTOpPBIE HE SBIAIOTCS HacieacTBeHHbIMU. Comarnueckue myranuu npoucxomar B JIHK
ONpEJENICHHbIX KJIETOK B TEUEHHME BCEM JKM3HM HMHAMBUAA M OOBIYHO HE MepefaroTcs
CIEAYIOIIMM TMOKOJeHHusIM. Tak kak wmutoxoHapuanbHas JIHK wnmeer orpanndeHHyro
CIIOCOOHOCTDH ISl MCIIPaBJICHUsS] caMOil ceOsl pU €€ MOBPEXKACHUM, 3TH MYTAllMU HUMEIOT
TEHJICHUMIO HAKAIUIMBAaTbCA B TEUYEHUE JOJIIOro BpeMEHH. YacTh 3THUX COMAaTHUYECKUX
mytaumii B MmutoxonapuanbHoit JIHK accouumupoBana ¢ HekoTOpbIMU (QopMaMu paka M
YBEJIMUMBAET PUCK Pa3BUTHs 3a00JE€BaHUMU, CBA3AHHBIX C BO3PACTOM, TaKUMX KakKk HMH(papKT
MUOKapnaa, 0one3nb Anbureiimepa u 6omne3nb Ilapkuncona. Kpome Toro, uccrienoBaTenu
IPEANOJIAaraT, YTO HAKOIUIEHHE ATUX MYTAllMil B TEYEHUE BCEW >KM3HU WHIMUBHUAA MOXKET
TaKX€ UMETh 3HAYCHHE B IIPOLIECCE CTAPCHMUSI.

Yro TaKoe KOMILJIEKCHbIE WIN MYJbTH(PAKTOPUAJIbHBbIEC 3200/ 1eBaHUsA?

HccrenoBarenn HaxoAsaT Bce Ooubliie W OOJBINE JOKA3aTeIbCTB, YTO BCE 3a00JICBAHUS
UMEIOT TEHETHUYeCKH KOMITOHEHT. Takue paccTpoiCTBa, KaK CEpIOBUIHOKICTOYHAS
aHeMUsI 1 MYKOBHCIIH]I03, OOYCIIOBJICHBI MyTallUsIMH B OJHOM reHe. [IpudymHa MHOXecTBa
Ipyrux 3abosieBaHuil 6osee cioxkHas. OO1ass MeIUIIMHCKAs MpoodyieMa Takux 3a00JIeBaHUN
Kak WHQApKT MHOKapaa, auabeT W OXHpPEHHE B TOM, YTO OHHM HE HMEIOT OIHON
ICHETUYECKOW TMPUYHMHBI — Oo0Jiee BEPOATHO, UYTO OHHU aCCOIMUPOBaAHBI C ADdexkToM
MHOJKECTBA T'€HOB B KOMOWHAIIMU C O0pa3oM >KM3HH M YCIOBHSIMH OKDPY)KAIOIICH CpEIbI.
3aboneBaHMs, PA3BUTHE KOTOPHIX OOYCJIOBICHO MHOXECTBOM (DaKTOpPOB, Ha3BIBAIOT
KOMILUIEKCHBIMH, WU MYJIbTH()AKTOPUATHHBIMU, 3200JICBAHUSIMHU.

XO0Ts KOMIUIEKCHBIE 3a00JIEBaHUS YACTO UMCIOT (haMUIbHYIO UCTOPHIO, TO €CTh OJTHO U TO
’Ke 3a00JIeBaHHE YaCTO BCTPEUACTCS B HECKOIBKUX TOKOJICHUSX OJHOW CEMbH, TEM HE
MeHee, 9TU 3a00JIeBaHNs HE UMEIOT YeTKOW HACIIECTBEHHON KOMIIOHEHTBI. JTO 3aTPyIHSET
OTIpeJIeICHNE WHANBUIYaIbHOTO PUCKA HACIEIOBAHUS WM TEpeladd dTUX 3a00JIEBaHUIA.
KowmrmnekcHpie 3a0o0neBaHMsl TaKKe JTOCTAaTOYHO TPYAHO H3ydaTh M JIEUUTh, TaK Kak
cneruuyeckue HakTopbl, KOTOPHIE MOTYT OBITh MPUYUHOMN OOJNBITUHCTBA 3TUX 3a00JICBAHUI
He naeHTuduImpoBanbl. OqHAKO, B ONMMIKalIIee BpeMs UCCISI0BATEIN MPEeICcKa3ain, 9YTO OHU
OymyT CHOCOOHBI HaWTH OCHOBHBIC TEHBI, BKJAJ KOTOPHIX HaumOoliee 3HAYUM JIJIst
OOJBIIMHCTBA PACTIPOCTPAHCHHBIX CIIOKHBIX 3a00JICBAHHIA.

Kakyro nHpopmManumo MoKeT 1aTh CTATHCTUKA IJIS TeHETUKHU?

CrarucTrueckre 1aHHbIEMOTY TIATHOOIIYIOUH(POPMALIMIO0PACTIPOCTPAHEHHOCTU3a00JIeBaH U,
0 KOJIMYECTBE JIFOJIEH, CTPAJAIOIINX ATUM 3a00J€BaHUEM, WJIM O TOM, HACKOJIBKO BEPOSITHO,
YTO Y UHAUBHUIA Pa30BbeTcs 3a00aeBanne. CTaTUCTUKA HE SIBISIETCS] IEPCOHUPUITUPOBAHHOM,
OJIHAKO OHA MOCTPOEHA HA OLEHKE IpynIl JiroAeu. [IpuHrumas BO BHUMaHuE, 4YTO y MHIUBUIA
ecTh (hamMuiIbHas UCTOPUS 3a00JE€BAHUS, MEIUIIMHCKAsI UCTOPUS, a TaKxke Apyrue (hakTopsl,
T€HETHKHA MOTYT TIOMOYb HHTEPIPETUPOBATH JAHHBIE CTATUCTUKH ISl KaKI0TO MAIMEHTA.



HCKOTOpLIe CTAaTUCTUYECKHE TEPMUHDI,

ONUCAHMA FeHETHYECKHUX PUCKOB 32001 BAaHUM

KOTOpbI€ INMPOKO HCHOJB3YHOTCA s

OTK/IOHEHUE - KOJIMYecTBO
Noaen, Kotopble pPoauanCL ¢
MyTaLMeld  WAM  YKa3aHHbIM
3aboseBaHMEM B YKasaHHOWM
roynne B roa. OxBaT 4acto
nuwetca B ¢dopme “1 Ha
[uncno] “nnu, Kak obee

KOMIMYECTBO POXKAEHHbIX

TepmuH dopmynnpoBKa Mpumep
OxBaT, BCTpe4aemocTb Bctpeyaemoctb  myTtaumm B[ Okono 1 Ha 200 Tbic. ntoaen B
reHe nnm reHeTu4eckoe| KasaxcraHe poxpattca ¢

CUHAPOMOM A KaXKabli rog,
MpunbnaunsntenbHo 15 Tbic.
MIageHueB C cuHApomom B
poAMAMCHL B MPOLIOM oAy B
Mmupe

PacnpocTtpaHeHHOCTb

PacnpocTpaHeHHOCTb MyTaumuu -
obllee Ko/MYecTBo awogaen B
yKasaHHOW rpynne B AaHHOE
BpEMA, KTO WMMEeeT MyTaumio
WA OTKNAOHEHMEe. ITOT TePMUH
BK/IlOYAaeT  Kak BnepBble
ANarHOCTUPOBAHHbIE,

TaK WM YyCTAHOB/EHHbIE
cnyyaum 3aboneBaHuUM
nogen noboro Bospacra.
PacnpoctpaHeHHOCTb yacTo,
nuwetca “1 Ha [umcno]” wam
Kak obliee KO/NMYeCTBO YMUCNO
Noaen ¢ AaHHbIM
3aboneBaHEM

MpubansutensHo 1 Ha 100 Toic.
yesoBek B KasaxcTaHe umeloT
cuHgpom A B HacToAlee
Bpems. Okono 100 Tbic. aeten B
MUpe WMeT cuHapom B B
HacToALlee Bpema

CmepTHOCTb

CMepTHOCTb - 3TO KOJIMYECTBO
cmepTei ot YKa3aHHOoro
3abo1eBaHNABYKa3aHHOWIpynne B
roa. CmepTHOCTb  06bIYHO
yKasbiBaeTca  Kak  obuee
KOJIMYeCTBO CMepTell B rog,

MpubamsmtensHo 12 TbIC.
YyesioBEK B MMUpe Yymepao C
cmHapomom C B 2003 roay

HU3HEHHBbIN PUCK pa3BUTUA

U3HEHHbIA PUCK - CpeaHui
PUCK passuTne
cneumouyeckoro 3aboseBaHuUsA
B HEKOTOPbIN MEepUOL KU3HMU.
KU3HEHHbIN pUCK yacTo
YKa3bIBalOT KaK MNPOLEHT WAn
Kak “1 Ha [umcno]”. BaxkHO
MOMHUTb, YTO  EXEeroAHbli
PUCK UK [eCATUNETHUI
PUCK  HaMHOTO  HWKe,
YKM3HEHHbIN pUCK. B
OOMNoNIHeHWe: apyrve daKkTopsl
MoryT yBE/IMYMBATD nnu
CHUXKATb MepPCOHaNbHbIN PUCK
Mo CPaBHEHMUIO CO CpeaHUM

4yem

4Yyncaom

MNpubnmnsutenbHo y 1 %
npoueHTa Atogen B KasaxcraHe
passuBaeTca 3aboseBaHue [

B TeyeHWe BCe XMU3HWU. PuCK
pasBuTna  3aboneBaHus [
coctasnaeT 1 Ha 100




HaumMeHoBaHNe reHeTHYECKHX OTKJIOHEHUH

['enetnyeckue 3a005iIeBaHMs HE HA3bIBAIOT OJHUM CTaHAAPTHBIM CHOCOOOM (B OTIMYHUE OT
I€HOB, KOTOPbIM IPUCBAUBAIOTCA O(UIMAIBHOE HA3BaHUE W CHMBOJ CIELHUAIBHBIM
KOMHUTETOM). Bpauu, koTopeie HAOIIOAAIOT CEMbU CO CHEIU(UUECKUMU OTKIOHEHUSIMHU,
4acTo SIBJSIOTCS MEPBBIMH, KTO Mpejaraetr Ha3BaHue. Pabouas rpyrna 3KCIepToOB MOXKET
MO3XKE IEePEeCMOTPETh Ha3BaHUE 3a00JEBaHMS, YTOOBI YIYYIIHTh €r0o MOJHOLUEHHOCTD.
Ha3Banue 3a0oneBaHUil C TE€HETMYECKOM KOMIIOHEHTOW SIBISIETCS Ba)KHBIM MOMEHTOM,
MIOTOMY YTO OHO TMO3BOJISIET TOYHO U 3()PEKTUBHO OMPEAENIITh OCOOCHHOCTH 3a00JIeBaHUs,
KOTOpbIE, B KOHEYHOM CYETE, MOMOTYT HCCJEJ0BaTEIsIM HaXOAUTh HOBBIE MOJAXOJbI K
nedyenuto. Ha3BaHue reHeTHuecKkoro 3a00J€BaHUS YacTO TMOJY4YaeTcs U3 OJHOrO WU
KOMOMHAIMH CJIETYIONINX UCTOYHUKOB:

OCHOBHOW T'€HETHMYECKUN WM OMOXUMHYECKUH Je(deKT, KOTOPbIA BbI3BIBAECT 3a00JE€BaHUE
(manpumep, aepuuuT anbda-1 aHTUTPUIICUHA);

olMH uiaM Ooree TIJIaBHBIX MPU3HAKOB WM CUMIOTOMOB 3a0oieBaHusi (Hampumep,
CEPIOBUIHOKIIETOUHAS AHEMHUS);

YacTH TeJa, 3aTPOHYTOro 3a00JIeBaHUEM (HAalpuMep, peTuHoO1acToma);

UMsl Bpada WIM HCCJEAO0BATENs, YacTO TMEPBbIM YENOBEK, KOTOPBIA omucan 3a0o0jieBaHUE
(Hanpumep, cuHIpoM Mapdana, Ha3BaH B 4ecTh jJlokTopa Antoine Bernard-Jean Marfan);
reorpadguyeckas 00JacTh (HampuMmep, ceMeiHas CpeM3eMHOMOPCKas JINXOpPaaKka, KOTOPOU
OBLIN MOJBEPKEHBI B OCHOBHOM JIIOJIU, MPOKUBAIOIINE 0KOJI0 Cpeu3eMHOT0 MOps);

UMs TIAIMEHTa WIM CeMbH ¢ 3a0oJjeBaHuMeM (Hampumep, aMUOTpO(HUECKHil JlaTepaabHbIN
CKJIEPO3, KOTOPBII Takke HaszbiBatoT Oosie3nbto Jly 'epura, umsa OeiicOomaucTa, UMEBIIETO
JTaHHOe 3a00JeBaHuUE).

3a0oneBaHusi, Ha3BaHHbIE B YECTh OIPEJCICHHOIO YeJIOBEKA WM MECTa, Ha3bIBAIOT
snoHnMamu. Kak mpaBuiio, MEIUIMUHCKHE TEHETUKH WCIOJIb3YIOT HENPUTHKATEIbHYIO
dbopmy, Hanpumep, 001e3Hb AJbITeMepa.



HACJIEACTBEHHBIE TEHETUYECKHWE 3ABOJIEBAHUA

Yro o3HauaeT, ecJH BCe YIEHbI MOeil ceMbH CTPagalOT OJAHUM M TeM ke
3a0oj1eBanuemM?

OcoOEHHOCTBI0O HEKOTOPBIX OOJNe3HEl SBISETCS TO, YTO ATHUM 3a00J€BaHUEM CTPaJaoT

HECKOJIbKO YJIEHOB OJHOM ceMbU. HekoTopble 3a0o0iieBaHUs, KOTOPHIMU CTPAJalOT YJICHBI
OJIHOM CeMbH, OOYCIIOBJIEHbl F€HETUYECKUMH MYTAlUsIMU, CIIOCOOHBIMHU MEpeNaBaThCs IO
HacnenctBy (oT poauteneit peram). [pyrue 3abosieBaHMs, KOTOPBIM TaKKe IMOJABEPKEHBI
YJIEHbI OJIHOM CEMbH, MOTYT OBITh HE CBSI3aHbl C MYTallMIMHU B OJJHOM reHe. Jns pa3BuTus
3TUX 3a00JIeBaHUI HEOOXO0AUMa KOMOMHAIIMS BHEIIHUX (PAKTOPOB, TAKUX KaK MUTAHUE WIH
KOMOMHAIMS TEHETUYECKUX U BHEITHUX (PAKTOPOB.
OpHako He Tak-TO JIETKO ONpPEAEIUTh MMEET JIM 3a00JIEBAaHUE B CEMbE HACJIEICTBEHHYIO
OpUpOAY WUIU HEeT. J[Jis 3TOro MEeIUIMHCKUE TeHETUKU 00pallatoT BHUMAHUE Ha CEMEMHYIO
UCTOPUI0 HMHAMBUAA (COCTOSIHUE 3J0pOBbS MHIMBHAA W YJIEHOB CEMbH). MeEIULIMHCKHMA
TeHeTHK OOBIYHO 3a/1a€T BONPOCHI O 3/I0POBbE WIEHOB CEMbH B HECKOJIBKUX MOKOJEHUSX,
OOBIYHO NIEPBOIA, BTOPOU U TPEThEH CTENEHU POACTBA.

CreneHb poacTea Mpumep
MNepBas cTeneHb poAcCTBa Poautenu, netn, 6paTtbs 1 cecTpbl
BTropas cteneHb poacTea babylwka v aeaylka, TeTU U 4A4M, NAEMAHHULbI U

NAeMAHHUKAU, BHYKHN

TpeTba cTeneHb poAcTBa [BotopoaHble 6paTba

HGKOTOpLIG 3a00JIcBaHUs Ha6J'II-0I[aI'OTC}I OoJice yeM B OJHOM ITOKOJICHHH.

Ilouemy Tak Ba:KHO 3HATH MeIMUMHCKYI0O HCTOPHIO CEMbH?

MenunuHckast ICTOPHUSI CEMbU — 3TO UH(OpMAIKs O COCTOSHUM 370POBbsl MHIIUBHUIA U €TO
OJIM3KUX POJICTBEHHUKOB (0OBIYHO MeauIMHCKHE KapThl). [lomHas mcropus 3abosieBaHUs
BKJIFOYaeT MHPOPMAIIMIO O TPEX MOKOJICHUSX POJCTBEHHHMKOB, BKIIOYAs JeTeH, OpaTheB H
cecTep, pOIMTENeH, A€ W TETeW, IUIEMSHHUKOB W IUIEMSHHUI], BHYKOB, ACIYIICK W
0a0y1IeK U ABOIOPOIHBIX OpAaThEB U CECTED.

Ha pasButue 3a0oneBaHusi BIUSET MHOTO (DAKTOPOB, BKIIOYAS T€HETHYECKUN KOMITOHEHT,
BHEITHIOIO cpefy W o0pa3 >KHU3HHU.

Bwmecte 3TH (pakTOpHI JAIOT KITIOY K HArHo3y 3a00J1eBaHusl, KOTOPOMY MOJBEPKEHBI YJICHbI
ATOW ceMbU. BBIsABISS 0coOEHHOCTH 3a00J€BaHUS CPEIU POJCTBEHHUKOB, MEIUITMHCKHMA
F€HETUK MOXET YCTAaHOBUTh WHIMBHUAYAJbHBIA PHUCK pa3BUTUS 3a00JEBaHMS, a TaKxke
BEPOSITHOCTh OTOTO 3a00JICBaHUS y JPYTUX UJICHOB CEMbH WM BEPOATHOCTH €T0
HacleqoBaHus. l3ydeHue ceMeWHOW HCTOPUM MOKET BBIIBUTH WHJMUBHUAA C BBICOKUM
PUCKOM pa3BUTHUSI TaKUX pacIpOCTPAHEHHBIX 3a00JieBaHMUI, Kak HWH(MAPKT MHOKapAa,
BBICOKOE JIaBJICHHME KpOBU, JHUa0ET U OINpeJeJeHHbIe TUIbl paka. Pa3Butue 3THX
KOMILUIEKCHBIX 3a00sieBaHUM 00YCJIOBIIEHO KOMOMHAIIMEN TeHETUUYECKUX (DPAKTOPOB, BHEIIHUX
ycioBuil U oOpa3zom ku3HU. CemeiliHasi HCTOpPUSl TaKkKE MOXKET JaTh HHPOPMALUIO O
pa3BuTuu Oojee peakux 3a00jeBaHUM, BbI3BAHHBIX MYTallMe B OJHOM TI€HE, TaKUX Kak
MYKOBHCIIUI03 U CEPIIOBUIHOKICTOUHAS aHEMUSI.



XoTs cemeiiHas UCTOpPHUS TIO3BOJIICT TMIONYYHTh WH(POPMAIMIO O PHUCKE pPa3BUTHS
cnenupuIecKoro 3a00JIeBaHMsI, HATHYNE POJCTBEHHHUKOB ¢ TEHETUYECKUMH 3a00JICBAaHUSIMU
HE O3HAuYaeT, YTO Yy HWHAMBHUAA HEMPEMEHHO pa3oBbeTcs 3TO 3aboneBanue. C mpyroi
CTOpPOHBI, OTCYTCTBHC y HWHAMBHAA CEMEHHON HCTOPUU KakKoro - JuO0 3a0oyieBaHUS HE
O3HAUaeT, YTO Y HET0 HET PUCKa Pa3BUTHS ITOTO 3a00ICBaHNS.

Ecnmu cemeitrast uctopust 3a001€BaHUsl XOPOIIIO U3BECTHA, TO MOYKHO MPEINPUHATH MEPHI,
JUTSI TOTO, YTOOBI CHU3UTh PUCK Pa3BUTHUS 3a00seBaHus. JJIs JIto/1el ¢ TTOBBIIEHHBIM PUCKOM
Pa3BHUTH OMPECIICHHBIX THUIIOB paka MEAWIIMHCKUE TEHETHKH MOTYT PEKOMEHIOBAThH Ooee
4acTo MPOXOJUTh oOcieoBaHue (MamMMorpadusi Wik KOJOHOCKOMUsSI) ¢ 0oJjiee paHHEro
BO3pacTa. MEAUWIIMHCKAE T€HETUKH TaKXKE MOTYT MPEIJIOKHUTHh TMPOXOIUTH 0OJiee YacTo
oOcienoBaHNEe WJIM TECTUPOBAHUE JIOASM U3 CEMEW, WICHb KOTOPBIX CTpaJaroT
onpeeeHHpIMUA 3a00seBaHusIMHU. Kpome Toro, wM3MeHEHHs o0pa3a KH3HU, TaKhe Kak
3I0pOBasl IMeTa, PeryasipHOe 00CIeI0OBaHUE U OTKA3 OT KypeHHUs, IIOMOTAIOT OOJBITUHCTBY
JIOJICH CHU3HWTHh WX IIAHCHI Pa3BUTHS 3a00JICBAaHUM, CBS3aHHBIX C CEPIACYHOCOCYIHCTON
CUCTEMOW WJIU APYTHMH PACIPOCTPAHEHHBIMU KaI00aMHu.

HauGomnee nerkuii myTh MOJYYUTh MHMDOPMAIIUIO O CEMEHHOW HMCTOPUHM — 3TO Pa3roOBOpP C
POJICTBEHHUKAMH 00 MX 3/10pOBbe. VIMEIOT JTM OHM KaKue-HUOYIb KaJloObl Ha 37J0POBbE M KaK
gacto? CemeiiHas KOHCY/NbTalUs - 3TO BO3MOXKHOCTH cOOpa MONHON WH(MOpMauud o
3JI0POBBE WICHOB CeMbH. KpoMe TOT0o, MEIUIIMHCKUE KapThl 3I0POBbS YICHOB CEMbU MOTYT
3aBEPIINTh KapTUHY. BaXKHO MOMOJHATH TaKyr WH(OPMAIUIO U PETYIISPHO €€ Nepe/IaBaTh
MEIUIIMHCKAM T€HETHKAM.

3abonesaHue, nopaxatoLiee YNeHoB cembu

3p0poBbie dl ?

I NopaxeHHbie [
L

I

Kak Hacsienyrorcs renerudeckue 3a0o1eBanus?

HGKOTOpBIe reHEeTHYECKHe 3a00JIeBaHMs O6YCJ'IOBJ'ICHBI MyTallisiIMM B OJHOM I'CHC. Ot
FeHEeTUYECKHE 3a001eBaHNUs OOBIYHO HACJICAYIOTCs 110 OJHOMY M3 CICAYIOIMX BAPHUAHTOB.

Tun HachepoBaHUA OnucaHue Mpumep
AyTOCOMHO- OaHOM MyTUPOBAHHOM (M3MeHeHHOM) Konuu| BonesHb  MAHTUMHITOHA,
OOMUHAHTHbIN reHa oT 04HOro U3 poAuTenein A0CTaToyHo,| HelpodubpomaTtos
Ons Toro, 4utobbl y pebeHKa NpPoABMIOCH
QYTOCOMHO-A0MUHAHTHOE 3abonesaHue.

Y Kaxgoro uHAMBMAA C 3abosnesaHuem
06bIMHO OAMH M3 poauTeneill MmeeT Takoe
e 3aboneBaHne. AYyTOCOMHO-A0MUHAHTHOE
3abonesaHMe  BCTpevyaeTcd B KaXKaom
MOKOJIEHUU CeMbM C 3TUM 3abosieBaHMEM.




AyTOCOMHO-
PEeLLeCCMBHbIN

[Be MyTMpoBaHHbIe KoMK reHa (Mo oaHoM oT|
Ka*K[0ro poautensn) AoMKHbI MPUCYTCTBOBATD|
y pebeHka, 4Tobbl NPOABUIOCL ayTOCOMHO-
peueccMBHoe 3aboneBaHue. OO6bIMHO Y
nHAMBMAA C 3abosieBaHMEM, POAUTENN He
CTpadatoT 3TMM 3abosieBaHMEM, TaK  Kak
KaXkablh  MMeeT TONbKO OAHY KOMuto
MYTUPOBAHHOIO reHa. AYyTOCOMHO-
peueccuBHoe 3aboneBaHMe OObIYHO He
NPOABNAETCA B KaXKA0M NMOKOJEHUU CEMbM C
aTum 3aboneBaHnem

Mykosuncumaos,
CepnoBnaHOKNETO4YHaA
aHemuA

X-cuenneHHbIn
AOMMWHAHTHbIA TUN

X-cuenneHHbIn OOMMUHAHTHbIN ™n
3aboneBaHMsa CcBfiZaH C  MYTUPOBAHHbIM
reHom,  KOTOpblA  JIoOKanusyetca B X-
xpomocome.  HeHwmHbl  6onee  yacTo
noABep:KeHbl 3a60/1eBaHUAM, CLLENNEHHbIM ¢
X-XpOMOCOMOI, TaK KakK O4HON M3MEeHeHHOoM
M OAHOM HOPMaNbHOW KOMUWU AOCTaTOYHO,
yTobbl 3aboneBaHMe nposBuaocb. Ecau
MY*KUYMHA yHacnegosan WU3MEHEHHYIO
KOMUIO X-XPOMOCOMbI, TO Y HEro nposBuTcA
3aboneBaHMe, TaK KaK Yy MYXKUYMH TOJIbKO
ofHa X-xpomocoma. Y O6ONbHbIX MKEHLWMH
BEPOATHOCTb poXaeHusa 6onbHOro pebeHKa
coctasnsieT 50% n oAMHaKoBa AN go4vepen
M CcbiHOBeW. Y 6ONbHOrO MYy)KUMHbI BCe
no4epu byayT 601bHbI, @ BCe CbIHOBbA ByAayT,
34,0pOBbI

®parunbHas X-
Xpomocoma

X-cuenneHHbIN
PELLECCUBHbIN TUM

X-cuenneHHbI PELLECCUMBHBIN  TUN
3aboneBaHMA TaKkKe CBA3aH C MyTauuen B
reHe, KOTOpbI IOKann3yeTcs B X-XPOMOCOME.
My>KUMHbI Bonee YacTo NoABEPIKEHbI ITOMY|
3a60/1€BaHMIO, YEM KEHLLUMHbI, TaK KaK OHMU
MMEIOT TOMIbKO OZIHY KOMUIo X-XPOMOCOMBbI.
B ocHoBHOM mMopaxalTca 3TUM  TUMNOM
3a6o0neBaHNA  MY¥KUMHbI - POACTBEHHUKMU
Nno MaTePUHCKOW NnHUKU. Y BonbHOro otua
BCE CbIHOBbA OyAyT 340pO0BbLI, a BCE A0YEPU
6yayr  HOCUTENbHUMUAMW  X-CLENJIEHOro
peueccMBHoro 3aboneBaHuA U MOrYyT
nepefaTb €ro CBOMM CbIHOBbSIM.

Femodunnma

KoAOMUHAHTHbIN TUN

MpU KOAOMWMHAHTHOM TWMe HacnegoBaHWA
OBEe pas/IMyHbIX Bepcuu (annenn) reHa moryt
3KCMpeccmpoBaTbCA, M Kaxkgaa Bepcus
CMHTE3MPYET  HEeMHOro  oT/Myalolimecs
6enkun. Oba annens BAUAIOT Ha NPOAB/EHME
3aboneBaHuA

ABO rpynna
aedbuumt
AHTUTPUNCUHA

KpOBM,
anbda-1




MuWTOXOHAPWANBHBIM TUN

JTOT TMN HacnefoBaHMWA, TaKXKe W3BECTHbIN
KaKk  MaTepMHCKOe Hac/nenoBaHue,
CBA3aH C reHamMu, JIOKa/IM30BAHHbIMW B
MUTOXOHAPUanbHon JHK. MocKonbKy TONbKO
MUTOXOHAPUN  ANLEKNETOK MCNOb3YHOTCA
B 9MOPUOHE, TO TO/IbKO MKEHLLMHbI MOTYT|
nepefaBaTb MUTOXOHZAPWANbHbIE MyTaLUK
cBOMM paeTam. 3aboneBaHuA BciencTeue
MyTaLuMin B MUTOXOHApUanbHo OHK, moryT
NPOABAATLCA B KaXKAOM MOKOJIEHUN CEMbU U
MOTYT 3aTPArMBaTb U MYXKUMH, U }KEHLUMH

HacnepgcrseHHan
ONTMYEeCKan HelponaTua
Nebepa

MHoOXecTBO Apyrux 3a0o0JieBaHUN BbI3BaHbl KOMOUHaIMEH 3(()EKTOB HECKOJIBKUX T€HOB
WU B3aUMOJICHCTBUEM T€HOB U OKpYXarolieh cpenoit. Takue 3abosieBaHusi 0osee TPYIHO
AHAJIU3UPOBATH, TAK KAK UX T€HETUYECKas MPUYNHA YaCTO HE SICHA, U UX TUIl HACJIEIOBAHUS
HEBO3MOXXHO KJIacCU(DUITMPOBATh HU MO OJHOMY M3 ONMUCAHHBIX TUMOB. [IpuMepamu Takux
3a00J1€BaHM, BI3BAHHBIX MHOKECTBOM I'€HOB WJIM B3aUMOJICHCTBUEM I'€HA U CPEJIbl, MOTYT
ObITh 0OJE3HU CEepPJIEYHOCOCYAUCTON CHUCTEMBI, AuadeT, MHU30ppeHUs U OmpeeicHHbIC

TUIBI paKa.

3a0oneBaHusi, OOYCIOBJICHHbIE W3MEHEHUSIMU CTPYKTYPbhl WM KOJIMYECTBA XPOMOCOM,

TAKKC HC HACJICAYIOTCA HU ITO OAHOMY M3 TUIIOB, OIIMCAHHBIX BBIIIC.

AyTOCOMHO-AOMWHAHTHOE HacnegoBaHve

MopaxeHHbln
otey

B NopaxeHHble
3n0poBble

MopaxeHHbln 300poBbIV

pebeHok pebeHok

3nopos.bit  [NopaxeHHbIn

3n0poaag Hocutens
maTb orey
2]
B NopaxeHHblit
3poposbiv
B Hocurens
I | ] ]

pebeHok

pebeHok pebeHok

AyTOCOMHO-pELIeCCMBHOE HacneaoBaHue

el

Hocutens
martb

MopaxeHHbin Hocutens Hocutens 3p0posbiv
pebeHok

pebeHok  pebeHok




B osrom mnpumepe y wmyxumHbl ¢ X- B 3TOM 1mpumepe 'y KEHOIMHBI ¢ X-
CLEIUIEHHBIM JIOMUHAHTHBIM 3a00JIEBAHUEM CLEIJICHHBIM THUIIOM 3a00JIEBaHUS JJ0Yb U ChIH
JIB€ JIOUKU C 3TUM K€ 3a00JI€BaHUEM M JIBa C TaKUM XK€ 3a00JI€BaHUEM, U 37J0OPOBBIE ChIH U

300POBLIX ChIHA. J104Yb.
RomuHanTHOe Hacneposakue, [loMuHaHTHOE HacneaoBaHwe,
cuyenneHHoum C X‘XpOMOCOMOM cuennexHoe ¢ X‘XpOMOCOMOﬁ
MopaxeHHbIN 3poposas
orey mare 3poposbiit MopaxeHHas
n orey maTb
v il
M NopaxeHHblit
e B NopaxeHHsIn
3popossiit
1 n
| a

3poposbit  MopaxenHasn 3aoposbii  [MopaxeHHas
CblH AoYb CblH oMb

3pnoposeblit MopaxeHHan [MopaxeHHbI 3aoposas
CblH AO0Yb CbliH A04b

B o»Ttom npumepe y wMyxuumHbl C X-
CIEIUICHHBIM DPELIECCUBHBIM 3a00JI€BaHUEM
JIBE 3JI0POBbIE JOUYKH, Y KOTOPBIX 10 OJHOMN
KOIMK  MYTUPOBAHHOTO (M3MEHEHHOTO)
réHa, U JBa 3J0pPOBBIX CHIHA, Yy KOTOPBIX
HET MyTaluu.

B stoM mpumepe 310poBasi JKEHIMHA HMMEET
OJIHy KOIHIO MYTHPOBAHHOTO (M3MEHEHHOTO)
reHa, oOycnaBiauBaromero  X-CUEMJIEeHHOe
perieccuBHOE 3a0ojeBaHue. Y HEE OJIUH CBIH C
3a0oneBaHuEM, 3]I0pOBas JlI0YKa C OJHOM
KOIUEW  MYTHPOBAHHOIO T€HA W  JBOE

310pOBBIX J€TEH, Y KOTOPBIX HET MyTallUU.
PeueccuBHoe HacnegoBaxue,

cuenneHHoe ¢ X-xpoMOCOMOM
PeueccuBHoe HacnegoBaHxve,

cuenneHHon ¢ X-XxpoMoCoMOWn

3a0poBbiit MopaxeHHan
MopaxeHHs!it 3poposasn oreq el

otey marb

i}

X B NopaxerHbiit
M NopaxenHbiit 3n0poBblit

3p0poBbiit B Hocurens

B Hocurens

3noposbin 3popoBas Hocutenb  MopaxeHHbI

3noposblit  Hocutens Hocutens 3p0poBbiit CbiH A04b AoY4b CbiH
CblH JalelTS Aoub CbIH



ABO rpynna B KpOBM — IJIaBHasi CUCTEMA
KJaccu(uKanuu KpoBU yenoBeka. ['pynmna
KpOBH AB HaCJIeAyeTCs 1o
KOJJOMMHAaHTHOMY IIpu3HaKy. B atom
[IpuMepe y OoTHa C TPynnou KpoBu A u
Marepu ¢ Trpynnod kposu B uyerBepo
HNeTeH, KaXIbll U3 KOTOPBIX HMeEeT
pasnyo rpynmy kposu: A, AB, B u O.

KogomuHuposaxue
pynna pynna
KpoBu A kposu B

M Annens A
Annens B
Annenb Oﬂ/"

pynna kpon [pynna kpoeu Mpynna kposu [pynna kposu
A AB B (0]

(KogomuHuposaHve)

Mmoxonupuanbﬂoe HacnepgosaHue

3poposbit  Mop el Mop “ 3poposas
orey marb orey marb
"
MopaxexHbie petu 3poposble aeTn

3pa0poBbiit
B NopaxeHHbiit

B cembe, rTHCc Marhb ¢ 3a0o0JeBaHHEM,
BBI3BAHHBIM MYTallU€l B MHUTOXOHJIPHUAIBHOU
JIHK, 1 310pOBbIi MyK, OyIyT TOJIBKO OOJIbHBIE
metu. B cembe, rme oTen ¢ 3aboJeBaHHEM,
00yCIIOBIIEHHBIM MyTanuen B
mutoxonapuanbHoit JIHK, u 3m0poBas mama,
BCE JIETU 37I0POBHI.



Ecnu 2enemuueckoe 3abon1eeanue xXapakmepHo 011 4jleHO8 MOell cembU, mo Kakoea
6EpPOAMHOCHb, YO MOU Oemu moxce Oyoym umems 3mo 3aboneeanue?

Korna renetnueckoe 3aboJjieBaHUE NHATHOCTUPOBAHO B CEMbE, WICHBI CEMbU YacCTO XOTST
3HaTh BEPOSITHOCTh TOT'O, YTO Y HUX WM Yy UX JETel pa3oBbETCA ITO 3a0o0jieBaHUE. DTOT
pucCK OyJeT TPYIHO MpeACKa3aTh B HEKOTOPBIX ClydasiX, MOTOMY 4YTO MHOTO (PakTopoB
BIIMSET HA BO3MOXXHOCTh pPa3BUTHs TE€HETHMYECKOro 3abosieBaHus y uenoBeka. OauH u3
TJIaBHBIX (DAaKTOPOB - THUIT HACJIeAOBaHUS U3MEHEHHOT0 TeHa. Hampumep:
AYTOCOMHO-IOMHHATHBIN THIl HAC/JAeA0BAHMS: B OTOM Clydae UHAUBHA wumeer 50-
MIPOIICHTHBIN IIAHC HA TIepeaady U3MEHEHHOTro TeHa KaxaoMmy pedeHnky. [llanc, yto pebeHok
HE MOJIYYUT U3MEHEHHBIN I'eH, Takke cocTaBisieT SO MPOIEHTOB.
AYTOCOMHO-pPelleCCHBHBIN THII HACJEI0OBAHUS: 3/I0POBbIC MY)KUMHA U JKCHIIMHA C 3TUM
TUTIOM 3a00JieBaHUsl (HECYT MO OJHOM KOMWU W3MEHEHHOTO TeHa, HOCHUTENN) HUMEIT 25-
MPOLICHTHBIA IIAHC B KaXJ0W OCPEMEHHOCTHU POJAUTH peOCHKA C MPU3HAKAMH ATOr0 THIA
3a0oneBanus. lllanc B kaxmol OEpPeMEHHOCTH POJIUTH 3J0pPOBOro pedeHka (HocuTens)
coctaBisier 50 MPOLIEHTOB, W IIAHC, YTO PEOCHOK HE OyAeT MMETh HUKAKUX OTKJIOHEHUM
Oecrniopsiika U He OyJIeT HOCUTEJEM, 25 MPOIEHTOB.

X-cuenjieHHOe JOMUHAHTHOE Hacjed0BaHHe: IIIAaHC Ha mepenady X-CIEMJICHHOTO
JTOMUHAHTHOT'O 3a00JIeBaHUS PA3IUYACTCA MEXKY MY)KUMHAMU U KCHIIIUHAMHU, TTIOTOMY YTO
MY>KYUHBI UMEIOT OJIHY X-XpOMOCOMY U OJHY Y-XpOMOCOMY, B TO BpeMs KaK >KCHIIMHBI
UMEIOT JIB€ X-XpPOMOCOMBI. MyX4WHA TepeaeT CBOK Y-XpOMOCOMY BCEM CBOUM
CBIHOBBSIM U CBOIO X XpPOMOCOMY BCEM CBOMM JouepsiM. [103TOMY CHIHOBBSI MY>KUHHBI € X-
CIETUICHHBIM JIOMUHAHTHBIM 3a00JieBaHUEM He OYyAyT MOpa)XX€Hbl ATUM 3a00JIEBaHUEM, HO
BCE €ro JJ0UepH yHacleayroT 3T0 3a0oseBanue. JKeHIHa nepegaeTt oJHy WIH IpYTyIo U3 ee
X-xpomocoMm Kaxgaomy peOenky. Ilosromy skeHmuHa ¢ X-CHETJIEHHBIM JOMHHAHTHBIM
3a0oneBanueM wumeeT SO-TPOLEHTHBIM IIAaHC POJAUTh JOYb WJIM ChbIHA C JIaHHBIM
3a00s1eBaHUEM B KaXKJ0M O€pEMEHHOCTH.

X-cueIvieHHOe pelecCHBHOE HACJIeJO0BaHMe: M3-32 pa3jIMuMs B IOJOBBIX XPOMOCOMAax
BEPOATHOCTh TIE€pelaun X-CHEMJICHHOTO PEeleCCUBHOIO 3abojeBaHUs Takxke OyaeT
pa3InyaThbCs MEKIY MYXKUYMHAMHU M KEHIIMHAMHU. CBIHOBbS MYXYHUHBI C X-CIETUIEHHBIM
PEIeCCUBHBIM 3a0o0JieBaHUEM OyAyT 3J0POBBI, a €ro Jo4epu OyayT HECTH OJHY KOITHIO
U3MEHEHHOTO TeHa. B Kaxaoil OepeMEeHHOCTH J>KCHINMHA, y KOTOpoW X-CIETUICHHOE
peueccuBHOe 3a00seBanue, uMeeT SO-IIPOLIEHTHBIN MIAHC HA POKJIEHHE OOJBHBIX CHIHOBEH
1 50-IpOLEHTHBIN IAHC HA POKIECHHUE JOUepel, KOTOPbIE HECYT OJJHY KOMHUIO0 U3MEHEHHOTO
reHa.

KoxomMuHaHTHOE HacJieq0BaAHHE: B KOJIOMUHAHTHOM HACJICOBAHUM KAXKIbIM U3 POAUTEIICH
HOCHUT Pa3UYHYI0 BEPCUIO CIIEM(PUUECKOTO TeHa, U 00€ BEPCUH BIUAIOT HA TCHETUYECKHE
ocobenHoctu. IllaHc Ha pa3BUTHE TEHETUYECKOrOo 3a00JIeBaHUS C KOJIOMUHAHTHBIM
HACJICIOBAaHUEM U XapaKTEpHbIE OCOOCHHOCTH 3a00JeBaHUS 3aBUCAT OT BEpPCUU TEHa,
MepeIaBaeMoro OT poJUTENEH JETSM.

MuUTOXOHAPHAJIIbHOE HACJAeA0BAHHME: MUTOXOHJIPUU  SABIISIIOTCS  DHEPreTHUYECKUMHU
LIEHTpaMHU KIETOK M cojepxaT HeOosbmoe koiauyectBo JIHK. 3aboneBanus c¢
MUTOXOHJIPHUAIBHBIM TUIIOM CBS3aHbI ¢ MyTalusaMu B MmutoxoHapuaabHor JTHK. XoTsa atum
3a00J1€BaHUSIM MOTYT OBITH MOABEPKEHBI U MYKUMHBI U JKEHIIUHBI, TOJIBKO KEHIIUHBI MOTYT
repeaaBaTh MyTaluu, BO3HUKaromue B MuToxoHapuansHor JJHK ceoum neram. XKenmuna ¢
3a00JI€eBaHNEM, BbI3BAaHHBIM MyTauusiMu B muToxoHapuanbHoi JIHK, mepemact myraiuio
BCEM CBOUM JIOUYEPSIM U CHIHOBBSIM, a JIETH OTIA C TAKUM K€ 3a0071€BaHUEM OYyT 3J0POBBHI.
BaxxHo OTMeTHTH, YTO IIAHC Ha Mepeaadyy TI'e€HEeTUYECKOro 3a00JeBaHMsI MPUMEHSIETCS
OJIMHAKOBO K KaxKoil OepemeHHocTdu. Hampumep, ecnu y mapbl peOEHOK C ayTOCOMHO-
pEelLeCCUBHBIM 3a00JIeBaHUEM, IIAHC HA POXKJICHHUE CIEAYIOIIET0 peOEHKa C TaKUM JKe



3a00JI€BaHUEM OCTAaETCsl MO-TpekHeMYy 25 mpoueHTHbIM (win 1 u3 4). Poxaenue ogHoro
pebenka c 3a0ojieBaHUMEM ‘‘He 3alMInaeT’ Oyaylmux JeTeid OT HaclelOBaHUS 3TOrO
3a0oneBanus. U, Ha060poT, poxkaeHre pedeHka 0e3 OTKIOHEHUN HEe O3HAa4aeT, 4To Oyayiiue
JeTH OyAyT Tak>Ke 310pPOBBI.

XOTs BO3MOJKHOCTH HACJICIOBAaHUS TECHETUYECKUX OTKIOHEHUM KaKETCd OJHO3HAYHOM,
(dbakTophl THIIA CEMEMHOM MUCTOPUU MAlMEHTa U PE3yJIbTaThl TEHETUUYECKOTO TECTUPOBAHMS,
MHOT/1a MOTYT M3MEHHUThH 3TU BEpPOSITHOCTU. Kpome TOro, HEeKOTOphIE JIFOAU C MYyTAIUsIMH,
KOTOpble OOYyCIIaBIMBAIOT Pa3BUTHE 3a00JIEBAHMS, MOTYT HHMKOTJa HE MMEThb MpoOjeM co
3I0POBBREM WJIM K€ y HUX MPHU3HAKU 3a00JI€BaHUSI MOTYT NPOSBIATHCS ymepeHHO. Eciu
00Je3Hb HAOMIOAAETCSl B CEMbE M HE MMEET YETKOro THUIAa HACJeIOBaHUA, MPEACKa3aTh
BEPOSITHOCTh TOrO, UYTO y HMHAWBUIA Pa30oBbeTCs 3a00JeBaHUE, MOXKET ObITh OCOOEHHO
TPYIHO.

OueHka IaHca pa3BUTHS WIM Tepelauyd TEHETHUUECKUX OTKJIOHCHUM JOJKHA OBITh
KOMIUIEKCHOU. MeIUIIMHCKUE TeHETUKU MOTYT TTIOMOYb JIFOJSIM TIOHSITh ATH PUCKH U CIETaTh
000CHOBaHHOE 3aKJII0UEHUE 00 X 37J0POBBE.

YTo0 3HAYUT CHUKEHHE NMPOABJICHUN M BHIPAKEHHOCTHh FTeHETHYeCKOro 3a0o/ieBanus?

CHmxeHre TpOosIBICHUH M BBIPAKEHHOCTh 3a00JieBaHUM - (DaKTOphI, KOTOPbIE CBSI3aHbBI C
sbdexTamu crienuPUUecKuX reHeTUYECKUX M3MEHEHUH. DT (PakTopbl OOBIYHO OTPAXKAIOT
TSKECTh 3a00J€BaHUs, KOTOpPbIE MMEIOT ayTOCOMHO-JIOMWHAHTHBIA THUIT HACJEIOBAaHUS U
MHOT/Ia ayTOCOMHO- PEIIECCUBHBIN TUI HACJIEIOBAHUS.

Cnusicenue nposeieHuil

[IposiBiieHUs, WM EHETPAHTHOCTH, CBSI3aHbI C KOJMYECTBOM JIOZEH cO crenupuyecKuMHU
TreHEeTHYECKUMHU U3MEHEHUSIMU (TaKue KaK MyTallusi B OIPEACIICHHOM T'€HE), Y KOTOPBIX €CTh
NPU3HAKA U CHUMIITOMBI T€HETHYECKOTO 3a00JIeBaHUsl, BBI3BAHHOTO 3TUMH M3MEHEHHSIMHU.
Ecnu y HekoTopoit yacTu mrojel ¢ MyTanuen He pa3BHBaeTcs 3a00JieBaHUE, TO TOBOPST O
CHW)KCHUHM (UM HEMOJHOW) TeHeTpaHTHOCTH. CHUXEHUE TEHETPAHTHOCTH YacTo
HaOII0JaeTCs MPU CEMEHHBIX CHHApPOMaxX paka. Hampumep MHOTHE KEHITUHBI ¢ MyTallue B
reie BRCA1 unu rene BRCA2 3a0oneroT pakom rpyau B T€YEHUE BCEH WX JKU3HH, HO
HEKOTOPHIE JKEHIIMHBI MOTYT U HE 3a00J1eTh. | €eHeTUKHN HEe MOTYT MpeACcKa3aTh TOYHO, KTO U3
KEHIIHMH C ’TUMHU MYTaIUSIMH 3200JI€ET paKOM HIJIA KOT/Ia Pa30BBIOTCS OITyXOJIH.

CHmKeHHEe  TIEHETPAHTHOCTH, BEPOSITHO, SIBISIETCS  KOMOWHAIIMEW  T'€HETUYECKUX,
AKOJIOTHYECKHX (PaKTOPOB U 00pa3a KU3HU, MHOTHE U3 ATUX (DAKTOPOB HEU3BECTHHI.
BripaskeHHOCTD 3200JIeBaHUsA
Tonbko  HeMHOrMe  reHeTH4YecKue  3a00JeBaHMsI  XapaKTEepPU3YIOTCS  CTOMKHMHU
MIPOSIBIICHUSIMH, OOJBITMHCTBO TE€HETUUECKUX 3a00J€BaHUN XapaKTEPU3YIOTCS TPU3HAKAMHU
U CHMITOMaMH, KOTOpbIE OTJIMYAIOTCS MEXKIY JIOABMU C OTHMHU 3a00JE€BaHUSIMHU.
BblpakeHHOCTh CBsi3aHA C JUANa30HOM MPU3HAKOB M CHUMIITOMOB, KOTOpPBIE MOTYT
MPOSIBISITHCSl Y MAllMEHTOB C OJIHMM M T€M K€ T'eHeTH4YecKuM 3adosieBaHueM. Hampumep,
cuHapoM Mapdana xapakTtepuzyeTcsl MIHUPOKHUM JIHAMA30HOM IPU3HAKOB: Y HEKOTOPBIX
MalUEeHTOB TMPOSIBISIOTCA TOJBKO YMEpPEHHbIE MpPU3HAKKA (HAOpUMEpP, BBICOKUM pOCT,
Xyn00a, JUTMHHBIE TAJIBIIBI), B TO BPEMsI KaK Y APYTHX CUHAPOM MPOSIBISIETCS] B OTIACHBIX JIJIS
KU3HU OCJIOKHEHHUAX, CBA3AaHHBIX C CEpPALEM U KPOBEHOCHBIMH COCYAAMH. XOTS 3TH
OCOOCHHOCTU SIBJISIFOTCSL OYE€Hb W3MEHYUBBIMU, Yy OOJBIIMHCTBA TMAlMEHTOB C ATUM
3a00J1eBaHNEM OOHAPYKUBAECTCS MyTallsl B 0JHOM U ToM ke rere (FBN1).

Kak u co CHI)KEHHOM MEHETPAHTHOCTBHIO, BBIPAKEHHOCTh 3a00JIEBAHMM, BEPOSTHO,
00yci0oBlIeHa KOMOMHAIIMEN T€HETUYECKUX, YKOJIOTHYeCKUX (PaKTOpoB U 00pasa KU3HU.



Y10 reHeTUKHU NMOAPA3YyMEBAIOT MO AHTHIUIIALMEH?

[Ipy3Haku W CHMIOTOMBI HEKOTOPBIX T'€HETHYECKHUX OTKIOHEHHWH MMEIOT TEHACHIIHIO
CTAHOBUTBHCA 00Jie€ CEpbhEe3HBIMU, Oojiee TSKEIBIMU (HApUMEpP, NPOSBISTHECA B 0Ooliee
paHHEM BO3pACTE€) OT OJHOIO IMOKOJEHUS K MOCIEAYIOIEMY. OTH SBJICHHUS HA3bIBAIOT
aHTUIMOanued. AHTUOUOANMs yYalle BCero HaOMoAaeTcss MNpuU  ONPEEICHHbBIX
IreHEeTUYECKUX OTKJIOHEHMSIX, CBSI3aHHBIX C HEPBHOW CHUCTEMOM, TUIIA O0JIe3HH XaHTUHITOHA,
MUOAUCTPOPUU WK PparuiabHON X-XPOMOCOMBI.

AHTHULMIIALMSA XapakTepHa I 3a00JIeBaHHUM, KOTOpbIE BbI3BAHBI HEOOBIYHBIM THUIIOM
MyTalMii, TaKk Ha3bIBAEMbIM YyBEJIMYEHHEM 4YHUCJIA TPUHYKICOTHJIHBIX IOBTOPOB.

TpuHYKICOTHIHBIC TTOBTOPHI
- TOCHEAO0BAaTEeNbHOCTh M3 TpeX craHaapTHeix OnokoB JIHK (HykieoTHmoB), KoTOpbie
HOBTOpPSIIOTCST HeogHOKpaTHO B psaxy. JIHK ¢parmenTsl ¢ HempaBUIBHBIM YHUCIOM 3THUX
NOBTOPEHUN HECTAaOWJIbHBI M  XapaKTEPHU3YIOTCS OLIMOKaMHU KOMUPOBAHMS — YHUCIA
TPUHYKJIEOTHIOB NPU JIECJIEHUU KJIETKU. TO €CTh YMCIIO MOBTOPOB TPUHYKIECOTHIAOB MOXKET
MEHSTBCSA TIPU Tepeaye reHa oT pojauTess pedeHKy. B HekoTophIX ciydasx yBeJIMYECHHE
KOJIMYECTBA TMOBTOPOB MOKET NPOUCXOJUTh JO TeX TNOop, MOoKa He OyJeT HapylieHa
HOopMasbHasi (QYHKIUS T'eHa. YBEJIMYECHHE YHUCIa MOBTOPOB XapaKTepU3yeT OCOOEHHOCTH
NPOTEKAaHUs] TEHETUYECKOTO OTKJIOHEHHUS W CTAHOBHUTCS BCE OOJee THKEIbIM NMPU KaxIO0u
YCIICIIHOM TMepeaade OT OJIHOTO TMOKOJIEHUS APYroMy. BOJBIIMHCTBO T€HETUYECKUX
OTKJIOHEHUW MMEIOT MPU3HAKU W CHUMITOMBI, KOTOPbIE OTIMYAIOTCS CPEIU MAIMEHTOB C
ATUM 3a00JieBaHMEM, BKIIIOYas MAIMEHTOB B Mpeaenax oJHoM cembH. OgHAKO HE BCE ITH
pas3IuuMsi MOKHO OOBSICHUTH aHTUIMNauued. KomMOuHaIMs TeHeTUYECKUX, YIKOJIOTHYECKUX
dakTopoB M o0pa3a KHU3HHM, BEpPOSTHO, OTBETCTBEHHA 3a pa3IUYHOE TMPOSBICHUE
3a00sIeBaHM.

Y10 TaK0€ reHOMHBI HMIIPUHTHUHI U OAHOPOAMUTEC/ILCKAsA III/ICOMI/IH?

['eHOMHBIN UMIIPUHTHHT U OJHOPOJAMTENbCKAS AUCOMHUS - (DaKTOPBI, KOTOPHIE BIUAIOT Ha
HEKOTOPBIE HACJIETYEMbIE TEHETUYECKUE OTKIOHEHUSI.
I'eHOMHBIN UMIIPUHTUHT
JIroau HacNenyIOT JIBE KOIMU KaKJI0T0 I'eHa - OHY KOIUIO OT MaTepu U OAHY OT oTia. OObIYHO
00€ KOIMMU Ka)KJ0T0 reHa B KJIETKaX aKTUBHBI, WIH BKJIIOYEHBI, TO €CTh C HUX CUMTHIBACTCS
uH(pOpMAIUS U CUHTE3UPYIOTCS B KOHEYHOM cueTe Oenku. OMHAKo B HEKOTOPBIX CIydasXx,
MOKET OBITh BKJIIIOUEHA TOJBKO OJHA W3 ABYX Komuid. Kakas u3 konuii reHa OyJeT akTUBHA,
3aBUCUT OT €€ MPOWCXOXKICHHS: HEKOTOPHIE T€Hbl OOBIYHO AKTWUBHBI, TOJBKO KOT/Ia OHH
yHacJIeA0BaHbI OT OTLA; IPYyTrUe aKTUBHBI, TOJIBKO KOT/la YHACJIEIOBAHbI OT MaTepu. ITO
SIBJIEHHE U3BECTHO, KAK TEHOMHBI UMIIPUHTHUHT .
I'enbl, kKoTOpBIE OYyAyT NOABEPrHYTHl T€HOMHOMY HMMIIPUHTHUHITY, YacTO OTMEUYarOTCs
(ctaBuTCS OTMETKa) BO BpeMs (OPMUPOBAHHUS SUIEKISCTOK W CIEPMaTo30HJa. ITOT
MPOLECC, HA3BAHHBIM METHIMPOBAHUEM, SIBISIETCS XMMUYECKOW PEaKLUEH, B XOA€ KOTOPOU
HEOOJNBIIINE MOJIEKYJIbI, Ha3bIBAEMbI€ METHJIBHBIMU TpyNIaMu, MPUCOCAUHSIOTCS K
onpenenenubiM (parmentam JIHK. Dtu Monekynel otmeuator, kakas komwusi [JHK Obuta
reperaHa OT OTIAa, a Kakas KONMS I'€Ha OT MaTepu. B pe3yinbraTe NPUCOCAUHEHHE ITUX
MOJIEKYJ IPUBOAUT K YCTOMYMBOMY MOJIaBJICHUIO MPOLECCOB TpaHCKpuniuu. Jlobasienue u



YAQIEHUE METUIIBHBIX TPYNI MOTYT MCHOJIB30BATHCS KIETKOW IJIi KOHTPOJISI aKTUBHOCTH
reHa.

Tonpko HEOONBIIONW MPOLIEHT OT BCEX TI'€HOB YEJIOBEKAa IOJABEPraeTcsi TI'€HOMHOMY
UMOpUHTUHTY (okoso 1%). WMccrmemoBatenw emie HE 1O KOHIA BBISCHWIHM, IOYEMY
HEKOTOPBIE I'€HBbI BBIKJIIOYEHBI, a Apyrue HeT. B Hacrosiee Bpems M3BECTHO, YTO T'EHBI,
KOTOpBIE MOABEPTrHYTHl UMIPUHTUHTY, UMEIOT TEHACHLMIO TPYNIIUPOBATHCSI BMECTE B TEX
e caMbIX 00JacTsIX XpOMOCOMBI. /[Ba IJIaBHBIX KjiacTepa N€HOB, KOTOPbIE MOJBEPTHYTHI
UMIIPUHTHUHTY, ObUIH UJICHTU(PUIIUPOBAHBI Y YEJIOBEKa Ha KOPOTKOM
(p) mneue xpomocombl 11 (B monoxenuu 11plS) u apyroit - Ha AnuHHOM (q) IUIEYE
xpoMocoMslI 15 (B obmactu 15q11 k 15q13).

Oonopooumenvckasn oucomus

Onnopoaurtensckas aucomust (Uniparental disomy, UPD) npoucxoauT, KOrja 4YeloBEK
NOJIy4aeT JBE KOMUHU LEJIOM XPOMOCOMBI MJIM YacThb XPOMOCOMBI OT OJHOTO POAMUTENS U
HUKAaKUX Komuu or apyroro poautens. UPD moxeT Npou3ouTy Kak CiaydaiHO B XOJe
(dopMupoBaHUs SHULEKIETKH WM CHEPMATO30M]la, TaK k€ M B paHHEM SMOPHOHAIBLHOM
Pa3BUTHUH.

Bo muorux cmnydasx UPD, BeposiTHO, HE mMeeT HUKakoro s(ddexkra Ha 370pOBbE WIH
pasButue. [lockonbKy OOJNBIIMHCTBO T€HOB HE BBIKIIOYEHBI, HE UMEET 3HAYEHUS, €CTh JIU Y
WHIMBHJIA JIBE KOMHMHM OT OJHOIO M3 POJUTENECH BMECTO OAHOM KOMNHMH OT KaXI0ro W3
poauteneil. B HEKOTOPBIX ciydasx, OAHAKO, MMEET 3HAYEHHUE, YHACIIEIOBAH JIM T'€H OT
MaTepyu MHAUBUIA WK oTia. Y uHauBuaa ¢ UPD moryt ObITh MOTEpSHBI AKTUBHBIE KOTHH
CYIIECTBEHHBIX TE€HOB (HEMOJyYeHHas YacTh XPOMOCOMBI), TOTJa KakK YyHacjeIOBaHHbIC
KOIUUA TOJBEPrHYThl T€EHOMHOMY HMIIPUHTUHIY Ha IOJYYEHHBIX XpoMmocoMmax. lloteps
ATUX TE€HOB MOXKET MPUBECTH K OTCPOYEHHOMY PA3BUTHIO, YMCTBEHHOW 3aJEpPKKE WU
IPYTMM MEAMIIMHCKUM TpoOsieMaM. M3BECTHO HECKOJNBKO TI'€HETHMUYECKHUX 3a00JeBaHUN B
pesynbwrate UPD, nHanpumep, cunapowm Ilparepa-Buiuin, KOTOpbIii XapaKTepU3yeTcs
0’KMpPEHHEM, OTCTABAHUEM B POCTE, HEIOPA3BUTUEM IOJOBBIX KEJE3 U T.[., & TAKKE
CHUHJIpOM AHTeJIbMaHa, KOTOPBIN XapaKTEepPU3yeTCsl YMCTBEHHOM 3a/IEp>KKON 1M HapyILICHUEM
cHa, u T.1. O6a 3THUx 3a005eBaHMs MOTYT ObITh 00ycnoBiaeHsl UPD unu qpyrumu
OIMOKaMH B UMIIPUHTHUHTE T€HOB Ha JUTMHHOM I1jiede 15 XpOMOCOMBI.



Hacaenyrorest 11 XpoMOCOMHbIE HAPYLLICHUA ?

XOoTsI HaclelOBaHUE HEKOTOPHIX THIIOB XPOMOCOMHBIX OTKJIOHEHHUH BO3MOXKHO,
OOJBIIMHCTBO XPOMOCOMHBIX HapymeHuid (cunapom [layna, cunnpom Tepnepa) He
nepesaloTcsi OT OJHOTO TOKOJeHHWs K cleayiomeMy. HekoTopele XpOMOCOMHBIE
3a00/IeBaHUsl BBI3BAaHBl M3MEHEHHSIMH B YHCIE XPOMOCOM. OTH HM3MEHEHHS He
HACJIEAYIOTCS, HO TMPOUCXOASIT 4YacTO CIy4aHbIM o00pa3oM B Xonae (GOpMUPOBaHUS
PETPONYKTUBHBIX KIJIETOK (SHIEKIETOK M crepMaro3ougoB). OmuOKK Tpu JEICHUU
KIETKH, Ha3bIBA€MbIE HEPACXOXKJICHHEM XpPOMOCOM, B pe3ylbTaTe MPUBOIAT K
(GopMHUpOBaHUIO KJIETOK C HENpaBWIbHBIM HabopoMm Xxpomocom. Jlig mnpumepa:
pPETPONYKTUBHASL KJIETKA MOXET CIy4ailHO TMONY4YUTh WIH TIOTEPATh OJHY KOIHIO
xpoMmocombl. Eciii oHa M3 3TUX HETUIUYHBIX PENPOAYKTUBHBIX KIETOK BHECET CBOW BKJIA]
B (QopmupoBaHue SMOpHMOHA, TO B pe3yiabTaTe Kaxaas KiIeTka peOeHka OyaeT MMeTh
JOTIOTHUTETBHYIO MU HETOCTAIOIIYI0 XPOMOCOMY.

M3MeHeHust B CTPYKTYpe XPOMOCOMBI MOTYT TaK)K€ BBI3BATh XPOMOCOMHBIC 3a00JIEBaHUSI.
HexoTopbie M3MEHEHHS B CTPYKTYpPE XPOMOCOMBI MOTYT OBITh YHACJIEIOBaHBI, B TO BPEMsI
KakK Jpyrue MPOUCXOIST CIydailHO B Xojae (popMHUpOBaHMs PENPOAYKTUBHBIX KIETOK WU B
paHHEM SMOpPHOHAILHOM pa3BUTHH. [IOCKONBKY HaclieZJOBaHWE ITHX W3MEHEHUH MOXKET
OBITh CJIOXKHBIM, JIFOJIA, 3AMHTCPECOBAHHBIC B pACUYETe PUCKOB TAKUX OTKIOHEHHH, JOKHBI
KOHCYJIBTHPOBATHCS C MPO(eCcCHOHATBHBIMYI T€HETHKAMH.

[ToueMy HEKOTOpBIE TEHETUYECKHE OTKIOHEHHS BCTPEUAOTCs 0OJiee 4acTO B HEKOTOPBIX
ATHUYECKUX TpyImax?

Hekoropble reHeTnyeckre OTKIOHEHHUsS 0oJiee 4acTO BCTPEUAIOTCS CPENU JIIOJIEH, MpeaKu
KOTOPBIX BBIUIM M3 crnenupuyeckon reorpaduyeckoil obnactu. Jloau B 3THUYECKOU
rpynIe 4acTo UMEIOT ONpe/eleHHbIe BEPCUM TE€HOB, KOTOPbIe ObUIM MepeJaHbl OT OJHOTO
oOmiero mpenka. Eciv OIWH M3 3THX TE€HOB COJEPKUT MYTalUIO, OO0YCIaBIMBAIOIIYIO
pasBuTHe 3a00JieBaHUS, TO ITO CIECIMU(PUIECKOEe TEHETHYECKOE OTKIOHEHHE OyaeT
Ha0Ir01aThes 00JIee YacTO B 3TOM TPYIIE JIOICH, YEM B OCTAIBHBIX.

[IpumepoM  TreHETHMYECKUX  OTKIOHEHUH, KOTOphle Ooyiee  pacHpoCTpaHEHHBI B
crenupUYECKUX ITHUYECKUX TPYIINAX, SIBJSETCS CEPIIOBUIHOKIETOUHAS aHEMHUS, KOTOpas
Oojlee 4YacTo BCTpedaeTcss cpear adpukaHieB, appoaMepUKaHIIEB M BBIXOAIEB CO
CPEeIU3EeMHOMOPCKUX peruoHoB, Oose3nb Tes-Cakca Oosee BEpOSTHO BCTpeuyaeTcsl Cpeau
eBpeeB-alllkeHa3u (BOCTOYHAs W IleHTpanbHas EBpoma) uinm kaHaaueB (paHIly3CKOTo
IPOUCXOXKJIEHUSA. BakHO OTMETHTH, OJAHAKO, YTO 3TH OTKJIOHEHHMS MOTYT IMPOU30UTH B
0001 STHUYECKOH TpyTIIE.



IF'’EHETUYECKOE KOHCYJIBTUPOBAHHUE

YTo TaKkoe reHeTHYECKOE KOHCYJIbTUPOBaHME?

['enetnyeckass  koHcynbTalusg -  choyxk0a  37apaBoOXpaHeHMs, oOecredrBaroIias
UH(OPMAITUIO U TIOJJACPKKY JIFOJIeH, KOTOPhIe HMEIOT MJIM MOTYT UMETh PUCK TeHETHUUCCKHUX
OTKJIOHEHHWH. B Xome KOHCyJNbTalMM MPOPECCUOHANBI T'E€HETUKA BCTPEUAOTCS C
WHIUBUIYYMOM WM CEMbEH, 4TOOBI OOCYAUTh T€HETUYCCKUE PUCKU WU THUAarHOCTHPOBATH,
MOATBEPIUTH WM UCKITFOYUTH TEHETUYECKOEe 3a00JIeBaHHE.

[TpodeccroHanbl TeHETUKHM BKIIOYAIOT MEIUIIMHCKUX TEHETHKOB (Bpauel, KOTOpHIC
CHCIUANM3UPYIOTCSI HAa TCHETHKE) W KOHCYJIBTAHTOB (CEPTH(PUIIMPOBAHHBIX PaOOTHUKOB
3IPAaBOOXPAHCHHS C OTBITOM PabOThI B MEIUIIMHCKOW reHeTuke). Jpyrue nmpodeccrnoHa bl
3IPaBOOXPAHCHMS, TCHXOJIOTH M COIMAIbHBIC PAOOTHUKH C ONBITOM B TEHETHKE MOTYT
TaK)Ke y4acTBOBATh B TCHETUYECKON KOHCYJIBTAIIHH.

KoHcynbTanuu 0ObIYHO MPOXOIIT B KaOMHETE Bpayda, OOJIBHUIIE, TCHETHYECKOM IICHTPE MITH
JAPYrOM THUIIE MEIUIIMHCKOTO IIEHTpa. OTH BCTPEUYM 4Yallle BCEro JIMYHBIC, HO WHOTIA
IIPOBOAATCS B TPYIIIIE WIIH IO TeJIeoHy.

Komy HeoOxoguma reHeTHYEeCKasi KOHCYJIbTAILIAA?

NuauBuayyMbl WM CEMbU, KOTOPbIE 3aWHTEPECOBAHbI B UH(POPMAIIUU O HACIEICTBEHHOM
3a00IeBaHUM, MOTYT M3BJE€Yb IMOJb3Y OT T€HETUYECKON KOHCYJbTalMh. BOT HECKOJIbKO
IPUYUH, KOTOpPbIE TPEOYIOT TeHETUYECKON KOHCYJIbTAIINHN
nepcoHaIbHas WIM CeMEWHasi HCTOPUS TeHETUYECKOro 3a001eBaHusl, BPOKICHHBIN 1e(eKT,
XPOMOCOMHBIE HApPYIICHHs JIM HACTEACTBEHHBIE (OPMBI paKa;

JBe WK 0oJiee HEYJayHBIX OEPEMEHHOCTH, POXKICHHE MEPTBOTO peOeHKa WM PeOCHOK
yMep BCKOPE TMOCJIE POJIOB;

peOEHOK C U3BECTHBIM HACIEJICTBCHHBIM 3a00JIEBaHHEM, BPOXKJICHHBIM Ae(HEKTOM,
3aJIepKKON YMCTBEHHOT'O WX (DU3UUECKOTO PA3BUTHS;

OepeMeHHasi >KEHIIMHA Tmocje 35 JeT, a TakkKe OJKEHIIMHBbI, KOTOphIC IIAaHUPYIOT
O0epeMeHHOCTh Tociie 35 JeT (HEKOTOphIe XPOMOCOMHBIC HapyIIeHHUsS HauOoJiee YacTo
MIPOUCXOJAT y IETEU, POKICHHBIX KEHITMHAMU cTapiie 35 jer);

€CJIM pe3yJIbTaThl TEHETUYECKOT0 TECTUPOBAHUS MOKA3bIBAIOT HAJIMYKME T'€HETUUYECKOTO WU
XpPOMOCOMHOI'O HApYUIEHUS,

MOBBIIIIEHHBIN PUCK Pa3BUTHUS WIH MEpeavyn Cenu(PrUIecKoro reHeTHIeCKOro OTKIOHCHUS
Ha (oHEe OTHUYECKOW NpHHAMIEKHOCTH dUenoBeka (Oonesnb Tes-Cakca s eBpeeB-
alIKeHas3u);

€CJIM POJMTENIN SIBISIIOTCS POJCTBEHHUKAMU (HalpuMep, IBOIOPOJHBIA OpaT M cecTpa) u
IUIAHUPYIOT UMETh COBMECTHBIX JeTel. (peOEHOK, pOIUTEIU KOTOPOTro SIBISIOTCS
POJICTBEHHUKAMHU, UMEET MOBBIIICHHBIN PUCK HACIEIOBAHUS T€HETUYECKUX OTKIOHEHUM);

['eHeTnueckas KOHCYNbTAalUsS - BaKHAash 4YacTh TWPoOIecca TPUHATHS PEIMICHUS IS
reHeTuyeckoro tectupoBanus. [locenienue npodeccuoHaNbHBIX T€HETUKOB MOMKET OBITh
MIOJIE3HBIM, JJAXKE €CJIU TeHETUYECKHUE TECThl HE IOCTYMHbBI B TAHHBIM MOMEHT.



Y10 NpOMCXOIMT B X0/4€ TeHETHYECKON KOHCYIbTALUH?

['enetnyeckass KoHCynbTalMs JaeT WHPOpPMAIMIO, TpeasiaraeT MOJJEPKKY, W oOpaiiaet
BHHMAaHUE MallMeHTa Ha ONpeAeieHHbIe TPoOaeMbl. /{151 TOro 4To0bl OnpenennuTh, UMEET JIn
3a00J1€BaHUE TEHETHMYECKUI KOMIIOHEHT, MEIUIIMHCKUE TEHETUKH 3aJal0T BOMPOCHI O
MEIMIIMHCKOM MCTOPUM TMAIMEHTAa M TIIATEIIBHO H3Y4YalOT €ro CEMEWHYI0 HMCTOPUIO
(MeIUIMHCKHUE KapThl, SMUKPHU3bI, BBIMUCKU). MEIUIMHCKUN T€HETUK MOXKET BBIMOJHUTH
bu3UYECKUl OCMOTP U PEKOMEHI0BATh COOTBETCTBYIOIINE T€HETUUECKUE TECTHI.

Ecim y wuHauBHAyymMa JIMarHOCTUPOBAHO TEHETHMYECKOE 3a00JieBaHUE, MEIUIIMHCKUMA
T€HETUK JlaeT MAlUCHTy WH(OpMAIMI0O O €ro JAMarHo3e, pacCKas3bIBaeT, KaK MPOU3OILIO0
HacJIeJOBaHUE 3TOro 3a00JeBaHUs, O IAHCAX MEepeladyd JAHHOTO OTKJIOHEHHS OyayluM
MOKOJIEHUSIM Y BApUAHTAX TECTUPOBAHUS U JICUEHUS.

OOBIYHO B XOJI€ KOHCYJIbTAIIUN T€HETHK:

UHTEPIPETUPYET U aHATM3UPYET CIOKHYIO MEAUIIMHCKYIO HH(DOPMAIIHUIO;

MIOMOTAeT KaXJIOMY 4YEJIOBEKY MPUHUMATh WH(POPMHPOBAHHOE, HE3ABUCUMOE PCIICHHE O
JICYCHUW W BapUaHTaX PENPOAYKIIMU (BOBMOKHOCTH UMETh PEOCHKA);

IIPU ATOM T€HETUK YBAXKAET BEPY KAXKJIOr0 YEJIOBEKA, TPAAUIIMU €r0 Hapoaa U YyBCTBA.
MenunuHCKUM TeHETUK HUKOT1a HE Oy IeT:

TOBOPUTH MHJIMBUYYMY KaKO€ PELICHUE EMY CIEAYET NPUHSTD;

COBETOBATh Mape HE UMETh JIETEH;

PEKOMEHI0BaTh, YTOOBI KEHIITMHA MPOIO0JKUIIA UITH MpepBajia 0epeMEHHOCTD;

TOBOPUTHh KOMY-TO, YTO €My HEOOXOJMMO MPOWTH TN'eHETHUYECKHE TECThl Ha T'€HETHYECKHE
3a00JIeBaHMS,

IFTEHETUYECKOE TECTUPOBAHMUE
YTo TaKkoe reHeTHYeCKOoe TeCTHPOBaHue?

['eHeTnyeckoe TECTUPOBAHUE — ATO I'PYINA MEAULMHCKUX TECTOB, KOTOPBIE UCIOJIb3YIOTCS
JUTSL BBISIBJICHHSI HAPYIICHUH B XpOMOCOMax, TeHax win Oenkax. TecTbl MCIONB3YIOTCS IS
TOTO, YTOOBl HAWTH W3MEHEHWs, KOTOPhIE CBSI3aHbl WJIM SBISIOTCA TMPUYUHOU
HACJIEJICTBEHHOrOo 3a0oneBaHus. Pe3ynbTaThl TEHETHMYECKOrO0 TECTHPOBAHUS MOTYT
MIOATBEPIUTh TMOJO3PEHUS HA TE€HETUYECKOE OTKIOHEHUE WIA IOMOYb HWHAUBUIYYMY
OIpEAENUTh IIaHC Ha Pa3BUTHE WM MepeAady FeHETHUECKOro 3a00jJeBaHusl CBOUM JeTsM. B
HacToslIee BpeMs pa3padoTaHO U MCIOJIb3YETCSl HECKOJIBKO COTEH F€HETUYECKUX TECTOB.

['eneTnyeckoe TecTUpOBaHHE MNPOBOAUTCS AOOPOBOJIBHO. I[IOCKONIBKY TECThI MMEIOT U
BBITOJIbI, M OTPAHUYECHHUS, PEHIEHUE O HEOOXOAMMOCTH MPOBEACHUS TE€HETHYECKOIO
TECTUPOBAHUSI BCErJa SBJSETCS MEPCOHAIBHBIM M 3aBUCUT OT KOHKPETHOTO CIIyYas.
['eneTuk MoxeT mMoMoub aaTh MH(GOPMALMIO 3a M MPOTUB MPOBEACHUSA TECTa, a TaKKe
00CYyIUTh COLMANIbHBIEC U SMOIMOHATIBHBIE ACTIEKThI UCIIBITAHUS.



Kakne TMNIBI reHeTHYECKUX TECTOB CYIIeCTBYIOT?

['eneTnyeckoe TeCTUpPOBAaHUE MOXKET JaTh HHGOPMALMIO O TEHaX M XPOMOCOMax
WHJIUBUIYyMa.
Cy11ecTBYIOT HECKOJIBKO TUIIOB T€HETUYECKOTO TECTUPOBAHUS
CKpUHUHZ HOBOPOIHCOCHHBIX
CKpUHUHT HOBOPOXJCHHBIX HCHOJB3YETCS TOJBKO TIOCIE POXKACHUS. ITOT CKPUHUHT
HEOOXOAUM JUIsl TOTO 4YTOOBI WICHTU(PUIUPOBATH T'EHETHUUYECKHUE OTKJIOHECHUS, K JICUCHHIO
KOTOPBIX MOHO MPUCTYNHUTH C PAHHETO MEPHoJia KU3HU. Bce cTpaHbl B HacToOsIIEe BpeMs
POBEPSIIOT MJIAJICHIIEB Ha (DEHUIKETOHYPHUIO (T€HETUYECKOE OTKJIOHEHHE, BBI3bIBACT
3aJICP’)KKYy YMCTBEHHOT'O PAa3BUTHS, €CIUM BOBpEeMS HE MPUCTYNHUTh K JICUCHUIO), U
BPOXKJICHHBIM THUIIOTUPEO3 (HApYIICHWE Pa3BUTHSA UIMTOBUIHOW Keje3bl). BoabIIMHCTBO
CTpaH TaKXe MPOBEPSICT MJIAJCHIIEB HA IPYTHUE TEHETUIECKOE OTKIOHECHHUS.
Juaznocmuueckoe mecmuposanue

JInarHoCTU4YEeCKOE TeCTUPOBAHUE UCIIOJIB3YETCS JIJI TOTO, YTOOBI BBISIBUTH WJIU UCKITIOUUTH
OTIPE/ICJICHHbIC TEeHETUYECKHWE WM XPOMOCOMHBIE 3abojeBanus. Bo MHoOrux ciydasx
TEHETUYECKOE TECTHUPOBAHUE HCIOJIB3YeTCs, YTOOBI TMOATBEPAUTH JMArHO3, KOTJIAa €CTh
MoJI03peHUe Ha crernuduueckoe 3a00eBaHNe, OCHOBaHHOE Ha (DU3MUYECKUX TpPHU3HAKAX U
CUMIITOMAaX 3TOT0 OTKJIOHECHMS. J[MarHOCTHYECKOe TECTUPOBAHUE MOXKET OBITh BBIMOJHEHO
nepen pOXKICHWEM WIM B JIIOOOW mepuoi IKU3HM HHIUBHIYyyMa. Pe3ynbTaTsl
JUArHOCTUYECKOTO TECTUPOBAHMS MOTYT BIMSTH Ha BBIOOP UeEJIOBEKa IMyTH COXPAHEHUS
CBOETO 3/I0POBbS U JICUCHHUS.

Cneyuguueckoe mecmupoeanue

OTO TeCTUPOBAHUE HCIOIB3YETCS MJIA TOTO, YTOOBI MIACHTU(PHUIIMPOBATH CKOJIBKO KOTHMA
MYTHPOBAHHOTO (M3MEHEHHOTO) T'e€Ha y WMHJMUBHIYyyMa. JTOT TECT HCIOIb3YyeTcCs, KOraa
M3BECTHO, YTO JIBE KOMMH BBI3BIBAIOT F€HETUYECKOE OTKIOHEHUE. DTOT THI TECTHUPOBAHMS
npenjaraeTcss HWHIWBHUIYYMaM, KOTOPbIE HMEIOT CEMEWHYI0 HCTOPUI0 TE€HETUYECKOTO
3a0oneBaHUs W WMHAMBUAYyMaM, TMPUHAIJICKAINIUM K  ONPEJCICHHBIM JTHHUYECKUM
rpynmnaMm, C YBEIWYEHHBIM PHCKOM OIpPEACIICHHbIX TeHEeTHUEeCKUX OTKIOHeHM. Eciu 06a
pOIIUTENS TPOBEPEHBI, TECT MOXKET JaTh WH(OPMAIUIO O PUCKE Maphl HA POXKICHHE peOeHKa
C TEHETUYECKUM OTKJIOHEHUEM.
Ilpeopoooeoe (npenamanvnoe) mecmuposanue

[IpenaranbHOE TECTUPOBAHUE MCIIONB3YETCS JJI TOTO, YTOOBI OOHAPYKUTh M3MEHEHUS B
reHax WM XpOMOCOMax IUIOJA Mepell pOKACHUEM. DTOT THUI TECTOB MpEJjaraeTcsi B Xoie
OCpEeMEHHOCTH, €CJIM €CTh TOBBIMIEHHBIH PHUCK TOTrO, YTO pPEOCHOK OyneT WMEeTh
T€HETUYECKHE WJIM XPOMOCOMHBIE OTKJIOHEHHS. B HEKOTOpBIX cilyyasix NpeHaTaibHas
JIMArHOCTHUKAa MOXET CHU3UTh HEYBEPEHHOCTh Mapbl WJIM MOMOYb UM IPUHATH PEIICHUS O
o6epemenHocTu. OgHAKO ITH TECTHI HE MOTYT BBIIBUTH BCE BO3MOXKHBIC HACIIEIACTBEHHBIC
HapYIICHUS U BPOXKIECHHBIC Te(PEKTHI.



HpellI/lMIIJIaHTaHI/IOHHaﬂ reHEeTHYICCKasd THArHOCTHUKA

[IpenumMnianTanmoHHas reHeTuyeckas JUArHOCTUKA (I 1) SABJISICTCSA
CHEUATU3UPOBAHHON TEXHOJIOTMEH, KOTOpas MOMOIraeT CHU3UTh PUCK POXKIEHUS peOeHKa
CO cChneuu(PUuecKUMU TE€HETUYECKUMHU WM XPOMOCOMHBIMM  HApPYIICHUSIMH. ITO
TECTUPOBAHUE HCIIOJIB3YETCSl NJIi TOro, YTOObl OOHAPYXUTh T€HETHUYeCKHe Ne(EKThl B
AMOpPHUOHAX, KOTOPbIE OBLIM CO3/JaHbl C MOMOIIBIO PENPOAYKTUBHBIX METOOB, TAKUX Kak
MCKYCCTBEHHOE OIUIOJO0TBOpeHue B MpoOupke. CyThb HMCKYCCTBEHHOTO OIUIOJOTBOPEHUS
3aKJII0YAeTCs B TOM, 4YTO OIUIOJOTBOpEHHE (CIMSAHMUE SAWIEKIETKH U CIEpMaTO30U/[a)
IPOUCXOJUT BHE JKEHCKOro opranusma. I[IpoBoautcs 3a00p sSHIIEKIETOK, CIIEPMaTO30MI0B,
3aTeM MX CMEUIMBAIOT B YCJIOBUSX MAaKCUMaJbHO NPUOIMKEHHBIX K  YCJIOBHSM
YeJIOBEYECKOro opraHuzma. Yepe3 omnpeaesneHHbI TPOMEKYTOK BpPEMEHH IMPOBOAMUTCS
0oTOOp OIUIOJOTBOPEHHBIX SHIEKIETOK M MX JajbHEelllee KyJIbTUBUPOBaHUE. 3aTeM
SMOpPHUOHBI BBOJST B TOJOCTh MATKH, TJ€ MPOUCXOAMT HMMIUIAHTALMS W JlajbHEiIIee
paszButue. Jlyis BBINOJHEHUS NPEIUMIUIAHTAIMOHHOM JUArHOCTUKH OEpyT HECKOJIBbKO
KJIETOK 3MOpHOHa Tepe]l MMJIAHTAlMell W MPOBEPAIOT Ha OINpPECIICHHbIE T€HETHYECKHE
HapymieHusi. Tonbko AMOPUOHBI 0€3 TEeHETUYECKUX HApYIICHUW OYIyT BHEJAPEHBI B MATKY
JUTsl Hadaja OepeMEeHHOCTH.

Hpeucxa?,aTeanaﬂ AHATHOCTHKA U MPEACUMIITOMATHYECCKOEC TECTUPOBAHUE

[IpenckazarenpHas ¥ MPEICUMITOMATHYECKUE THUITBI JTUATHOCTUKH MCTOJB3YIOTCS IS

TOTO, 4TOObI OOHAPY)XUTh MYTHPOBAaHHBIA T€H, ACCOIMUPOBAHHBIM C 3a00JICBAaHUSIMH,
KOTOpBbIE TPOSBIIIOTCS TIOCTE POXKICHHS, Yalle ¢ BO3PACTOM. OTH TECThl MOTYT OBITh
MOJIC3HBIMU JIJIST UHJIUBHUIOB, B CEMbSX KOTOPBIX €CTh POJICTBEHHUKH C TCHETHYCCKUMH
3a00JI€eBaHUSAMHU, HO y ITHX WHIAWBHJIOB HET BUIAMMBIX IPU3HAKOB 3TOro 3a00JI€BaHUS B
MOMEHT jJuarHocTuku. [IpenckasarenbHass JUArHOCTHKA MOXET HWACHTU(OHUIIUMPOBATH
MyTaIlid, KOTOPbIE YBEJIMYMBAIOT PHUCK Ppa3BUTHUA Yy HWHAWBHAA 3a00JIeBaHUH C
TeHETHYECKUM KOMITOHCHTOM, THUITA ONIPEJISICHHBIX THIIOB pakKa.
[IpeacuMnroMaTHyeckoe TECTUPOBAHHUE MOXKET OIpeaeanuTh, OyJAeT U y 4YeJoBeKa
reHEeTHYECKOe 3a0oJieBaHME, THIIA TeMOXpoMaTo3 (HapymeHuss oOMeHa jKenes3a), Iepen
TEM KaK IOSBITCS MPU3HAKU WM CUMIITOMBI 3a00JIeBaHus. Pe3ynbTaThl peacka3aTeIbHOTO
U MPEJICUMITOMATHYCCKOTO0 TECTUPOBAHMK MOTYT J1aTh MH(MOPMAIMIO O PUCKE Pa3BUTHS Y
WHJIMBH/IA OTIPEICICHHOTO HAPYIIICHUS U MPUHATH CBOEBPEMEHHBIC MEPHI K TPO(PUITAKTHKE.

CyneOHasi ATMATHOCTHKA

Cynebnasi muarHoctuka win sKkcrieptu3a ucrnonbdyet JIHK-mocnemoBarensHOCTH, Y4TOOBI
UACHTUDUITUPOBATH UHANBUA JUTsl IOPUANMYECKHX 1efieil. B oTinuame oT TecToB, OmrCcaHHBIX
BBINIE, Cy/neOHasi DKCIepTHU3a HE 3aHUMAETCS MICHTU(UKAIMEH TeHHBIX MYyTaIlllii, KOTOPhIC
0o0yClaBIMBAIOT pPa3BUTHE 3a00JieBaHUS. OJTOT TUI TECTUPOBAHUSI HCMONIB3YETCS IS
UICHTU(PUKAIMU  KEPTB  KatacTpodbl WIM TOPECTYIUICHUH, s HUACHTHU(PUKAIUU
MPECTYIMHUKOB HJIM TOJI03PEBAEMBIX B COBEPUIEHWU IMPOTUBOIPABHBIX NECUCTBUM, WU IS
TOr0, YTOOBbl YCTAHOBUTH CTENEHb OMOJOTMYECKOrO0 POJACTBA MEXKIY JIIOAbMU (HampUMED:
OTILIOBCTBO, MAaT€PUHCTBO, MOJIMEHY JE€TEM).



Yro naroT pe3yabTaTbl TEHETHYECKHUX TECTOB?

Pe3ynbraTthl T€HETHYECKUX TECTOB HEBCErJa MOKHO NPSAMOJIMHEHMHO WHTEPIPETHPOBATH.
[ToaToMy, Ba)XHO [JIsl MALIMEHTOB M MX CEMbH 3aJlaTh BOMPOCHI O 3HAYEHUH U 3HAUYMMOCTHU
IreHeTHYEeCKOro TecTa Kak J0, TaK W IOcCJe TOoro, Kak TecT ObuUl BbloNHEH. [lpu
MHTEPNpETaluy pe3yibTaTa CHEIUAIUCThl I'€HETHUKU H3Y4aloT MEJIULUHCKYI0 HCTOPHIO
4eJI0BEKa, CEMEMHYI0 UCTOPHIO, U TUI TEHETUYECKOIO TECTA.

[TonoxxuTenbHBIA pe3ynbTaT TecTa O3HAYaeT, 4YTO JIabopaTopusi HAlLIa H3MEHEHHE B
cHenM(pHUUEcKOM I'eHe, XpoOMOcoMe, Win Oeike. B 3aBUCUMOCTH OT 1€/ IIPOBEAEHHOT O

KaxoBa mosib3a OT reHeTH4eCKHX TeCTOB?

['eneTnyeckre TeCcThl B JIFOOOM Cilydae IIOJIC3HBI BHE 3aBUCUMOCTH OT TOTO KaKHe
pe3yabTaThl TeHETUYECKOTO TECTUPOBAHUS TMOJY4YeHbl. Pe3ynbTaThl 3THX TECTOB JAlOT
YBEPEHHOCTh WHJMBHUAY TMPU HEOINPEJEICHHON CUTyalluHd, a TaKXe TMO3BOJSIOT MPUHSTH
000CHOBaHHOE pEIICHHUS JIs JITAHUPOBAHUS CEMbH M 3a00ThI O CBOEM 3710poBhe. Hanpumep,
OTPHUIIATENIBHBIM PE3YJIbTAT JIeJIaeT HEHYKHBIM JaJIbHEHIIIee TECTUPOBAHUE U TEHETUYECKUIN
CKPUHUHT B HEKOTOPBIX ciydasX. [1on0xKuTenbHbINA pe3yabTaT MOKET HAIIPABUTh UHIUBHIA
K JOCTYIHBIM MepaM MNpOQPUIAKTUKHA, KOHTPOJIO U BapuUaHTaM JedeHHUs 3a00JIeBaHUS.
Hekoropbie pe3ynbTaThl MOTYT TaKKe MOMOYb MPUHSATH PEIICHUS O BO3MOXHOCTH HMETh
neteil. CKpUHUHT HOBOPOXKIEHHBIX MOKET BBIIBUTH T€HETHUYECKUE OTKIOHEHUS HA paHHEM
ATarne >KU3HU JJI TOTO, YTOOBI KaK MOKHO PaHbIlIe MPUCTYIHUTH K JICUCHUIO.

I'EHOTEPAIIUA
Yro Takoe renorepanus?

I'enomepanus - >kciepuMeEHTaIbHAs TEXHOJIOTHS, KOTOpas OCHOBaHA HA UCIIOJIb30BaHUE
T€HOB, YTOOBI JICYUTh WIIU MPEIOTBPATUTH pa3BUTHE Ooyie3HU. B Oymyiem 3Ta TeXHOJIOTUS
MOXXET TO3BOJIUTH BpauaM JICYUTHh 3a00JICBaHUS 32 CUYET BCTABKU ‘‘TIPAaBHJIBHOTO’ TEHAa B
KJIETKH TaIMeHTa BMECTO TOTO YTOOBI HCIIOJNIB30BaTh JIEKAPCTBA WM OIEpaIvu.
NccnenoBatenu BhIAEIAIOT HECKOIBKO MOJX0/I0B B TEHOTEPAIIUH:
3aMeHa W3MEHEHHOTO T'eHa, KOTOPHIM BBI3BIBACT OOJE3Hb HA 370POBYIO, HOPMAIBHYIO
KOIHIO TeHa.

Hnaxmueuposanue, wiv “BBIKIIOUYECHUE W3MEHEHHOTO TE€HA, KOTOPBIH (YHKIIMOHUPYET
HEHaJIeXKaIM 00pa3oMm.

BBon (BHEApEeHME) HOBOTO T€HA B OPTaHU3M JjIsi 00pPHOBI C OOJIE3HBIO.

XOoTs TreHoTepanusi - MHOrOOOEMIAoIIasl TEXHOJOTUsS JICYEHUsST MHOXECTBa Oo0Je3He
(BKJIFOUAsi HACJIEACTBEHHbIE 0O0JIE3HU, HEKOTOPBIE THUIMBI paka U OMPENIEICHHBIX BUPYCHBIX
MHQEKIM), TEXHOJOTHS OCTaeTCS OIMACHOW M HAaXOIUTCS BCE €Ile B CTAJUM HAYYHOU
pa3pabOTKH, TMOTOMY UYTO HEOOXOJUMO YyIOCTOBEPUTHCS B €€ O€30MacCHOCTH U
s extrBHOCTU. ['eHOTEpanus B HacTosIIee Bpemsi pa3padaTbiBaeTcs sl 3a00J€BaHUIA,
KOTOpPbI€ HE UMEIOT HUKAKOTO JICYCHUSI.



Kak pa0Goraer renorepanus?

OcHOBHas 11eNIb TEHOTEPANIMU - BBEICHUE TEHETUUYECKOTO MaTepHaia B KIIETKM OpraHU3Ma
JUIsl KOMIIEHCALlMM WM3MEHEHHBIX T€HOB WJIM CHUHTe3a HeoOxoaumoro Oenka B Hux. Ecnm
MPOJYKTOM MYTHPOBAHHOI'O T€Ha SIBIsETCS Ae(PEKTHBIM OEloK, TO reHOTeparus npeajaraet
BBEJICHHE HOPMAJbHOW KOMHHM 3TOrO K€ IeHa, C KOTOporo OyAeT CHHTE3UPOBAThCS
HOPMAJILHO (PYHKIIMOHUPYIOLIUNA OENOK.

I'en, KOTOpbIH BBEAEH HEMOCPEACTBEHHO B KIETKY, OOBIYHO HE (QYHKIHUOHUPYET.
Heo0Oxonum crienianbHO TEHETHUECKH CKOHCTPYHUPOBAHHBINM MEPEHOCUHK JJIs1 €0 IOCTaBKH,
KOTOpBIM Ha3bIBa€TCsl BEKTOPOM. HekoTopble BHPYCHI 4acTO MCIOJIB3YHOTCS Kak BEKTOPA,
MOTOMY YTO OHU MOTYT JOCTAaBUThb HOBBIM I'€H NMPU UHPUUUPOBAHUU (3aPA’KEHUN) KIIETKH.
OpHako BHpPYChl U3MEHEHBI TaKMM 00pa30M, YTO OHM HE MOTYT BBI3bIBaTH OOJIE3HH KOTI'Ja
HCIIOJIB3YIOTCS B JIIOAAX B KauyecTBE BEKTOPOB. HekoTopble TUIBI BHpYyCa, HalpUMED
PETPOBUPYCHI, BCTPAMBAIOT CBOM Te€HETHMYECKUl Marepuan (BKJIIOYash HOBBIM TeH) B
XpOMOCOMY KIIETKY. [Ipyrue Bupycol, Thna ageHoBupycsl, goctasisatoT JJHK B aapo kneTky,
Ho nipu 3ToM JJTHK He BcTpamBaeTcs B XxpoMocomy.

BexTop MoxkeT ObITh BBEJIEH BHYTPUBEHHO HETOCPEICTBEHHO B TKaHb TeJa yeioBeka. Mmu
o0Opaslbl KJIETOK MOTYT OBITh B3SThl W3 OpraHu3Ma TNalMeHTa, B KOTOpbIE 3aTeM B
7a00paTOPHBIX YCJIOBHUSIX BCTaBIIEH BEKTOp. 3aTeM KIETKH, CoJiepiKalliue BEeKTOop,
BO3BpallalOT ManueHTy. Eciay BcTaBka BEKTOpa MPOM3OILIA YCIEHUIHO, TO €CTh HOBBIM I'€H
BCTPOMJICS, TO CHHTE3UPYETCS ()YHKIMOHUPYIOIIHMA OEJIOK.

BooO1ie, nccienoBarenu JOHKHBI IPEOJIOJIETh MHOTO TEXHUYECKUX MIPOOIIEM, TPEkKIE YeM
TEHOTEpaIlisl CTAHET HKCIOJIB30BAaThCs B NPAKTUYECKUX LENAX I JedeHus. Hampumep,
YUY€HBIE JIOJDKHBI HAWTH ONTHUMANbHBIA MyTh TOCTABKH I'€HOB K CHEIM(PUUYECKUM KIETKaM
(ampecnasi goctaBka). OHM Takke JOJKHBI TapaHTUPOBAaTh, YTO HOBBIE TE€HBI TOYHO
KOHTPOJIUPYIOTCS TEJIOM.

Bupycsas Hoseit BupycHas
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HoBblii TeH BCTaBl€H B aJICHOBUPYCHBIA BEKTOP, KOTOPBIM UCIOJIB3YETCS, YTOOBI BBECTH
m3menennyo JIHK B uenoBeueckyto kieTky. Ecim unuIMpoBaHuEe MPONLIO YCHENIHO,
HOBBII reH OyJeT CUHTE3UPOBaTh GYHKIMOHAIBHBINA OEJIOK.

INMPOEKT 'EHOM YEJIOBEKA
YTo TaKoe - reaom?

I'enom - monueiit Ha6op JJHK opranusma, Bkiirouast Bce ero reHbl. Kaxxaplii reHom
COJIEP>KUT BCIO MHPOPMALINIO, HEOOXOIUMYIO JJIsi POCTa U MOAJIEPKaHUs Opranu3mMa. Y
YEJI0BEKa FEHOM COCTaBJISIET OKOJIO0 3 Muwunap/aa nap ocHoBanuid JJHK, koTtopbele HaxoasTcs
BO BCEX KJIETKaX, UMEIOLIUX AAPO.

I'EHOMHBIE NCCJUIEJOBAHUA

Caenymwouue mard B reHOMHbIX HCCJIeI0BAHUAX?

PacmmdpoBka renoma 4enoBeka ObLTa TOJBKO MEPBBIM IIarOM B MIOHUMAaHUU TOTO, KaKue
UHCTpYKIIUH, 3akoaupoBanHbie B JIHK, BeayT k yHKIIMOHUPOBAHUIO OpraHU3Ma 4ejOBEKa.
Crnenyromias ctajusi TEHOMHBIX HCCJIEIOBAaHUN COCTOUT B TOM, YTOOBI HAyaTh MOJydYaTh
3HauMMble 3HaHus oT nociegoaTenbHocT JIHK. MccnenoBanus, KOTOpble OCHOBBIBAIOTCS
Ha pesynbTaTtax IIpoekra ['eHoma UenoBeka, AT MOITHBIM XOJOM BO BCEM MUDE.

Lenu reHOMHBIX HCCIIEIOBAaHUI B HACTOSAIIEE BPEMS COCTOSIT B TOM, UTOOBI:

OnpenenuTs QYHKIMIO TEHOB U 3JIEMEHTOB, KOTOPHIE PETYIUPYIOT I'€HbI 110 BCEMY F€HOMY.

Haittn paznuuusa (Bapuauuu) B nociegoBarenbHocTtd JIHK nmromeir u omnpenenutrs ux
3HaueHue. CaMblii PACHpPOCTPAHEHHBIM TUI TEHETUYECKUX pa3IMuuid HU3BECTEH Kak
nonuMopusM eaquaudHoro Hykiaeotuaa uin SNP (mpousnocar “CHIIn). Otu mManenpkue
pasnuyMsl MOTYT TTOMOYb TIPe/icKa3aTh PUCK pa3BUTHs creludpuyeckux Oone3Hel yenoBeka
U €ro OTBET Ha OINPEIEICHHOE JICUCHHE.

BrisicHuTh 3X-MepHbBIE CTPYKTYPBI OEIKOB U HACHTUDHUIIMPOBATH UX (PYHKITHH.
Uccnenosats, kak JIHK u Oenku B3auMoneicTBYIOT APYT C APYTOM H C OKPYKAIOIIEH Cpeon.
Hcnonb3oBaTh CTpaTeruy Ha OCHOBE T€HOMA JIJISl paHHETO OOHAPY)KEHUs, TUAarHO3a U

ne4yeHus: 00Ne3HE.



Moaumopdu3Mbl eTMHNIHBIX HYKJI1e0THA0B (SNPS)?

[Tonmumopu3Mbl €TUHUYHBIX HYKJICOTHIO0B, YacTo HazbiBaecMble CHIIu, siBnstOTCS cambiM
pacIpOCTPAaHEHHBIM THUIIOM TE€HETUYECKOIO pPa3nuusg MEXAy MoabMu. Kaxaplii CHHII
MIPEACTABIISIET pa3IndKe B €IMHUYHOM cTaHaapTHOM Osoke JIHK, Ha3BaHHOM HYKJICOTHIOM.
CHun 5T0 3aMeHa HykjIeoTHaa, Hampumep, uto3uHa (C) Ha wykieotua TumuH (T) B
onpeaenennom mecte B JIHK nocnenoBarensHOCTH.

Cunbl 00b14HO BeTpeuaroTes 1o Beer JJHK yenoexa. OHM BCTpeyaroTcs B CpeTHEM KaxKIbIe
300 HykseoTHAOB, YTO O3HavaeT npumepHo 10 mumnuono CHIIu Ha reHOM yenoBeka.

OObuHO 5TH paznuuus (Bapuaiuu) Jokanusytorcs B JIHK mocnemoBatebHOCTH MEXTY
reHamMu. OHU MOTYT HCIOJB30BAThCA KaK OMOJOTUYECKUE MapKephbl, TOMOTAIOIINE YUYECHBIM
OTpPENIeNIUTh MECTOHAXOXJCHHUE TEHOB, KOTOphble CBsa3aHHbI ¢ Oojye3Hblo. Korma CHIIu
HAxXOJATCSl B TpejesiaX T'eHa WM B peryJupyloilei o0JacTd reHa, OHM MOTYT UTpaTh
IPSIMYIO POJIb B Pa3BUTHUM OOJIE3HU, TAK KAK MOXKET U3MEHSATHCS (DYHKITUS TeHa.
bonemuuctBo CHIIu He umeer Hukakoro 3¢dexra Ha 310pOBbE UEOBEKa WU €ro
pazBurue. HexkoTopele W3 OSTUX TEHETHYECKUX pa3IM4uii, OJHAKO, MOTYT OKa3aThbCs
OYECHb BAXXHBIMU MCCJEIOBAHUU 3J0poBbsi uenoBeka. Hccnepoarenu nHanum CHIIu,
KOTOphIE MOTYT TOMOYb IIpEJCKa3aTh OTBET YEJIOBEKAa Ha OIPEJCIICHHBIE JIEKapCTBa,
BOCITPUUMUYHMBOCTh K DKOJIOTHYECKUM (haKTOpaMm, THUIA TOKCHMHOB, a TAKXKE PUCK Pa3BUTHE
cneruuyeckux Oone3Heil. CHUIBI MOTYT TaKkKe HCIOJIB30BAThCS JUIsl TOTO, YTOOBI
OTCIEAUTH HACIE0OBaHUE I'eHOB 00JIe3HH B mpezenax cemeil. CoBpeMeHHbIE UCCIeI0BaHNUS
HaresieHbl Ha BeisicHeHue cBa3u CHIIu co cnoskHbIMU O0Je3HSIMU, THIIAa HHPAPKT MUOKapAa,
nrabeT u pax.

I'eHom-accoumupoBaHHbIE HCCAeA0BAHMS ?

I'eHOM-accOIMUPOBaHHBIE UCCIEAOBAHUSA - OTHOCUTEIBHO HOBBIM MYTh JUISl YYEHBIX JJIS
TOT0, YTOOBI BBISIBUTH T'€HbI, aCCOIIMMPOBAHHBIE C OOJIE3HIMU YeJIOBEeKa. ITOT METOJ UIIET B
reHOMEe TOTUMOP(PHU3MBI €AUHUYHOTO HYKJICOTHIA WIM CHHUIA, KOTOpble HamOoJiee 4acTo
BCTPEYAIOTCS Y JIIOJIEH CO cenupuIecKuMU 3a00JIeBaHUSIMU (SKCTIEpUMEHTaJIbHAs TPYIINa)
10 CPABHEHUIO C JIIOABMH 0e3 0ose3Hu (KOHTpoabHas rpymma). [Ipu kaxaom ucciaenoBaHum
OJITHOMOMEHTHO B Ka)KJIoM 00pa3iie n3ydarorcs cotHu uian Teicsiyn CHIIu. MccnemoBarenu
WCIIOJIB3YIOT JaHHBIE OT JTOTO THUIA HCCIEAOBAHHS, YTOOBI TOYHO OIMPEJCITUTHh TEHBI,
KOTOpBIE MOTYT BHOCHTh CBOM BKJIaJl B PUCK Pa3BUTHS OMPEJICICHHBIX 3a00I€BaHUH.
[lockonbKy B T€HOM-AaCCOLMUPOBAHHBIX HccienoBanusx uccieayrorcas CHIIn mo Bcemy
T€HOMY, OHH SBJSIIOTCS JOCTaTOYHO WH(POPMATUBHBIMA B H3YYCHHUU CIOXKHBIX,
MyJIBTA(DAKTOPHBIX 3a00JIEBaHU.

O1oT moaxon yxe mno3Bonwi BeisiIBUTH CHIIW, KOTOpbIE accOUMMpPOBaHbl C HECKOJIbKUMU
CJIOHBIMH 3a00JICBAaHUSIMU, BKJTIOYas quadeT, nHbapkT muokapaa, bonesns [lapkuHcona u
6ose3ns KpoHna.
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