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«3araarkay aaga AHK

AxHOoTAHUA

B crarpe paccMOTpEHa TEXHHUKA AWArHOCTHUKH M ACYCHUA
TCHOBHUPYCHBIX 3200A€BaAHUN IIYTEM BBISIBACHHA H ITIOCACAYIOIICTO
BOCCTAaHOBACHMA (penapaum/l) AHOMAABHBIX XPOMOCOM.
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BBeaenue

OAHa U3 TEXHOAOTHI, UCIIOAB3YEMBIX aBTOPOM B IIOCACAHEE BpeMs
IIPY HCCACAOBAHUH AIOOBIX 3a00ACBAHUI, 3aKAFOYAETCA B PACCMOTPEHIH
COCTOSIHMA XPOMOCOMHOTO HaOOPa KOHKPETHBIX CHCTEM H/HAM OPraHOB.
[Tepetiaa k HAMOOAEE YACTOMY HCIIOAB3OBAHHIO 3TOIO METOAQ, aBTOP
HUTAE HE OITHCAaA ero ocobeHHoCTU. B pesyapraTe, Ipn 03HAKOMAEHHUH C
ONyOAMKOBAHHBIMU B HHTEPHETE MOHMH CTATHAMH, YBAKAEMBIH MHOIO
VIEHBII-MEAUK MATKO 3aMETHA, YTO MEAHIIMHA TOBOPUT O 23-X mapax
XPOMOCOM B XPOMOCOMHOM Ha0DOpE€ dYeAOBeuecKoro opranmsma. Ilpm
3TOM 22 mapel ABAAFOTCA AyTOCOMAMM, TO €CTh ITAPHBIMH XPOMOCOMAMH,
OAMHAKOBBIMHA Y MYKCKHX M JKEHCKHX OpPraHH3MOB, a 23-1 mapa
XapaKTeprU3yeT NPHHAAACKHOCTh K JKEHCKOMy mTOAy (XX) mAm K
myxckomy  (XY). Bo Bcex e MOHX CTaTbiX pPacCMaTPHBAETCA
XPOMOCOMHBIH Ha0Op, cocrofmuil u3 46 XpOMOCOM, 9YTO, KaK BHAUT
YUTATEAD, HE COOTBETCTBYET YTBEPHKACHHAM KAACCHYECKON MEAHITHHEL
[IpaBomMepHOCTH TAKOTO ITOAXOAQ C TO3HIHH HH(OPMAITHOHHO-
BoAHOBOI Meaurmuel (MIBM), a rtaxxe Bompocy pemapannn AHK
paccMaTpUBAEMBIM METOAOM M ITOCBSAIIIEHA HACTOAIIAS CTATBA.




XpOMOCOMHBIN HAOOP

EcAau mpeacTaBuTh XPOMOCOMHBIM HAOOp, PaCCMATPHUBAEMBIH C
nosuruii IBM, B Buae Habopa, cocrosmero us 23-x map, To OH OyAeT
BBITASIACTB CACAVIOIIIIM O0OPasoM:
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ITpexae Bcero, cAaeayer OTMETHTb, YTO 23-1 Iapa B KadecTse
HHAMKATOPA IIOAA AETUTHMHA TOABKO B o0mieM remome. Ecam
PacCMOTPETh XPOMOCOMHBIN HAOOp, HAIPHMEP, TIAd3 MYKIHUHBL H
KEHITIUHBI, TO 23-1 Iapa HUKAKOI'O OTHOIIEHUA K IOAOBBIM IIPH3HAKAM
nMerp He Oyaer. Tem He MeHee, IO HAIIEMy MHEHHIO, OOABIIHHCTBO
ITAPHBIX XPOMOCOM HE ABASFOTCA ayTOCOMAaMH. DTO OOBACHACTCA TEM,
YTO IPAKTUYCCKH OOABIIMHCTBO OPraHOB M CHCTEM HECyT Ha ceOe
11oAOBbIe ITpu3Hakd. CAGAYeT TakkKe 3aMETHTB, YTO U B MYKCKOM H B
KEHCKOM OPraHH3ME OTCYET XPOMOCOM HAYHHAETCHA C BEPXHEH CTPOKH.
Ilpy maAmdmnm B XPOMOCOMHOM HA0OOpE aAHOMAABHBIX XPOMOCOM
ITOHATHE «aYTOCOMBD» TEPAET CBOU CMBICA.

HarmoMHUM 9HTaTEAFO, YTO TAKOE AHOMAABHBIE XPOMOCOMBI C
mosummun - VIBM.  MIBM paccmarpmBaeT TreHOM — YeAOBEKAa KAk
TEHETUYIECKYIO CTPYKTYPY, COCTOAIIYIO U3 ABYX YacTed. I’ eHEr mepBoil ns
HHUX OOECIEeYNBAIOT HOPMAABHOE Pa3BUTHE OpraHH3Ma HYEAOBEKA OT
POMACHHA AO CMEPTH - OHTOreHe3. Bropas wacts mpeacraBasier coOOI
IpyIITy OOAE3HETBOPHBIX I'€HOB, PA3AHMYHBIX AAfA KAKAOIO YEAOBEKA —
matorere3. OHM HAKAIIAMBAIOTCS B I€HOME B TEUYEHHE MHOTHUX AET ITOA
BAHAHHEM BHEIITHUX WA BHYTPEHHHX HEOAATOIPHATHBIX YCAOBHM.
MexaHusm 0Opa3oOBaHUA TAKUX TE€HOB IIPEACTABASETCA HAM KaK MYTAIIUN
COOTBETCTBYIOIIUX XPOMOCOM IIEPBOM YACTH I€HOMAa M IIEPEBOA HX B
AHOMaABHOE  COCTOsSHHE. ['e€HBI, COOTBETCTBYIOIIIME AHOMAABHBIM
XpOMOCOMAM,  IIEPEXOAAT B pa3pAs  OoaesHeTBOpHBIX.  Hamm
YCTAHOBAEHO, YTO B COCTAaBE IIPOIPAMMBI, 3aAOKEHHOH B AIOOOM TEHE,
CyILECTBYyeT HH(MOPMAIIMOHHO-BOAHOBAS CTPYKTypa, Ha3BaHHAA HAMU
"renoBupycom'.




Ba>xHO moOHMMATH, YTO T'€HOBUPYCHI, PACCMATPUBAEMBIEC C
nozunmu MIBM, He ABAAIOTCA «OMOAOTHMYECKHMU CyOBEKTaMU», a
AU HA00pOM WHEPOPMAIMOHHO-BOAHOBBIX CTIPYKTYp. MHBIMHI
CAOBaMH, TI€HOBHUPYChI — 3TO HH(POPMALHNOHHO-BOAHOBBIE
00Ae3HETBOPHBIE CTPYKTYPHI, KOTOPBIE€ BBI3BIBAIOT B OPraHU3Me Te
’K€ IIATOAOTHMYECKHE OYaru, YTO M AA€KBATHBIE UM IO U3AYYECHUIO
ITPYHIIBbI Y)KUBBIX BUPYCOB.

OOHapyxeHHEe AaHOMAABHBIX XPOMOCOM HAYHHAETCA C IIPOBEPKH
XPOMOCOMHOrO Habopa reHTpasbHON HepBHOH cuctembl (LIHC) mpu
H3BECTHOM  AHMArfHose 3aboaeBanmsa. Ecam B 9TOH  CTIpyKIype
OOHAPY/KUBACTCA COOTBETCTBYIOIAA AHOMAABHAA XPOMOCOMa, TO OHA
00A3aTEAPHO OYAET TakkKe IIPUCYICTBOBATb M B OOACE MEAKHX,
roaunseHHbx [ITHC crpykTypax, TO €cTh B TaKuX, KaK IIPOMEKYTOUHBIH
MO3I, THIIIOKamII, kKopa roAaosHoro mosra. Ilocae HHHC mposepxke
IIOAAGKUT BEreTaTUBHAA HEPBHAA CHCTEMa, 4 3aTEM M IepudepHIecKas.
Takum 0Opa3soM, MOKHO BBIIBUTH BCE CHCTEMBI M OPIaHEBL, COACPIKAIIIHE B
XPOMOCOMHOM HaOOpEe aHOMAABHBEIE XPOMOCOMBI.

Tabauma 2
Mg 3aboneeanne/DonesHeHHoe | MCTOYHHE Nz xpomo- | Mpameyadne
nn COCTOAHME COMBI
1 OHKONOTHA len; 9 29 — pBa ageHoBMpYyCa,
GonesHeTBOPHBIE  HMINYYeHHA 9,29 OHKOBHPYC, LHTOMEra-
XOMNOAHNbHWER; NOEHPYC, EMPYC KOPOHA;
M3NY4YeHHA anoHa 9,34 2‘:; Bee [IHK u PHK supy-
2 Owaber 1 TANa len; Oea ageHoBHpYCa
BHpyCcHas aTaka 16
3 Tpemop len; [ea ageHoBMpYCa, BHPYC
BonesHs MapKHHCOHA 20 KOpOHA, BHpYC pPeTpo,
BHPYC KOKCAKW, BHpYC
ceMelCcTBa repnec
4 MunepToHKnyeckan Gonesus | NeH; 26-cMCTONMYECKoE QaB-
MoyeyHas HEQOCTATOMHOCTD; 26, 42 nexvne, 42- qWacTonMye-
CepaeyHand HeQOCTATOMHOCTh CKOE [JaBMNeHHe
5 MeonaTtoreHnan Bone3He | MeonaToreHHeIe 30HB! W HX H3- 27,3, 33 BosgencTEMe B NpeHa-
{IM-6onesnb) NY4EHMA TANbHOM COCTORHMM
[ BAC MeonaToreédHble 30HBI W HX M3- | 27,31,33,35 | NocnegnAas ctagwa TT-
NYYEHHA GonesHu
T Hapywenwe pBuratensHoW | [IMCOYHEUMA MECTHBIX MOTO- AneHoBHPYC, LUMTOMEra-
DYHELHK OTAEMNbHBLIX Opra- | HERPOHOB 32 noedpyc, PC-eMpyc
HOB
B BonesHe AnbureMmepa Men a7 OHK-eupycbi
Bupyc cemeWcTBa rep-
k] InNMNencHa Fen 38 nec, KOpOHa-EMpYC, BM-
pyc peTpo, BHPYC KOKCa-
KH
Bupyc cemeWcTBa rep-
10 BonesHe MapkMHCOHA Men 39 nec, KOPOHa BHPYC, BM-
pyc peTpo, BMPYC KOKCa-
KH
11 Monune, pobpokavyecTeen- | Bupycel 40 AneHoBWpYC, NaparpMn-
HbIE OMYXOMH NO3HLIA BMPYC, KOpOHa-
BHpYC

IMpumeaanne. [1od mepymurom «supycy, npumensemviy 6 mabauye 014
_y006cmea, caedyen nOHUMAMs «2eHOBUPYC», CVIb KOMIOPO2O npusedera vliide.
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[TpaxkTiKa HCCACAOBAHUA PA3AHMYHBIX OOAE3HEH M OOAE3HEHHBIX
cocrosani ¢ nosuruii VIBM mokasaaa, 910 aHOMaABHBIE XPOMOCOMBI
3aHUMAIOT, B OCHOBHOM, HO3MLMUA OT 24-i1 A0 46-1i. B TaGamme 2
IIPUBEACHBI HEKOTOPBIE PE3YABTATHl, IIOAYYCHHBIE aBTOPOM IIPH
MHOTOAETHEM HCCACAOBAHHM pPAAA OOAE3HEH, HX HMCTOYHUKOB U
OIIPEACACHHUA COOTBETCTBYIOIINX UM aHOMAABHBIX XPOMOCOM:

Kak BHAHO u3 TaOAHIBI 2, OOABIIIMHCTBO AHOMAABHBIX XPOMOCOM
HAXOAATCA BO BTOPOH CTpoke TabAnmer 1. OnmcaHHas TEXHOAOIUA AAET
BO3MOKHOCTb H3ACYCHHA AIOOOrO I€HOBHPYCHOIO 3a0OACBAHUSA ITyTEM
HOPMAAHM3AINN COOTBETCTBYIOIINX AHOMAABHBIX XPOMOCOM. Taxas
HOPMAAH3AIUA MOMKET OCYIIECTBAATHCA ABYMA HyTsAMH. [lepBerii - 210
M3MEHEHUE  3HAKA  IIOAAPU3AINH  AHOMAABHBIX ~ XPOMOCOM  C
OTPHUIIATEABHOIO HA IIOAOXKHUTEABHBIH C IIOMOIIBIO OHOAOKAIIMOHHO
TeXHUKH. BTOpod — HOpMaAm3arus aHOMAABHBIX XPOMOCOM IIyTEM
CO3AaHMA HA KOHEYHOM HoOcHTeAe HH(OPMAIIUN  CIIEIUAABHON
MATPHUIBL, COAEP/KAIIEH COOTBETCTBYIOIIYIO 3AOPOBYIO XPOMOCOMY.
[TurbeBas BOAQ, CTPYKTYPHPOBaHHAA C IIOMOIIBIO TAaKOW MATPHIIHL,
ABAACTCA A€IEOHBIM (DAKTOPOM, HOPMAAUSYFOIITUM AAHHYIO AHOMAABHYFO
xpomocomy. CAEAYET 3aMETHTB, YTO PE3YABTAT, ITOAYIAEMBIH IIEPBBIM
myTem, Aocturaercs 3a 6oaee Kopotkoe Bpems. Oba myTr 0becednBaroT
IIEPEBOA OOAE3HETBOPHBIX I€HOB W3 TIPYIIIBl IIATOTEHE3d B IPYIIIY
OHTOI€HE32, TO €CTb B TEHBI, PEAAH3YIOIIHE HOPMAABHOE Pa3BHUTHE
COOTBETCTBYIOIIUX OPraHOB U CHCTEM. TakumM OOpasoM, MBI ITOAYYIAEM
BO3MOKHOCTh M30aBAE€HHA OT MHOIMX 3200A€BAHUM, BbI3BIBAEMBIX
OOAE3HETBOPHBIMU reHamu. HcAm IpHUHATH BO BHHUMAHNE, YTO MyTAITUA
XPOMOCOMBI KAaKUM-AHOO BHEIIHUM HAH BHYTPEHHHUM (PAKTOPOM — 3TO
ecrb HE 9ro wmHOe, Kak mnoBpexaenme AHK, To mMexammsm
HOPMAAHU3AIUN AHOMAABHOH XPOMOCOMBI MOKHO C IIOAHBIM IIPaBOM
cantate pemaparueir AHK, 1o ectp ee BoccramoBacHmem. Ilpasaa,
AHOMAaAbHAf ~ XPOMOCOMAa  MOKET  fABUTbCA  HE  EANHCTBEHHBIM
IIATOAOTMYECKUM OdaroM, HapyimaroruM meaoctaocts AHK. B stom
CAyYae ee HOPMAaAM3AlMA HE IIPUBEACT K IOAHOI pemaparun. OAHAKO,
HA HAII B3TAfIA, IIO CPaBHEHHUIO C APYTHMH ITATOI€HHBIMH OYaraMu,
aHomaAbHaAg xpomocoma npusaocut B AHK mHanboasbiiiee paspyrenue.

Mse XOTE€AOCh OBl OTMETHTH CIIE OAHY BAKHYIO OCOOCHHOCTBH
ONMCBIBAEMOM TeXHOAOrmH. AeA0 B TOM, 4YTO, 3HAS 3HAYEHUSA
AHOMAaABHBIX XPOMOCOM IIPAKTHYECKHA HEHU3ACYUMBIX 3a00ACBaHUI,
TaKkux Kak 0oAe3Hb Aabnrefimepa, 6oaesub llapkuncona, sumaerrcusa u
APYIHX, MOKHO BBIIIOAHHTb WX PaHHIOIO AmarHoctuky. OHa
3aKAIOYAETCA B TOM, 9TO YK€ B CAMOM PAaHHEM BO3PACTE Y ACTEH MOMKHO
OOHAPY/KUTh HEAKTUBHBIC ICHBI, YTO TOMKE AHOMAABHBIE XPOMOCOMBI
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VKA3aHHBIX 3a00ACBAHHI. DTO AQE€T BO3MOMKHOCTH ITOCTABHTH TAKHX
ACTEHl Ha OCOOBIM VYeT C LEABIO IIPOBEACHHA IIEPHOAMYECKON HX
AHUCIIAHCEPHU3ALIN.

bes Bcaxoi 3aAHEN MBICAM HAIIOMHUM YHTATEAIO, 32 UTO OBIAQ
npucyxAeaa Hobeaeckas mpemus o xumun B 2015 roay - umeHHO 32
paspadorky Ttexnoaormit perapammun AHK. Ilpu srom HobGeaesckmit
KOMUTET OTMETHA BKAAA TPOUX YYCHBIX «B HCCACAOBAHHE MEXaHHU3MOB
BoccTaHoBAcHuA (pemaparmu) AHK — BaKHOM BHYTPHKAECTOYHOI
CHCTEMBI, HAIIEACHHON Ha IIOMCK M HCIPABACHHE MHOTOYHCAEHHBIX
ITIOBPEKACHHUI, BOZHHKAIOINX Ipu HOpMaAbHOU peraukarmun AHK B
KAETKE HAHU B PE3YABTATEC BO3ACHCTBHA (DU3MYECKHX HMAM XUMHYECKHX
arertoB. Hapyrenue paGoTel 9TOIM CHCTEMBI CBA3aHO C IIEABIM PAAOM
TKEABIX HACAECACTBEHHBIX OOAE3HEH, Aa M BOOOIIE, O3 Hee CAOKHBIE
OpMBI KHU3HH BpPAA AU OBl MOIAM CYIIECTBOBATB». ECAHM CpaBHUTDH
TEXHOAOTHMIO,  paspaboramnyro  HoOeaeBckumm — Aaypearamm, ¢
TEXHOAOTHEH, IIPEAAAra€MOIl aBTOPOM, TO MOKHO 3aMETHTh, YTO
ITOCAEGAHAA HAMHOTI'O IIPOIIE TEXHOAOTHH, IIPEAAOKEHHBIX nMu. OAHAKO,
K BEAHKOMY COMKAACHHIO, 3TA4 TEXHOAOIWA IIOKA HE MOXKET OBITh
BOCIIPON3BEACHA CIIEIIMAAMCTAMH KAACCHYECKON MEAHITHHEBI, B TO BpeMs
kak TexHorormun HoOeAeBckux — AaypeatoB  MOTYyT — IIOBCEMECTHO
BHEAPATHCSH B IIPAKTHKY.

3akAroueHue

B craTpe mokasaHa IIpaBOMEPHOCTH PACCMOTPEHHUA XPOMOCOMHOTO
HaOOpa cucTem, OpraHos, KAeTok 1 MoAekyA AHK B Buae 46 xpomocom,
a e B BuAc 23 map. Takoi IIOAXOA OOBACHAETCA TEM, YTO ITAPAAUIMA
KAACCHYECKOM MEAHLIAHEBL He COOTBETCTBYET HapaAurmMe
MHAOPMAITMOHHO-BOAHOBOH MEAHUIIMHEL DTO pa3AHMYHe OOOCHOBAHO B
[1]. Caeayer Takxke 3aMETHTh, YTO YAAACHHE OOAE3HETBOPHBIX T€HOB 13
I€HOMa YEAOBEKA IIPUBOAUT K YBEAUYCHHIO IIPOAOAKUTEABHOCTH
KU3HH, 9TO ABAACTCA HEMAAOBAKHBIM (PAKTOPOM B Pa3BUTHH BCErO
YeAOBEYECTBA.
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