Kyaa u 3a4em
MpeiraoT FreHbI?

Homaaun4vyeckas TEeopusa reHos






Kyna n 3auem lMNMpbiraror FeHb1?

HOMAJAUYECKASA TEOPHUSA T'EHOB

Mocxksa 2018



Kyna u 3auem Ipeirator T'enst? Homaauueckas teopus renos — Mocksa, 2018

Co BpeMEeHH OTKPBITHS IIOJIOBbIX XPOMOCOM CUMTACTCS, YTO OHM HEOOXOIHMMBI JUIS ONpeie/ieHHs
nona u odecrieueHus: cooTHoLIeHus 1osioB 1 : 1. A Tak nu 3107 KoHeuHo, [OJI0BbIE XPOMOCOMBL
JIeNAaoT | TO, M JApYroe, HO MOXKHO JIM Ha TOM OCHOBAHHMH CUMTATh, UTO B OTOM UX IVIaBHOE
(hynknmonansHoe 3HaueHue? Benk Ans  onpeneneHus Mona BIOMHE JOCTATOYHO OJIHOTO
ayrOCOMHOI0 reHa-Tpurrepa. Kakue reHbl JIOKaIM30BaHbl B ayTOCOMaX, KakHe—B X-XpOMOCOMe,
kakue—B Y? Kax MO)xHO 0OBsSICHUTE OCOOEHHOCTH KOHBIOTAlMY, KPOCCHHIOBEPA, TPAHCIOKALMH
WM KOHJICHCALMH TI0JIOBBIX XpoMocoM? OTBET Ha 3TH 1 MHOTHE APYIHe BOIPOCHI CONEPKATCA B
Deomoyuonnol meopuu nonoebix xpomocom (Homamudeckad Teopusi T€HOB), MPEIOHKEHHON
JIOKTOPOM OHONOTHYECKHX HayK BureHom ApraBaznoBuueM ['eoaksHOM.

Crpannw; x + 150. M. 30, Tadn. 10, 6ubnuorp. 304 Ha3s.

Iepeoe u3nanue: Anpens 2018

ISBN 978-0-9856620-8-0 (nevaTHoe U3naHue)
978-0-9856620-7-3 (PNEeKTPOHHOE U3JIAHHUE)

Cocraputens u penakrop: C. B. ['eoiaksn.

Marepuasibl, H3JI0KEHHBIE B KHHTE, MPE/ICTaBlIeHbl BHIDOPOUHO, M €CJIH B HHX COZEPIKATCS Kakue-
mudO YMyIEeHHs, TO OTBETCTBEHHOCTh 33 HHMX HECeT COCTABUTENk 3TOil paboTel. B ciyuae
BOIIPOCOB M HESICHOCTEH uuTaTelsiM cliedyeT o0pallaThes K OpUIMHAIBHBIM paboTaM, MepeueHb
KOTOPBIX MOYKHO HAHTH B CITHCKE THTCPATYPEL

© 2018 C. B. ['eooaxsn

AJtpec 21eKTpOHHOI modTsl: sgeod@yahoo.com



NPEOUCINOBUE

Iepsoie nybmuxanun Burena ApraBaznosuua [eopaksHa, mocesiigHHble pobrieme mona,
nosBUIKUCh B 1965 rony B cOopHUKax 1o npobiemam kubepHeTHKH. Torza e BbIILIA CTaThbs B
Hay4YHO-HOIY/ApHOM xypHase “Hayka u Xu3ues”. bnaronaps MUILIHOHHOMY THPaKY 3Ta CTaThs
HOJIyYUNIa IHPOKYIO U3BECTHOCTL M J0 CHX IIOP MHOIME y4EHBIC IIOMHAT HMEHHO €€ M TOJIBKO
ONIMH ACTICKT TEOPHH—KAK MOXKHO TMOBMMATH Ha mnon noroMcTBa. Onnako, 3a 45 mer
CYIIECTBOBAHHS, TEOPHs 3HAUMTETHLHO paciiupiiach, OCHOBHAS HJEs aCHHXPOHHOH IBOIHOITHH
IOJICKCTEM U B3IV HA Pa3/Ie/IbHONOIOCTb KAK Ha 3(QeKTHBHBI cllocoD 3BOJIOLMH, IPUBEIH K
CO3IaHMIO JIBYX HOBBIX Teopuii—acummerpuu Mosra (B 1980 r.) u natepansrocty (B 1993 1) u
IBOJTIOIMOHHON PONM TIONOBBIX XpoMmocoM (B 1996 1.). TeopHs MONOBBIX XPOMOCOM SBISAETCA
€CTECTBEHHBIM H30MOP(HBIM PACIITMPEHHEM TEOPHH M0J1a HA KIIETOUHBIH YPOBEHb.

B xHure cienaxa morbITKa U3/I0KMTh 3BOIIOLMOHHYIO TEOPHIO IIOJOBBIX XPOMOCOM C YYETOM
HOBBIX Pa3paloTOK M HAKOIUIEHHBIX K HACTOSIIEMY BPEMEHHM JaHHBIX. B mepBoii riaBe kpaTko
OMuUcaHa CTPYKTYpa W JBOJIIOIMA FeHOMa, BO BTOPOH IIaBe—>BOMIONHS TTOJIOBBIX XpoMocoM. B
TpeTheH TIIaBe M3I0KEHO COCTOSHHE MPOoDIeMBI MONOBBIX XPOMOCOM, HEMOHATHBIE SBIEHHS W
3araJKy, CyLIECTBYIOLIME TEOPHH H MX KpHTHKA. [ 71aBa 4 nocBAllleHa MOJIEKY/IAPHBIM OCHOBAM
I10JI0BOT0 JUMOp(pu3Ma.

I'naa 5 mnocesiiieHa 3BOMHOIMOHHONW TeopuH nosia. [naBer 6 W 7— anropHT™Mam nepenadu
XPOMOCOM U3 IOKOJIEHHUS B IIOKOJIEHHE, [71aBa 8—KaK CBA3aHO JBIMKEHHE MEHOB 110 XpOMOCOMaM
C 10J0BBIM JuMOp(U3MOM M 3BONHOLMEN Ipu3HakoB B duiorenese. [masa 9 mnocesineHa
[IPOBEPKE MOTOKEHUH TEOPHH II0JIA, CBA3AHHBIX C NpeoOpa30BaHUsAMHU FEHOB H POJUTENbCKHMU
sdbextamu, a rnasa 10—1poBepKe TCOPUH TCHOB.

B rnaBe 11 paccMoTpeHbl MeXaHH3Mbl pealu3alldd BCKPBITBIX 3aKoHOMepHocTed. OTaenbHO
[IPUBEJIEHBI [IPEACKA3aHMs, KOTOPbIE MOXKHO ClIEIaTh HA OCHOBE TEOPHH I'eHOB. B 3akimoueHuu
M3JI03KEHBI OCHOBHEIE MONOKEHHS TEOPHH I'EHOB.

OcHOBHOU 3afauell KHMUTM OBUIO IIOCIEJOBATENBHO M3JIOKUTH TEOPHIO MHOIOBBIX XPOMOCOM
MaKCHMaJIbHO COXpaHHB IIpH 3ToM cTwib crareil B. A. I'eonaxsna. Kuura He npereHayer Ha
[IOJIHOTY M3/10KEHUSI COBPEMEHHOI'O COCTOSIHMA MCCIIEOBaHUM B 0O0NAcTH I'€HETHKH I10J1a,
KOTOpPEIE MOKHO HAWTH B pssie MOHOTpathH.

Kuaura mnpenHasHayeHa YUeHbIM, MPENOAABATENAM, CTYIGHTAM H JAPYIHM CIELHAIMCTaM,
paboTarouuM B 00nacTH OHMONOTHH, EHETHKH, MEIUIMHBL, AHTPOIOIOIMH M MHOTHX IPYIHX
cMeKHBIX  obnmacTax. O3HAKOMHUTBCS € TONYJISPHBIM — M3JIOKCHHEM TCOPHM MOXHO  TIO
nyOnMKalMsaM B ra3erax M OKypHajlax, KOTOpbIE MOXHO HaHTH B KOHIIE KHUI'H, a TaKKe Ha
ouiHansHOM caiite Teopun (www.geodakian.com).



I'eonaxsn Buren ApraBaznoBuy

(25 HAnBaps 1925 r. — 9 Jlexadps 2012 1.).

buonor TeopeTHk. ABTOP 3BOJIFOLMOHHBIX TEOPHH I10J1a, [IOJIOBOTO ITMMOpP(H3Ma, TOHOCOM U
“HOMaIUUECKHX’ FeHOB, aCUMMETPHH OPTaHU3MOB, (PYHKIIHOHAIBHOH aCHMMETPHH MO3ra,
MAPHBIX OPTaHOB, IMC-TPAHC JIEBIIECTRA.
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BeepeHue

“O0n0oil U3 OCHOBHBIX 3a0aY MEOPEMUHECKO20 UCCAeO08AHLUS
& moboll 061acCmU 3HAHUA AGNACMCA VCIMAHOBNEeHIEe MAKOU
MOYKU 3penUsl, ¢ KOMOoPol 06bekm Ucciedoanus

RPOAGISAEM S ¢ MAKCUMATBHOU npocmomott.”
V. l'ub6c (Opanrgypm, @penx, 1964)

O BpPEMEHU OTKpPbITHA MOJIOBBIX XpomocoM (Max Kianr, 1901), cumuraercs, 4ro ux

OCHOBHas PONb—ONpEJeneHHe Mona W obecrnedeHHe COOTHOIEHHS monoB 1 : 1

(Mittwoch, 1967; Ohno 1967, 1979). A Tak nu 310? KoHeuHO, MOTOBBIE XPOMOCOMBI

JIeNat0T U TO U JPYroe, HO MOYKHO JIM Ha 3TOM OCHOBAHHMH CUMTATh, YTO 3TO UX IVIaBHbIC
¢ynkuuu? Bens Ui ompenenieHHs 10J1a BIIOJAHE JOCTATOYHO OJHOIO ayTOCOMHOIO IeHa-
TpUITepa, a4 COOTHOLIGHHE IOJOB | :1 aBTOMAaTM4ecKu IOMydaeTcs IpH CKPELMBAHHH
PELIECCHBHOI TOMO3HIOTBI € TETEPO3UroToi. Kpome Toro, Moil CYIIECTBOBAN M JI0 MOSBICHHUS
TOJIOBBIX XPOMOCOM M MHOTHE COBPEMEHHbIE Pa3/Ie/IbHONONbIE BH/IBI X HE UMEIOT.

B ueM 9BOMIOIMOHHBII CMBICI, JIOTMKA ayTOCOMHO-TOHOCOMHOH mupdepenimannn? Kakoit
MIPUHIMAI JIEKAT B e¢ ocHOBE? YTO al0T pazHble alnropuTMbI NoseaeHus xpomocom? IMouemy
ayTOCOMBI TIEpPeIatoTes OT POJMTENEH K TIOTOMCTBY HHCTO CIY4YaiHO, a TIOJIOBBIE XPOMOCOMBI—
110 0COOBIM MapHpyTamM: Y-XpoMocoMa OT OTLIA TOJIBKO ChIHY, 8 X-XpOMOCOMa—TOJIBKO JlouepH?
Kakue renbl 1oKaan30BaHbl B ayrocomax, Kakue—B X-XpoMocoMe, Kakue—B Y-Xpomocome?
Kak MoxHO 00BACHUTE 0COOEHHOCTH KOHBIOTAIIMK, KPOCCUHIOBEPA WITH KOHJIEHCAITMH TTOJOBBIX
XPOMOCOM B 3aBUCHMOCTH OT T10J1a M THITa FAMETHOCTH?

MebI MHOTO 3HaeM O paboTe FEHOB B XPOMOCOMAaX B OHTOT€HE3€, HO TMOYTH HHYEro He 3HaeM 00 HX
“o0pase ku3HK B reHoMe B (uitoresese. Beayr i onu ceds “oceuno’™ “poxnarorcess’”, “HHUBYT
paboTaroT M “yMHparoT’ B OJHOH XpPOMOCOME MIIM “KOYYIOT: pa3Hble (a3bl cBOEro (uoreHesa
MPOBOJAT B pasHbiX Xpomocomax? CymecTByer JIM 3aKOHOMEPHBIH “‘Mapuipyr’” TreHOB I10

xpomocomam? Eciu 1a, To kakoii?

Hakonumoce MHOTrO 3arajiok, IpOTHBOPEUMIi H [IPOCTO HOBBIX JAHHBIX, KOTOPBIE KIIACCHUYECKAs
TEOPHS TIOIOBBIX XPOMOCOM HE MOKET 00BACHUTE. [ToyeMy B HMX Tak MHOTO TPAHCIIO30HOB MITH
“npeiratomux reHos”? Jlo cuX 1op He sCHa poib caMHMX TpaHcro3oHoB. C MOMeHTa HMX
OTKpPBITHS,  TPAaHCIO30HBl  [IOCIENOBATEbHO  CYHTAIUCh  KOHTPOIHUPYIOIIHMHU,



BBEOEHME

3TOUCTUYHBIMH HJIH MapPasUTUYCCKUMH, MMOJYIapasUTHbIMH, KaK I[apasuTHbIMH, TakK H
I[I0JIE3HBIMH, U YMEHbIIaMUMH NpucnocodieHHocts Buaa (Le Rouzic, Capy, 2005).

OTBeThI HAa 3TH BONPOCHI HILYT HA TeHHOM ypoBHe. O/IHAKO, HE MOHUMAas IBOJIFOIMOHHOH POIH
KOPEHHOI'O SBJICHUS—IIONA, HEBO3MOMKHO IOHSATh M MHOTHC CBS3aHHBIC C HHMM SIBJICHHS, M B
YACTHOCTH, POJIb OJIOBBIX XPOMOCOM.

B 1965 r. B. 'eonaksH, npeyioku 3B0MIONHOHHYIO TPAKTOBKY MONOBOH AuddepeHInanim Kak
CIELUATH3ALIUIO 110 ATbTEPHATHBHBIM IBOIIONMOHHLIM 3a/1a4am coxpadenus (C) v u3mMeHeHHsI
(M) nonymsauuu. PasneneHue Ha 1Ba I0J1a, KOTOPOE Mbl IPHUBBIKIM CYMTATh A(PQEKTUBHBIM
cnocobom pazmnoxcenus, Ieomoyuonnas Teopus ITona TpakTyeT kak >(peKTHBHBIN cnocob
asomoyun (l'eopakan, 1989,1991). Takoii B3mIs MO3BOMSAET, COOTBETCTBEHHO, MO-HOBOMY
TPaKTOBAaTh H BCE TMOHATHS, CBSI3aHHBIC C TOJOM: MONOBOH MUMOP(3M, COOTHOMICHHE TIONOB,
TOJIOBBIE XPOMOCOMBI, TOJIOBBIC FOPMOHBI H JIP., KOTOPBIE TAKKE NPHOOPETANT I60MOUUOHHDIL
CMBICT.



Mmasa1

Crmpykrypa reHoma

naBa He TPETCHAYET HA TIOMHOTY M3JIOKCHHS COBPEMEHHOTO COCTOSHHS HCCIICTOBAHUIM

CTPYKTYPhI T€HOMa, KOTOPbIE MOMKHO HaWTH B psje MoHorpaduii u od3opos (Cunrep,

bepr, 1998; Kumynes, 2007; Brown, 2002). [log reHOMOM MOHMMAIOT COBOKYITHOCTE

Bcell reHerudeckodl uHbopmauuu opraHusma. Oto cymmapsas JIHK ramtonasoro
Habopa XpOMOCOM M BHEXPOMOCOMHBIX TEHETHHIECKHX HIEMEHTOB.

leHombI NpokapuoT

IIpokapuots! (apxen H OaKTepHH) HE UMEIOT XPOMOCOM B COOCTBEHHOM CMBICIIE ATOTO CI0Ba. Y
OOJIBIIMHCTBA W3 HUX B KIIETKE MMEETCS TONBKO ofiHa Makpomonekyna JIHK, 3aMkHyTas B KonbIo
(nykneoun). VY psna Oakrepuil  oOHapyxKeHbl JIMHEHHBbIE (HE 3aMKHYTHIE B KOIbBLO)
maxpomonekynsl JIHK. [Tpokaprorsl 00bau0 copepxar Toabko onny konuio JIHK Ha kierky, u
[IOYTH BO BCEX CIIyqasx B Kaxaoi monekyne JHK npucyrcrByer i oHa KOsl JIoOOro reHa.
Kpome peryniropHbIX M CHUTHaTbHBIX [OCIEAOBAaTENbHOCTEH B mpokapuoruueckoit JHK
BCTpeuaercs JIOBOJILHO M0 MOIYANIMX, TO €CTh HETpaHCIUpyeMblX, y4acTkos. llomumo
HyKIIeOMJa MM JUHeHHbIX Makpomonekyrn, JIHK Moxer npucyrcrsoBaTb B LUTOILIA3ME
MPOKAPHOTHBIX KJIETOK B BHJE HEOOJNbIIMX 3aMKHYTHIX B kojblo moyekyn JIHK, rtak
Ha3bIBAEMBIX LJIa3MU]I, COJIEPKaIMX 0OBIMHO HE3HAUUTEILHOE, [10 CPABHEHUIO ¢ DaKTepHaIbHOM
XpoMOcOMOH, umncno reHor. CocTaB mnasMul MOXKET OBITh HEMOCTOSHEH, OaKTEpHH MOTyT
00OMEHMBATHCA TJIA3MHJIAMH B X0/1€ [apaceKCyall-HOTo MpoLecca.

JlaHHBIC TCHOMHKH TIO3BOJITIOT CUHTATh, YTO B XO/IC DBOTIONHMH MPOKAPHOT MPOHCXOAMITH TEHHBIC
[IEPEHOCH! KAK BHYTPH LIAPCTB, TAK M MEXKIY HUMH (TOPH30HTAILHBIN NepeHoe reHoB). B cocrase
npuodpeTennsix cermentor /IHK wacto obnapyxusaroTcs npodiary, miasMujsl, reHbl OEKOoR,
YYaCTBYIOIIMX B Mpoleccax pekoMOuHaimu. ['Opu3OHTAIbHAS Tepeadya reHOB peau3yercs
yepe3 [IPOLECChl KOHBIOTALMHY, TPAHCIYKLUHH, TpaHC(OpMAaLMi U HPOLECChl IePeHOCA [CHOB B
COCTABEC TUIA3MHJ, BHPYCOB M MOOMIBHBIX DIEMEHTOB. AKTHBHBIH TEPEHOC TCHOB MOMKET
MPOHCXOJNTE B CHMOHOTHHMECKHX M MapasHTapHBIXCHCTEMAX, TIAC €CTh (HM3MHMECKHil KOHTAKT
KneTok. bakrepuu, cnocoOHble K KOHBIOTAIMH, MOTYT BBOAUTH cBolo JIHK He Tonmbko B kietku
JIPYTUX IPOKAPUOT, HO U B 3YKAPHOTHUECKHE KIIETKH.
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MeHombI aykapuor

T'enoMbl 2yKapHOT COCTOAT M3 SIEPHOIO U IeHOMAa MUTOXOHJpHH. ['eHeTHYecKWH armapar
9YKapHOTHYECKOH KIIETKH 000c00IeH B BHJIE KIIETOYHOTO S/1pa, BHYTPH KOTOPOTO PACTIONArarTcs
OCHOBHbIE HOCHTEIU HACJIEICTBEHHOCTH—XPOMOCOMBI. Komuyectso XPOMOCOM
BUAOCTICIM(DUYHO U KOIeDIeTCes OT ABYX (JIOLIaHHAS ACKAPHAA) 10 ThICSYM (HU3IIME PACTCHHS).
DYKapuOTHYECKHH SEPHBII T'€HOM COJIEPKUT CMECh TeHOB apXeHHoro M OakTepHaTLHOTO
TIPOUCXOKIEHHS, KOTOpbIe OOBEJIMHWINCh HA PAHHHX ATarax CTAHORBJIEHHs 3YKapHOTHUECKOH
wierkn. [losiBieHre  MoJOBOTO  IIpolgcca B PE3yNbTaTe  IBONIOIMH  MEXaHH3MOB
MEXKOPraHM3MEHHOII pEeKOMOMHAIIMH MOXKHO paccCMaTpUBaTh KAaK BAPUAHT TOPU30HTAILHOIO
oOMeHa reHamu, TOJIBKO TpH TOJOBOM TIpolecce OOBLEIMHAITCA M PEKOMOMHHMPYIOT HE
(hparmMeHTEI TeHOMOB, a 1enble reHoMbl (Mapxog, 2008).

XapaxkTepHoil 0cOOSHHOCTBIO T'€HOMa 3YKapHoT sABisgercs H30brrounocts JIHK, kommuectBo
KOTOpPOH HAMHOIO IPEBBIIAET TO, KOTOPOE HEOOXOAMMO [UI KOIMPOBAHHA CTPYKTYPHL
KIETOYHBIX OenkoB. OnHOH M3 NMPUYHWH W3OBITOYHOCTH SABISAETCA HAINWYWE MOBTOPSIONIMXCA
[OCIEeI0BATENBLHOCTEN HYIIIEOTHAOB. B coctaBe sykapuotnueckoi JJHK mpucyTcTBYIOT 1Ba THIIA
[IOBTOPOB—YMEPEHHO-TIOBTOPSAIOIIUECH H BBICOKOIIOBTOPSAIOIIIUECS.

Mo6unbHble aneMeHTbl

MoOuIIBEHBIE 3JIEMEHTHI FEHOMa YpE3BbIYaHHO pacipoCcTpaHeHs! B KUBOMH npupojie. B HacTosiee
BpeMsl OHH OOHApY;KCHbl BO BCEX M3YHYEHHbBIX JKMBBIX OpraHM3Max—oT OakTepuil 10
MJICKOTIMTAIONMX. Y YeloBeKa Ha ux jomo npuxonutes 6onee 40% nocnenoparensnoctu JJTHK.
YBenuueHue pasMepa reHoMa Kak IPaBWIO CBA3aHO C YBEIMUYEHHEM KOJIMYECTBA MOOMIIBHBIX
neMeHTOB. MX BHYTpEHHME peryasiTOpHbIE YaCTH MOT'YT BBICTYNATh KaK PErYISITOPbI SKCIPECCHH
111 OJIMBJIEKALIHX T€HOB.

HO,Z[BI/DKHLI@ DJICMCHTLI I'CHOMA Y BBICHIUX OPraHU3MOB IMTPUHATO JICITUTL HA /IBA OOJIBIINX KJlacca:
JHK-Ttpancno3onsl W peTpoTpaHCcio3oHbl.  PerpoTpaHCro3oHbl  ABIAIOTCH  OKIACCOM
TPAHCIIO30HOB. PeTpoTpaHCro30HbBl IHMPOKO pacripocTpaHeHsl y pactenuid. llpumepro 42%
I'€HOMA YEJIOBEKa COCTOUT U3 PETPOTPAHCIIO30HOB, U 0koIIo 2—3% —u3 J{HK-rpaHcnosoHoB.

MHCEPIHHMOHHBIE HIOCINENOBATEJBHOCTH

DTO caMble IPOCTHIE TPAHCIIOZHLIHOHHBIE 3eMEHTl. OHM HE HECYT HMKAKOH I'€HETHUYECKOH
uH(popMaIHK, 32 UCKITIOYEHHEM TOMH, KoTopas HeobxoauMa s Tpancrnosuiyu. Huceprmonnsre
NOCIIe0BaTeNbHOCTH ObLIN OOHApy KeHb! B OakTepuax, OakrepHodarax, IIasMuIax i KyKypyse.

TPAHCITO30HBI

Tpancno3oHs! yCTpoeHBl Ooliee CIOKHO: B HHUX BKJIIOYEHbl HEKOTOPBIE TE€HBI, HE HMEIOLINE
OTHOIICHMS K TPOIECCY TPAHCTO3HIMKH. F3BECTHBI TPAHCMO30HBL, CONCPKAIME TCHBI
YCTOHYMBOCTH K aHTHOMOTHKAM, HOHAM TSKEIBIX META/UIOB U JApYruM HHruouTopam, C MoMeHTa
HX OTKPLITUA, TPAHCIIO30HbI MOCIEN0BATENBHO CYATAITIUCHh KOHTPOJIUPYIOIUMU, SIrOUCTHUYHBIMH
win  napasutudeckumu  (Orgel, Crick, 1980), nomynapasutaeivu  (Hickey, 1982), kax
Mapa3UTHBIMH, TaK W TIONE3HBIMH, W YMEHBINAIONMMH TIpHcriocobnenHocTs BHAa (Vinogradov,

2003).

TpancrnoHupyeMsle 371€MEHTbI 00pa3yloT “HOcCafoyHble MOJIOCH” UL APYTUX TakKux ke
JIEMEHTOB, [IOYTH BCE BCTABKK TPAHCIIO30HOB HAX0/ATCsA B ele Oonee paHHUX BeraBkax (Walbot,
Petrov, 2001). Tlpu 5ToM, HOpMaIbHBIE TEHB HE OBUTM 3aTPOHYTHl  BKIIOUEHHEM
PETPOTPAHCIIO30HOB.
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TpaHCIO30HBI MOTYT BIIMATH HA CTPYKTYPY M (DYHKIIMH FE€HOB MYTEM BBIKIIIOYEHHS] H H3MEHEHHS
(byHKIMH, U3MEHEHHS CTPYKTYpbl T€HOB, MOOMIM3ALMY M peopraHu3auuy (pparMeHTOB I'eHOB U
M3MCHEHUS DMIHUTEHETHYEeCKOro KoHTposs renos (Lisch, 2013).

PETPOTPAHCIIO30OHBI

Petpotpancnosons! nepemernarores npu nomoniu ceoeil PHK-konun, ¢ kotopoii cuntesupyeres
JHK. THK 3arem BcTapnsieTcsi B TEHOM METOIOM “KOMUPOBATh M BcTaBuTh (Baillie et al. 2011).
Pesynbrarhl yKasblBalOT Ha IIOBBILIEHHYI0 CKOPOCThL MYyTal{ii B PEeTpPOTPAHCIIO30HAX I10
cpaBHeHuto ¢ reHamu (SanMiguel et al. 1998; Walbot, Petrov, 2001).

TaHAeMHO NOBTOPAIOLMECH NOCNEAOBATEeNbHOCTH

TanpemMHo  noBropsrouMecs — nochenoearensHocTH  (tandem  repeated  sequenses)—
MOC/IEAOBATEIBHOCTH MoBTOpsitomuxcst gpparmentoB JJHK-—o10 00mas ocoOeHHOCTL TeHOMOB
KaK MPOKAPUOT, TAK 1 3YKapuOT. TaHIeMHbIC TIOBTOPBI PA3MYAOTC TIO YaCTOTE HA YHHKAIBHBIC,
YMEPEHHbIE H BHICOKOMOBTOPsitoIHecs. CTPYKTYPHO OHHM MOI'YT PACHONAraThCsl BIUIOTHYIO IPYT
JOpyry wis pa30OpocaHsl 1o reHomy. llpesonaraercs, 4To OHM MOTYT HIPaTh POJb B PEryJisiliMd
AKTUBHOCTH I'€HOB.

Manunugpombl

JHK »sykapuoT coIep:KMT MHOMKECTBO NAIMHAPOMHBIX IOCIEOBATEIbHOCTE—CMEKHBIX
HMHBEPTUPOBAHHBIX OBTOPOB, OJJMHAKOBO CYUTHIBAIOIIMXCS U B IEBOM HANpPAaBICHHH OHOH LIeNU
W B NPaBOM HampaBleHUH Apyrod nend. [ammuapomsl 0b1aaar0T oceBoil cMMMETpHE ¢ OChIO
CHMMETPUM BTOPOIO MOPsA/KA IPOXOIALIEH yepe3 IeHTpasbHyto Touky. OcHOBaHHA NaTUHIpOMA
00pa3yroT napbl Mexay LersmMu. Eciau napbl ocHOBaHMH 00pasyloTCsi He MEXIy LEIAMH, a
BHYTPH KazK/I0H W3 LIETeH, BO3HHKAET KpecTooOpasHas CTpyKTypa.

YnerpakoHcepBatuBHble anemeHTbl [JHK

Yuacrkn  JHK, noxoxkuwe y  pasHbIX  BHMJOB,  HAasblBAIOT  KOHCEPBATHUBHBIMH.
VYIIbTpakOHCEPBATUBHBIE YYACTKM IOJHOCTBIO MAEHTHYHBI Y HEPOACTBEHHBIX BHI0B. OHU
OTHOCATCA K HEKOJHUPYIOIIHM KOHCEPBATHBHBIM IMOCIEN0BATEILHOCTAM ILHK M OTIIMYAKTCA TEM,
YTO HE JIOMYCKAIOT BHYTPH cebs HUKakux Mytanuid. Eciim npomssectd cpaBHEHHE JBYX
[IOCIIEI0BATENBHOCTEH, TO Ha OOBIYHBIX KOHCEPBATHBHBIX Y4acTKax Mbl OyzeM 3aMeuaTb Kakue-
TO TOYCYHBIC MYTAlMM M pasmuuus Bce ke Oyayr. OueHp MHOrHE H3 OOHAPYKCHHBIX
VABTPAKOHCEPBATUBHBIX ~ 3JEMEHTOB  HE  UMEIOT  OTHOMICHHA K  KOAMPOBAHUIO
THocjienoBaTeNbHOCTEH OeIKoB.

MuroxoHppuanbHaa [JJHK

MHTOXOH,[[pHB.HbeIe T€HOMBI 06Ha,[[a}OT HEKOTOPLIMHU  OTIIMYUAMH  OT sAJEPHBLIX T[C€HOMOB
sykapuoT. OHM OOBIYHO KPYIOBbIE, HE PEKOMOMHUPYIOT M IPUCYICTBYIOT B HECKOJIBKUX
ax3emmuApax. Muroxonapuanshas JIHK nzmensiercs 3naunTensHo ObicTpee, yem anepras JTHK.
Ona nepefaercst TOMLKO MO MaTepUHCKOH JHHMH, Kaxaas »KeHIMHa >KHBYIIAs CEerofHs
MOTYYHIIA CBOH MUTOXOH/IPHH OT CBOEH MaTepu. Y YenoBeka reHOM MHTOXOHJPHH copepxuT 37
IFEHOB Ha O/IHOM KOJIBLIEBOM XpOMOcOMe. MHOIHE MUTOXOHAPHAIBHBIE I'€Hbl COTHH MHIJITMOHOB
JeT Hasza] ObUIM B3ATHI B SJPO KJIETKH, e OHU HAXOAATCA 107 CTPOrMM KOHTposeM. I'eHom
yermoBeka cofepikuT Takke Oonmee 200 MHUTOXOHIPHATBHBIX TEHETHHECKMX (DParMeHTOB,
eIMHCTBeHHas (DYHKIMA KOTOpbIX 3T0 BocmpousBemenue (Ricchetti et al, 2004). V¥
MapazUTHYECKHX WU JNHGUTHBIX pacTeHHd (HeoOXoaUM TeCHBIH (QU3MYECKUH KOHTAKT)
OINKCaHb! CIy4ay FOPU30HTAIBHOIO NEPEHOCa MUTOXOHPHAIBHBIX T€HOB OT OJHOI'O PAaCTEHUs K
npyromy (Richardson, Palmer, 2007).
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FeHom yenoeeka

CTpyKTypa TeHOMa 4YeNloBeKa, KaK W JPYTHX BBICHIMX JYKapHOT, WMEET JIBE OCHOBHBIE
ocobennocty: 1) Haymuuue Oosblioro konuyecrsa "w3lbirouHoi" He komupyrowed JHK,
Ha3HaueHHEe M (PYHKIMU KOTOPOH OCTAIOTCA BO MHOINOM HEACHBIMM M 2) OYEHb KOMIIAKTHOE
XpaHeHue HH(OpMAlMUM B KOAMpPYHOIIMX o0macTax reHoma. Pasinuune HyKICOTHIHBIX
MOCNEA0BATCIBHOCTEH TEHOMOB IIMMIAH3E M YeloBeKa cocTtapnseT okono 1%. Y uenoBeka
HACJIE/ICTBEHHBII MaTepyar CoOMaTHYeCKON KJIETKH rpecTaniied 23 napaMu xpoMocoM (22 napsl
ayTOCOM M I1apa IIOJIOBBIX XPOMOCOM), HaXOIAUIMXCS B sape. B cocraB reHoMa BXOIWT TaKKe
mutoxonapraibHas JJHK. Yenoseueckuii reHOM COmEPKUT OKOJIO 28 ThIC. aKTHBHBIX I'€HOB, TO
ecTh TONbKO 1,5 % Bcero reHeTHMYECKOro MarepHala KOIHMpYeT OelKu WM (DYHKLMOHAJbHBIE
PHK. Ocranbnas uacts sBnsercsa nexoaupytomeit JIHK, koTopyro yacto Ha3pIBAIOT “MyCcOpHOi”
JIHK.

SBonouMA reHoB U NPU3HAKOB

I'ensr W jake 1enbIe TEHOMBI Mapa3sUTHYECKHX OakTepuii WHOT@ MOTYT BCTaBISTBCA B
XPOMOCOMBI KHMBOTHBIX-X03s€B. BrbIcliMe opraHu3Mbel Moryr rojiydars ¢parmentst JJHK
BUPYCOB M TpPAHCIIO30HOB B Pe3y/IbTATEC TOPHU3OHTAILHOrO odMeHa. MOOHILHBIC DIEMEHTHI
00J1a/Tat0T MOBBIIIEHHOH CITOCOOHOCTBIO K TOPH30HTANBHOI Mepeiaye Mo CPpaBHEHUIO ¢ APYTHMH
YJacTsaMHM TI'€HOMa MHOTI'OKJIETOYHBIX. HOKHB&HO, 4T0 MHOI'HE 3BOJHIHOHHBIE HOBIIECTBA
BO3HHKAIOT Ha OCHOBE MOOMIIbHBIX temeHToB (Mikkelsen et al., 2007).

PaccmoTpuM 3BOMIOLMIO TEHOB M IIPHU3HAKOB HAa IpHMepe odouarenbHoro penentopa. C
IBOJTIOIMOHHOM TOYKH 3peHHst OOOHSHHE O/IHO W3 CaMBIX JIPEBHHMX W BAXKHEHIIMX 4YyBCTB, MPH
MOMOIIM KOTOPOIO >MBOTHBIE OPHEHTHPYHOICS B OKpYXKAOIIEH cpene. ODTOT aHalIH3aToOp
SBJIACTCS OJHHMM M3 IVIABHBIX Y MHOIMX JKHUBOTHBIX. ['€Hbl OOOHATENHHOrO pelenTopa
o0ecIeUHBAOT OCHOBY JJsi OOOHsHMs M HauOoJbIIMEe HajaceMeHcTBa I€HOB B TFEHOMAX
miekonuTatonmx coaepxar oonee 1000 renos. I'eHbl 000HATENLHOTO PELIENTOPA OPraHU30BAHBI
B KJIACTEPLI, @ Y JH0JIeH Haxo/saTes Ha Kax/10i xpomocome, kpome 20-i 1 Y-xpomocomel (Gilad et
al. 2004).

H3BectHO, uTO B (UiOreHese 4YenoBeka OOOHSHME, B OTIMYHE OT 3pEHHS  YXY/UIaeTcs
(yrpaunBaercs). MHTEpecHO, 4YTO MOTEpS I'eHOB ODOHATENBHOTO PELENTOpa COMPOBOAKIACTCS
POCTOM /1011 TiceBIOTeHoB. Y denoBeka rpumepHo 60% 0OOHSTENbHBIX TE€HOB UMEIOT OJIMH WU
HECKOJIbKO HapYIIEHUH KOJUPYIOLIEH 00acTH U IOITOMY CUMTAKOTCS IICEBAOTEHAMH. Y 00€3bsH
JIOJ1S TICEBIIOTEHOB cocTaBnseT okono 30%, 4To Bce PAaBHO CYIIECTBEHHO BBIIIE , HEM Y MBIIIEH
unu cobak (mpumepno 20%) (Gilad et al. 2004).

* * *

IIporpamma "T'enom uenoBeka" nana MHOroe Juid IOHMMAHHUs CTPOSHHS TEHOMaA, HO MHOIHMe
BOMPOCHI, KACAIONHECS ero (PYHKIMOHUPOBAHHS, TIO-TPSKHEMY OCTAIOTCH HEACHBIMH. MBI MHOTO
3HaeM 0 paboTe reHOB B XPOMOCOMAX B OHTOIE€HE3e, HO TIOYTH HUYEro He 3Haem 00 ux “obpase
JKU3HW B reHome B (prutoreHese. CrycTs JECSATKU JIET IOCNIE OTKPBITHS IPBITAIOIUX I'EHOB
OCTAeTCsl HEU3BECTHBIM, KY/1a, 3a4EM M KOI'J1a OHU IPBITaloT.



Mmasa2

IJBOJIIOLMA NMOJIOBbIX XPOMOCOM

3BECTHO,  YTO  CYIUECTBYIOT  pa3Hbleé  BapHaHThl  ayTOCOMHO-TOHOCOMHOMH

Juddepentmarii. ['eHsl MPOCTERIMX XPOMOCOM (JIMHEHHBIX MIH KOJILIEBBIX) (aros,

BHPYCOB M BakTepwHid, ObITH PacTiONOKeHbI, B opsAake uxX nospreHus. C pocroM umncia

IGHOB BO3HUK/IM HOBble (DOPMBI XPOMOCOM M TIpYIIIbl CLEIUIEHUS TICHOB BHYTPU
XpoMocoM U 110 HuM. IlosioBble XpOMOCOMBI y pacTeHHH M KMBOTHBIX BO3HHUKIM HE Cpasy.
IleproHauansHO, reHsl, OMPEAENTAIONINE TN, ObUTM JOKATM30BaHLI B ayrocomax. B mponecce
IBOJTIOIMH, HAKOTIIEHHe MOP(OMOTHYECKHX PasTHYHi BHYTPH TAKOH Mapbl ayTOCOM NMPUBENO K
HOABJIEHUIO IOJIOBBIX XpoMocoM. CUMTaeTcs, YTO OCHOBHAS (DYHKLMS IIOJIOBBIX XPOMOCOM—
olecreunTh pa3/iellbHONONOCTb, KOTOpas MOXKET YBE/IUYUTh ayTOPUAMHI Y BHJIOB, JIMIIEHHBIX
camoHecoMectuMocTH (Charlesworth, 1985).

MpoucxoxxpeHne NoNoBbIX XPOMOCOM

IlonoBble XpoMOCOMBI BO3HHKAIM HE3aBUCUMO MHOIO Pa3 y >KMBOTHBIX U pactenuil (Ohno, 1967;
Bull, 1983; Graves, Peichel, 2010; Fraser, Heitman, 2004; Bachtrog et al, 2011). ¥
Pa3JeIbHOMNONBIX OPraHW3MOB (HAarpUMep, MKHBOTHBIX M LIBETKOBBIX PACTeHHi), €CTb jiBe
CHCTCMBbI OIpe/e/icHUs 1Moja W JABa BUAa HoioBblX XpomocoMm (Bull, 1983). B cucremax XY,
camiipl—rereporametubii mon (XY), a camku—romorametHbil (XX), B TO Bpems Kak B
cucremax ZW camku rereporameTnl (ZW), a camipl—romorametHel (Z7). Menee uzpecred,
TPETUH THN OMpeseneHus mona. Y HeKOTOPBIX BOAOPOCIEH M MXOB MYXKCKOH M JKEHCKHI Mo
TEHETUYECKH OIpEe/eNAoTCs B TeueHUe rarulouHoi (asbl sxusHeHHoro uukiaa (Bull, 1983;
Bachtrog et al., 2011) (cM. MpunoxeHue A).

B nauane 19-ro Bexa l'epman Mrojulep NpeUIOKMII HEPBYIO TEOPHUIO 3BOJIOLHM IOJOBBIX
xpomocoM. CornacHo Teopuu, X ¥ Y-XpOMOCOMBI Ip030(MIIBl MPOU30IITH M3 0OBIYHOH Maphbl
ayTOCOM, ¥ FeHbl Ha Y-XpOMOCOME MOCTENEHHO Pa3pyLIAINCh, B TO BpeMs KaK HX T'OMOJIOTH Ha
X-xpomocome Obimu coxpanenst (Muller, 1914). B 1960-x romax Cycymy OHO npuMeHHI
TeopH0 Mronnepa K NOJOBBIM XPOMOCOMAaM T103BOHOYHBIX, YTBEPHJdsl, 4TO B TO BPEMs Kak
11oJ10Bble XpoMocoMbl W 1 Y y NTUL M MISKOIUTARIIMX BBIPOJWINCH, colepxkanue Z U X
XPOMOCOM OCTaI0Ch NpaKkTHUecKy Hem3sMeHHbIM (Ohno, 1967).
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OO0t peoK MIIEKOMMTAOIIUX W IITHI[, KAK MPENONAraeTcs, He HCIONMb30BAT XPOMOCOMBI,
ULt orpenesnieHust noja. Korja 3BoJIFOLHOHHBIC ITYTH MIICKOIHUTAKOIIMX W ITUL Pa30LUIICh, OHH
WCTIONB30BATH Pa3Hble Mapbl TIPEJKOBBIX ayTocoM juis ompeaeneHus mona (Graves, 2002).
CpaBHHMTENBHOE KapTHPOBAHHE MEHOB ITOKA3bIBAET, YTO TOJIOBBIE XPOMOCOMBI MIIEKOITUTAOIINX
(XY), ntun (ZW) u 3meii (ZW) DOIHOCTbE) HETOMOJIOTUYHBL, TO €CTh OHH IIPOU30LITH OT Pa3HBIX
nap ayrocoM (Fridolfsson et al., 1998; Nanda et al., 2000; Graves and Shetty, 2001; Kohn et al.,
2004; Matsubara et al., 2006). ITosTomy xpomocomusle napsl X — Y u W — Z He IOX0kHU JApyr Ha
apyra. X XpoMocoMa MIIEKOMUTAIONIMX TECHO CBA3aHA ¢ KYPWUHBIMH XpomocoMamu 1, 4 u 12.
AHAIOrMYHO MOKHO HAMTH SKBHBAJICHTHI ITHYLHX XpoMOcoM W U Z B FéHOME 4eJI0BeKa.

BonbmHCTBO MpoMCIIEAIMX H3MEHEHHH Kacalnuch XPOMOCOM, KOTOPBIE BCTPEUYAIOTCS TOMBKO Y
ofHoro mona, To ectk W u Y xpomocoMm. HampoTus, nonoBele XpoMOCOMBI, 001IHE Y 000MX
monoB (Zu X), Hemaneko pasolUIkch OT CBOMX ayTOCOMHBIX mpenkoB. Hecmorps Ha
IPOUCXOXKIECHUE U3 PA3IUUHBIX 4YacTel [IPeIKOBOro reHoma, Z 1 X-XpoMOCOMBI HMEHT ofme
4epThl, KOTOpbIE OTIMYAlOT MX OT AayrocoM: IIpUODpeTeHHe M YCHIEHHE TCHOB,
OKCOPECCHPYIONTNXCST B AMYKAX, W HHU3Kasg TUIOTHOCTE TCHOB B PE3YJIBTATC PacHIHpeHHA
MEKTCHHBIX 00macTei.

11 0COOEHHOCTH HE IPUCYTCTBOBAIIH B ayTOCOMAX, M3 KOTOPBIX Ipou30UuId Z U X XpOMOCOMBL,
a ObUIM MpUOOpPETEHB! B X0 3BOoLMH Z 1 X KaK M0JI0BBIX XpOMOCOM. MOKHO 3aKIFOUUTh, YTO
Z XpoMOCOMBI OTHI] U X-XPOMOCOMBI MIIEKOMHUTAIOIIMX 3BOIIOLHMOHUPOBANH KOHBEPIEHTHO,
HECMOTPSL Ha TO, YTO OHU 3BOJHOLIMOHUPOBAITH B IIPOTHROMOIMKHBIX (3KEHCKOH ITPOTHB MYIKCKOIT)
cucremax rereporametnoctu (Bellott et al, 2010). B Gonee MHPOKOM CMBICIE, IBOIHOIHA
[IOJIOBBIX XPOMOCOM Yy MNTHUIl M MJIGKOIMTAIOIMX, BKIIOYaJa HE TOJBKO IIOTEPIO I'CHOB B
XpoMOcoMax, CHelU(pUUHBIX TOJBKO /Ul OJHOTO TIONA, HO W 3aMETHOE paclIMpeHHe |
MPHOOPETEHHE FEHOB B MOJOBBIX XPOMOCOMaX, OOIIHX /s CAMIIOB M CAMOK.
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[poniecc BOZHHKHOBEHHSI MOJIOBBIX XPOMOCOM HAYHHAETCS C NPHOOPETEHHs OHOH ayTOCOMOMH
OJTHOTO WJIM HECKOJIBKMX TEHOR ompeneneHus mona (Pue. 2.1). EcrecTBeHHBI 0TOOp 3aTeM
CIOCOOCTBYET IOMABISHHI) PEKOMOMHALMHM MEXITy 3THMH JByMs Xpomocomamu. Camoi
paclupocTpaHeHHOH ~ XPOMOCOMHOH — IIEpeCTpPOMKOH, KOTOpas  BbI3bIBAET  IIOAABJICHUE
PEKOMOMHAIIMN Y KHBOTHBIX SBIISETCS MHBEPCHUSL.

¥ Lepidoptera npeobnanaer cucrema ZW/ZZ, kotopas BOSHUKIA U3 UCXOAHOH cuctembl ZZ/Z0,
npuueM W-xpoMocoMa BO3HHKIIA ITyTeM XpoMocoMHoH neperpynnuporky (Traut et al., 2007).

MHo>KecTBeHHbIe X-xpomocomuble cUucrTembl

[eneruyeckue CHCTEMBl, C HECKOJIbKMM X-XpOMOCOMaMH, HCOIHOKPATHO BO3HHKATH Y
JKMBOTHBIX, PA3MHOKAIOMINXCS TOJ0BBIM IyTeM. OHH IIHPOKO PacIIpOCTPAHEHb] Y O3BOHOUYHBIX
W OECII03BOHOUHBIX, HATpUMep, y ofHonpoxoHeiX (Platypus) (Grutzner et al., 2004), obe3bsiH-
peByHOB (Aloutta) (de Oliveira et al., 2002), ps10 (Bertollo et al., 1997), Oprox0HOIrHX MOJIFOCKOB
(Thiriot-Quiévreux, Seapy, 1997), naykos (Kral et al., 2006), Lepidoptera (Yoshido et al., 2005) u
Heckonbkux rpynn Coleoptera (Galian et al., 2007). Hanbonee ApeBHUMU CHCTEMAaMH CHHTAIOTCA
cucrema XXY y apaneomopdueix maykos (Kral et al.,, 2006), u cucrema XXXY y THrpOBBIX
sxykos (Cicindelidae) (Galian et al., 2002).

HoBble X-XpoMOCOMBI BO3HUKAIOT H3-32 KapUOTUIIMYECKUX IIEPErPYIIIMPOBOK, CBA3AHHBIX C
MOJIOBOH XPOMOCOMOH M ayTocoMmHOH napoii. Hanpumep, cnusiHe X-XpoMOCOMBI € ayTOCOMOM
Jla€T YBEIMUEHHYID X-XpPOMOCOMY, a OCTaBHIAasACS CECTPHHCKAs ayTocoMa CTaHOBHTCH
JIOTNIOJIHUTENBHOH 10J10BOH Xpomocomoid. B cucremax XY 310 mpusoaut k¥ XXY, Torja Kak B
ciyyae kapuotuna X0 310 ClUsHHE NPHBENIET K YBEIHYEHHOH X-XpOMOCOME, a romMosor oyiaer
JIEeHCTBOBaTh Kak Y-xpoMmocoMa (co3gaBas Heo-XY-cucTeMy). AJBTEpHATHBHBIA IIyTh
3aKITIOYAETCS B TOM, 4TO PEAKHE TMEperpymnnupoBKH C ayTOCOMaMM YBENHUMBAIOT pa3Mep X-
XPOMOCOMBI C TIOCHENyonmM e€ pasie/ieHreM Ha Heckoibko X-xpomocom (White, 1973). B
pe3yiabTare reHbl IEPEMEILAtoTCsl ¢ ayTOCOM Ha IOJIOBBIE XPOMOCOMBI, YTO M3MEHSAET CKOPOCTh
HX 3BOJIOLUU.

Bonbmioii pasmep X-xpoMocoM B TakMX CHUCTEMaxX M OTPaHHYECHHOE COJAEpKaHHE B HHX
FeTEPOXpPOMATHHA TOKA3bIBAIOT, YTO OHH COJIEpIKaT 3HAYUTENbHYH) JIOJNIIO T'€HOB TI€HOMA.
OTMeueHbl YacThle MEPEMEILCHUs TeHOB Mexay ayrocoMamu M X-xpomocomamu. CKOpocTH
TOMONMOTHYHOH  peKoMOMHAIIMK B MOJIOBBIX XPOMOCOMax YMEHBINAIOTCS  HAMOJIOBHHY
(pekoMOHHALM TOJILKO y caMok). Kpome TOro, reMU3sHroTHOCTb X-XpOMOCOM 3HAYUTENLHO
YBEIMYUBACT OTOOP PELECCUBHBIX MYyTallMid. DTO MPUBOIUT K TOMY, YTO HEpEeMEINEHHBIE TEHBI
JUBEPryupyroT OBICTPEE, YEM HA AyTOCOMAX, JAXKE €CITH 3TH 00IaCTH reHOB JyOIMPOBAHBL.

Asomoumna B cucremax XY/ XX

*“Y -XpoMOCOMa TPAIUILIIOHHO CUHTANACH CTa0bIM MCCTOM
MYKCKHX OPraHH3MOB, COKPAIIAIOIINM F¢HETHYECKOE
pazHooOpa3ie ¥ NPensITCTBYIOIIM YBOTIOMHIL.”

“ITpu HaOuM01aeMOl CKOPOCTH HCTOIIEHUS YelloBeYecKas
Y -xpomocoma OyzeT yrepsaHa uepes 5-10) MUIITHOHOB JIeT.
DTO MOJKET OPUBECTH K HCUCIHOBEHHIO HAIIIETO BUAA.”
Graves, 2002

OrtcyTcTBHE peKOMOUHAIIME BOKPYT T€HOB OMPEIeNICHIs M0 MPHBOAUT K HAKOIIEHUIO BPETHBIX
peLecCUBHBIX MyTaluii (xpanoBuk Mrosutepa) B 31oit obnactu. braronpustaeie MmyTanuu Ha Y-
XpOMOCOME OTOMpAIOTCSl B pe3ynbpTare ecrecTBeHHOro orbopa. Co BpeMeHEM STH INPOLECCH
IIPUBOJIAT K TOMY, 9TO Y -XpOMOcoMa OyIeT pacxourhes ¢ X-XpoMocoMoil Ha OomblIel yacTu ee



8 FrNRABA 2. 2BOnNOuUMA NONOBbLIX XPOMOCOM

JUIMHBL, Hanpumep, Toibko 5% 4denoeeueckoid Y-XpOMOCOMBI BCE €lIE JEMOHCTPUPYET
pexkombunaro X-Y. IIporpeccupyromias nereHepalys U norepst F'eHoB Y XpOMOCOMBI HJET 110
TEX TOp, MOKA Ha HEH HE OCTAKOTCS TONBKO FEHBI OMPEACHCHHS MONa U HECKOIBKO PETHKTOBBIX
renoB (White, 1973; Bull, 1983; Rice, 1996; Charlesworth, Charlesworth, 2000; Graves, 2006).

DMIUpHYCCKHE TAHHBIE TI0 PA3THYHBIM 0PTaHH3MaM, BKITIOUAS JaHHBIE MO PACTEHHAM H TITHIIAM,
HOJNEPKUBAIOT ATy KapTHHY, H 0COOCHHO 4eTKO 9TO BUIHO Ha IIpHUMepe MiekonuTaronmx. Tak
cpenu 27 pasnuuHbIX OENKOB, KOMUPYEMbIX Y XPOMOCOMON Y uenoBeka, 18 umeror Onm3kux
npenkos Ha X-xpomocome (Skaletsky et al., 2003). D1u 1aHHbIE TPUBEITH K TPEIITOIOKEHUK, YTO
Bce Y XPOMOCOMBI BO3HHKITH TAKUM MYTEM (MITH CBSI3aHHBIM ¢ HUM Heo-Y TyTéM) (Puc. 2.1).

Hekotopsie Ouonoru npeanosiaraiy, 4yro Y-XxpoMocoMa AErpajupyeT U IOCTEIEHHO Hcde3aeT
(Graves, 2006) n noatomy (opma XY npemmectryer X0 (Rice, 1994). [Ipyrue cuurator, uto eé
JBOMIOLMOHHAA  JIETPajauys B OCHOBHOM 3aKOHYMIIACh M OHA TOrpy3Wiack B 3aCTOH
(Charlesworth, Charlesworth, 2000; Bachtrog, 2008).

Ilonaras, 4Tro KOJIMYECTBO I€HOB HA OPEBHUX Y- U X-XpOMOCOMax OBbLIO OJMHAKOBO M OHO
OCTANIOCh HEM3MEHHBIM B X-XpoMocoMe (cerofus B Hell okono 1500 reHoB), MOMKHO 3aKITIOYHTh,
YTO YHUCJIO Pa3HbIX (PYHKIMOHAILHBIX TEHOB Y-XPOMOCOMBI MOCTOSHHO YMEHBIIAIOCH U B
Hacrosee Bpems cocrasisaer MeHbiue 30 (Skaletsky et al., 2003).

Jerpanupylor He TONBKO Y-XpOMOCOMBI ~MIICKOIHMTAMOIIMX—COBEPIICHHO aHAJIOTHYHAs
cutyanus Habmoaaerca y Y-xpomocom pactenuii (Filatov et al., 2000) u npozodunsr. Ocobenno
MOYYHTENEH NpPUMEP ¢ Heo-Y-xpomocomoil Drosophila miranda (Steinemann, Steinemann,
2000). Ona obpazoBanach NpUMEPHO 2 MJIH JIET Ha3al B pe3yibTaTe CIHAHUS ayTOCOMbI ¢ Y-
Xpomocomoii. B pesynbrare Takoi repecTpoitku 3TH "ayTocOMHBIE" TeHBI CTATH HACTIEA0BATHCA
BMeECTE C TeHaMH Y -XpPOMOCOMBI, M HEo-Y -XpOMOCOMa Hauasa TepaTh QYHKIHOHAILHEIE TeHbL

Ha 6onee no3maux crajmsx Y XpoMocoMa 4acTo NMPUOOPETAET MYKCKHE MOJIO-CHIelH(pHYECKHE
ressl U3 ayrocoM (Skaletsky et al., 2003; Lahn, Page, 1997) (111 xeHckue nono-crielpuyecKue
reHsl B cnydae W xpomocoMsl, B crydae ZW camok u ZZ camnos). Kpome Toro, orcyTtcTre
pekoMOMHAIMK  CIIOCOOCTBYET — HAKOIUIEHHIO  OOJIBIIMX — KOJIMYECTB  [TOBTOPSIOIIUXCA
nocneposarensHocreil JIHK. IIpuumHbl MX HAKOILUIEHHS B IETEPOXPOMATHHE Y -XPOMOCOMBI
ocratorest HesicHbiMK, Charlesworth et al. (1994) npenonosxuimi, 4To TakHe NOCIEI0BATENEHOCTH
npencrap/sitor  coboit  srouctrunyro JIHK. Opnnaxo pasbllie, BO3MOMKHOCTH TOIO, 4TO
HEKO/IMPYIONME  TIOBTOPSAIONIMECS — TOCIEIOBATEIBHOCTH  MOTYT  HMETh  (DYHKIMOHAILHOE
3HaueHue, Obu1a npeuiokeHa bpurrenom u JI3euaconom (Britten, Davidson, 1969). Y npozodun
W YeloBeKa Y-XpPOMOCOMBI CITOCOOHBI MONYYaTh TEHETHYECKHI MaTepHal OT OCTAITLHONH YacTH
reHoma (Gvozdev, 2005). Tak Y-xpomocoma y D. pseudoobscura COIEPUT BBIPOKIEHHBIE T€HBI
(nceBporensr) ayrocoMHoro rpoucxoxaenus (Carvalho, Clark, 2005).

OfuMH Y3 BO3MOXHBIX CIEHAPUEB, IMOCIE OKOHYATEIBHOH JAerpajaiue Y-XpOMOCOMbL—3TO
nepexos ydactka SRY Ha cocenHro0 X-XpoMOCOMY WIIM Ha ayTOCOMY Kakol-To Apyroi, He
[oj0BOH mappl. Bo3MOXKHO nake 00pa3oBaHHE KAaKOIro-TO HOBOIO “MYyXKCKOIO” ydacTka,
urpatomero pons OwiBmiero SRY. 3Brto yxke npousonuio mno kpaifiHell mepe y OAHOrO BHia
MJIEKOTTHTAIONMX—3aKaBKa3CcKoH cienymonku (Ellobius lutescens). Y 2TOro BHAA TPhI3yHOB
I10JI0BbIE XPOMOCOMbI CAMIIOB U CaMOK ouHaKoBbI (X0), 1 (akTop orpeneneHus noja CBsi3aH ¢
O/IHOH M3 ayrocoM. B urTore camiibl M CaMKH 3TOrO BHJA IPOJYLMPYIOT raMersl ¢ 8 U 9
xpomocomamu. [Ipu s3ToM komOuHaMK 8+8 1 9+9 neranbhel; 8+9 qaeT caMmioB, a 9+8 —caMoOK.
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“BbicTpan aBomouma” Y-XpoMOCOMbI

Y-XpoMocoMa IMOABEPIKEHA BLICOKOH CKOPOCTH MYTHPOBAHHS B CBSI3M CO CPEJIOM B KOTOPOil OHA
Haxonutes. OHa mepelaeTcs MCKIFUMTENbHO Yepe3 CIepMaTO30UIbl, KOTOpLIE MOIBEpraroTcs
MHOKECTBEHHBIM KJIETOUHBIM JeJIEHHSAM B IIpoliecce rameToreHesa. Kaxioe kieTousoe JieieHye
[IPEIOCTABIISAET JOIOIHUTEIBHY0 BO3MOMKHOCTD UL HAKOIUIEHMS MyTaluil nap ocHosanuil. K
TOMY JK€ CIEpMaTO30M/Ibl HAXOAATCS B BBICOKOOKHCIMTENBHOH cpene sMuYeK, KoTopas
CTUMYJIMPYET YCHIIEHHE MYTHPOBaHKs. DTH /1Ba YCIIOBUS BMECTE MOBBINIAIOT PHCK MYTHPOBaHUS
Y xpomocombl B 4.8 pasa IO CpaBHEHUIO ¢ oOCTalbHbIM reHomoMm (Graves, 2006). Tak, B
HOCJIeNHee JECATUIETHE AMEPUKAHCKUE YJEHble YCTAHOBWIM, YTO MMEHHO Onaronaps Y-
XpOMOCOMaM Y ue/loBeKa IpoucxoauT 70% reHeTHUecKuxX MyTalui.

Iosropsatoumecs nocienosarensioctd JJHK coznaror yenosus s “ommbok” pexkoMOduHamu, B
TOM 4YHCle I/ HEpaBHOIO KPOCCHHIOBEpA, ITOBBIIAS TEM CaMbIM HECTAOMIBHOCTh T'€HOMA
sykapuot (Xecun, 1984, c. 321).

OTCYTCTBHE KPOCCHHIOBEpPA IPUBOJMT K CIEIUIEHHI0 BCEX TI€HOB Y-XpPOMOCOMBI BMECTE, B
pesynbTare 4ero eIHHHIeH IBOTIONMH CTAHOBHUTCS TIeNas XpOMOCOMa, & He OT/CNIBHBIN TeH, KaK
9T0 HaONIONACTCs Y XPOMOCOM, I[IOIBEPralOLIMXCs KPOCCHHIOBEpPY (Bce ayrocoMel U X-
xpomocoma). TloaToMy moxue reHsl Y-XpOMOCOMBI TOJBEPTarOTCs JEHCTBHIO €CTECTBEHHOTO
otOopa M Y-XpOMOCOMa IBOMIONMOHUPYET ObIcTpee, yeM X-xpomocoma M aytocomsl (Roldan,
1999). Takoe mpocToe YTREPK/CHHE HANAraeT CYLIECTBEHHBIN OTMEYATOK Ha IBOMIOIMIO Y-
XPOMOCOMBI: CKOPOCTh (DHKCAIMH BPEJHBIX MYyTallMidi YBEIHYHBAECTCS, a ONaronpHUATHBIX
YMEHBLIACTCS, YTO B KOHEYHOM MTOIC MOMKCT IPHBECTH K HCUYC3HOBCHHIO (DYHKLIHOHAIBHBIX
reHoB Ha Y-xpoMocome. [IpUHATO BBIIENATh HECKOMBKO KITFOUEBBIX MEXAHU3MOB, OTBETCTBEHHBIX
3a Jerpajanuio  Y-XxpoMocombl: XpanoBuk Meruiepa, (onoBsiii  0100p, 3(dexr Xuiuia-
Pobeprcona u sddext momyrHoro Tpancnopta. HakommeHue BpeHbIX MyTalMit Ha Y -XpoMocome
110 OonbLIIeH YacTH NPOMCXOOUT 3a cueT paboThl XparnoBuka Meiepa.

IpoBens cpagHeHHe Y -XpOMOCOMBI YEJIOBEKA M IMMMAH3E, YUeHbIE 00HAPYKIIIH, YTO Pa3HUIA B
cocrage renoB nocruraer 30 %. WssecrHo, uro pazuuna B JIHK uenoeeka u mmmmnanse
cocTaBseT nuib 0kono 1-2%. Okazanock, 4To Y-XpoOMOCOMa y CaMLOB HIMMIAH3E HE UMEET 10
TpeTH I€HOB, KOTOPbIE HECYT 3TH XPOMOCOMBI y 4enoBeka. C Apyroil cropoHsl, Y-xpomocoma
LIMMIAH3¢ OTIMYACTCA OOMBbIINM YHUCIOM TCHETHUCCKHUX ATHHAPOMOB.

“HanpaBnaemas camuamu asomouuna” (male-driven evolution)

Tepmunni «Harpagisiemasi caMiiaMmu 3BOITIOLUSA» WA OOJIbINAS CKOPOCTh MYTAIMH Y MYKCKOTO
nona (male-biased mutation) OpUTM BBEIEHBI 1/ ONHCAHMSA PAa3IMudil B CKOPOCTH MYyTaluH y
TMOJMIOBBIX XPOMOCOM MIJIEKONMHUTaronMX. EcaM ommOKM peniaukalmy, KOTOphle BOZHHKAIOT BO
BpEMsl JICIIEHHs KJIETOK 3apO/IblEBOM JIMHHUH, SBISIFOTCS OCHOBHBIM HUCTOYHWUKOM MYTAllMH, TO
ropaszo Oomblliee YUCIO JNENSHUH KIETOK 3apObIIIEBOi JIMHUK Y CAMIIOB, YEM Y CAMOK, JIOJBKHO
YBEIIMYUTH CKOPOCTh MYTAlUM Y-XpOMOCOMBL 10 cpaBHeHHIO ¢ X-xpomocomoli (Miyata et al.,
1987). HelicTBuTensHo, Oojice BBICOKAs CKOPOCTh MyTaluil y camLoB HaOmoJanach y ITHL,
muekonuTatonmx v pacrenuid (Kirkpatrick, Hall, 2004). Otnomenue ckopocteit mytaimii y
CaMIIOB M CAMOK Oy, COCTABIISAET ~4-6 [ BBICIIMX PUMATOB, ~3 /sl IIOTOSIHBIX }KHUBOTHBIX U
~2 nns rpeisyHoB (Chang et al., 1994; Li et al., 2002; Ellegren, 2007). CpaBHHUBas HHTPOHHBIE
CKOPOCTH 3aMEIIEHUS Y JIOCOCEBbIX pbId pona Oncorhynchus, aBTOpb! MOTYUUIIY 3HAUEHUS O,
5.35-6.60 (Ellegren, Fridolfsson, 2003). 310 npyroii kiacc mMo3BOHOYHBIX, MOKA3LIBAIONIHI, UTO
OOJIBIIMHCTBO MYTAIHI UMEIOT OTIIOBCKOE MPOUCXOKIEHHE.
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Y OTUI| TAKKE MOMKHO OKH/ATh TIOBBIICHHYH) CKOPOCTh MYTAI[HH Z-XPOMOCOMBI 110 CPABHEHHUIO
C ayTocOMaMH, TaK KaK OHA IIPOBOAMT JABE TPETH CBOEIO BPEMCHH Y CAMILIOB, I MOKA3ATCIH
JIeNeHUsl KJICTOK 3apOABIICBOM THHUM BbICOKH. (COOTBETCTBEHHO, Z-XpOMOCOMA IOMKHA
IBOJIFOLMOHMPOBATh OBICTPEE, 4YeM ayTocomMbl M W-XpOMOCOMa CaMOK. JTO IpejcKa3aHHe
MOATBEPKAACTCSl AHAIM30M CKOPOCTEH 3aMCLICHUS WHTPOHOB, oOmmMX Mexay Z u W
xpomMocomamu pazimynsix Jmnurid nrun (Ellegren, Fridolfsson, 1997; Bartosch-Hérlid et al. 2003).

Mwnoresa “6bicTpon asomouun” camuos (faster male)
Cunraercs, YTO MY)KCKUE TEHBI 3BOJTIOIMOHUPYIOT ObICTpee n3-3a mosoporo oréopa (Wu, Davis,
1993).

AdpchekT yckopeHHon X (“faster-X”) aponrounmn

Ckopocrb MyTanui. X-XpoMOCOMa TPOBOMUT Y Y KCHCKOTO TONA JBE TPETH BPEMCHH, a Y
MYXKCKOro—o/Hy Tpersb. [loaromy, cKopocTh MyTaruii € X-XpoMOCOMS JIOJDKHA OBbITh HHIKE, YeM
y Y-xpomocombl 1 ayrocoM (Y > A > X)) (Kirkpatrick, Hall, 2004).

Y TeTeporaMeTHOTO MONA, MACT CHIBHBIH OTOOp TEMM3MTOTHBIX JOKYCOB X-XPOMOCOMBI HA
(huKcaIio MONE3HBIX M OUHUCTKY OT BpeIHbIX MyTaumit. C Apyroit CTOPOHBI, MOCKOIBKY CaMIIbI
(XY) Hecyr U rnepenaroT TONBKO 0fHy X-Xpomocomy, e€ 3(h(exTUBHbII pazMep B MOMYJSIUN
MEHBILIE II0 CPaBHEHUIO C ayTOCOMAaMHU. JTO MOXKET YBEIHUYMTh CKOPOCTb (DHKCALMM CIIETKa
BPE/THBIX MyTalMii Ha X-XpoMOocoMe 3a cdeT reHeTHdeckoro jpefida (Jaquiéry et al., 2018).

CrenoBarenbHo, X-CBs3aHHBIE T[EHBI MOIYT 3BOMIOLMOHUPOBAaTH OBICTpee, YeM ayTOCOMBI
(“faster-X’) u3-3a GoJiee BHICOKMX VYPOBHEH MONMKUTEIRHOrO 0TOOpa (CKOPOCTH (DHKCAITHH
[OJIE3HbIX MYTalMil) M / WM reHeTHdeckoro apeida (CKopocTh (HKCALMM CJIETKA BPEIHbBIX
mytanuii) (Vicoso, Charlesworth, 2009; Mank et al., 2010).

Jsomoumn B cucremax ZW/ZZ

Ckopoctb MyTanun. B ZW-cucremax Z-XxpoMocoma TIPUCYTCTBYET Y MYXKCKOTO 1101a JIB€ TPETH
BpPEMEHH, I7Ie MOKA3aTeu AENeHUs KIETOK 3apOAbIIEBOH JTHHHU BLICOKH. W-XpOMOCOMa BCE
BpeMsl IIPOBOJMT Yy EHCKOro nosa. M HakoHel, ayTOCOMBI IIPOBOAAT IIQJOBHHY BPEMEHH Y
MYKCKOIO TM0J1a, a JIPYTYH TOJIOBUHY—Y JKEHCKOro. Ilostomy, y NTHII MOXKHO OXHUJATh
MOBBIIIEHHYI0 CKOpPOCTb MyTallUH Z-XpOMOCOMBI IO CPaBHEHHIO € ayrocoMamu u W-
XpoMocoMoii camok (Z > A > W) (Johnson, Lachance, 2012).

B ormmuume oT MieKONMTAMOMIKX, T A Oosice OBICTPOH HBOMIOLHK X-XPOMOCOMBI [0
CPaBHEHHUIO C AYTOCOMAMU MYTAllMH JOJLKHBI OBITH CHJIBHO PELIECCHBHEL, O0Iee CHUIIBHBIA IOTOK
MyTauuii yepe3 Z-XpoMOCOMY NTHUII O3BOJISIET NpecKa3aTh OONBIINE CKOPOCTH 3BONIOLMH Z-
XPOMOCOMBI TI0 CPABHEHHIO C ayTOCOMAaMH JaXe B TOM CIy4ac, €CIH MYTAlUH CHIIBHO
JomuHaHTHbL [ToaTomy, Z-3Bomonus et OblcTpee, YeM IBOIHOLUS X XPOMOCOMBL.

370 mpenckazaHue MOATBEPAIACTCS AHATH30M CKOPOCTEH 3aMEIIeHHsT HHTPOHOB, 00IIHX MEXITY
Z 1 W xpomocomamu pasniunsix auaui nTuil (Ellegren, Fridolfsson, 1997; Bartosch-Hérlid et al.
2003). B cuctemax ¢ JKEHCKO# reTeporaMeTHOCTBIO, YCKOPEHHAS 3BOJIONHA Z-XPOMOCOMBI ObLia
BhisieiieHa y nruil (Mank et al., 2007, 2010; Corl and Ellegren 2012, Wright et al., 2015), 3meii
(Vicoso et al., 2013) u motsuibkoB (Sackton et al. 2014).
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JBOMOLMS NMOSIOBLIX XPOMOCOM Y pacTeHUn

Ecte mHOro napauieneit Mexay cHUCTeMaMH ONPEACNICHHs I10J1a, a TaKXe B OpraHusaliiu
TOJIOBBIX XPOMOCOM y Pa3HBIX BHJOB, JQKE MEXTY JKHBOTHBIMH M PACTEHHAMH. Y Ha3EMHBIX
pacTeHui repMapoIMTH3M SBIACTCA HOPMOH, M pa3le/ibHONONOCTh BO3HUKAZAa MHOIO pa3
He3aBUCUMO y pasHblx (opM. Cpeau MHOTHX BUIOB BYJOMHBIX PACTCHUI HOIOBLIE XPOMOCOMBI
3BOJIIOLMOHMPOBAIN TOJIBKO Y HEKOTOphIX M3 HHUX (Ming et al., 2007). Ilepbim miarom k
SBOJIFOIIMM  TIONIOBBIX XPOMOCOM SIBISIETCS TOSBIICHHE MYKCKHX ¥ JKEHCKHMX CTEPHIIBHBIX
MYTAIIHH, 9TO MPHBONT K PA3BHTHIO OJTHOTIONBIX OPraHu3MOB. [ €HbI, YUacTBYIOIIHE B PA3BUTHH
L[BETKOB, CIy4aiiHpIM 00pa30M paclpeleneHbl B TeHOME U pa30pocaHsbl [0 Pa3HbIM XpOMOcoMaM
(Wellmer et al., 2004; Zhang et al., 2005). TTonoBele XpPOMOCOMBEI MOTYT HAuaTh pPa3BHBATHLCS
TONBKO TOT/IA, KOT/IA /IBA TeHA ONpEeeNeH s Mojia HaXxo/aTcsa Ha OHON M TOH Ke XpOoMOcoMe M
HMeT KoMiuleMeHTapHoe nomunupopanue (Charlesworth, Charlesworth, 1978). Heo0xoaumo
TaKXKe MOJABICHHE PEKOMOMHAIIMH MEXIy TeHaMH ONpeieNieHHus moja B myxkckod (MSY)
nonocneuupuueckoil odnactu Y-xpoMocoMbl MM keHCkod (FSW) obnacty W-XxpoMOCOMBL
MexaHnu3Mbl MOAABICHUSA PEKOMOMHAIIMM  BKITIOUAIOT XPOMOCOMHBIC MEPETPYNIMHPOBKH U
merunposanse JIHK (Maloisel, Rossignol, 1998).

e | o
—= e o Stage 1 Fragariavirginiana
M ProtoY (W)
(c_—_ il — e
T x Stage 2 Asparagus officinalis
(== v
: N X Stage 3 Carica papaya
[
e ) X Stage 4 Silene latifolia
(“3* Y
== = Stage 5 Cycasrevoluta
CT- Y
e ¥ Stage 6 Rumexacetosa
0

Puc. 2.2 [llecth HTanos BOMIOIHH MOTOBBIX XPOMOCOM

y pactenuii(Ming et al., 2007).

MOHO BBIIESTUTH HIECTh ITANOB IBOJIOIMH MMOJOBBIX XPOMOCOM Y pactenuii (Puc. 2.2) (Ming et
al., 2007). 1. PexoMOMHaUMA MEXIY IOIOJHUTENbHBIMH MYKCKHMHM U JKEHCKUMH JIOKYCaMU
CTEPWJIBHOCTH HE TOJaBNsAeTcH (qMKas 3eMNsAHuKA, Fragaria virginiana). 2. PexomOunarms
MEXTy JIOKYCaMM TOJIaBIsAeTCs, YTO MPHBOAMT K HAYaly Mpollecca JereHeparuu (acnaparyc,
Asparagus officinalis). 3. llonapnenue pekoMOMHAIMK PACIIPOCTPAHSAETCS HA COCEAHUE OOJIACcTH,
YTO TO3BOJIET OOJBIIOMY YHCITY Y-CBS3aHHBIX TEHOB JETEHEPUPOBATh U 00Pa30BaTh MYMKCKYHO
nono-crnenupHIecKyro obsacTb Ha Y-xpoMocoMe. I1a 00/1acTh pacllupsieTcs IIyTeM HaKOIUICHHA
PETPOTPAHCIIO30HOB M TPAHCIOKAIMHA W AyOMMpOBaHMS TEHOMHBIX (parMeHTOB. X W Y-
XPOMOCOMBI Ka)KyTCsi FTOMOMOP(HBIMU Ha IUTOJIOTMYECKOM YPOBHE, HO OHM TeTepoMOp(HBI Ha
MOJIEKYIIApHOM ypoBHe (nanaiis, Carica papaya). 4. Myxckas nono-cruenuduyeckas 001acTb
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pacrpocTpaHsercss Ha OONBIIYK) 4YacTh Y-XpPOMOCOMBI, M IPOUCXOAHT €€ JaibHeiias
nereHepauus. HakoruleHue TpaHCIO30HOB M JYIUIMKAILMH B MYMKCKOM PETHMOHE BBI3BIBAET
3HauMTENBLHOE yBenuueHue coaepxanus JJHK na Y-xpomocome, Ha atom atane xpomocoMsl X 1
Y sABISIOTCA reTepoMOpP(HBIMH, a Y-XpomocomMa MOXeT ObITb HaMHOro Oonbuie, dem X-
XpoMocoMa (cMoieBka Oenas, Silene latifolia). 5. CunpHas gereHepaiys Y -XpOMOCOMBL
BbI3bIBAET MOTEPr0 (DYHKUUM OOJBIIMHCTBA TE€HOB, a HOTEeps He(YHKIMOHUPYIOLIHX
MOCIIe0BATENBHOCTEH Y-XpPOMOCOMBI MPUBOAUT K €8 COKpALIEHHIO (CarOBHHK ITOHUKAIOLIMI,
Cycas revoluta). 6.llonapnenue pexOMOMHAIIMH PACIPOCTPAHSETCS HA BCIO Y -XPOMOCOMY.
Habmopaercs janpHeiiiee yMeHblIeHHE pa3smepa  Y-XpPOMOCOMBI M IOIHAs  HOTEps
pekoMOUHMpYIOLIEH TICEBI0ayTOCOMAIBHOH 00nacT. Y-XxpomMocoMa HcYe3aeT U pa3BHUBaeTCs
HOBas CHCTEMa OIPEIENICHUS I101d, OCHOBAHHAs Ha COOTHOLIEHMM X :ayrocoMam (IUaBenb,
Rumex acetosa).

Pa3nepHONONOCTE MHPOKO PACHPOCTPAaHEHA Y LIBETKOBBIX PACTEHHH HECMOTpS HAa UX HEJaBHEE
IBOIOLMOHHOE IpoucxoxkacHue: 6% u3 240,000 BUAOB NOKPBITOCEMEHHBIX Pa3IebHONONBIC U
7% n3 13,000 pomoB MOKPBITOCEMEHHBIX BKITFOYAIOT PA3IcALHOMONbBIC BUBI, YTO TOBOPHT O TOM,
YTO OHA BO3ZHMKAIa MHOTO Pa3 B XOJIE DBOMIOIMH 1IBETKOBBIX pactenuid (Renner, Ricklefs, 1995).
Pasnenenne mnosoB BCTpevaeTcs 4alle y MHOTOJIETHHKOB, BBIOIMXCA PACTEHHH, PacTEeHHH,
OIBLIAEMBIX BETPOM HIM BOAOH, M mpeobianaer B Tponuuyeckoil (uiope. MopenbHble BUIBL €
XPOMOCOMHBIM OIpPE/IENEHHEM TIoa 3TO cMosieBka Oenas (Silene latifolia; XY cucrema), Xmenb
00BIKHOBeHHBIH (Humulus lupulus; X:A cucrema) W BUABI maBens (Rumex spp.), KOTOpbIe
BKJTIOUAIOT Kak XY, Tak 1 X:A CHCTEMBEI,

PasnenbHomnonsie (opMbl MOI'YT pa3BUBAaTbCA W3 repMa(pOIMTHBIX IPU IOABICHUM MyTalui
MYKCKOH HITH 5KEHCKOH CTEPUIBHOCTH, YTO HacTO CO3/IET CMEIAHHBIE MTOOBLIE CHCTEMBI, TAKHE
KaK THHOJMOEIMS (CMeCh JKEHCKHX W repMadpoJMTHBIX pacTeHWil) W aHJapojHoeIHs (CMech
MYKCKHUX pacTeHHH M repmacdponutos). Ilepexon yepes I'MHOIMOELHIO MO3BONSET KEHCKUM
PacTEHMsIM TOJHOCTBH) M30eraTh HHOPH/IMHTA, B TO BPEMSI Kak NEPEXo/(bl Yepe3 aHPOIHOSIIHI0
SBJIAIOTCA Oojee TPYIHBIMH, IIOCKOJIBKY MYMKCKHE PAcTeHUA J[OJ/DKHBI KOHKYPHUPOBaTb €
repMadpoOMTHEIME 32 OMBUIEHME W HE MMEIOT CBOMX COOCTBEHHBIX CEMANOYEK Ui
omonorBopenus (Bachtrog et al., 2014). [IpeoOnananue 3BOMOIMUOHHOIO IIyTH OT THHOAHOELIHH
K JIBYJOMHOCTH MOKET OOBACHHUTH TOT (pakT, uTo cucremMa XY BCTPEUACTCS Y pacTeHUH HAMHOIO
vame (y 44-x u3 48 Bunos) (Ming et al,, 2011). Xors cucrema XY Bo3HuKIa y Silene coBcem
HelaBHO (MeHee 10 MUTUTHOHOB JIET Ha3ax), [0 CPABHEHHIO ¢ MICKONUTAIOMUMH (0K010 320 MiH
JIET Ha3aj1), MPOLECCH IBOJIIOIMHK MONOBBIX XPOMOCOM Y PACTEHMH 1M MIIEKOMHUTAONIHX TTOXOKH.
Y pacteHuii reTepoXpoMaTHHOBBIE YYAaCTKH [OBTOPOB Pa30pOCaHbl MO BCEM ayTOCOMaM. JTO
TOBOPHT O TOM, YTO y HHX OoJiee paHHs craaust AuddepeHIHanyu XpoMOCOM.

Mepexoab! mexxay cucremamm ZW u XY

[lepexoner mesxny XY u ZW ObUIM 3aperucTpUpOBaHbl B pPa3IMYHBIX IPYIIaX, BKIOYAs
OecxBocteix amuouii (Hillis, Green, 1990), ppid (Mank et al., 2006), u Hacekomeix (Kaiser,
Bachtrog, 2010). ®@unorenernyeckuii ananu3 y amGudOui CBHAETENLCTBYET, YTO TMEPEXOLI OT
ZW x XY npoucxonsar yarie, yeM Haobopot (Hillis, Green, 1990). M3pectun! Tpu BHAa, Y
kotopbix X, Y 1 W XpoMOCOMBI COCYLIECTBYIOT B OftHO# noryisiipu (Bull, 1983). YV Beex Tpex
BuaoB W pomuuupyer nHax Y, a Y jgomunupyer Hajg X. Teoperudeckoe MOAEIUPOBAHUE
[IOKA3bIBAET, YTO JOMHHAHTHBIE CUCTEMBbI OIpPEAENIEHHS [OJIa MOIYT PaclpOCTPaHATbCS JIErde,
4eM pPelecCHBHBIE, M 3TO criocodcTByeT nepexoay ot XY k ZW (van Doomn, Kirkpatrick, 2010).
OnHako, (HIOreHeTHYeCKHil aHannu3 y OecXBOCThIX aM(HOMH CBHJIETENIBCTBYET, YTO Y HHX
nepexonsl oT cucteMbl ZW k cucreme XY npoucxozaar uaie, yeM odpatusle (Hillis, Green,
1990).



Mmasa3

3arapgxm nosioBbIX XpoOMOCOM

OJIOBBIE XPOMOCOMBI HMEIOT MHOTO 3arajiok. [lepBblil BONpoc—/11st 4€ro OHW HY#HBI?

Onpezenenue noja y MHOIHX BHUJOB BO3MOXKHO U 0€3 IIOJIOBBIX XpoMocoM. B oriuuue

0T ayTOCOM, KOTOpBIE MEPEMENIMBAIOTCA CIY4ailHO MpPH KakKAOM CKpPEIIMBaHMH,

Y XpoMocoMa IPOBOJUT BCE CBOE BPEMs Y MYMKCKOIO 110714, IepejaBasch OT oTha K
ceiny, a X xpomocoMa—2/3 BpeMeHHM Yy KeHCKOro mona. CHCTeMbl ONPECHACHUS Moja
(cM. MpunoxeHue A) 1 4HCIIO [IOJOBBIX XPOMOCOM 4pe3BbIYaiiHO pazHooOpasHbl. Tak y MHOIHX
BUJIOB JIBE I10JI0BbIE XPOMOCOMBI, Y YEPHBIX 00€3bsIH-PEBYHOB HX 4, a y yrkoHoca—10. CtpoeHue
HX TOXE€ CHJIbHO OTJIMYAETCsl, OT [IPAKTHYECKH OJUHAKOBBIX, OOMEHHBAFOLIMXCSA I'€HETHUSCKHM
MarepHaloM [1000HO ayTocoMaM, JI0 COBceM MalleHbKHX Y WM W XpOMOCOM, IIOTEPABILHX
TIOYTH BCE TEHBI.

Buabl C My>KCKOM reteporameTHOCTbIO

3arapkm Y XpomMocomMbl
“...yie uepes 125 Teica et Y -XpoMocoMa OKOHYATETHHO
VTACHET, YTO MOSKET CTATh KOHIIOM BCETO UEJI0BEUCCTRA.”

QGraves, 2002

*...cTpaxu 00 yracaHuy poja My:KCKOTO CHITLHO IPCYBECIHYCHBL:
Y-xpomocoma 1 He AyMacT CTarHUpOBaTh.”

... B 0bmeii macce JIHK venoreka u mmMmnanse pas3JiduHbIMH ABIISFOTCS
ToJbKO 2% TeHoB, a Y-xpoMocoma oriindaercs 6onee uem Ha 30%! [Tpuunna

TAKOM HEOXKHIAHHOKM HEYCTOMYHBOCTH Y -XPOMOCOMBI 1I0KA TOYHO HE sicHa.”
bopucora A. (2010)

Ouenp 3arajziouHa Y-xpomocoma. Panee cumtanoch, 4to Y-XpoMOcOMa—HE IPOCTO OJUH U3
CaMBIX KOHCEPBATHBHBIX YYAaCTKOB T€HOMA, HO M YTO OHA MEJIEHHO “nerpamupyer’”. DTo camas
BapuadenbHasi, 0COOEHHO I10 JUIMHE, XPOMOCOMa reHoMa, DoraTast HyKISOTH/IHBIMU [TOBTOPaMH U

13
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reTePOXPOMATHHOM Y 3KMBOTHBIX, U dyXpoMaTtuHoM y pacteHui (Grant et al., 1994). ¥ yenoseka
OHA T'CHETHYECKH II0YTH ITycTas (€C/IH HEe CUUTATh [EHOB BOJIOCATOCTH YIIECH M IIEPEIIOHOK MEXKIY
nankIaMy HOT). Y JPYTHX BHIOB OHA MOMKET COMEPMKATh MHOTO aKTHBHBIX TeHOB. Hampimep, y
JPO30(HITBI H3BECTHO MHOTO T€HOB, JIOKATM30BAHHBIX BHYTPH Y -TETEPOXPOMATHHA.

Y onHux BUI0B (DoNee MPUMUTHBHBIX) Y-XpOMOCOMa Takas JKe Mo pasMepaM Kak X-XpoMocoma,
KOHBIOTHPYET C HEH II0JIHOCTHIO HJIM YAaCTHYHO M YYacTBYeT B KPOCCHHIOBepe. Y ApYrHX BHIOB
(bonee mporpecCHMBHBIX) OHA MATCHBKAA, ¢ X-XPOMOCOMOI COCIMHACTCA KOHEI B KOHEl, 03
KpoccHHroBepa. bbuti cooOriieHuss o Oonee KpynmHOH Y-

XPOMOCOME Y Pa3HbIX STHUYECKHX, /M COLHAILHBIX IPYyHIl, O

OONBIION MUCTEPCHH €e Y TPLI3YHOB, O0MTAIOIMX B 30Hax  “Y-xpomocoma

MOBBIINEHHON celicMuyeckoil akTuBHOcTH (BopoHuos u 1p., aenaeTca HauGonee
1978), o ces3u ¢ perposupycamu (Phillips et al., 1982), c 6bICTPO MeHsAWenca
HOBbIMM MyTauusmu (Miyata et al., 1987; Shimmin et al., 1993). YaCTbIO FreHOMa

yenioBeKa U NOCTOAHHO
VYbenaurenbHo — IoKazaHo, 4TO  Y-XpoMocombl  Oonee o6Hoenser ceba. 3ToT

9YBCTBUTEIbHBI M NOruba0T HamMHOro ObicTpee, uem X- "pe3ynbTaT CTOMNb XKe
XpOMOCOMBL.  M3BecTHO — Take, 4YTO €CIM  MYXYHHA  yeomupaHHbINA, KaK 1
BO3ICPIKUBAJICS OT CEKCYAIbHbIX KOHTAKTOB [BE HEJCIH, TO B porpsicarowmit — nouc-
ero criepme Oyaer Ha 25% Menbuie Y-HECYIMX CIIEPMHEB, Y€M rpyHe yAMBMTENbHO"

B 00pasiie, B3SITOM HEMOCPEJACTBEHHO TM0CIE AKTHBHOIO C. Xoymn. (1993).
MepHo/Ia MOJIOBOH KHU3HH.

Y-xpomocoma siBisieTcs: Hanbouiee OBICTPO MEHSOIIEHCS YacThi0 TeHOMA YeNIOBEKA U [IOCTOSHHO
00HOBIAET cedd. DTOT "pe3yNbTaT CTOMNb JKE HEOKHUAAHHBIH, KAk 9TO MOTPsCAIOLHH—TIIOUCTHHE
yauBHTENEHO," TOBOpHT CKroTT XOYIH, HKCOEPT MO MOJOBBIM XPOMOCOMAaM M3 HHCTHTYTA
Crosepca B Kanzac Curi.

CrpoeHue Y XpomMoOCOMbI

IIpu cpaBHenun Y-XpoMOCOM BOCBMM MIICKOITHTAIOIIMX, BKIIOYAA YCIOBEKA, ODC3bAH, MBIIIICH,
KpbIC, OBIKOB M O[OCCYMOB, ObUIO 0OHapyxeHo, uTo 18 pazHOOOpasHBIX T'€HOB OKazalCh
YIUBUTENLHO TOXOKHMH y BCEX BHIOB. DTH T'eHbI HECIIH pPazHo00OpasHble PYHKIIMH, B TOM YKCIE
MOI'IH KOHTPOIMPOBATh KCIPECCHI0 TEHOB BO MHOIMX Ipyrux obiacrax renoma (Bellott et al.,
2014).

Y mopeit W Mbiied  Y-XpOMOCOMBI CHIIBHO 0OOrallieHbl TeHAMH, HEOOXOJUMbIMH LIS
CHIEPMATOIEHE3A, U MMEIOIIMECS [AHHBIE [OKA3BIBAKOT, YTO HTO CHPABEUIMBO W JUISL APYIHX
miexonutatonmx (Skaletsky et al., 2003).

MHorre W3 YCTAHOBIEHHBIX TE€HOB Y-XpPOMOCOMBI Haxojarcs B namuaapomax (Kuroda-
Kawaguchi et al., 2001). Takim 00pa3oM, OTCYTCTBHE KOIHH TeHa (B XPOMOCOME-TOMOJIOre)
KOMIICHCHpYETC HaJIMYMEM €ro Ha JpYroM KOHLE MNAIMHAPOMHOH [10C/Ie0BaTEIbHOCTH.
Cuutaercs, 4TO B JI@HHOM Cy4ae MYTAaHTHAs KOITHS WCIPABIsSETCS 3a CYET Tpoliecca Tak
Ha3BIBAEMOH KOHBEPCHM—O/IHOHAINPABJIEHHOTO NepeHoca reHeTnyeckoil nudopmaniu (Rozen et

al., 2003).

IlpoBenennblii aHanus nokasan, yro u3 50 MIH HYKIEOTHIOB Y-XpoMmocoMbl Oojee 6 MIIH
ABNAIOTCA TMAIMHAPOMaMH, pa3dpocaHHeIMM 1o Xpomocome. JlmmHa Haubonemreil w3
00HapyXKEeHHBIX TOClHe/oBaTebHOCTel cocraBnsier 3 MiH HykieoTHaos. [lo BbipaeHWto
[eitmxa, Y-xpomocoma—aTo “3am 3epKan’,
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Y uenoeka Y-xpoMocoMa MMeET JUTHHY Beero 59 muinmion nap ocHoranuii (Mbp) (Skaletsky et
al., 2003), u umeer B 10 pa3 meHblIe reHOB, yeM X-xpoMocoma (155 Mo6p) (Ross et al., 2005).
OcHoeHyro uacTh (95%) cocraBiger Myxckas nonocnenugpuyeckas obmacte (MSY), mo obe
CTOpPOHBI KOTOpOIl pacnoiokeHsl IceBpoayrocoManbble obnacty (PAR) (Pue. 3.1a). PARI]
cozepxuT 2,6 Mbp Ha KoHIe kopoTkoro Teda Y-xpomocomsl, PAR2 (320 kbp) pacnonoxen na
KoHIle JuHHOrOo Tuieda. Obe obmactd MOryT pekoMOMHHpOBaTh ¢ X-xpomocomoit (Mangs,
Morris, 2007). MSY coctouT M3 JABYX pasHBIX THIIOB  IIOCJIEJ0BATEIbHOCTEH,
TeTepOXpPOMaTHYECKUX U SYXPOMATHUECKHX.

I Male-specific region ]

a Yp L] A i zzZ ZYq
b ‘cen.
L ol | V] | |11 P L
— 1 Mb

[ X-transposed @ Ampliconic [ Pseudoautosomal

O X-degenerate Heterochromatic [ Other

Puc. 3.1 Crpoenue Y xpomocoms! y uenoeka (Skaletsky et al., 2003 c. 826).
Yp, Yq — ncernoayrocomansnsie obnactu PARIL u PAR2.
cen — LeHTpoMepa

Hyxneornanble noBTOpBI. ['eTepoxpoMaTHyeckue YacTH COCTaB/LsoT oauH 0ok (40 Mbp) u
pacroiio)KeHbl Ha JUIMHHOM IUieue (Ha Pwume. 3.1a. crpasa). OrcyrcrBHe pekoMOMHALMH
CIIOCOOCTBYET HAKOIUICHHIO OOBUINX KOIHYECTB IMOBTOpsIOmXcs nocienosareasocted JHK.
[lpyumHel WX HAKOMIEHMS B TETEPOXPOMATHHE Y-XPOMOCOMBI OCTAIOTCS  HESCHBIMM.
Charlesworth et al. (1994) npennono:xumm, 4To Takue MocieI0BATENEHOCTH NPECTARISAIOT COO0MH
srouctiunyto JIHK. Oxnaxo pasbliie, BO3MOKHOCTb TOT0, 4TO HEKOIMPYIOLHE TIOBTOPSIOLIHECS
[IOCIIEI0BATENBHOCTH MOTYT UMETh (DYHKLIMOHAIBHOE 3HaYECHHe, ObLIa IIpeioxkeHa bpurreHoM u
peunconom (Britten, Davidson, 1969). Beicoko muddepeHinposantbie Y-XpOMOCOMBI Y
Drosophila melanogaster copepyatr Maio T€HOB H COCTOAT B OCHOBHOM W3 MHOTHX TIOBTOPOB
wexogupytomeit JIHK, xotopas XpaHuTCsS B HCAKTUBHOM COCTOSIHHM, H3BECTHOM Kak
rerepoxpomatuH (Carvalho et al., 2001; Wei, Barbash , 2015).

JyxpomMaTHueckue MOCJeI0BATENLHOCTH. DyXpOMaTHYeCKHE YacTH  BKMOYawT — X-
TPaHCIIOHUPOBAHHbIE, X-BLIPOJK/ICHHbIE H aMIUTMKoHHbIe obnactu (Skaletsky et al., 2003). X-
TPaHCIIOHUPOBAHHBIE [10C/IENOBATEIBHOCTH HMJCHTUYHbl TAaKOBbIM Ha X-Xxpomocome. X-
BBIPOK/ICHHBIE I10C/IEA0BATEIbHOCTH COOTBEICTBYIOT JIPEBHHM IeHaM ayTOCOM, M3 KOTOPBIX
COBpEMEHHBIE XpOoMOCOMbI X M Y 3BOJIOLMOHMPOBAIM. AMIUIMKOHHBIE OOJAacTH COCTOAT B
OCHOBHOM W3 JUIMHHBIX Y/IBOCHHBIX TIOCICIOBATCIBHOCTCH, OONBIMMHCTBO M3 KOTOPBIX
PAacCIONOKEHbI B BOCBMH MAaCCHBHBIX nasuHpomMax (P1-P8).

B Y-xpomocome conepskarcs o KpaiiHeil Mepe TpH r'eéHa, OJMH U3 KOTOPBIX HEOOXOMUM Ui
mupdepeHnyauy  CEMEHHHUKOB,  BTOpPOH  TpeOyercss  [uli  IPOSABICHHSN  aHTHIEHA
THCTOCOBMECTHMOCTH, @ TPETHH OKa3bIBACT BIHAHMUEC HAa pazMep 3yOOB. Y-XpoMocoMa MMEET
HEMHOI'0 T€HOB MaTONOTHUeCKUX Tpu3HakoB. K HuUM  orHocAT TreHbl 1. oOJbICeHMS,
2. runepTpruxo3a (OBOJOCEHHE KO3€JKa YIIHOH PakoBUHbI B 3pelOM Bo3pacTe); 3. HanM4us
MIEPENOHOK HAa HMKHHX KOHEUHOCTSX; M 4. MXTHO3a (YelyiiyaTrocTh M MATHHCTOE YTOJIIEHHE
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ko). [TaTonornueckue NpU3HAKK HACIEYFOTCS 110 Mapauie/ibHOH cxeme HacienoBanus (100%-
O€ IPOSIBJICHHE 110 MYXKCKOI1 JIHHUH).

IpuTok reHoB W3 reHoma. Y apo3ouia M 4YeloBeKa Y-XPOMOCOMBI CIOCOOHBI IMOIy4YaTh
FEHETHUYECKHH Matepual 0T ocTaibHON uyacTH reHoma (Gvozdev, 2005). Tak Y-xpomocoma y

D. pseudoobscura conepiKuT BBRIPOAJIEHHBIE TEHBI (TICER/IONEHBI) ayTOCOMHOTO MPOUCXOMKIEHHS
(Carvalho, Clark, 2005).

Y 4enoBeka, M0 HEU3BECTHBIM IpHYMHAM, Y-XpomocoMa (M Xpomocoma 18) Tarke COAepHHT
HenponopudosansHo Maoro JHK nocnenoparensHOCTEN MUTOXOHIPUAIIBHOIO [IPOUCXOAKICHHS
(numts — nuclear mitochondrial DNA segments). 2TH mnocnenoBaTeLHOCTH TOPA3I0 dallle
BCTPEUATHChH B BEICOKOAKTUBHBIX TeHax (Ricchetti et al., 2004).

CeA3b Y-XpOMOCOMBI C PETPOBUPYCAMM

OrMeueHa TecHas CBSI3b Y-XpOMOCOMBI ¢ peTpoBupycamu. I3yuamu yuactku JJHK X- u Y-
XpoMocoM Msluleil metonoM rubpuamsanuu ¢ JIHK perposupycoB. B cocrase Y-xpomocom
10 muaMit MbIIeH, BeckMa OTIMHAIOIIMXCA Opyr oT Apyra, obHapyxumm JIHK wmbnmmxex
perpoBupycoB. B X-xpomocome ux He Obuto. Komuuectso ¢parmentos supycuoit JIHK,
BKJIIOUEHHBIX B Y-XpoMocoMy, Bapsuposaio oT 1 1o 100. B Hexkotopeix cinydasx 10 3% coctaBa
Y-xpomocoMsl coctarnanu nocnenosarensioct JJHK perposupycos (Phillips et al., 1982).

CriepMaTo30H/1bl MHOTHX BHJIOB CTIOCOOHBI CBA3BIBATE HyxkepoaHyto JJHK u nepenocuts e€ mpu
OIUIOIOTBOPEHUH B SHIeKIeTKY. fFIBneHue Brepsbie 0610 orcano B 1971 1. mo Bueapenuto JJHK
Bupyca SV40 B ciepmaro3zonsinl Kpoinvka (Brackett et al., 1971). IToz:xe oHO 6bUIO ITOATBEPKICHO
M pacrnpoCcTPaHEHO Ha JAPYTUX KHBOTHBIX (MBIIIb, MOPCKOTO €3a, IT4eNTy, KYPHIY, CBHUHBIO,
KOPOBY W YeNnoBeKa) ¢ BHPYCHbIMM uacTuiiamMu ¥ BupycHoil JIHK. Cnepmartozouasl MOKHO
WCTIONB30BaTh B KAYECTBE BEKTOPA /TS TONYYEHHS TPAaHCTEHHBIX HKHMBOTHBIX (Ky3Henor u jp.,
1996).

FeHbl X Xxpomocombli

[TnotHOCTH TeHOB B X-XpoMocoMe (TO €CTh KOJIMYECTBO MCHOB HA CAMHUILY ¢ JTMHBI)—camas
HU3Kas CPe/M BCEX XPOMOCOM uenoBeka, bOiblnyi0 e€ wacTh 3aHMMAlOT HE TeHBl, a Tak
Ha3bIBacMblil IE€HETHYECKMH ‘‘Mycop”. DTO, IpPEXIe BCEro, ObIBUIME TCHbl, U3MEHEHHBIE
MYTalUAMH U YK€ HEaKTUBHBIE (MX Ha3bIBAIOT MCEBJOTEHAMN), & TAKXKE COBCEM He paboraroniye
(To ectb He cnocobHble Koauposarh Oenxu) ydsactku JIHK, KoTopble MOBTOpAIOTCS NO JUIMHE
XPOMOCOMBI COTHH U THICAYH pa3. Taxkue “moBTOpEI” 3aHUMAIOT 56 % UTHHEL X-XPOMOCOMBI; €lIé
29 % e€ nmunbl 3aHuMaroT unHHbe yaactku JIHK, criocoGubie camu cebs Bbipe3ats 13 e€ renu
M 3aTeM BCcTpauBarbCi B He& Hazax B aro0om  japyrom Mecre. OHM  Ha3bIBarOTCH
PEMPOIMPAiCcRO30HaMU, W CaMble pacrpocTpanéHHble cpesii HUuX oopasytot cemben ALU u LINE-
TPaHCIIO30HOB, 4acTh KOTOPBIX (moacemeiictBo L1) mopoH nocturaer OrpoMHONM UIMHBI B
HECKOBKO MHJUTHOHOB 3BeHbeB JIHK. YeM 0OBACHUTE Takylo 3aMyCOPEHHOCTh YeNOBEUECKOH X-
XPOMOCOMBI, HETIOHATHO, KaK HEMOHATHO U TO, II0YEMY B HEl Takas HU3Kasl IUIOTHOCTb [€HOB.

Hecmorps Ha Mamyro nmoTHocTe €€ TeHOB, X-XpOMOCOMA Upe3BbIYANHO HAarpyxeHa
,,D0JIE3HETBOPHBIMK® T'€HAMM, TaK KaK OHA HE PEKOMOHHHUPYETCs ¢ Y XPOMOCOMOH M HE MOJKET,
KaK JIPYTHe Tapbl XpOMOCOM, W30aBIATHCS OT HAKOMHBINMXCS HA Hel BpemHbIX mytaruii. Beero
Ha X-xpomocome oOOHapyxeHo 307 OJIMHOYHBIX TI'€HOB, MYTAllMM KOTOPBIX MPHBOIAT K
3a0oneBanusM. 1o cocraBisier okono 10% Bcex H3BECTHBLIX HACIICACTBEHHBIX OOJIC3HEH,
CBA3aHHBIX ¢ OJMHOYHBIMU TCHAMH, TPU TOM, YTO Bce X-TCHBI COCTABIAIOT UL 4 % reHoMa.
Oxkomo 100 U3 3THX I'€HOB CBS3aHbI ¢ HelponornueckuMu 3abonepanusmu. Kakapie 1Ba rosa,
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HaumHas ¢ 1984-ro, pabouue COBELIAHUS MEIUIMHCKUX TI'€HETHMKOB MOMOIHIOT CIHCOK
CBSI3aHHBIX ¢ X-XpPOMOCOMOH CHHIPOMOB, BBI3BIBAIOLIMX ICHXHYECKHE HapymueHus (X-
chromosomal syndromes associated with mental disability). K 2001 r. takux cuaapomMos
HacuuThIBANOCH yxke 202 u3 938 Bcex M3BecTHRIX 3TO 03Hadaer, uto npumepHo 21.1 % Beex
NCHXMYECKUX HAPYIICHHH BbI3BAHBl MYTALMAMH B X-XpOMOCOME. Y 3KCHIIMH HMMMYHUTET
CHJIBHEE, YeM y MYKYHH, HO OHHM 0OJIee II0ABEPKEHbl AYTOMMMYHHBIM 3a00JIEBAHUAM. JTO
CBSI3aHO C TeM, YTO B X-XPOMOCOME COIEPHKMTICA MHOTO I'€HOB, CBA3aHHBIX C UMMYHHUTETOM
(Wang, 2016).

Tak Kak OGOJNBIIMHCTBO I'€HOB X-XpPOMOCOMbI HE HMEIOT aHAIOrOB Ha Y-XPOMOCOME, Y CaMLOB
Oy/IyT NpOSBNATECA KaK JIOMHHAHTHBIE, TAK H PEIECCUBHBIC aJlTeny. BiusHue 9TUX reHoB Haiie
BCETO MPOSABIAETCH HAa MYKYMHAX, W TaKHe, CYIIECTBEHHO OoNee pacnpocTpaHEHHBIE Cpelu
MYK4MH, 3a00JIeBaHMA, Kak IIBETHAs CJernoTa, reMo(uiius, HeKoTopble (GOpMBI MBIIEHHOH
IUCTPO(MH W MHOTHE BHIbI YMCTBEHHOH OTCTAIIOCTH, BBI3BAHBI KaK Pa3 MyTaHTHBIMH I'€HAMH
TOH X-XpOMOCOMBI, YTO HMEETCS B KIETKaXx MyxkuuH. Tak kak X-XpoMOCOMa IpPOBOJUT B
MYXKCKO# mofcucteme 1/3 cBoeil su3Hu (MOCKONbKY X-HECYIIHE COEPMATO30MIbI H OJTHA M3 ABYX
X-Hecynux SHIEKNETOK BCET/Ia OKA3bIBAIOTCS B XKEHCKOH 3UroTe), €€ reHbI B pexe Mo/ IBEpPratoTes
0TOOpY 10 cpaBHEHHIO ¢ TeHamK Y-xpomocomel (Vinogradov, 1998).

Jlokycel reHoB Ha X-XpoMOCOME Kak MHHHUMYM B TpPH pa3a 4alle Y4YacTBYIOT B Pa3BHTHH
THOJIOBBIX MPU3HAKOB, YeM JOKYCHI IeHOoB Ha ayrocoMax (Hurst, 2001). Jlepke npeamnonoxu, 4To
FEHBL, KOTOPBIE OIPEAEIIOT OCHOBHBIE UHTEILIEKTYAIILHBIE YEPTHL, [EPEHOCITCH X-XPOMOCOMOH
(Lehrke, 1972, 1974).

KomneHcauus fo3bl reHoB

Cuuraercs, uto noreps reHoB Y (1 W) xpomocombl ocrapiser ajuiend X (Z) XpoMOCOMBI Y
IeTepOraMeTHOr0 IoJia B TalUIOMIHOM COCTOSIHMM ([IOJIOBHHA [03bl) [0 CPAaBHEHHKD C
ayrocomamu. ITo Mepe Toro kak X-xpoMocoMa y CaMIIOB IIOCTENEHHO CTAHOBUTCA TaIUIOHAHON
("reMu3MroTHON'"), 5TO BBI3BIBACT AMCOATAHC J03b1 TEHOB M BIEUET 3a CODOM TMKETBIC
orputarenbHbie nocinencreus (Forstmeier, Ellegren, 2010; Birchler et al., 2005; Batada, Hurst,
2007). YroOsl u30ekaTh Takoro jucdanaHca, BOIHUKIM PA3IMUHBIE MEXAHU3Mbl KOMITEHCAIMH
J103bI TeHOB. Pa3/nuHbIe 3MUIeHeTHUECKHUE MEXaHU3MbI KOMIICHCALIMHU J103b1 ObLIH OOHAPYKEHBI B
HeCcKONMbKMX pazHopoaHbelXx XX/XY cucremax, Takux kak cymuarsie (Julien, 2012), npozoguna
(Gupta, 2006), xomaper (Baker, 2011), mpuis u Caerorhabditis elegans (Gupta, 2006; Vicoso,
Bachtrog, 2009). Tak, y npo3oguisl yBeauuuBaeTCs TPAHCKPHIIHA X-XpPOMOCOMHBIX [€HOB Y
camuos (White, 1973; Bull, 1983). ¥ miexonurarolux HHAKTHBUPYETCS 0JIHa X-XpOMOCOMa, H
YPOBEHb IKCIIPECCHU Y CAMOK YMEHBLIAETCS J10 YPOBHS CAMHCTBEHHOM X-XpPOMOCOMEBI CaMIIa.

X-mHakTMBaLmna

Wnaxrupanuio X-xpomocoMsl oOHapyxkuiaa Mopu Jluwon B 1960-x rogax. YroObl caMkH, ¢ HX
IBYMs X-XpOMOCOMaMH, HE TIONYYamd JBOWHYIO /03y TE€HHBIX TNPOAYKTOB IO CPAaBHEHHIO C
caMIamMu, oJIHa U3 UX X-XpOMOCOM BRIKITFOUAETCSA B Hadasne PazBUTH SMOPHOHA KEHCKOro rona
BO BCEX COMATHYECKHX KIETKaXx CaMOK MieKomuTaomux. OHa OCYLIECTBIIETCA IIyTEM
reTepoXpoMaTH3ali: HHAKTHMBUpPOBAHHBIE X XPOMOCOMBI, IPEBpPAaLLAIOTC] B IUIOTHO
KOH/ICHCUPOBaHHBIE TE/IbLA U B TAKOM BUJE pacnoaratorcs oOpl4HO 1o nepudepuu sapa. OHu
00pa3yloT B COMaTHYecKMX KieTkax Tenslia bappa (monoBoit xpomartu). PepMeHTHI
TPAHCKPUIILIMK HE MOrYT paboTaTh Ha KOHJEHCHPOBAHHOM XPOMAaTHHE, CJEI0BATENLHO J103bI
(PYHKLMOHUPYIOILMX [€HOB CTAHOBATCS OJMHAKOBBIMH KaK Y CaMLIOB, TaK H y caMok. B ciydae
MOJIHCOMHH T10 X-XPOMOCOME HHAKTHMBUPYIOTCS BCe X XPOMOCOMBI, KpoMe 0/1HOiH (Puc. 3.1).
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Puc. 3.1.

Tenbie bappa (momoBoii xpoMaTHH).

A - KJIeTKH JKeHIHHBL (XX) HMEIoT oHo Teble bappa;
b — B knetkax Mykuntsl (XY) Tenble

Bappa otcyrcrByer; B — y mHOUBHITYYMOB C©

Tpemst X xpomocomam (XXX unmu XXXY)

BUjIHBI JiBa Tembiia bappa (Makkbrocuk, 1967).

Cumnraercsi, YTO HHAKTHBAIMS X-XPOMOCOMBI HE TIPOUCXOMT N0 MOMEHTA HMILTAHTAITHH
(Epstein et al., 1978; Lyon, 1999). Onnako apyras ¢opma X-HHAKTHBAIMH TPOUCXOIUT Y
CaMLIOB BO BpeMsl CIIEPMaTOreHe3a, KOTZLA 3apOBIILIEBble KIETKH BXOIAT B MeH03. JTO Tak
Ha3biBaeMbId  AQQeKT HHAKTHBALMHM MEHOTHUECKHMX IIOJNOBBIX XpoMocoM (meiotic  sex
chromosome inactivation - MSCI). Otor 3(dekr fBgeTcs JacTHBIM cilydaeM Oosiee OOLIEro
MEXaHU3Ma, Ha3bIBAEMOTr0 MEHOTHYECKHM MOJYAaHHEM HECHHXPOHH3HPOBAHHOTO XpOMAaTHHA
(meiotic silencing of unsynapsed chromatin - MSUC), kOTOpbIi HHAKTHBHPYET XPOMOCOMBI,
KOTOpbIE HE MOIYT CHAPUBATLCA CO CBOMMH romosoruudbiMi  napraepamu. MSCI Obut
00HapyXeH B CIIEPMATOrEHE3e IIOYTH BCEX OPraHu3MoOB, oOnanaronux auddepeHIUpOBaHHbIMU
nonoBeIMH xpoMocomamu (Turner, 2007). Bbeino taxke moxazano, yro MSCI urpaer pons B
paHHeil MHAKTHBAIIMH OTHOBCKOH X-XpOMOCOMBI Y 3MOPHOHOB MbItH. X10iH 1 JIu (Huynh, Lee,
2003) HawuuK, YTO OTUOBCKAs X-XpOMOCOMa ObLIa HHAKTHBUPOBAHA YXKE Ha CTaIMU 2-KIIETOYHOH
3urotsl, a Okamoto u coast. (Okamoto et al., 2004) oOHapyKuIH, YTO HHAKTHBALMS HAYMHACTCS
Ha cTaauy ¢ 4-8 KIIeTKaMH.

HeaxtuBHoe cocTosgHue OJHOH H3 X-XpPOMOCOM, YCTAHOBUBIIHACH OJHAKILI B PAHHEM
MOpHOreHe3e, KIOHAILHO IepenaeTcs JOYEpHMM COMAaTHYECKHM KIETKaM BO  BCeX
HOCIEAYIOIHMX KIETOUHbIX IIoKoneHusX. [Ipennonararor, 4To posib MeXaHu3Ma, 3aKperIstoLero
HMHAKTUBALIUIO, UTPaeT METHIMPOBaHKHE UUTO3HHOB B Monekyse JJTHK.

YceraHoBneHO HamMure HeOOMBIIHX IPYIIN 'eHOB (B IICEB10ayTOCOMHBIX paioHax ), OCTAIOUIHMXCS
AKTUBHBIMU B HMHAKTUBUPOBAHHOH X-XpOMOCOME H HMMEKLIHX TOMOJIOIOB B Y-XPOMOCOME.
KpomMe Hux, B KOPOTKOM IUIede, ¥ B JUCTANBLHOM OTIENE AJHHHOTO Iieda X-XpOMOCOMEBI €CTh
TEHBI, COXPaHSIOIIUE AKTHBHOCTh B MHAKTHBUPOBAHHOH X-XPOMOCOME.

M3 nByx X-xpomocoMm reHoma mobas B Hayalne OMOPHOHANIBHOIO PAa3BUTHA  MOXKET
HMHAKTUBHPOBAThCA, 3TO BhlOUpaercs citydaiino. MuakTuBaus pasHbeIx X-XpoMOCOM IIPUBOIUT K
MO3aUYHOMY TMPOSIBICHHI0 MPH3HAKOB. (3TO OTHOCHTCA K KIETKaM Tona. B kieTkax
3apOJIBIIIEBRIX  000MOYEK, Taloke O0pasylolMXCcs M3 TKAHM 3apoJbla, HHAKTHBHPYETCH
W30UpaTeNbHO Beer/a oTHoBckas X-xpomocoma (Cunrep, bepr, 1998).

Y MblieH, MHAKTUBUPYIOLIHI curHan BoizbiBacTes PHK 13 Xist reHa—IlieHTpa HHAKTHBAIUY Ha
X xpomocome. Tlepponadansno PHK npoussomured u3 odoux X-XpoMocoM y CaMKH, HO KOrja
BBIOOp Kakyro X XpOMOCOMY WHAaKTHBHPOBAaTh CJIeNaH, JKcripeccus Xist reHa Ha akTUBHOM
XpomocoMe OJ1okupyercs. Y IUIALEHTapHbIX MJIEKONUTAOUIUX BRIOOP X-XPOMOCOMEI CIIy4acH, a
y CyMUarbIX HHAaKTMBHpYETCs Bcerja oruoBckas X-xpomocoma (Acnauss, Connparosa, 2010).
Xist PHK pacnpocrpansercst Baosib X XpoMOCOMBI, [IPEIHA3HAYEHHOH JUI1 MHAKTUBALMH U
nokpeiBaeT e€. Jlpyrue wu3MeHeHHs, Takue kak wmetuwnuposanue JHK, Tarxke nomorator
yOEMTHCs, 4TO XPOMOCOMA HAXO/IUTCS B KOMIIAKTHOM, HHEPTHOM COCTOSTHHH.
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IlepBoHauabHO CUMTANOCH, YTO [IPOUCXOAUT HONHAA X-MHAKTUBALMA, OJHAako X. YMuapa u
JI. Kappen (Hunt Willard, Laura Carrel) nokazanu, 4yro okoj0 15 NpOLIEHTOB IeHOB H30eraror
WHaKkTHBRaIMH, a emé 10 NpOoIEeHTOR TeHOB HEAKTHRHBI Y HEKOTOPBLIX JKEHIIHMH, HO aKTHBHBI Y
apyrux. B pesynbrare, kaxnas u3 40 uccie0BaHHBIX HMH KEHIIMH HMENa YHUKAIBHYH KapTHHY
TEHHOH aKTUBHOCTH.

VY caMOK B pe3y/bTaTe MHAKTUBALMM X-XPOMOCOMBL, IPHMEPHO HOJIOBHHA KIETOK € AKTHBHOH
OTIOBCKOMH, a Jpyrad MOJOBMHA KJIETOK C aKTHBHOW MarepHHCKOH X-xpoMmocomaMmu (Amos-
Landgraf et al., 2006; Check, 2005; Gunter, 2005). ITosromy, MOXKHO OKHIATh, YTO PPEKThI
reHOB X-XpOMOCOMBI OYIYT yCpeIHEHB! Y caMOK. UT0ObI KOHKPETHBIH BapHaHT FeHa MIOHOCTBIO
MPOABUICA, CaMKH IOJKHBI  OBITh TOMO3MIOTHBIMM 1O 3TOMY BapuaHTy TreHa. B
MPOTHROIONOKHOCTE ITOMY, CaMIIbl TMOJHOCTBIO 3aBHCAT OT OJHOH KOMHMH X-XpOMOCOMBI,
KOTOpas y HHX ecTh (Zechner et al., 2001).

Y npo3ouiibl JAOMONHUTENBHO aKTUBHPYETCA €IUHCTBEHHAs X-XpOMOCOMa camlla JI0 YpPOBHS
JABYX X-XpOMOCOM CaMKH.

YTKOHOC [OKa sIBIAETCH €AMHCTBEHHBIM BHIOM ¢ cucTeMoil XY, y KOTOPOro OTCYTCTBYET
Jo3oBas komrencaims (Julien et al., 2012).

MNoBepeHMe NOMOBbLIX XPOMOCOM NpU Melo3e

MeiioTHyeckoe NoBeIEHHE MOJIOBBIX XPOMOCOM Y MHOTHX KHBOTHBIX IMOKa3bIBAET 3HAUMTENLHBIN
nosnoBoi jumopdusM. Bo Bpemst Meiio3a y camok, 00e roMOMOp(HBIE MOJNIOBLIE XPOMOCOMBI
JICKOH/ICHCHPYIOTCSI H TPAHCKPUIIIHMOHHO aKTHBHBIL, KaK M ayTOCOMBI, TOIZla Kak B Meifoze y
CaMIIOB, TeTepPOMOP(HEIE MOJOBBIE XPOMOCOMBI ABJIAIOTCA TPAHCKPHITIIMOHHO HEAKTHBHBIMH W
reTepoXpoMaTHYECKUMH, 00pa3ys Tak Ha3bIBaeMble “TosioBble” MM “XY Tenbla” Ha nepudepun
sapa (McKee, Handel, 1993). B pannux crnepmarorurax, B CTaJWM NMaxUTeHbl Y Mbled, X u
Y XpOMOCOMBI JIEMOHCTPUPYIOT O0Jiee OOLIMPHBIH CHHAIICKHC 10 CPABHEHHIO C DoJIee MO3/[HHMH
CTAIMsAMH [IaXWUTEHBbL, 10 TeX Hop, noka X H Y He [OKA3BIBAIOT TOJIBKO CBSA3b KOHELl B KOHEL
(Tres, 1977). Bo Bpems HHAKTHBAIMHM TOJOBBIX XPOMOCOM B Meio3e Y MIICKOTIMTAIONIMX,
WHAKTHUBALMS HEKOTOPBIX CYIIECTBEHHBIX X-XPOMOCOMHbBIX T'€HOB KOMIIEHCUPYETCS IKCIPECCHER
W3 PETPOIO30HOB, CKOMPOBAHHEIX Ha ayTocoMsl (Wang, 2004).

ITouemy-to perumkanus JHK onnoit X-XpoMOCOMBI Y FOMOIAMETHOIO I0J1a U Y -XPOMOCOMBI
MPOHCXOAUT MOCKE OKOHYAHMS peruKkaruu ayrocom (Vorontsov, 1973).

Buabl C XXeHCKOM reTeporameTHoOCTbiO

W xpomocoma

VY GonbmHcTBa BUAOB Lepidoptera (MOTBUIbKH M 0abouku), a Takxke y nruil, W-xpoMocoma B
OCHOBHOM COCTOMT M3 TCTCPOXPOMATHHA, COJICPKHT MAJ0 aKTHBHBIX TCHOB M MHOTO 0OmacTeit
nosropsioweiics JAHK (Traut et al., 2007). ¥ cpeau3eMHOMOPCKOIO MYYHOI'O MOTBLIbKA
(E. Kuehniella) ona taioxe congepyxut muoro JJHK nocnenoparenbHOCTEH MUTOXOHIPHATILHOIO
npoucxoxaeHus (numts - nuclear mitochondrial DNA segments). @unoreHeTH4ecKuil aHanu3
MOKa3aJl, 4TO 3TO HEJABHEE DBOMIOIHMOHHOE Mpuodperenne W-xpomocomsl (Limmerman et al.,
2016). ABTOpPBI CBA3BIBAIOT [MTOABJIECHHE H HAKOIUIEHHE TAKHUX OCIE/0BATEILHOCTEH, TaKKe KaK U
TPAHCIIO30HOB, C HECIIOCOOHOCTBI0 W-XpOMOCOMBI K pEKOMOMHAIIUH.
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Z Xxpomocoma
Y Lepidoptera Z-XxpoOMOCOMHBIE T'€HBI, MO-BUMMOMY, BHOCAT 3HAYUTENLHBIH BKIAJ B MPOLECC
Buoo0pazosanus (Sperling, 1994; Naisbit et al., 2002; Dopman et al., 2005). Muorue npusHakH,
WUIPAIOLINE CYILECTBCHHYIO PpOJIb B CO3JAHMH DPEHNpONyKTHBHLIX OaphepoB, Takue Kak
oco0eHHOCTH (PEPOMOHOB H IIOBE/ICHYCCKHE PEAKIMH CAMLIOB Ha HHX, Yallle 00bIMHOIO CBS3aHEI C
Z-XpoMOcoMOii.

B ornuuue or CHCTEM € MYKCKOH IeTepOoraMeTHOCTBIO, B KOTOpPbhIX X-XpoMocoMma UIpaer
3HAUUTENIbHYIO POIb B IBHAKEHHH I'€HOB, HU Y ITHIL (Kyp U 3401MK-3¢0pbl) HY Y IUETKOIpsIa He
obnapyxeHo PHK- (perporpancnosuposantoe) u JIHK-onocpenosanHoro nepeMerleHus: reHoB
u3 Z-xpomocoMsl B ayrocomsl (Toups et al., 2011).

KomMneHcauus fo3bl U NOJIOBOH XPOMaTHUH

Y camMOK, HO He Yy camilOB OOJBIIMHCTBA BHJIOB MOIM U 0abouyek, MPUCYTCTBYET TENO
reTepoxXpoMaTHHa B sijipax Bo BpeMst uHtepdasel (Traut, Marec, 1996). Takum o0pazoM, Kak u y
MJIEKOMUTAIONIMX, Y yenryekpbuibix (Lepidoptera) ecth MonoBoit XpoMaTHH, HO 3TO HE CBSI3AHO C
KoMmieHcauued no3pl. FIMeercs MHOIO [10Kas3arelbCcTB TOIO, YTO IIOJIOBOH XPOMAaTHH Y
Lepidoptera aBagerca XpoOMaTHHOM, MONXYYCHHBIM M3 W-xpoMocoMbl. Tak, OH OTCYTCTBYET y
BHIOB C ZO-HOJ]OB]:IMH XpPOMOCOMHBIMH CUCTEMAMH.

Y nmuir He wnaOmopaerca 3(hQeKT M030BOH KOMIEHCAlMs aHATOTMYHBIA MEXaHH3MY Y
MJIeKONUTAOMKMX. Y caMuoB ntull (ZZ) He oOHapysxeHo Tenel bappa. Tak, cBsI3aHHBIH ¢ I0JIOM
TeH CHHTE3a aKOHMTa3bl 0DECICUHMBACT Y CAMILIOB YPOBHH AKOHMTA3bl BBIILIC YEM Y CAMOK, YTO
CBHUJIETEIBCTBYET 00 OTCYTCTBUU J1030B0H KoMmieHcatnu (Baverstock et al., 1982). B neckonbkux
TAaKCOHAx ¢ onpexeneHueM nona ZW, Brmodas nruy (Amold et al, 2008; Itoh et al., 2010),
6abouex (Johnson, Turner, 1979; Zha et al., 2009; Harrison et al., 2012), 3meii (Vicoso, 2013),
YENIyeKphITBIX M HcTocoMa-MaHcoHU (Schistosoma mansoni) (Vicoso, Bachtrog, 2011), 6bia
oOHapy»KeHa HeroJiHag J1030Bas KoMreHcalus Z-xpomocomsl (Vicoso, Charlesworth, 2006; Itoh
etal., 2007).

Oddexr xoMmeHcanuu 1036l TEHOB 00ECMEUMBACTCA AKTHBU3AIMCH €MHCTBCHHOM IMOIOBOM
XpoMocoMbl 7, y TeTeporaMeTHoro moia—camok (Korax, 1979). OtieHK 1030B0#H KOMITEHCAIH
no PHK-nocnenoBarensHocTam nagamu otHonieHue M : XK pasnoe 0.97-1.04 nna ayrocom u 1.42
JUIsL [IOJIOBBIX XPOMOCOM B coMarnueckux Tkausx kKypuusl (Ellegren et al., 2007). Mo u coasr.
(Itoh et al,, 2007) nomyunmu Benuuuubl 0.99/0.99 nna ayrocom u 1.40/1.23 s moioBbIX
XpOMOCOM Y Kyp M 350nuk-3e0psl (Taeniopygia guttata) COOTBETCTBEHHO. Y IIENKONpsa ObLIO
nony4deHo 3HaueHue 1.41 Ui monoBeIX XPOMOCOM B TKAHSX TeNa. Y JBYX BHUIOB ITHIl U OJJHOIO
BHJIA YENIyeKPbUIBIX He ObLl HAWIEHO HUKAKHX JOKA3aTeIbCTB [MI00ATLHOrO MEXaHH3Ma
KOMIICHCALMH J103bL.

Yrepikaaercsa, urto (1) m030Boi  KommeHcaru TpeOyHOT B TEPBYIO OYEpeIb TIEHBI,
KOHTPOJMpYHOIHe MopdoreHes U cTpoeHue Tena; (2) NpogyKThl 3THX I'EHOB HEOOXOAHMBL B
JMCOMHBIX [103aX OCOOEHHO BO BpeMsl OOIEHEe3a M pPaHHEro 3MOPHOHANBHOIO pa3BUTHS;
(3) rereporamMeTHBIC CaMKH BO BpeMs OOTCHE3a CHHTE3HUPYIOT H COXPaHSIOT MOp(OreHeTHuecKu
HEe0OXOJUMBIE MPOTYKTHI TEHOR, B TOM HHCIE MPOIYKTHI, KOAHPYEMbIe Z-CIENNEHHBIMUA TeHAMH;
(4) obuie THX TeHHBIX MPOJAYKTOB B SIHIE H HX COXpaHEHHE /IO CPABHHTENLHO IO3/IHEro
9MOpHOreHe3a I03BOJIAET TeTeporaMeTHbIM CaMKaM IIPE0JIONeTh MOHOCOMHOE COCTOSHUE Z
XpoMocoMbl Yy ZW 3MOpHoHOB. JKeHcKas reTeporaMeTHOCTs NMpeodIagaeT y NTHLl, penTWInd u
am(puduii, KOTOpbIE BCE MMEOT MAKpOJIELUTAIbHBIE AMlla, COAEPKAIIHE B HECKOJIBKO ThHICAY pa3
ooneiie marepusckoit PHK, weM sitna mnexomurTalonmx, HEMAaro[ WM Apo30duiabl. ITo
YBEJIHUEHHE Pa3sMEPOB SIMIL, COJEPIKAHHS IKENTKA M, OJIHOBPEMEHHO, pa3Mepa MaTepPUHCKOro
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BKJIa/]a B 3MOPHOH, BO3MOKHO, CIIOCOOCTBOBAIO KEHCKOH I'eTeporaMerHOCTH W OTCYTCTBHIO
no30B0# komrieHcanuu (Chandra, 1991).

Pasnunia mexny X-CUEIUIGHHBIMM M Z-CUEIUICHHBIMH -.BCe BuAbl ZW, usyveHHsle
reHaMy NOXHUMAET (hYHIAMEHTAIbHBIE BOIPOCHL O POJIM Ha CeropHAWHUA AeHb, He
J030BOH  KommeHcalmd. Ecmu OBl KOHJCHCAIHA MMEIOT [030BOM KOMMEHCca-
JEHCTBUTENILHO ObUIA JUIA KOMIIEHCALIMY Y/IBOGHHOH J103bI UMM. ...2BOJTIOLUMOHHBbIE Npu-
reHOB, TO Tenblia bappa fomkHel OB B HOpME YMHBI TaKOro pasfMYHOro
00Pa30OBBIBATHCS BCET/IA Y TOMOTaMETHOT0 HOJA. nosegeHuna cucrem XY u ZW
HE NONHOCTLIO NOHATHBI.
Mank, 2009; Naurin 2010.

Mewnos y ntuu u Lepidopiera

JKenckue 0oLUThI NOJABEPraoTCs 3HAYUTENLHO 00JIee MIPOJODKUTEILHOMY IPOLECCY Pa3BUTUSL
MEKIY HayanoM MeioTuyeckoi mpodasbl U OBYIALMCH MO CPABHCHHUIO C BPCMCHEM pPa3BHUTHS
CIepMaToLMTOB Juisi  co3pesaHust criepmbl. IlonoOHO monoBeiM  xpomocomam X u Y
MJIEKOIIUTAOIINX, XPOMOCOMBL Z U1 W HMMEIOT JIMIIb HEOOIBLIYIO IICEB/I0ayTOCOMHYIO 00/1acTb.

VY cpenu3eMHOMOPCKOro MYy4HOro MOTbUIbKA (E. kuehniella) odmen renamu mexny W u Z-
XPOMOCOMaMHU TIPOMCXOUT Mo3Ke ayrocoM. OH npotekaet B 4 stana: (1) HauMHACTCSA TOMBKO HA
OJIHOM KOHII€, (2) 4aCTHUHBIA CHHAIICUC Pa3IHYHBIX 110 pasMepaM W u Z-XxpoMocoM, (3) ronHbii
CHHAIICHC, JOCTUIa€MBbIi IIPH MHOI'OKPATHOM CKPYYMBaHUH, U (4) OKOHUYATeIbHAs] CHHALITHYECKAS
peryaMpoBKa 1yl KOMIEHCaluy pasHulsl B JuiHe (Marec, Traut, 1994).

VY Kypulsl oBeAcHUE napbl ZW BO BpeMsl JKEHCKOTO OOTEHE3a OTIHYACTCS OT MOBEACHHS Mapbl
XY B criepMaTolMTAX MIEKOMUTAOIIMX, TOCKOJIBKY XPOMOCOMBI ZW, 110-BHJIMMOMY, TOCTHTAKOT
cTazuu nomnHoro cuHancuca (Schoenmakers et al., 2009). TpaHncinokanuu Mexay Z-XpoMOCOMOR
W ayTOCOMAaMH He OKa3bIBAIOT CYIIECTREHHOTO BJIMSAHHUS HA TPOAYKIIMIO CIEPMBI Y METYXOB, a
KYPHIIbI, HECYIIIME TPAHCIOKAMHU MEWTY Z- U MHUKPOXPOMOCOMOH, MOKAa3bIBAIOT CPAaBHHMYIO
POXKIAEMOCTh ¢ HOPMATBbHBIMH Kypamu (Pigozzi, 2016).

* * *

Co3aeTcs BrieUaTieHne, YTo ¢ TIOJIOBBIMH XPOMOCOMAMH, H MIPEIKJIE BCETO ¢ Y -XPOMOCOMOIA, MbI
YEro-T0 CYINECTBCHHOTO HE MOHMMAaeM. A HE TMOHMMAaeM [JIABHOTO—IUIS YEro MOJIOBbIC
xpomocombt? Yro oHu Aenaro1? KakoBo ux HazHauyeHue, (DYHKIHOHANIBHAS POJb M Al THBHOE
3HaueHue? B ueM MX 2BOIIOLMOHHELA CMBICIL, JIOTHKa?
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rmasad

Monosbie XpoMOCOMbI U
nonosov pMmopdhnsm

eopust 1MoJoBoro orbopa Obuta BBeJieHA Ul OOBACHEHHS BO3ZHHKHOBEHHS IOJIOBOTO

numopdusma (Hapeun, 1953). [lockonbky npu3Haku, 0TOOpaHHBIE MOJIOBBIM OTOOPOM,

paznnuaoTes y o0OMX IOTIOB, MPEATNOIAracTCs, YTO OHM IPHUHOCAT MOMBL3Y TOIBKO

OJIHOMY MOJy (OOBIYHO, MYKCKOMY) M HaHoOcAT yuiep0d Ipyromy. B uccnenoanun
MOJIOBOTO IMMOPdU3MA OTHOH H3 KITFOYEBBIX TIPOOJIEM ABISICTCH YCTAHOBICHHE CBA3H MEXKIY BO
MHOI'OM CXOJHBIMU TI'€HOTHIIAMW JBYX I[IOJIOB M 3a4aCTyYH) HX pPaJUKaJbHO pasiHYarolIUMUCAH
(penorunamu (Lande, 1980).

MonexynsapHbie OCHOBbI NONoBOro aumopcpunusma

Hexotopbie acniektsl nojoBoro jumopgusma 00YCIOBIEHb FeHaMH MOJIOBLIX XPOMOCOM (T€HBI,
cuennennsie ¢ nonom) (Rice, 1984). OnHako y MHOTHX OPraHM3MOB C BBIPAXXEHHBIM TTOJIOBLIM
JUMOop(U3MOM, 1oJI0BbIE XpoMocoMel oTcyTcTByrOT (Bachtrog et al., 2014), 1 jaxe y Tex BUJIOB,
y KOTOpBIX OHH €CTb, ACHO, YTO OONBUIMHCTBO AUMOP(HBIX IPU3HAKOB 00YCIIOBIEHBI T€HAMH,
KOTOpBIE TPHCYTCTBYIOT y 00oux mosoB. [Ipm 3TOM aHTaroHucTHYeckuil monoBoil otdop
JIEHCTBYET TaK, 4T00bI OrPAHHYHTH [IPOSIBIIEHHE MIPU3HAKA TOJIBLKO TEM I0JIOM, KOTOPbIH UMEET OT
Hero none3y. B pe3ynbrare Takoro orpaHHYEHHs] MOMKET BOSHHKHYTH Pa3Has KCTIPEcCHs TeHOB,
KOHTPOJIMPYIOIINX J@HHBIA npu3Hak (sex-biased genes). [lelictBurensHo, Oonee aumopdHbie
TKaHU TeJla II0Ka3bIBaloT OOJBIIMIH YPOBEHb TPAHCKPHUITIIMOHHOTO NOJIOBOro AuMopdusma (Mank
et al., 2008). Mccnenoranus y nrun 1 Drosophila cornacyrores ¢ Tem, UTO BEIHYHMHA SKCIPECCHH
IO IONOBBIM MpHU3HAKAM YCHIIMBAETCA B IPOLIECCE MHAUBUAYAIbHOIO PasBHUTUS, M CHIIbHEE
MPOSBISIETCSL Y B3pOCIbBIX, OTpaKas oHTOreHe3 (eHorvrmmueckoro jumopdusma (Mank et al.,
2010; Perry et al., 2014).

JI7si MHOTHX TIPH3HAKOB ONMTHMATBHBIC 3HAYEHHS IS CAMIIOB M CaMOK pasHbie. B To *ke Bpems,
MHOI'ME IIPH3HAKH JICMOHCTPHPYIOT CHIIbHBIE KOPPEIALMH MEKIY [OJaMH  (MEKII0JOBbIC
koppessiuuu (rMF), uTo noHsTHO, Tak Kak o0a 1ojia UMEIOT OOLIYI0 FeHETHUECKYIO CIPYKTYpY
(Fairbairn, 2007; Lande, 1980). B takux ciayuasx, pa3nuuus ONTHMAIbHBIX 3HAYCHUH [PH3HAKA
MEXTy MONaMH MOTYT MPUBOAWUTE K TMOJOBOMY KOH(IHMKTY W TPOTHBOPCUHBOMY JIABICHUIO
orbopa Ha oxnu u Tewe rensl (Delph et al., 2011; Gosden, Chenoweth, 2014; Stearns, 2012).

23
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MexrionoBas Koppessitiis 00BIYHO PACCMATPHBAETCS KaK OrpaHMYEHHE HA IBOITFOIMIO TIOJIOBOTO
muMoppusma (Griffin et al., 2013). Ilpeanonaraercs, 4To TOABKO Pa3pyLIUB 3TH KOPpPELALUH,
CaMIIbl ¥ CAMKH MOTYT JJOCTHYb Pa3HBIX ONTHMYMOB /Ul JAHHOTO npu3Haka. [lostomy cunraeres,
YTO M0JI0BOH IUMOP(U3M, Kak 110 (PEHOTUIINYECKHM [IPU3HAKAM, TAKUM KaK POCT 4e/I0BEKa, TaK U
[0 IKCIPECCHH I'€HOB, IIpe/ICTaB/sIeT co00 110 KpaifHel Mepe YaCTHYHO pa3peLleHHbIH T0JI0BOMH
kondumkt (Connallon, Knowles, 2005; Ellegren, Parsch, 2007).

Popurenbckue adhdekrbl

B psne ciydaes (eHOTHII IOTOMCTBA 3aBUCHUT OT FEHETHUYECKOI'O BKJIA/a OTLA WM MaTepH (Tak
Ha3bIBaeMble poauTensekne a(dexTr (“parent-of-origin effect”™)). JonyctuM, uTto CymecTByOT
nBa Bapuanra opranmsma—A u B. Knaccudeckas reHerika npeanoiiaraet, 4to GeHoTrr ruopuia
AB OyIer olHUM U TE€M K€ HE3aBHCUMO OT TOrO CKPEILMBAETCS JIM caMKa THIIA A ¢ CaMIIOM THIIA
B wm HaoGopor. Hanpotus, korma YA x B # $B x A, MBI HMeEM JIENI0 ¢ POAHTEILCKHMH
addexramu (Gray, 1972).

PeuunpokHbie rubpugbi

Popurensckue >ddexrsr Obun 3ameueHsl Gonee 3000 jer Hazaq Opu pasBEJEHHH MYIOB B
Cpenneit Azun (Savory, 1970), HO 10 cUX HOp KJIACCHYCCKAas TCHETHKA HE MOXKET OOBICHUTH
AMOXANBHYIO 3ara/iky “acHMMETPHX’ POJMTENCH MPH PEIUNPOKHBIX CKPEIIHBAHHIX, & HMCHHO,
MOYEMY M MYJT U JIOIIAK TOX0KH Ha CBOUX OTIIOB (Puc. 4.1).

donkey

donkey

donkey
~

horse

Puc. 4.1 My u nomak noxo:ku Ha CBOUX OTLIOB

B Hekoropbix sxcnepumenTax I'. Menpgens Ho CKpeLIMBaHHIO pacTeHMH HaldIoazoch “He
MenneneBckoe” HaclelOBaHUE, Korja rUOpuibl “UMend Ooibluee CXOACTBO € ONBULIHOLIMM
pomutenem” (Mendel, 1965).

[MposierieHre MpH3HAKA MOKET 3aBHCETh OT mona WHAuBHIA. CyYIIECTBYIOT TPH3HAKH, TEHBI
KOTOPbIX MOIYT HAXOIMTbCS B ayrocoMax MM IOJOBBIX XPOMOCOMax OOOMX IOJIOB, HO



FrMABA 4 NONOBBLIE XPOMOCOMbB MW NONOBOW AMUMOPOU3IM 25

MPOABIIAOTCA JHINE Y OJHOTO M3 HHUX. TakWe NPH3HAKH HA3bIBAKOT OrPAHWYEHHBIMH IOJIOM.
Hanpumep, ObIkK HECYT I'€HbI, ONPEAEIIAIONIE MOIOYHOCTD JI0Y€EPEi], HO I'eHbl CBOE JIEHCTBUE Y
OBIKOB HE MPOSBAAIOT. ['€HBI Ka3eMHOB—OENKOB MONOKAa—?3TO cioydaidl Haubosiee cTpororo
KOHTPOJIsE TPAHCKPHITIMHU OrpaHH4YeHHOH nosoM. OHU JISHCTBYIOT Y 0COOEH Kak JKEHCKOIo, Tak U
MycKoro nona. PasHuia yposHeil skcnpeccuu Mex ity HuMu cocrasiaer 1 ma 100 000. Ieryxu
TAKKE HECYT I'eHbl AHIIEHOCKOCTH W pa3Mepa Ll I0Yepeil, XOTs Y [IeTyX0B AeiicTBUE 3TUX I'EHOB
nozasieHo. Penunpoknsie >QQeKTs! Mo MOI0BOH 3penocTH, ANIEHOCKOCTH, KAuecTBY SIMIl U
JKM3HECTIOCODOHOCTH XOpOIIO M3BECTHHI NMpu ckpemmBanusax ntur (Fairfull et al,, 1983). Ouun
OBUIM MCIIOJIB30BAHBL YTOOBI C()OPMUPOBATH BBITOJHBIE Ui IPOM3BOJACTBA ruOpHbl. bbLIO
[IPEIOJIOAKEHO, YTO 3TH (KT 00YCIOBIEHB! CLEIUICHHBIMHU C II0JIOM [€éHaMH, MaTEPUHCKHMU
addexramu, i ux kombunauueit (Fairfull, 1990).

To, uto qUMOp(HBEIE MPU3HAKM MOTYT OBITH C CAMOTO Hayana OrpaHHYEHBI MYKCKMM TOIOM,
OBUIO TI0Ka3aHO Ha rudpuaax Irruil (dersipe poxa U Bocemb cemeiicts) (Coyne et al., 2007).
IIpu3Haky, XapakTepHbIE TOIBKO sl MY?KCKOTO [10J1a, HE IPOSIB/SUIMCE Y JKEHCKUX PELMIIPOKHBIX
rHOPHIIOB NMEPBOTO MOKOIECHHS.

FeHOMHbIA MMNPUHTUHT

Kaxnplii ayrocoMHBI I'eH IpPEACTaBlIEH IBYMS KONUAMH, a/Ule/BSIMM, IOJNYYEHHBIMH OT
MAaTepPHHCKOI0 ¥ OTI[OBCKOTO OPraHH3MOB B pe3yiibTarte oruioioTeopenss. st npeobnanatonero
yycla TEHOB OJKclpeccus MOET ¢ o0eux awlenedl OAHOBPEMEHHO. VIMIPUHTUHI TE€HOB
OCYIIECTBIISIETCS ¢ TIOMONILIO nporiecca MeTHnupoanua JJHK. Dnurenernueckue MeTkn ObUTH
00HapyKEHbl TOJIBKO Y PACTEHHIH W MIISKOITHTAIOIINX.

OTKPBITHUE ABJEHHA

JlBajuaTs J1eT Hasaj JBe IPYIIbl AHMIMHCKUX YUeHBIX celald HHTePECHOe OTKphITHE (Surani et
al., 1984, McGrath et al., 1984). OHH ckpellMBaIH caMmilia M CAMKY MBIILICH, IOTOM KECapeBbIM
CCUCHUEM M3BIEKATH OIUIOJIOTBOPEHHBIC AHIICKICTKH 0 CIMSHUS MYKCKOTO M 3KEHCKOTO
MPOHYKIIEYCOB B o0llee sapo 3uroTel. OJHy KIeTKy He Tporaju—oOHa CIy:KHia KoHTponeM. M3
BTOPOH M3BJIEKAIM OTLOBCKOM IIPOHYKIIEYC W 3aMEHsIM €r0 MaTepUHCKUM W3 Tperbeil, u
Hao6opoT. Takum 00pasoM NOTYUHITH BO3MOXHOCTh CPABHHThL TPH THIA CKPEIMBAHHS: CAMKA-
camen (2+d), camka-camka (2+9) u camen-camen (J+7). UsrorosnenHsle Takum 00pazom
ANTICKIICTKY HMIIAHTHPOBAITM TTPUEMHBIM MartepsaM. MBbIiara, momydeHHbIC OT CIHSHHS TEHOB
OTLla U MaTepu (HOpMa) po:xJanuch yepes 21 1eHb, a oT “ofHonoNbIX” poaureneidi—rudnu, He
noxuBasg 10 poxaeHus. Okasaloch, 4TO B CIydae CIMAHUS JBYX JKCHCKHX I'€HOMOB 3MOPHOH
CHavala pa3BUBalICS HOPMAIILHO, HO He 00Pa30BbIBAIl IUIALIEHTY, 000I0YKH U10/a U noruban. B
clly4ae JBYX MYKCKHX I'€éHOMOB, Ha00OpOT, IIaleHTa Obl1a 00MbiIe HOPMbI, ObUIH 000JI0UKY, HO
B HUX BMecTo 3MOpuoHa (opmupoBaiics amop(Hbii koMOK (Pue. 4.2). SIBneHHE MNOMYy4MIIO
Ha3BaHUE “‘ceHOMHLUI UMAPUHMUNS, U €r0 CBA3LIBAIOT C Pa3HOil dKcIpeccHel OTILOBCKUX U
MATEPUHCKUX AyTOCOMHBIX TCHOB. MMMPHHTHHT MOXET OBITh OHCHB TKAaHE-CTICIH(HYCH U
MPOSIBISITECA HA orpeeleHHsix cranusax onroreresa (Tycko, Morison, 2002). buonoruyeckuii
CMBICIT €I0 JI0 CUX IIOp JI0 KOHIA He siceH. Bo3HUKHOBEHME Takol CTPYKTYphl "MOHOAJLIENBHOH"
9KCIPECCHM ICHOB IIPeACTAaB/IACT COOOH HBOJIOLMOHHBIN I[ApajoKC, IOCKOIbKY IIPOSBIISET
pelieCCHBHBIE BpPEHbIE MYTAIlMH M TEM CAMBIM CBOJIMT Ha HET MPEHMYILIECTBA JTHIUIOWIHOCTH
(Kondrashov, Crow, 1991; Wilkins, Haig, 2003).
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camKa ..I x ._f camerr
® 0 Tepecaika MpoHyKIeyCOB
. @ ’ O~ xercxnt, (OMyKCKOH

HMILUTaHTalHA

m m ?@f 3HTOT TIPHEM-

HBIM MATepsIM

4 cy'roql-u,le QMGpHOHLI

T IUIaleHTa

HOPMAITLHBII THHOT eHe THY e CKHii AHIPOreHe THY e CKHIT

¢ xd 2xQ Fxd

Puc. 4.2. Pasputie cyry0o )KeHCKOro, HO 3BOMIOIHOHHO “HOBOTO”™
HpHSHaKa— TUIACHTBI OHpeﬂeﬂﬂlOT Myx(cme FeHb], a ()6]_U,BI‘O,
HO craporo 3M0OpuoHa—sxeHckue (I'eomawsH, 2005).

MY3bIPHBIA 3AHOC

[1y3pIpHBI 3aHOC—OTHOCHTE/IBHO YAcTO BCTPEUYAROLIAACH aHOMAIIUs, 1J11 KOTOPOH XapaKIepHO
paspactanue Tpodobdiacta (IUIaLleHTs]) U OTCYTCTBHE IUIoAa. Ily3bIpHBIH 3aHOC BO3HHKAaeT B
cllyuyae OIUIOfIOTBOPEHHs Je(eKTHOH dAiLeKneTkH, HE HMeroleld XpoMocoM (OTCYTCTBHE
MAaTepPHHCKOr0 T€HOMA) WM B PE3YIbTATE OIMIIOIOTBOPSHHS] HOPMAIBHOW SIATICKIETKH BYMS
CIHEPMATO30HIaMH (COOTHOIIEHHE OTIIOBCKOTO M MATEPUHCKOTO reHoMoB 2 4 1 Q).

UMIIPUHTHUHI YV PACTEHUH

CxonHoe sBlIeHUE ObIIO OTKPBITO Y L[BETKOBBIX pacTeHuil. Bropoe oTienbHoe OILUI00TBOPEHHE
MIPUBO/IUT K 00pa3oBaHUIO JHOCTEPMA, IKCTPAIMOPHOHHON CTPYKTYphI, KOTOpas MUTAET CeMs
NoJO0HO IUIALCHTE MIICKOMHTAIOIIMX. JHAOCHEPM YACTO COACPIKHUT OJHY KOIMIO OTLOBCKOIO
reHOMa W JIB€ KOIMH MATEPUHCKOTO, 4TO MPHUBOJUT K TpurionaHomy rexomy (1 4 :2 Q).
M30RITOK MATEPHHCKHX TeHOB (cooTHOmeHue Gonbie yem 2 ¢ : 1 J) npuBoaUT K yrHETEHHIO
PasBUTHA 3FHAOCIEPMA, TOrJA Kak M30BITOK OTLIOBCKMX I'€HOB, KaK IPaBWIO, KOPpPEIHPYET C
m30eITOUHBEIM pocToM (Haig, Westoby, 1991).

TEOPHUHU TEHOMHOT O UMITPUHTHUHT A

CyIIeCTBYIOT HECKONBKO KOHKYPHPYIOUIMX TEOPHi, MBITAIONMXCA OOBACHUTE IBOMIOIHOHHOE
IPOUCXOXK/IEHUE MOHOAILIENbHOH 3Kciipeccut reHoB (Patten et al., 2014).

Teopuss popurtensckoro kxongukra (The parental conflict hypothesis). HanGonbmeit
MONYJIIPHOCTBEO NoJb3yercst runoresa . Xeiira, koTopas 0ObACHAET I€HOMHBIH MMIIPHMHTHHIT
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KOHCIJJIHKTOM HUHTEPECOB MEXKINY MATEPUHCKUMH U OTHOBCKMMH KOIMMUAMHW I'€HOB 3a KOJIMYECTBO
pecypcos, nepejlapaeMbIx 0T Matepu k miony (Haig, Westoby, 1989; Haig, Graham, 1991; Haig,
2004). V XKUBOTHBIX IUIALIEHTA BBICTYNAECT KaK OCHOBHOE “TIoNie OMTBBI, TMPH 3TOM OTIIOBCKHE
T'€HbI JTOJDKHBI YBEJIMUMBATH 3KCTPAKIIUIO MMUTATE/IBHBIX BEIIECTB BO BPEMS 6epeMeHHOCTI/I, TOorga
KaK MATEPHHCKHI [€HOM JOJIKEH €€ OrpaHu4uBaTh. IIpy 3TOM OTLOBCKHE I'€Hbl OTBETCTBEHHBI 32
o0pa3oBaHue IUIALIEHTHL, a MaTepuHcKkue—3a AudQepeHnaliio KIeToKk 3MOpHoHa B Oyaynue
YacTH Tejla M opranbl. B mognepkky runore3bl roBopUT (akT oOHapy:KeHUS TIEHOMHOTO
WUMITPUHTHHTA Y BCEX IUIANEHTAPHBIX MIEKOMUTAIONMX, Y KOTOPBIX TIOCHE OTUIO0TBOPEHHS
IIOTOMCTBO IOTPE0IIAET 3HAYHTENBHOE KOIMYECTBO MATEPUHCKHUX PECYPCOB.

Jns pacteHuit 9TO BBIpaXKaeTcs B TOM, YTO SHJOCTEPM (TKaHb OTBEYAMOIAs 33 HAKOIIIEHHWE
PECYpPCOB) SABISAETCA BO3MOMKHBIM MECTOM TMPOSABIEHNS TEHOMHOTO UMITPUHTHHTA.

MHorue Bujibl UMIPUHTUHTA M H30BITOK MATEPUHCKUX TEHOB, KOTOPBIE 3KCIIPECCHPOBAHBI,
OCTAr0TCSl HEOOBJACHEHHBIMU B pamkax rumoresbl Xeiira (Hurst, 1997; Hurst, McVean, 1997).
Tak, U3 THOOTE3bI CIEAYET, UTO y SAHIEKTAMYINIHX M JOKE Yy CYMUYATBIX HE MOKHO OBITh
HUMIIPUHTHHIa OTHOBCKHUX WM MATEPHHCKHX TC€HOB. 91“0'[ BBIBO ObLIT IKCIHEPUMEHTAILHO
noareepkaén (Haig, Westoby, 1989). Onnako mnosaHee MMOPHHTHHT OBLT OOHapyXeH Yy
SHIEKIAYIIUX ITULl, ¥ KOTOPbIX [E€PEHOC MATEPUHCKUX PECYPCOB IIOCIE OIUIONOTBOPEHHS U
COOTBETCTBEHHO pOJMTENbCKUe KOH(MMKTHL HesHauuTenbHsl (McElroy et al., 2006; Tuiskula-
Haavisto, Vikki, 2007).

Honosoii konpuaukr (Intralocus sexual conflict). Teopus xonduMKTa Npeanonaraer, 4ro
HUMIIPHHTHHT MOXKET ObITh CBsI3aH C HHTPAJIOKYCHBIM I10J10BbIM KoH(IkToM (Day, Bonduriansky,
2004). TI'mmoTe3sa HMHTPAIOKYCHOTO IIOJIOBOIO KOH(IMKTA YTBEP:KAAET, YTO I'€HOMHBIH
MMIPHHTHHT CMATYACT KOH(IUKT, BbI3BAHHBIA TONOcTerupuuecckuM oTOOpOM, MO3BOMISA
KoMy noiy Oojee TecHO MpuOIM3UTBCS K €ro (peHoTHIMuYeckoMy ontumymy. CoriiacHo
TEOpUM, HMIPHUHTHHI OyIeT BO3HHMKATh y JIIOOBIX  pa3leNbHONONBIX  BUIOB  IIpU
nonocnenuduuHOM 0TOOpE.

Teopus koamanraumy Marepd M noromcrsa (Maternal-Offspring Coadaptation
Theory). Or6op yacto OnaroNPUATCTBYET KOAAANTALIMU JONOIHUTE/BHBIX IPH3HAKOB MATEPH U
[IOTOMCTBA, KOTOPBIE [10JI0KHTEIILHO BIMAIOT HA pa3BUTHE IOTOMCTBA U eI0 PHCIIOCO0ICHHOCTE.
DTO TOBOPUT O TOM, YTO B3aUMHAs JaNTalliA MPU3HAKOB MAaTEpH W MOTOMCTBA BO MHOTHX
cITyqasx MpeanouTHTeNnsHee UX KoHparkTa (Bateson, 1994). Dra Touka 3peHns noaTBEpAIacTCS
WCCIIE/IOBAHHAMH BO MHOIMX Pa3iM4HBIX TakcoHax. Hampumep, sKcnepuMeHTHl ¢ OONbIIHMH
cuHuuamMu  (Parus major) 10Kasaad, 4YTO CTeleHb TpeOOBaHUA KOpPMa IIOTOMCTBOM
KoppemupoBano ¢ peakiped marepu (Kolliker et al., 2000). Cxopnble pe3ynsTathl ObUIH
MOTYYeHbl Y HACEKOMBIX, 3a00Tarmxcs o motomctie (Agrawal et al., 2001; Lock et al., 2004).

AHAJIOTHYHO Yy MIIEKOTTHTAIONINX, MOJIO/IBIE MBIIIIH MOTy4YaH Oosbie 3a00Thl OT MaTepeit, croei
rederrdeckoi nmuHuM (Hager, Johnstone, 2003). I'eHerrueckas koamanTauusi ObLia Takxke
o0HapyKeHa MEXKTy KauecTBOM TIOTOMCTBA M MaTePUHCKHM BBIOOPOM MECTA [UIsl OTKIA/IBIBAHHSA
sidn; (Hampumep, y Myx Liriomyza sativae) (Via, 1986). Kpome Toro, y uyenoBexa ananus otoopa
Ha BEC TeJla MPHU POKIACHUU IOKa3al, 4To 0TOOp HE CrOCOOCTBYET M30BITOUHOMY HM3BIICUECHUIO
MAaTEePHUHCKHX PECYPCOB, H 4TO TIOTOMCTBO €O CPEHEH MacCOM Tesa MpU POsKICHHH UMemno Dolee
BbIcOKYH0 npucrocodnenHocts (Ulizzi et al., 1981). B teoperuueckoii padore ObLIO MOKA3aHO,
YTO TAKas CHTYAIMs MOJKET TPHBECTH K OTOOPY B MOJB3Y KOAMAMTAIMH TMPU3HAKOB MATCPH H
MOTOMCTBA JUIsl IOCTHKEHHUs ONTUMAIBHOM Maccel Tena npu poskiennu (Wolf, Brodie, 1998).
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IlpenorBpaienne napreHoreHe3a. OMHUM H3 CIEACTBHI '€HOMHOIO MMIIPUHTHHTA SIBIIAETCA
[pEeNOTBpAlleHHe [TapTeHOIreHe3a. Toraa MOMKHO OKUIATh, YTO OH HE JOJ/DKEH BCTpEedaTheid B
TPyIIax pasMHOKAIOIMXCA MapTEHOTEHE3OM.

Poautenbckue achchektbl y Uenoeeka

O. M. IIaBnosckuii (1980), u3yyast TYpKMEHCKYIO OMYIIILMIO METOIOM 0000IIEHHOIO OPTpeTa,
O0HapYKWI YETKYIO PasHUILY 10 MOy, JKEHCKUE HOPTPEThI JIETKO YKIabIBAIMCH B OJUH TUIL, &
MYKCKHE TOJIBKO B JiBa THUra. AHaroruuHoe sieieHue Habmopan P. M. IOcynos (1986) B
kpanuonorud Oamkup. Muoromepusie (102 napamerpa) W3MepeHHs HKEHCKHX IK3EMIUIAPOB
VKJIAIBIBAINCE B MOHOMOJANIBHOE pacrpenencHue (1 Tui), Toraa Kak My:KCKHe—IaBald
onuromoiankEHoe pacripenenenue (4 tuna). [Tpu ToM KeHCKHil THN okazancs OMH30K K yrpo-
(purCcKOMY THIY (B reorpaHYecKOM IUIAHE 3TO CEBEePO-3alla/IHbie COCEAH COBPEMEHHBIX
OalIKKp), a MYXCKHEe—K alTaliCKOMY, Ka3aXCKOMY U APYTUM (BOCTOYHBIE U HOr0O-BOCTOYHBIE
cocenu). Takast sxe kapruHa ObUia OOHApYKeHA B YJIMYPTCKOH MOMYISAIMU: JiepMaToriuduka y
JKEHIIMH COOTBETCTBOBAIA CEBEPO-3alaHOMY THILY, a Y MY>KYHMH—BOCTOUYHO-CHOMPCKOMY
(Jommnosa, 1989). JI. T'. Karrazora oTMeTHIa CXO/CTRO JepMaToraupuin Oonrap ¢ TypKamH,
TOrza Kak 6onrapku Opuin Onuxe K nutoBUaM (Ta6n. 4.1).

Ta6bn. 4.1 ®eHOTUNMUYECKMHA NOSIOBOM AMMOPbU3M B pa3nuHHbIX

nonynAumuax.
Tun ¢genoruna

Momyasiimst

KeHmuubt My:KuUHHBI
Bamxupor 1 Tum (yrpo-huHckmit) 4 tuna (anTalickuii, Ka3axCKui 1 ap.)
Bonraps: 1 tun (“JIutoBckmii™) 1 Tun (“Typerkuii”)
TypxmeHbl 1 Tan 2 tuna
Y amypthI 1 Tun (“cerepo-3amaiHbIH") 1 tun (“BocTOUHO-CHOUPCKHMIA™)
SAnoHis! 1 Tan 1 Tin

M3onupoBaHHBIE 3THOCHL, Kak IIPaBUIlO, MOHOMOJANIbHBL Hanpumep, OCTpOBHAs IOMYILALMUS
(sLmoHCKAas) MOHOMOIAIbHA 111 000X I10JIOB.

* * *

TpyaHocTH OOBACHEHHS BbIIICYKA3aHHBIX IPYNI (PAKTOB CBA3aHBI C TEM, YTO KJIacCHYECKas
TEHETHKA, Oyay4yH (akTHUeCKH TEHETHKOW pa3/lefbHOMONBIX (OPM, pPaccMaTpUBAET, OHAKO,
TONBKO pE3YAbTaThl ckpewueanus ocobeill, HO He paccMaTpMBaeT pE3YNbTaTOB X
Juhpepenyuayuu, KOTOpHIE TOABIAIOTCH TNABHBIM 00Pa30M KAk CIEACTBUE CHEIHMATU3AIUN
TIOJIOB Ha YPOBHE MONYIsuuH. [1o3ToMy pelMIpoKHble pa3iMuus [IpH THOpHIM3ALHNA U MHOTHE
JPYIUe sBJICHUSA, CBA3AHHBIE ¢ camMoii u(depeHLalueii, He HaXoIT CBOSH TPAKTOBKH.
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JBONMIOLMOHHAA Teopun nona

“Hosnanue - nouck ananozuti”’
Jhiodeue Bonbyman

TOOBI MOHATH POJb MOJOBBIX XPOMOCOM, HEOOXOIHMO OTBETUTH Ha APYroil, Oosee
(byHnaMeHTabHBIH, BOOPOC— U1l YE€ro CYHIECTBYET M0JI, KAKOe OH UMEET alalTHBHOS
3nauenue?” Pemenuwe rmpoOnempl [oja  BHEpBblE ObUIO  OMYOIMKOBaHO B
MaremaTHueckoM kypHane (I'eonmaxsn, 1965) u mo3mHee BBIPOCIO B DgomoyuonHyIo

meopuio noaa (I'eonaxan, 1989, 1991, 2000; ['eonaxsu C. B., 2012).?”

MporpaMmmbI XXU3HU

IlepBas mporpamma xkusHu—penpoovkmueras (REP) (Pme. 5.1). Ona co3naer JHCKPETHOCTh
TeHeTH4YecKoH MH(OpMALMM BO BpPEeMEHU (MIOKONEHWs H apyrue ¢aszbl KU3HH) U B Mopdo-
(hyHKIMOHAILHOM IPOCTPAHCTBE (TEHBI, XPOMOCOMBI, KJIETKH, OPraHU3MBl, TIOMY/BIHI U IPYTHe
(opmbl opranuzarnuu). MHOXKUTE CBOKO HH(OpPMALMIO “yMEHOT’ M HEKHBBIE CHCTEMBL
Hanpumep, Ha matpuiie poMOHUECKOH MM MOHOKIMHHYECKOH cepbl obpaszyercs Ta ke (opma.
Ho JHK He TO/IBKO CO3/1aET KOIHIO, HO U OTTOPraer €€ OT MaTpHlbl, TO €CTh JHUCKPETH3HPYeT
uH(popMalMio. B 3TOM NpUHLMIHAIBHAS PA3HULA MEKTY HUMH.

Y 100MONOTHYECKMX CHCTEM JHCKPETHOCTh (haKTHUECKH OTCYTCTBOBAA: HE OBUTO MOKOMEHHH H
mzo0mma  gopM. CraxeM, MEXTy YPOBHEM TMPOCTBIX MONEKYT M IIEHO30B He OBLIO
MPOMEKYTOUHBIX YPOBHEH oOpraHu3aiiu. 310 3Ha4yuT, 4to OorarcrBo (opM u (ha3 KHBBIX
CHCTEM—pE3y/bTaT JUBEPreHTHLIX npoleccoB (nupeperiuanuil). Ommobky peruMKaliy Jaiu
Hauyajo BTOpOIl NporpaMme, HCTOUHHMKY pasHooOpasus—MyrareHesy (MUT). Dtoro Obuio
JIOCTATOYHO /151 AekcTBUs 0TO0pa 1 3omorun (EV).

Cremyrommm BaskHbIM 11aroM ObUIO TOsiBIIEHHE nporpamMmbl pexomOuHaimu (REC), koropas
JEXKHUT B OCHOBE TaKMX OMOJIOrMUYECKHX SBIEHMH, KaK KPOCCHHIOBEp, OILUIOAOTBOPEHHE WM

31
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cunramusi, Co3/1aB HOBBI, ABTOHOMHBIH OT Cpejbl, MCTOUHHMK pa3HOOOpasHsi, OHa pelmia
KapJAMHaIbHBIM 00pasoM 5Ty Inpobiemy. Ha ee ocHOBe BO3HHK IIOJIOBOM Iponecc U
repmacdpoautheii (['D) ciocod pazMHOKEHUS.

EV;s

)

EV4 — DIF3

T T

EV, — DIF, — DIF,

) 1 T

Poct s¢pextusnoct ssomouun T EV, — DIF, — DIF, — DIF,
T T T T

CaBur cpejiHero AX — EV, — REC — REC — REC — REC
TeHOTHIIA T T 1 T i T

Hucrepens motomeTsa 6 — MUT — MUT — MUT — MUT — MUT
T T 7 T T T

UncneHHOCTb [IOTOMCTBA N — REP — REP — REP — REP — REP
T ) T T T

CrnocoOb! pa3sMHOKEHUS blI — I'®d — PII, — PII, — Ilu

>

Harpagnenue 3BoIO1HM

Puc. 5.1 [locnenoraTensHOCTE NOSBICHHS OCHOBHBIX MMPOrPaMM U pocT 3()(eKTHBHOCTH
IBOIIOLMH TIPK Pa3HBIX cnocobax pasmuokenus (I'eogaxsa, 2000).
BIl—6ecnonsie, I'd—repmadponurnsie, PIIM—pa3nencHononsie MOHOTAMEL,
PIln—ypa3nensHomnobsie noymramst, [Ty—iuesnsr.

[porpammbr: REP—penpoaykipn, MUT—wmytanmn, EV—aBomorum,
REC—pexombunarmu, DIF—muddepentmarmmii.

Crenyromieil o BaKHOCTH MPOrpaMMON MOXHO cuMTaTh nporpammy Juddepenimanuu (DIF),
CO3ABILYIO SIBJIEHHs MeHo3a, NoNoBYO U Apyrue auddepennuanuy. Ha ee ocHOBE nmosBUIMCH
pazaensHononslie (PIT) dopmbl, KacTel y OOIIECTBEHHBIX HACEKOMBIX, KapIHKOBHIE CaMIIBI Y
HEKOTOPBIX pbl0. B mpolecce 3BOMIOLMK 3TH NPOTPaMMbI U 3aMyCKaeMble MMH OHOIOIHYECKHE
ABICHHS BO3ZHHMKATH HMEHHO B TakOM MOpAAKE, KOTIa MOpe/mecTByomme, Oonee
(dhyHIamMeHTaNbHBIe, 00s3aTeNbHBI ISl BO3HHKHOBEHHS MOCICAYIOIUX, a HATHYHE BTOPHIX—
(bakynbTaTHBHO, HE 00s3aTeNbHO JUI1 IepBbIX. Ecnam nepsele [1Be NporpaMMmbl UMENId
MPUHIMMHATBEHBIN XapakTep HOBAIMH, MOCTACAHME MOXKHO CHHTATh YCOBEPIICHCTBOBAHHSAMH,
MOBBIIAKIUMH Y(PPEKTHBHOCTH IBOIIIOIMH (Puc. 5.1).

Tpu OCHOBHBIX crocoba pasMHOXXeHuA

[MonaTHe monma BKIIOYAET JBA (YHIAMEHTATBHBIX SBICHHS: MOJOBOH mporece (CrusHHIE
reHeruyeckodl uHpopManuu BYX ocobeil) U nonoeywo nuddepeHumalu0 (pazieneHue 3ToH
uH(popmalMy Ha ABe 4acTH). B 3aBHCHMOCTH OT NpPHUCYTCTBUS (+) WIM OTCYTCTBUA (—) 3THX
SBJICHHH MHOMKECTBO CYILECTBYIOIIMX CIIOCOOOB DPA3MHOMKEHHMS MOXKHO pa3leluTh Ha TpH
OCHOBHBIC (opMbL: (——) — Oecnonoe, (+,—) — repmadpoautHoe u (+,+) — pazaeILHOMNONOES
(Puc. 5.2).
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Criocobs1 pasMHOKEHMA

Cxkpemmueanne Her = " Ects
Becnoasie Hoaoesie
Audpepenunanus Her Ects
I'epmadpoaatabie Pazzeanmonmoasie

Puc. 5.2 Kinaccuduranus criocobos pasmuoskenus (I'eonawsn, 1983,1989).

[lomopoit mponecc H monoBas AuepeHIHaldg  ABIEHUA pasHele, M IO CBOSH CYTH,
JIMaMETPAIbHO IIPOTUBOIONOAKHBIE. 11epBblii co3naeT (noBbiIaeT) pa3HOOOpasue reHOTUIIOB, U B
3TOM €r0 3BOMIOIMOHHOE MPEHA3HAUSHHE, a BTOpas, HA00OPOT, CHHXKAET €ro B/BOS, U B 4eM €&
9BOJIFOLIMOHHASA POJlb, HUKTO HE MOMKET 00bsICHUTh. Tak, B OeCHOION MOMYIALMH, COCTOALICH H3
N ocobeli, MaKCHMalTbHOE, TEOPETHYCCKH BO3ZMOXKHOE, pa3sHOOOpasHe TEHOTHIIOB MOTOMCTBA
paBHO N B TOM Cllydae, €C/IM I€HOTHIIBI BCEX popuTeleil pasHble. Tak Kak OTOMCTBO KayKIoH
0ecI010i 0COOU—KIIOH ¢ OIMHAKOBBIM I€HOTHIIOM, TO pa3HOOOpa3He MOTOMCTBA, G, MOMKET
ObITe TONBKO MeHblle N. C HosiBI€HMEM I[I0JIOBOIO IIpoLiecca BO3MOMKHOE pasHooOpasue
MOTOMCTRA BO3BOJMTCA B KBajpar duciaeHHocTH. [Ipu 3ToM y repmadpoanTor Kaxaas uz N
ocobeit MOxkeT ckpernBarkest ¢ N —/ ocoObio (KpoMe cedd), Ho NocKoIbKy ocodb Nel ¢ Ne2 To
e camoe, uto ¥ Ne2 ¢ Nel (To ecth HeT penpoksoro sddekra), To npu N >> 1, pazHooOpazue:
o=NN-1Y2~N"/2 (npu HaJIMYKMK PELMIIPOKHOrO 3dekra o = N).

Y pasnensHOMONBIX (OpM TOSBIEHHE TOMOBON JU(depeHIanyuy, HaI0KHB 3arnpeT Ha
OJIHOMONBIE KOMOMHAMH (MM, #OK), MUHHMYM BJIBOE YMEHbBILIAET BO3MOKHOE Y TepMadpoIuTOB
pasHooOpazue: ¢ = N2 x N2 = N/ 4 (kasKnas caMka ¢ KaxIbIM CaMLIOM, IpH OJMHAKOBOH UX
yucieHHocty N/ 2). PaznooOpaszue noToMcTBa B Pa3aeiibHOMIOION [TOMY/IAIHH 3aBUCUT €ILE OT
coorHowenus nonos (CII) B poauTensckoM MOKoNeHUH: oHO MakcuManbHo npu CII=1: 1 u
YMEHBILIAETCA [IPH JIF0O0M OTKIIOHEHUH OT TOr0 3HayeHus (Tabn. 5.1).

3Ha4uT, IpY OAUHAKOBOH YMCIEHHOCTH N, MAKCHMANIbHO BO3MOKHOE pPazHOOOpa3ue IOTOMCTBA
Oecrionoit, repMapoUTHOH W pa3/ENbHONOION MOMYJSIMA  OTHOCATCA JIPYT K JIPyry
COOTBETCTBEHHO Kak N:N/2:N'/4, 10 ecp. opy mepexoie OT repmadpoIuTH3Ma K
Pa3CIBHOMONIOCTH YTPAUMBACTCS MHHHMYM TIONOBMHA pasHooOpaszus! Toraa coBepiieHHO
HEMOHATHO, 4TO AacT AudepeHuManya, eClIM OHA YXYILIAeT BIBOE OCHOBHOC JOCTHIKCHHC
HOJIOBOTO pasMHOxkeHus? [loyeMy Bce IpOrpecCUBHbIE B 3BOJIFOLIMOHHOM ILJIAHE BUJIbI AKHUBOTHBIX
(MJIEKOITUTAIOIIHE, MITHIIBI, HACEKOMBIE) W pacTeHHH (JBYOMHbIE) Pa3/IE/IbHOIObI, B TO BpeMs,
KaK SBHBIE IPEUMYLIECTBA KOJIMYECTBEHHON 2P (PEeKTHBHOCTH U POCTOTHI—Y Oecronbix Gopm, a
pazHooOpaszus MoToMcTBa—Yy repMa(poanTHEIX (cM. Tabn. 5.1)7 B 9ToM cyTh 3arajiki nosa.

A 1mo4yemy ee He MOTYT PENIHTh, OOBACHAETCS TIPEXK/IE BCETO TEM, YTO HET YETKOrO MOHHMAHMS,
4TO MOJIOBOH nporece U JudepeHImanis NoJI0B—IIPOTUBONONOKHBIE sABieHus. [bitatorcs
[IOHATH NIPEUMYLIECTBA [10710BOr0 pasMHokeHus (I'® + PII) nepen OecrionbiM, B TO BpeMs, Kak
HEeOOXOAUMO NOHATH IPEUMYILECTBA PA3NeIbHOIIOIOCTH nepel repmadporuramom. i vero
II0JI0OBOH IPOLIECC—IIOHATHO: OH MCTOYHMK pasHooOpasus. HeoOxonuMo OOBACHUTL 4TO Jaer
muddepenrmaris?
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Tabn. 5.1. AHanorum, BLIABNAIOLWME PENPOAYKTUBHYIO CieLUanu3aumio
CaMOK,3BOMIOLMOHHYIO CrieuManu3auuio CaMLOoB U
SBONMIOLUMOHHDbIE NMPEeUMYLUECTEA Pa3aenbHOMNOMOCTM.

XapaxTe- CpaBuutenabuas 30 HPEeKTUBHOCTD

PHCTIKR OCHOBHBIE CTIOCOOBI Pa3/iebHOMONEIE MOy ALY

HCroMCeTEd Pa3MHOKEHHS C COOTHOIIEHHEM MOIOB
(nporpamwa) BII re PII Re>>34 [ 1:1 33>>29
N (REP) max mid min max mid min
o (REC) mid max mid mid max mid
A X (EV) min mid max min mid max
Cubcbt - - - OnC nc MuC

N - YUCIIEHHOCTh, - qHcniepcHs, A X - 3BOIIOIHOHHBIN C/IBHT CPEJIHETO T€HOTHIIA;
[Iporpammer: REP — penpoaykuun, REC — pexombunannu, EV —spomornmuy,
IIC — nmonusie cubesl, OnC — otnosckue nonycubesr, MnC — mMatepuncKue.

U X0Ts1 yrKe NOHSIIN, YTO €C/IU Y MOJI0BBIX CIIOCODOB HET SIBHBIX PEIPOAYKTHBHEIX IPEHMYLIECTB
niepes; OecroybIMK, TO JIOMKHBI OBITh CYIIECTBEHHBIE JBOJIONMOHHBIE NpermyiecTBa (Crow,
1994), Bce papHO npobieMy rona MPOJOKAT pellaTh, KaK Npo0ieMy pa3sMHOMXKEHHs, a He
IBOITIOLUH.

He nonnMas 3BONIOIMOHHON PONMH KOPSHHOIO SBJICHHSA 110714, HEBO3MOXKHO IIOHATH POJIH H €T0
MPOM3BOIHBIX: COOTHOIICHUS MoioB, nuctepcuu nonos (M), momosoro mumopduzma (I1[1),
nonoBbix xpomocom (I1X), nonoeerx ropmonoe (I1I7), NCHMXHMKH 1OJIOB W BCEX JIPYIHX SIBICHMI,
cBa3aHHbIX ¢ 1osoM. IToatomy Tak MHoro 3arajnox B npoOneme rona. IlepecMOTp KOpeHHOro
sIBJIEHUsI TpeOyeT MePecMOTPa BCeX OCTABHBIX, KOTOPHIS TAKkKe MPHUOOPETAHOT SBOJIFOLUOHHBIH
CMBICIT.

O6wWwan naea aCUMHXPOHHOM 3BONMIOLMM

B pamkax ananroresesa JlapBuHa, JBOJIIOLMS CUCTEMBI CIAEIyeT 3a H3MEHEHHEM Cpelbl U
ocyuectBisiercs: MerogoM npo0 u omubok. ITostomy BeIrogHee mpoOoBaTh He Ha LEnoH
CHCTEME, a TOIMBKO Ha 9acTH. 1 3Toro HeOOXOMMO Pa3/IeNUTh CHCTEMY Ha JIBE YacTH: OJHY—
OCHOBHYI0, QoJiee IIeHHY10, yOparh “‘mopaanelie” OT cpelbl, ¢ TeM YTOOBI JTy4dlIC COXPAHHUTH
HHPOPMALHIO 0 MPOLLIOM, a BTOPYIO, “IKCIEPUMEHTAILHYIO” M MEHee [EHHYIO, BbIJIBUHYTh
no0/HKe K cpelle, 4ToObl “y3HaTh”, UTO TPeOyeTCs B HACTOSILIEM M KaK U3MEHHUTHCA B OYIYLLEM.
Takass KOHCEpBAaTUBHO-OIEpPATHBHAA CcHELManu3auus dacTell (MOJOB) JOCTHraeTess UX
AHXPOHHOM JBOJIIONMEA: BCE HOBBIC IMPHU3HAKM MOSABIAIOTCA CHayalna B ONEPaTUBHOM
nojicicTeMe (y MYXCKOTO T0JIa), TPOXOJAT TaM MPOBEPKY, TOCIE Yero MepeqaTcs B
KOHCepBaTUBHYIO (skeHckomy niouty) (["eofaksiH, 1965).

Jenutes nu pasfenbHOMONAs TOMYANWS HA JKEHCKHH M MYKCKOM 1on, OumarepaibHbIH
OpraHu3M, WIH MO3T, Ha JIEBYIO M NPABYIO MOJIOBHHEI, OOIIECTBO HA MpaBIIeil U JeBlIeH, reHOM
Ha ayTOCOMBI H TOHOCOMBI, Bce 3TH IH(pepeHIHalii OCHOBAHbl HA OJHOM H TOM 3K, IIABHOM
JUIL SBOJTFOIMOHUPYIOIIMX CHCTEM, TPHHIWIE crhelpani3anun: o coxpaHenuio (C) u
u3MeHeHHI0 (M) cucrembl. Bo-riepBbIX, KOHCEpBATHBHBLI 1 OIIEPATUBHBIH aCIIEKThl 3BOIHOLIUI—
JIBa €€ INIABHBIX M HEMPEMEHHBIX YCI0BHA. EciM 0/IHO M3 HUX OTCYTCTBYET, TO HET DBOJIOLHH:
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cucrema JMb0 ucuesaer, MO0 cradmieHa, Bo-Bropeix, ux orHouenue, M/ C, xapakrepusyer
IBOJIOIHOHHYI0 ILIACTHYHOCTH CHUCTEMBL. B-TpeTbuX, 3TH yC/IOBUA aJIbTEPHATHBHbBI: H4EM
ooneiie M, Tem Mensinie C, 1 HaeOOPOT, TaK Kak OHM JIOTIOJHAIOT JPYr JPyra /10 €/IMHHIIGL
C+ U =1. Tlosromy 6e3 crieqMaIM3alMK MOJCHCTEM CHCTEME HPUXOAHTCS BHIOMpaTh HEKHi
KOMIpOMHMCHBIH ontumym #/C, B TO Bpems, Kak Ipd HX CHCLHAIHM3ALUMM  MOKHO
MaKCHMHM3UPOBATh OIHOBPEMEHHO M TO H Jpyroe. CkaxeM, IPH H30TaMHU KaKIas ramera
BBIMOJIHAECT U KOHCEPBAaTHUBHYIO (oOecredeHHe 3HMIOTHl pecypcaMH) M ONEpaTHBHYIO (MOMCK
naptHepa) GyHximu. MMes oguHakoBeIe cpeiHue (€) pasMephl, H30TaMeThl ¥ TO W JIPYTO€ IENAI0T
nocpencreenHo. JuddepeHupaius no pasMepy Mo3BOJIAET MEIKUM (M) JIydllle OCYILECTBIATH
IIOMCK, a KPYIHbIM (K)—o0ecnieyeHHe pecypcamu. Toraa coueTaHue K - M CTAHOBUTCS BBITOJIHEE
4eM € - €. B 3TOM 3BOMIOIMOHHOE IPEUMYILECTBO BCEX CONPSIKEHHBIX AU depeHInaliuii.

KoHcepBaTuBHbIE I0JCHCTEMEI, ITIABHbIE, O0JIee IpeBHYE, yAAICHHbIE U 3allUIIEHHbIE OT CPE/Ibl,
a oIepaTUBHble—3KCIIEpUMEHTaIbHbIE, Oolee MOJIOAbIE M TECHEe CBS3aHHBIE CO Cpeloil.
ITosromy ynpasistomas nHGOpMaLHA 0T Cpe/ibl ITolIa1aeT CHavalla B OIepaTHBHYIO [I0JICHCTEMY,
a OTTyla B KOHCEPBATHBHYIO. DTO MNPUBOJMT K TOMY, YTO O3BOIIOIMSA JTHOOOTO TNpH3HAKA
MPOUCXO/IAT B HUX JMXPOHHO: Y OMEPATHBHBEIX OHA HAYMHAETCA M KOHYAETCS paHbINE, YEM Y
KOHCEPBAaTUBHBIX.

JBOMOLUMOHHAaA TeopUn nona

CornacHo 3BOJIONHMOHHON TEOpUH 104, JudpepeHualus noaoB ITO TOKE CHeHaATH3aLHs 10
[JIABHBIM aCIIEKTaM 3BOJIIOLMU: COXPAHEHUS, KEHCKUH 11071, U U3MEHEHUS—MYKCKOM. . B oTimune
or OecrmonbiX M TepMaQpPOAUTHBIX TMOMYTAINH, ¢ KOHKYPCHTHBIMH OTHOUICHHSIMH MEXKTY
DIIEMEHTAMH, DPa3eNbHONONOCTh TMO3BOMSET MaKCHMMH3MpoBaTh 00a acnexra. [lodstomy naBa
[I0JIa—ATO YKE OpraHU3MEHHasi CUCTEMA, C JOIOJHSOLUMHU JpYr Apyra, KOAIULIHUOHHBIMH
OTHONIEHUSAMHU.

ITonopas nudpepennuarys Mo3BONAET IBOTIONHOHHBIE HOBAIMH MPOBEPATH B MYKCKOM I'eéHOME,
MPEeK/Ie YeM Iepe/iaBarbh X B meHckuil. To ecTh, NpH JMXPOHHOH (AaCMHXPOHHOI) IBOIIOLHH,
3BOJIFOLIMSL MYXCKOTO II0JIa NPENIecTBYeT 3BOIIOLMH JXeHckoro. IlostoMy, HOBBIE IIPH3HAKH
MOSABIIAIOTCS CHAaYaJla Y MY)KCKOIO I071a M IIOTOM (CIYCTS MHOTO IOKOJECHHMH) IepeaaroTcs
seHckoMy (I'eonaxan, 1989, 1991).

Ensa yu He eqUHCTBEHHOE OOBACHEHME BO3HUKHOBEHHUs IIOJIOBOTO JUMOp(H3Ma—Teopus
nonosoro ordopa (Japsun, 1953). Ho, 00bsacHUB 00lLlee ABJACHUE HIOT0BOrO AUMOphU3Ma Kak
CJIEICTBHE YAaCTHOTO MEXaHH3Ma MOJI0BOT0 0T6opa, JIapBUH JOMYCTHI METOMOTIOTHYECKYIO
onmbky. TpakTyrommas TeopHs Beeria J0/DKHa ObITh HIMpe TPAKTyeMoro aBnenrs. OHa He Moria
OOBACHUTL CYIIECTBOBAaHHME IOJIOBOIO AUMOp(U3MA y PACTEHHI, y KOTOpPBIX HET II0JIO0BOTO
o1hopa, Y JKHBOTHBIX 110 MPH3HAKAM, HE UMEFOIIMM OTHOILIEHHS K MOJIOBOMY OTOOPY M Maso uTo
MOIuIa [pejcKasbiBaTh. Jlpyrue yueHble MbITATHCH OOBACHHT MEXAHH3Mbl BOZHHKHOBCHHA H
COXpaHeHHs, HO HE CTABMIHM BOMPOC O CYMICCTBOBAHUH DBONIONMOHHBIX (YHKIHH TOTOBOTO
JUMOp(U3Ma, BRIABIAIONIMX 3aKoHOMepHOCTH. UTO Takoe monoBoi aumopdusM? Kakoi umeer
OBOIONHMOHHBIH cMbIch? YTo oH maet u 0 yeM roBoput? CBsasan 1M ¢ apyrumu seinenusavu? Kak?
Hu oana 13 cymiecTByROIIHX TeOpyit He oTBeYaeT Ha 3TH Bonpockl (Geodakian, 1985; I'eonaksix,
1986).
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Bonee WUpPoKan HOPMAa PeaKLMM HEHCKOro nona

MyKCKOM M KEHCKUH IIOJ II0-Da3HOMY pPEAarupyloT Ha M3MEHEHHE Cpelbl, B YaCTHOCTH,
NOsIBIIGHHE 3KoNoruueckoro nuddeperuuana. beuia BeUBUHYTA THIOTE3a 00lee ILIMPOKOH
HOPMBI PEaKLMHM >KEHCKOIO I10J1a, II0 CPaBHEHMIO C MY)KCKHM, IIOJTBEpiIaeMas IaHHBIMU
JMTEPATypbl, a TAKXKE YCHELIHBIM IpeAcKa3aHHeM OoJiblliell KOHKOPIAHTHOCTH MYXKCKHUX IIap
MOHO3HMTOTHBIX OJM3HEIIOB M KeHekux nap—au3uroTHeix ([eopaksau, 1974). bonee mmpoxas
HOpMa PeaKiiH KEeHCKUX 0ocoOel To3BoJisieT WM, Ha 0a3e CTaporo reHoTHINa, TOJIBKO 3a CYeT
OHTOI€HETHYECKON IIIACTHYHOCTH, MOAM(UKALMOHHO, co3daTh Oojee amalnTHBHBIA (eHoTu,
MaKCHMAILHO “yIaauThCs” OT CBOMX I'€HOTUIIOB W HOKHHYTH 30HBI OTOOpa. Y3Kas HOpma
peaKlMy MYXCKUX ocoOell TakoH BO3MOKHOCTH HE JaeT. DTO IPHBOOMT K TOMY, 4yTO 0TOOp
JEHCTBYET B OCHOBHOM Ha MYXKCKOH MOJ: MaacT e€ro YMCJICHHOCTh M MCHSCTCS PacrpeieneHIe
FEHOTHIIOB, TO €CTh HAYUMHACTCH OIIEPEKAaroIas 3BOJIFOLUAA. BHHLIHT OJHa M Ta K€ IKOJIOrudyecKas
uH(popMays MOIUDHIMPYET KEHCKMH MOI M 3IMMHHUpYET My:Kckoil. MHbIMH cnoBamu,
MONOBOH JMMOP(H3M 1O HOpME peakiMH OOECTEUMBACT TOBBIIIEHHYIO (EHOTHITHYECKYIO
IUIACTHYHOCTD KEHCKOMY IOy B OHTOI€HE3€ M FeHOTHIIMYECKYIO [UTACTHYHOCTb MY)KCKOMY IOy
B punorenese (eomaxsn, 1965, 1974, 1991).

JKenckuii non npeodpasyeT IKOJIOTHUYECKYIO MH(MOPMALHMIO BO BPEMEHHbIH MOIU(PHKALIMOHHbIH
(penotunuuecknii) nonopoit aumopdusm (MITJ] unu DITM), a My:xcKoii moun, 3aniIaTtiB 3a Hee
CBOEH YHMCJIEHHOCTBIO OTOOPY,—B DBOJIOIMOHHBIN (TEHOTUMHMYECKHUI) TMOMOBOH IHUMOP(U3M
(OILJ] wmu T'TIJT), ¢ Tem yToOBI MOCHTE MPOBEPKH MEPeNaTh STy WHPOPMAIUIO KEHCKOMY TOTY
“DeCKpPOBHBIM™ BHYTpEHHHM I1yTeM. CTano ObITh, CO3[aHHBIA MYKCKHM I10JIOM CENEKLIMOHHBIH
I'TIJ cTaHoBUTCA 1A SKEHCKOTO TI0JIA (PAKTOPOM DBONIIOLMH, JBIDKYIIMM IIOTEHIHANIOM, BMECTO
IKONOTHYECKOTO Au(ipepeHimana, No3BONMIONMM €My HOBYI) MHMOPMAILHIO MOTYy4aTh HE OT
cpenbl, a OT MYMKCKOro moja, MuUHyd oTOop. B 3ToM JBOIIOIMOHHBINA CMBICJ TONOBOMH
JudepenIMaluy 1 rJIaBHOe MPEHMYIIECTBO Pa3aeJbHONO0I0CTH.

AnxpoHuam u chasbl 3BONMIOLMMN

CornacHo JgomoyuoHHOL meopuu noid, IBOJIOLHS TH00T0 MIPHU3HAKA Y PA3IEIbHONONBIX (hopM
COCTOMT u3 4-x craguil B omnpeneneHHoM mnopsnke. 1. CTabwibHOH NpU CHMMETPUYHOM
OTCYTCTBHM IIpU3HaKa. 2. DBOIIOLMH aCHUMMETPHYHOIO HOsBIeHUs Npu3Haka. 3. CraOuibHOH
OpH CHMMETPUYHOM HAIM4YMHM Tpu3HaKa. 4. OBOMIOLMM AaCUMMETPUYHOH YTpaThl MpH3HAKA.
CrabuibHOE COCTOSHUE BCEr1a MOHOMOP(HO, a IBOTMIOIMH—TUMOPdHO.

B navanbHOH, AMBepPreHTHOH (asze HBOMIOIMOHUPYET TONBKO MYMKCKOH MOJ, TaK Kak HOBas
WH(popMaIHA OT cpeasl (BUPYCHI, MYyTAIlMH, TeHBI) MOMajaeT TOMbKO K Hemy. llodemsercs
TEHOTHIHYECKUH TMONOBOH  MMOP(U3M, KOTOPBIH pacTeT M3 TOKONEHHS B TOKOJEHHE.
JUTMTenbHOCTh TMBEPreHTHOH (hasbl, WM TOJIOBOH AMXPOHH3M, PAaBHA OTCTABAHHIO KEHCKOIO
TMOJA WJIH OTIEPEREHHIO—MYKCKOro (Pue. 5.3). DTa BpeMeHHas “mucTaHimsa’ HeoOXoauma s
[IPOBEPKH HOBBIX IIPU3HAKOB Yy MysKCKOro noia. Ho jauBepreHuus IIOJIOB HE MOXET
[IPOJOIDKATECS  OECKOHEYHO, MHAade HACTYNUT pElNpOnyKTHBHAad u3omiusa. Brirowaercs
MEXaHU3M peNaKcalid TeHOTHITHYECKOrO IOJIOBOTO JTUMOpP(H3Ma—OTTOK HH(pOpMAIMK OT
MY#CKOIO TI0N1a K JEHCKOMY, TO €CTh HAUHHAECTCS IBOIIOLHS JKEHCKOTO MOa.

D710 BTOpas, mapauiejibHas (ha3a IBOTONMH NPU3HAKA—KOr(a 00a 10Ja 3BOIOIHOHUPYIOT ¢
OJIMHAKOBOIl CKOpPOCTBIO. YCTaHABJIMBAETCS CTALMOHAPHBIA pEXUM [Uld [E€HOTHIIMYECKOTOH
MOJIOBOTO TUMOP(hH3MA, KOTOPBIH OCTAETCS MOCTOSHHBIM JT0 KOHIIA (ha3bl.
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Puc. 5.3. ACHHXPOHHAS 3BOMOLHS OMHApHO-conpsikeHHBIX quddepertmarmii (bCT):
paznensHOononbix (PIT) n aunmonos.
Craguu 1 ¢hazbl YBOMIOLIH MOSBICHHS H YTPATEI TSHOB 1 NPU3HAKOB
y myxckoro (M) u sxexckoro (0K) nona. Hzomopduzm "nerens”
JUXpOHHM3MA (J1X), B aucrepenii (o) koncepsatusHbIX (KIT) n
onepatuBHbix (OIT) nogcucTem.
Jumopdusm (D), nonosoii (SD), renorunuyeckuii (GSD);
aa, AA - TOMO3HIOTEL, aA - TeTepO3UroTa.

Tperest (paza >BOMONMH—KOHBEPreHTHAS, B Heil DBONIOIHOHHUPYET TOJBKO KEHCKHH MO
Haunnaercs oHa, Korja Ha My»KCKOH 11011 IIepecTaeT AeHCTBOBATH JaBIEHUE CPE/bl, a HA JKEHCKHHT
0J1 TIPOJIOJBKAECT AEHCTBOBAaTh NeHOTUIIHYeCcKuil nonoBoil numopdusm. B pesynbrare monoBoi
IMMOP(U3M YMEHBIIAETCS M HUCYE3aeT, TO €CTh AMMOP(HBIA B IIpoLECCe IBOJIOLMH IIPU3HAK
CTaHOBHUTCA CHOBA MOHOMOP(HEBIM M cTabuIbHBIM. Ha 3TOM 3BOMIOIMSA MpH3HAKA 3aBEpIIACTCS.
DTO 3HAYMT, YTO Pa3/IENbHOIONOCTb, KOTOPYIO THIETHO MbITAIOTCH MOHATH, KaK JIY4IlIWii crocod
Pa3MHOJKEHHs], BOBCE TaKOBbIM He sBIeTCS. ODTO—3((EKTHUBHBIA CIOCO0 3BOJIOLUH
(Teonaksn, 1989, 1991).

B MoHOMOp®HBIX cTamuax MOKHO BBUIETMTE Tpu  (a3pl  Jo3BomonMoHHyo (1),
MEXIBOIIOLUOHHYI0 (3) W mnociessomtolHoHHYr0 (5). IlepBas U3 HuX Oyler HpHHAIEKATH
CTaOMJIBHOM CTaJuu, IIPEIIECTBYIOIICH BOMIOLNY, a IBE APYyIrHe—IIOCIIE €€ OKOHYaHHUS.
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HcuesHoBenue npu3Haka. Eciii B TanbHEMIIEM, KAKHE-TO TIPU3HAKH CTAHOBSITCH HEHYXHBIMU,
MPOMCXOAUT UX YTpaTa CHauana y caMIlOB, a 3aTeM y caMokK (Puc. 5.3 cTanus 4).



MMmaBab

AyTOCOMHO-TOHOCOMHasA
amdchdcpepeHumaumn reHoma

acrosias pabora—rteopernyeckas. OHa, [IaBHBIM 00pa3zoM, 00 3BOJIOLMOHHBIX

3aKOHOMEPHOCTSX, & HE O KOHKPETHBIX MEXaHH3MaX PCAMM3AIMH TIPSITOKCHHBIX

npesicTarlieHHi, TpeOYIomMX CHeHATbHOIO0 HCCIeOBaHusA. BBIBOJ TEOpPHUH TMONa O

CHELMAIM3AUMH JKEHCKOT0 M MYMKCKOIO IIOJIOB IO 3BOJIOLMOHHBIM  3ajadam
COXpaHEHHd M U3MEHEHHS, MO3BOISIET HAPHCOBATL OOIIYI0 KAPTHHY CTPYKTYPBI H JBOIOIUH
TeHOMOB, TU(depeHai XpOMOCOM 1 IBHAKEHHS FEHOB 110 XPOMOCOMAM.

KoHcepBatTMBHO-ONEepatTMBHan CrieuManu3aumsa XpoMoCoMm

Jubdepennuanus Ha ayTOCOMBI U TIONOBBIE XPOMOCOMBI CYIIIECTBYET He ¥ Beex BuioB Kpome
TOTO, TOM CYIIECTBOBAT W JIO TIOABIEHHS TMOMOBBIX XPOMOCOM H MHOTHE COBPEMEHHBIE
Pa3le/IbHOOJIBIE BUABL HX HE HMEIOT. Y 3KTOTepMHBIX (“XONOIHOKPOBHBIX ) IO3BOHOYHBIX I10I
omnpenensercs B O0JbLIeH CTelIeHH YCIOBUSIMY Cpelbl, yeM reHernyecky. Jid onpenelienys nojia
BIOJIHE JIOCTATOYHO ONHOTO AayTOCOMHOTO TeHa-Tpurrepa. Torna HE TMOHATHO HATHMYHC Y
HEKOTOPBIX BHJIOB HECKONIBEKMX TMOJIOBBIX XPOMOCOM (2 mapbl y 4YepHBIX 00e3bsSH-PEBYHOB
(Alouatta Lacépede), 5 nap y yrkoHoca). 310 3HAYHT, YTO POJb MOJOBBIX XPOMOCOM COCTOHT
He TOJIBKO B OIIpeIe/IeHHH 11071a.

B 1972 r. B.A. I'eonakan noxazan, yto auddepeHnnanus XpoMocoM Ha ayTOCOMBI U
MOJIOBBIE XPOMOCOMBI, SBISAETCS OHHApHO-CONpsDKeHHOH JuddepeHimanieii, B KOTOpPOi
ayYTOCOMbI—KOHCcepsamueas, a IMOJI0OBbIE XPOMOCOMbI—onepamuenas MoJACHCTEMa, U 4YTO
OCHOBHas pONTb TIOJIOBBIX XPOMOCOM—OBOMOIMOHHAas (Ta6n. 6.1) (I'eomaxsan, 1972).
M3BecTHO, 4YTO CYIIECTBYKT pa3Hble BapuaHThl 310l jnupdepenumanuu. ['eHbl
[IpocTeHIUX XPOMOCOM (JIMHEHHBIX MM KONbLEBbIX) (Garos, BUpYcoB U OakTepuil, Ob11u
pacmoiokeHbl, B mopAake ux moseiacHuA. C pocTOM dYHcla TEHOB BO3HHMKIH HOBBIC
(bopMBI XPOMOCOM ¥ TPYNIIBI CLHEIUIEHHS T€HOB BHYTPH XpoMocoMm H 1o HuM. [losnosbie
XpPOMOCOMBI TOSBHIHCE Y HEKOTOPBIX PBIO, Y KOTOPBIX OBIBAET WM repMadpoaUTH3M,
CMEHa IoJla C BO3PacTOM MM B 3aBHCHMMOCTH OT COLMalbHOro paHra. ¥ amduduii u
pPeNTUINI olIpeeieHHe [10J1a TOXKe J1a0HIbHO.

39
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Panpuie He ObLIO CHENUATH3UPOBAHHBIX XPOMOCOM 10 CO3JaHHI0 HOBBIX T'E€HOB U
MyTalliyd BO3HUKAaJIU BO BCEX ayrocoMax. Y pPacTeHMil IeTepoOXpOMAaTHHOBBIE YYaCTKH
MOBTOPOB PazOpoOcaHbl MO BCEM ayTOCOMAaM, TO €CTh 3TO MOMKHO paccMaTpHBaTh Kak
0ojilee paHHIOK CTAJMI0 B 3BOJKOIMH reHoMma. B Xxoje 3BONIOIUU  YKCIIO
9BOJIIOLIMOHUPYIOIMX XPOMOCOM IIOCTEHNEHHO YMEHBINAJIOCh. Y YTKOHOCAa €CcTb 5 map
[I0JIOBBIX XPOMOCOM HauWHas OT Tuna miekonuraromux (XX-XY) u KoHYasi THIIOM NITHIL
(ZZ-ZW). Y uepHbIx 00€3bAH-peBYHOB— 2 maphl. Y NTHIl M BRICIIHX MJICKONUTAIOMUX—
1 mapa, ¥ B OTAHYHE OT PACTCHHUIL, TCTEPOXPOMATHH YKE coOpan B Y -XpoMocoMe.

Ta6n. 6.1 Hekotopblie uHthopMmauuoHHble GMHApPHBbIE CONpPAXEeHHbIe

noACUCTEMBI
[Moncuctemsr
Cucrema
KonceparrsHas OneparuBHas
HyxmneonpoTtenn JIHK (PHK) Benok

I'en (B opranuzme)
['en (B nomnymsimu)
Tenom

Knerxa

Opranusm (reHeTrka)
Ocobb

[Momynsuus

JlomuHaHTHBIH (A)
['ereposurora (Aa)
AyTOCOMBI

Snpo

amerni

enorun

JKenckuii mon

Peneccumblii (a)
['omo3urorsi (AA, aa)
T'onocomel
[uTonmazma

Coma

denorrn

MyaxcKoit non

To ecTh MOXKHO MPEATNON0KHTE, YTO MOJIOBBIE XPOMOCOMBI H SBICHHE rAMETHOCTH DTO He
4YTO MHOE, KaK 3BOJIOLHOHHAA CTAaJuA OJHOH M3 NOMOJOTMYHBIX IIap ayrocoM, TO €CTh
IBOJIIOIMA CTapoi napel ayrocoM B HOByro, Tak, y pbid nonossle xpomocomsl (XY u ZW)
BO3HHKaJIM MHOTO Pa3, B pa3HOE BPeMs M HAa OCHOBE CaMbIX pasHbIX ayrocoM (JIucaues, boponus,
2014). ¥V uyenopeka B HacTofllee BpeMs 22 mapbl CHMMETPHYHBIX, 3HAYUT CTAOMIBHBIX
ayrocom, a 23-s mapa acMMMETpHYHa, TO €cTh BoJolHoHHpyeT. [Ipu 3TOM HcxonHO
cuMMerpuyHas napa AjA;, korga-to npesparuiack B XX (roMoMopdHas cTaius), a I10ToM
B XY (rerepomoppuas cramus). Ilpouecc JBOMIONMH 3aKOHYMTCA MOSBIEHHEM HOBOH
CHUMMETpHYHOH (cTaOmiabHON) mapsl AoAs. Ilepexon rena SRY Ha apyryio mapy ayrocom
MIPUBEJIET K MOABJIECHUIO HOBOH BOTIOIMOHHOMN Maphl MOJOBBIX XPOMOCOM (MTOpoOHEE CM.,
rn. 10).

Korna cucrema pasjgenena Ha [IOJCHCTEMBL, YIIPABIAIOLIAs

uHbOpMaIMA OT Cpelbl TONATaeT CHAYana B OINCPATUBHYI  “...MOMOBbIE XPOMOCOMBI

MOICHCTEMY, @ OTTyaa, Tocie TIPOBEPKH, Tiepe/iacTcs B WM B NEPBYIO ovepenb, BO3-
KOHCEPBATUBHYIO (I'eonaxsm, 1972). [Ipu [IOJIOBOH MOXHO, Y-Xpomocoma,
b depeHMani HOBYIO MH(QOPMALIUIO MOTYy4YaeT MY:KCKOH IO  ABRAIOTCA “goporamu”
(aBanrapn) H nepejlaer JKEHCKOMY (apseprapi). mns W3MEHUMBOCTM B
COOTBETCTBEHHO, HOBBIC T[EHBI JOJIKHBI IIOABIATBCA Y  HACNEACTREHHOCTh.”

MYKCKOTO TMOMa, a CTapble—COXPAaHATRCA y #eHckoro. Ecom
xpomocoMHast muddepeHimanms n3oMophHa TMOJIOBOH, TO 9TO

B. 'ecomaxsu, 1972.
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3HAYUT, YTO HOBBIE T'eHBI TOLKHBI MOSIBIATHLCS B MOJIOBLIX XPOMOCOMaXx (HMpeskie Bcero B Y-
XpomMocome), a IIOTOM IepeMelaThes B ayTocomsl (I'eonaxsy, 1996, 1998).

My>KcKkue m >keHCKUe reHbl

"... 25 npoyenmos X-xpomocomut — om 200 do 300 2enos moocem
HPOAGIAMBCA UCKTTIOHUMETbHO Y 00H020 NOA ... MAKUM 00pazom,
cyujecmeyem He 0OUH 2eHOM 4el108eKd, @ 08d — MYJICCKOU U dfceHckuil. "
Willard, Carrel, 20035.

JuxpoHHas 93BOJIOLMS O3HA4YaeT, 4ro B TICHO(OHAE pa3leibHONONOH NOMY/IALUH, IO
IBOITIOIMOHHOMY “BO3pacTy” M JIOKATM3AIMH MO XPOMOCOMaM TOrQ M APYToro 1oja, MOTYT OBITh

TPU IPYIIILI TEHOB.

1. Cyrybo myxkekue Y- v X-rensl (“yTypHcTHUECKMX MPU3HAKOB—HOBEIE, MOJOJIBIE,
“3aBTpallHKe”), KOTOPBIE MOSBUIIMCH Y MY?KCKOI'O I10J1a, HO €LLE HE IIPOLUIY IPOBEPKY, HE
MONATH B @yTOCOMBI M HE CTATH OOIIMM JIOCTOSHHUEM.

2. Oomme rensl (paboudue, akTyalbHblE, “CErOAHANIHKE”). 3TO OCHOBHAsA Macca TeHOMa—
aYTOCOMHBIE TEHBI, MPUCYTCTRYIOIIME OHOBPEMEHHO Y TOTO H IPYroro IMora.

3. Cyry0o :keHckue X-reHbl (crapble, OTpaDOTaBIIHE Y)Ke B ayrocoMmax, ‘‘BuepaliHue’),
KOTOPBIE YK€ YTPAYEHbl MYKCKHM TI0JIOM, HO €IIE COXPAHSIOTCA Y JKEHCKOIO B BHJIE
ATABHCTHYECKHMX  [IPU3HAKOB B  OXHUJaHMM  »IuMuHauuu.  Heobxomumocts
CYIIECTBOBAHUS TTOCIE/THUX BBITEKAET, BO-TIEPBBIX, H3 TEOPHH TIOA, BO-BTOPBIX, CIIETYET
M3 1EI0ro psja W3BECTHBIX SBICHHH U (DAKTOB, KOTOPbIE WHAYE TPYAHO OOBICHUTH
(TlaBnosckuii, 1980; IOcymnos, 1986; onunosa, 1989) (cMm. Fa. 4 u 9). Jlokamu3oBaHbl
OTH IEHbI, BUIUMO, B CIELHAIBHOM Yy4acTKe X-XPOMOCOMBL M B MY)KCKOI I€HOM MOI'YT
HOIACTb TOMBKO JIs ITUMUHALMH,

Hannuue cyry6o My»KCKHX I'€HOB, 3Has O HAJIMYMU Y-XPOMOCOMBL, TPYAHO OTpHLATh. A cyrybo
JKEHCKHE TeHbl OTPUIAIOT MO YMOMYaHHIO (TaK Kak HET creruanbsHoH xpomocomsl). Ha camom
Jlelie BCS COBOKYITHOCTH (DaKTOB XOPOIIO YKJIAJIBACTC B CIESIYIOUIYIO JIEAYKTHBHYI) CXEMY.
I'eHOM NpOABUHYTHIX Pa3AeiIbHONONBIX (GOPM COCTOMT U3 ABYX CYOIOIIY/IALIUI ICHOB: MYXCKOH
W sxkeHckoi. Mx pacripesieneHus CMELIEHb! U 110 KOOpAMHATE ‘cucTeMa — cpena’ (numopdusm) u
[0 BPEMEHH ‘cTapble — HOBblE® (IUMXpOHH3M). B Toxe Bpems 3TH pacnpeneneHHsa YacTUYHO
MepeKphIBAIOTCS (TpaHcrpeccus). Toraa reHoM NMOMmynsAIdy COCTOMT M3 TPeX YacTel: y JKeHCKOTro
10J1a CTaphbie U 0OLIME TeHBl, a Y MYKCKOro—o001IHe 1 HOBbIE, TO €CTh C CHCTEMHOH CTOPOHBI
cTapble, CO CPEOBOI—HOBBIE, & MEKIY HUMH OOILME ayTOCOMHbIE I'eHbL. To ecTh reHoM JiroOoi
camk (Gy) u camiia (Gm) COCTOHT H3:

Gr=C +nAA Gm=nAA+H
rae C — crapsie resdsl, H — HOBBIE, N — YHCIIO [1AP aYTOCOM B I'€HOME.

Crapsle TeHbl Y )KSHCKOTr0 T0J1a XPaHATCs B JIByX “narkax”. B oiHO# JO/HKHBI HAXOIHTHCS TeHBI,
[IOJIYYEHHBIE OT OJHOKJIETOYHBIX 10 IosiBieHUs Anama. B apyroii—apXuBHbIE I'EHBI, YKE
yIpaueHHbIE MYMKCKHM 1010M. HoBble TeHbl 10 JOKAIW3alHU TAKKe OBYX THNOB: B Y- U X-
xpoMocome. Camble HOBBIE I'eHbl, HaXOIIHeC B Y -XpOMOCOME, OIIACHBI TAKXKE U JULA MYXKCKOIO
nona. OHK B Hayane JOIDKHBI ObITh HaAEKHO 3aKPBIThL. DTH I'eHbl HAXOAATCSA B 0OHAPYKEHHBIX B
Y-xpomocoMme namuHapomax. OHH He paboraror, Tak Kak MX IPOJYKThI—XHMHYECKHE
AaHTArOHHUCTBI—TACAT ApYT Apyra. Bropas rpynmna, pereccuBHbIe reHbl X-XPOMOCOMBI, HAXOAATCA
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B MYCKOM T€HOME B T€MHU3HUTOTHOM COCTOSIHHHM, TO €CTh JIOCTYITHBI 0TOOPY, & B JKEHCKOM I'eHOMe
OHU IIPUKPBITHI JOMUHAHTHBIMH T€HAMH BTOPOH X-XpOMOCOMBIL.

Monosoin aumopcuam reHoma

JMXpOHH3M MpPOIMBAECT CBET Ha €lE OHY BAXKHYHO 3arajiky, OTKpbITYI0 B mporpamme “TeHom
yenoBeka —Y-XpoMocoMel. MexayHapoanas rpynna w3 40 aBTopoB onpenenuna TOJHYIO
MOCNEN0BATENIFHOCTE MAP HYKIEOTHAOB Y-XpPOMOCOMBI ofiHOro My:kumubl ([[x. Yorcona). B
3aKIHYMTENbHOM a03ane cBoei crathi “T'eHeTHUeCKHE M OMOIOIMYECKHE PA3IHUMs MEKIY
[0J1aMK” OHM IMIIYT, YTO FEHOMBI /IBYX CIY4aiHO BLIOpPaHHBIX JKEHIIMH, KaK M IBYX CiIy4yaiiHO
BBIOpAaHHBIX MYX4MH, Ha 99,9 % npeHTHuHbl 0 cocTaBy HykiIeoTunos (Skaletsky et al., 2003
c. 836). Ecnmu cpaBHUTE JKEHIIMHY ¢ MYKYHHOH, TO BTOpas X-XpoMOcOMa Y JKEHIIHMHBI, KOTopas
umeet pasmep B 160 Mb (megabases), cocrasnsier npumepno 3 % ot guronaHoro nadopa JJHK
(Puc. 6.1).

Y -xpomocoma 1% rexoma ~ 60 Mb

My:xckas X- xpomocoma 3 % redoma ~ 180 MB
Kenckas X - xpomocoma 3% resoma ~ 180Mb
AyTocomer 95 % renoma ~ 6.000 Mb

N et ;. ol 7 G 1, O 5
KK ~0.1% XY / XX = 240/360 M-M ~ 0.1%

VM - 240 Mb =HoB0iT MH}OopMAaLIHHL.
V K- 360 Mb - crapoit

Puc. 6.1. [10110B0#1 tuMopdu3M reHoma.

Y-xpomocoMa manenbkast (60 Mb), u coctasisier npumepHo 1 % renoma. JleHcTBUTENBHO, 110
CPaBHEHHMIO C ATOH pasHULEH, 00K momMMophH3M OKaKeTCd He3HAYMTENbHBIM. [ MPOCTOTHI
W HarIAAHOCTH BO3bMEM 3a 1 % BenuunHbl reHoma pasmep Y-xpomocomsl (60 Mb), U npumem
pasmep X-xpomocomsl 3a 3 % wunaue cymma He Oyaer 100 %. Tak kak B reHOMe uelOBeKa
~6.000 Mb (100 %), ayTocOMHBIE I'eHBI COCTARISIOT ~ 95 %, nm ~ 5.700 Mb.

B senckom renome Habop XX cocrapnser npumepro 6 % (3%+3%), a B MyxkckoM — XY ~4 %
(3%+1%), To ecTh pasHuIia MeXKTY HEUME cocTaBiser 2 %. B sxenckom Hatope XX B 1,5 paza
Oosiblle reHoB, yeM B MyxckoM XY. Eciu cumMTarh, YTO YHCIIO JKEHIIMH U MYXYUH IIPUMEPHO
PaBHO, M YTO MOTOK TEHOB 4epe3 TEHOM CTAIMOHAPHBIH (ApXHB = KapaHTHHY), TO J03IaMOBBIX
(npeBHKX) TeHOB ~ 2,5 %, TO €CTh MPHUMEPHO B 5 pa3 OONbIlie eMKOCTH Y-XPOMOCOMBI, TO
nonyuuM OanaHc no rnapaM ocHoBaHwuil. Jons HOBBIX reHOB B Y-xpomocome coctasnser 0,5 %
pasMepa I'eHOMa, HO TYT ropas/J0 BaXKHEe He KOJIMYECTBO, a KauecTBO, IIOCKOIbKY 3T0O OyIylue
ressl, a 2,5 % B sxeHckoH murtoxoHapuansHoi JHK (i B X-xpomocome)—3TO JpeBHHE
(IpoIILIBIC) TEHBI.



Mmasa7

JBONMIOUMOHHbIE XPOMOCOMbI

MHQPOPMALIMOHHOM IIOBEAEHMH XPOMOCOM MOXHO BBIIETIHTL “‘BEPTHUKAILHBIE™ U
“rOpU3OHTANLHBIE” ANTOPUTMEL “BepTHKanbHBIE” AIrOPUTMBI 3TO TIEperada camHx
XPOMOCOM H3 TIOKOJIEHUS B TIOKOJIEHHE, “I OpH3OHTAIBHEIE” alirOPUTMBI KOHTPOIUPYIOT
NOCTyIUIeHHe MH(POPMALTIH OT CPEIbI, epeady e€ Mex/1y XpOMOCOMaMH H yTpary.

UHdopmaumoHHbie anroputMbl XpoMOCOM

[MoBeseHHEe XPOMOCOM OTPEIEISIOT, TIPEIKIC BCErO TPH BEPTHUKATHHBIX aNTOPHTMA:

1. Cmoxacmuueckuii, KOTaa XpoOMOCOMbBI TOMOJIOTHYHOH Mapbl MONAJAl0T K CHIHY WIH JIOYEpH
YUCTO CIYYaiHO. DTHM QITOPUTMOM TICPEHAIOTCA AYTOCOMBI M (CUMTAETCs) X-XPOMOCOMbI
TOMOTaMETHOTO TOJA.

2. Uncu-aneopumm, KOTa XpoMOCOMa TIEPEXOTUT OT POUTENS TOJBKO MOTOMKY TOTO e Mmona.
2T0 aropUT™ Y -XpOMOCOMEIL.

3. Konmpa-anzopumm OCYILIECTBISIET LEPEXOJ OT POAUTENs K IIOTOMKY INPOTHBOIOJIOMKHOIO
1oa. 970 anropuT™ X XpoMOCOMBI I'€TepOraMeTHOIO 1oJIa.

CToxXacTHYeCKMi alITOPHTM HMEET JIeJI0 TOJNBKO ¢ o0meH juis 000MX TOJIOB I'eHEeTHYeCKOH
undopmaimeil. llepemenmmBasg reHbl IpPU KaxIOM OIUIOJOTBOPEHHM, OH MAKCHMHU3MPYET
MOHOMOJIAJIbHOE T'€HOTHIIMYECKOe pasHooOpasue, MMO3TOMY HA €ro OCHOBE HE MOXET
CYILLIECTBOBAaTh FEHOTHITMYECKUH NIOIOBOH 1uMOp(U3M. 3TO caMblil APEBHUI allrOPHTM, KOTOPBIi
BO3ZHHK e€llle A0 MosBleHus noiosod mubpdepenimanuy. OH peaqusyeT TONBKO MIPOrpaMMbl
PeNpoIyKIMH i PeKOMOHHAIHH.

HecroxacTuueckne aIropuT™Mbl BO3HMKIM C TIOABIEHHEM TIONOBBIX XpomocoM. OnHu
o0ecrcunBalOT OrpaHHYCHHE IPONYCKHOH CIOCOOHOCTH KaHaia Iepeaadd HMH(OpManuu,
CBS3BIBAIOIIETO MYXKCKYI0 M JKEHCKYHO IOJICHCTEMBbl BHJAA JpYT C JPYroM, a Takxke
ONpe/ieNieHHy0  u30upatensHocTh  3Toro  kaHana  (“eemmunvubiti  3hghexm’),
IPEIATCTBYIOLIYI CMELICHHE Beell reHeTHUecKoil MH(OpPMALMK [OJCHCTEM. 3a CYeT TOro
HEN30ekKHO BO3ZHMKAET HEKOTOpas WHEPIMOHHOCTh, CTA0MIIBHOCTh, WM OTCTaBaHHE
JKEHCKOTO T0J1a, 4TO OOHapyxkuBaeTcs B Oosiee TMO3JHEM TIOABIEHHHM HMIHM TPOABIEHUH
MPHU3HAKOB B (PUIIOreHes3e, a CliefloBaTensHO, U B onTorenese (I'eoxaxan, [lepman, 1971).
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Hncu-anzopummonm, KOrja XpoMOcoMa NEPEX0IUT OT POAMTENS TOJIBKO K ITOTOMKY TOTO K€ 1074,
nepenaercs Y xpomocoma. Ilepenaya (HOBBIX) IeHOB Y XPOMOCOMBI IO MYXKCKOH JMHHMH
MO3ROMSIET UM OCTaBaThCA B MY:KCKOM T€HOME B TEUEHHE MHOTHX TOKOJEHHH., DTO 3aIlninaeT
JKEHCKHI IO OT FEHOB, KOTOPBIE €MIE HEe MPOIIUTM MIPOBEPKY. AHATOTHYHO, IT'€HbI, KOTOPBIE yKe
yIpaueHbl MYKCKUM I10JI0M, HO €LIE COXPAHSIOTCS Y KEHCKOIO, H0/DKHBI OCTaBaThCs B JKEHCKOM
reHoMe. DTO [IPUBOJMT K HJee HICH-X-XPOMOCOMBI, KOTOpast I1€PEAcTCs TOINbKO 110 3KEHCKOH
JMHUHM OT MaTepu K JouepH. X-XpoMOCOMa IETepOraMeTHOro moja (KOHTpa-X-XpoMocoMa)
MIEPEHOCHT HOBYIO MH(OPMAIMIO OT OHOTO TOJIA K JIPYTOMY B KaxkaoM rmokonenud. Taxas,
npemioxennas A. B. XansskunbiM (2018) TpexroHOoCOMHast CXeMa OLPEIeNeHuUs 110713, OCHOBAHA
Ha COOOpaKEHMSX CUMMETPUU M COBMECTHMA C M3BECTHBIMM Ha CErOJHALIHMH [EHb (paKTamu,
BKJIIOYas (paKThl, HE NOJIYUYHBIIHE CBOEIO OOBACHEHHUS B paMKaxX KJIACCHUECKOH IEHETHKH IIoJa
(nospoGuee cm. Fa. 10).

HectoxacTudeckne airopuTMbl CO3AI0T, MOIICPKHBAIOT M PETYIAUPYIOT 2CHOMURUYECKU
nonosou oumopguzm (Tabn. 7.1). Ilpu stoMm, uncu-arcopumm, AeicTBys B Mpenenax OJHOIO
nona, co37aeT HWH(OPMAIMOHHBIH TMOTEHIHAT MEXKIY TMONaMH—TEHOTHIIMUECKHIT TMONoBOH
JUMOP(U3M, YBENTMYHMBAET MM YMEHBIAET ero BenuuMHy. OH—WHHIMATOpP MpOrpaMMbI
Juphepenyuayuu. Konmpa-arzopuimm, Kak W CTOXaCTHMYECKHH, [EPEHOCUT MH(POPMALHIO OT
OJIHOTO I0JIA K JIPYroMy, [03TOMY TOKE HUBEIUPYET NOTEHUMANILl, HO B OTIMYHE OT HEro, He
CBOIUT I10JIOBOI TUMOP(I3M K HYJIIO, 4 COXPaHAET ero [OCTOSHCTBO.

Tabn. 7.1 X-XxpoMOCOMHLIA NepeKpecT, cXemMbl MH(hOPMALMOHHbIX CBA3EN.
X-XpOMOCOMBI OCYIIECTBIIAIOT OTPUIIATENIbHbIE OOpaTHbIE CBS3H,
Y—XpOMOCOMa - ITIOJIOZKHUTCJIBHBIC,

BCI MOI0BaN
Hn;{cnm&fﬂ MYyZXCKasa AKeEeHCKan
T'enoTunsl

oTen MaTh
(ynpaenswourue)
Xpomocomel Y cX pogurenu cX iX

Ceazm:
HIICH, KOHTpa

XpomMocomel YcX gem cX iX
PeHOoTHNBI nou_o o
(vnpaensaemeie) CBIH ¢extr— °P A0k
Joan | B Optcpene magaeT pacTer
(%) E extr cpeme pacrer nagaer

CoueraHue HICH-KOHTPA ITOPUTMOB 00/1alacT Ba)KHOH OCOOEHHOCTBIO: OHO I103BOJIIET
CO3/1aBaTh U COXPAHATh MEXAY IOJCHCTEMAMU OIIPEACIIEHHBI TI'EHOTUIIHYECKUN I10JI0BOH
IUMop(uU3M, OIEPKUBATH EI0 MOCTOSHCTBO M PETyJIMpPOBAaTh €0 B 3aBMCHMOCTH OT YCJIOBHH
cpenbl. [Ipu 3TOM KOHTpa-airopuTM BBICTYNAET Kak CTAOWIH3ATOP (OoTpUnaTensHas obparHas
CB#3b), & UIICU-AJITOPUTM—KAK PEryJsiTop (MoNoxuTe/ibHas 00paTHasi CBsA3b) TEHOTUITHYECKOrO
nonosoro aumopdusMa (Geodakian, 1987). CoueraHue HUIICH-KOHTpa cBs3ed uMmeeT oouiee,
KUOEpHETHYECKOEe 3HAUCHUE JJII BCEX CIIy4aeB, Korja TpeOyercs co3laBaTh M IOIEPKUBATh
OMpPENCTCHHYD “IUCTAHUMIO” MEKIy mnoncucteMamu. Jlnsm  obecriedeHHs ACHHXPOHHOM
OBONIIOIMH  MIICH-KOHTPA  QITOPUTMBI  JIOJDKHBI  JIGHCTBOBaTHL B OTpe/eneHHOH
IOCIIE0BATENBHOCTH.
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AnropuUtMbil XpoMOCOM U cha3bl SBOSIIOLIMM

H3zomophusM Mexy TIOJIOBOH W XPOMOCOMHOM au(depeHIHasMi MOKHO UCIOTb30BaTh [T
BBISBIICHHS SBOJIFOIMOHHOH POJM ayTOCOM M TIONOBBIX XpOMOCOM. JIs 3TOr0 JI0CTATOYHO
COIOCTABUTh, BCKPBITHIE B SBOJIOLHOHHOH TEOPUH I10J1a, Pa3Hble JBOJIOLMOHHBIE DPOJH
MY;KCKOI'O U JKCHCKOIO IOJa B HONYYeHHH HHQOpPMALUM OT cpeabl, ee Ipeo0pazoBaHHH H
niepeiaye MoTOMKaM, C arOPUTMAMH TIEPEIAul XPOMOCOM.

IosiBiienre HOBOro npu3Haka. CONIACHO 3BOIIOLHMOHHON TEOPHU IOJIA Y Pa3iesIbHOINONBIX
dopM mpu CMeHE CcTaOWIM3UpYROLIeH cpelbl Ha JBIDKYLIYIO HayMHAST 3BOJIOLMOHHMPOBATH
TOJBKO MY:KCKOH non (Pue. 5.3 'n. 5). TpaekTopus HBONIONMU Pa3BaUBaETCs HA MYKCKYIO W
JKEHCKYH0 BETBH, MPOMCXOJUT “PacXOkieHUe” IMPH3HAKA Y JBYX HOJIOB. DTO OUBEPSEeHMHAs
¢haza—BpeMeHHAs “IUcTaHIus, KOTopas HeoOXoauMa I MPOBEPKU HOBBIX CYTY0O MYIKCKHX
reHoB (Y-XpOMOCOMHBIX) M MPU3HAKOB Y My:KcKoro nona. [loctymienue B dusepeenmmuoii dase
HOBO# MH(pOPMAIMU TOJBKO B MYXKCKOM I€HOM M e Iepejada 1o MYMXKCKOH JIMHUH OT OTI@ K
CBIHY MOKET pPeaIi30BaTh TOIBKO Y XPOMOCOMA Yepe3 HIICH-AJITOPHTM.

Ho nuBepreniss mnonoB HE MOMKET MNPOAOIKATHCA

OCCKOHEUHO, MHAYC HACTYMHUT PENpPOAYKTHBHAS HM30IMi. Kpurepuem HaCTynNneHus
Tak, Ha jpozoduie ObLIO [MOKA3aHO, 4YTO KPUTEPHEM pPenpoAyKTMBHOM W3ONALMM
HACTYIUICHHS] PEIPOAYKTHBHOH M30/BIUHH MEXKIY Pa3HbIMH  MeXKAy pa3HbIMM pacamMm
pacamu SBIISIETCS HECOBMECTHMOCTB Y-XPOMOCOMBL OJHOH ppo3sodhun ABRAETCA Heco-
pacel ¢ muTonnasmoii apyroit (Ehrman, 1964). Bkmouaetcs  pmectumocts Y-Xxpomocombi
MEXaHU3M penaKcaylii—OTTOK HHPOPMAIIHHA OT MYMXKCKOTO OfHOW pachkl C LATONNA3MOM
[oJla K KEHCKOMY, TO €CTb HauMHAETCA 3BOMOLUUA  ppyrow.

JKEHCKOTO Mona. Ehrman, 1964.

DT0 BrOpas, napaiteivhas (aza IBOMIOUUHA TPH3HAKA—COOTBETCTBYET JOKATH3allMM TEHOB B
ayTocoMax, Ijle OHH ITPOBO/IT OCHOBHYIO YacTh CBOETO (PHIIOreHe3a, HaXo/sICh B TEHOMaXx U TOro
H apyroro nomna. Oba mosja 3BOTIOLUMOHUPYIOT ¢ ONMHAKOBOI CKOPOCTBE) U 2€HOMUNUYECKUL
ROI060U OUMOPEHL3M OCTASTCS TOCTOSHHBIM JI0 KOHIIA (ha3bl.

Urobbl B napamienvhoti (paze 3BOMHOIMOHUPOBANM 00a TOJIA, 2 TEHOTHUITMYECKHH IOJIOBOM
JUMOpP(U3M OCTaBANICS NOCTOSHHBIM, HEOOXO/[MM OTTOK HOBOM HH(OpMaIHK H3 Y XPOMOCOMBI B
JKCHCKHI1 TeHOM. DTO MOJKET JIeIaTh TOIBKO KOHTpa X XpoMocoMa.

Tpetbsa aza JBOMIOIMH—KoHGepeenmHas. B Hell DBONIOIMOHUPYET TOJBKO JKEHCKUH MO
Hauunaercs ona, korjma Ha MyKCKOH non mepecraer AeiicrBoBath 0TOOp, a HA SKEHCKUH 11011
[IPOJOJIKAET NIEHCTBOBATL 2EHOMURUYECKUT NOA0GOUH Oumopghusm. Ienomunuueckutl nonoeou
Oumoperizm CO BpEMEHEM YMEHBILIAETCS U UCUYE3aeT, TO €CTh AUMOP(HBIH B IPOLIECCE IBOITIOLU
MPU3HAK CTAHOBHUTCS CHOBA MOHOMOP(HBIM M cTabuneHBIM. Ha 3TOM 3BOMIONMSA TMpH3HAKa
zasepuuaercs. Crano ObITh, (pazbl IBOIIONMH ITPH3HAKA Y MYKCKOT'O M 3KEHCKOI'O T10J1a C/IBUHYTHI
BO BPEMEHHU: ¥ MYKCKOI'O 110J1a OHM HAYHHAIOTCS ¥ KOHYAIOTCS PaHbLIE, 4EM Y KEHCKOTO.

Utobsl B xoueepeenmnoli (haze HBONIOIMOHUPOBAT TOILKO JKEHCKHH TION W MPH ITOM
YMEHBINANCA M WCcYe3al TeHOTUTHYECKH MOJO0BOH AMMOPGhM3M, HEOOXOIUMMO TpeKpalieHue
MOCTYIUIEHHS! HOBOH WH(pOpMaIMK K3 cpejibl B Y XPOMOCOMY H IPOJIOJIKEHHE €€ 0TTOKA uepe3 X-
XPOMOCOMY B JKE€HCKUI FeHOM.

Hcuye3noBenne npusznaka. Ecii B JajbHEHIIEM, KAKUE-TO NIPU3HAKH CTAHOBSITCS HEHYIKHBIMH,
HX TeHbl IOKHJAI0T ayTOCOMBI CHAa4asa Y MYKCKOTO M0Ia, U 3aTeM Y KeHCKoro (Puc. 5.3 Fn. 5
crajus 4). B KoHIIe OHH CTAHOBATCSA CYry00 JKEHCKUMU, B BHJIE “apXHMBHBIX TEHOB, KOAUPYIOMIHX
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ATaBUCTHUYECKUE IPU3HAKU. VX HBOMIOIMOHHBIA CMBICI—B Cllydae BO3Bpara CTapblX YCIOBUI
BEpHYTb 3TH NPU3HAKH, HE IpHOEras K CI0KHOH M JOJITOH IpOoLEeNype HPOBEPKH B MYKCKOM
TEHOME.

JBOSMOLMOHHbIA MAapLUIPYT FreHOoB Mo XpoMoCcoMaMm

“T"opH30HTAIBHBIE” ATTOPHTMBI KOHTPOIMPYIOT MOCTYIUIEHHEe MH(OPMAIIMH OT Cpejibl B OTHOM
[IOKOJIEHHH, Tepejady e€ MEeKIy XpoMocoMaMH M yrpary. ['OpH30HTaIBHBIA IEpeHOC
FEHETHYECKOH MH(pOPMALMK [IPOUCXOAUT IIPH Y4aCTUH IIPOLECCOB MyTareHesa, KpOCCHHIOBEpa,
TpaHCJIOKALMIL, [IepeHoca AHCOMaMHU, BUPYCaMH, ITa3MUIAMKA X MOOHIBHBIMU I'€HaMU.

MosBneHne HOBLIX FEHOB

Wnes nuxpoHu3Ma NPUBOIUT K uiee Apeida reHoB 1o xpomocoMaM U Mexny Humi (I'eonaxsy,
1998, 2000). HoBble renbl BO3HHKAOT B Y-xpoMocoMe (“pooddoy” reHo). OHH NpPUXOAAT OT
cpernbl MM BO3ZHMKAIOT B pe3ynbTare MyTaiMil. [TockonbKy reHsl Hafio MpoOBEPATh HA MYKCKOM
nosie, Y-XxpoMocoMa HMeeT Takke (DYHKUMIO KaparmuHd TEeHOB. 3TO MPOHCXOJHMT B TEUEHHH
MHOTHX IOKOJICHHH. B 3T0 Bpems I'eHbl He JO/DKHBL ITOKHIATEH Y -XPOMOCOMY, YTOObI OCTaBaThCs
B MYKCKOH TOJACHCTEME M TOJNBKO TIOCNE ITOTO TOTYYHTh BO3MOKHOCTH TOKHHYThH €€
CrnenoBaTenbHO, “BX0A” U “BbIX0A”~ Y-XpOMOCOMBI JIOJDKHBI ObITh YAAICHBI Ipyr OoT Apyra. To
ecTh Ha Y-XpOMOCOME JOIKHA OBITh “rocadounas’” W “‘eziemuas’” TONOCHL ITHU MONOCH HE
JO/GKHBL ObITH OJIM3KO Jpyr OT JApyra, 4yToObl HOBBIE I'€Hbl HE MOIJIH Cpa3y HepelTdH Ha X-
XpOMOCOMY M HONAcCTh B 3KEHCKUH IeHOM. Bpems, KOTOpoe reH TpaTUT Ha IIEpeMElIEHHE BOJIb
Y -XpOMOCOMBI PaBHO TIONIOBOMY JTHXPOHH3MY.

Mepexopn HOBBIX reHOB K YKEHCKOMY nony

Hosble rens! nonafaioT K KEHCKOMY IOy 4Yepe3 MY:KCKYI0 X-XpOMOCOMY— ‘mparcnopmuylo”
MTyTEM M3BECTHOTO MEXaHH3Ma KPOCCHHTOBEpa. B oTiMume OT ayTocoM, KOTOpbIE KOHBIOTHPYIOT
MOJHOCTBIO, Y- M X-XpPOMOCOMBI KOHBHOTMPYHOT TOJIBKO B ONPEIEIEHHBIX  o0nacTsix
(nceBmoayrocoMHble obnmactu (PAR)). OOnactu, rae BO3MOXKHA PEKOMOMHAIMA, Pa3lCICHBI
HEPEKOMOMHMPYIOITMMH yyacTKaMu (rmoapodHee cMotpu Fa. 10). Tlpn yacTHYHON KOHBIOTAIMH
KaK Y JKMBOTHBIX, TAK M Y PACTEHUH (TYIIH, MEIAHIPUYM), TOJIBKO 9acTh Y -T€HOB HAXOJUTCS B
KOHbIOTHpYroLeM yuacTke (Kupnuunukos, 1935; Winge, 1927; Grant et al., 1994). Takue ressl,
yKe MPOMHICANIHNE “KapaHTHH , MOMAAAI0T B KOHBIOTHUPYIONIMH YYACTOK HA KOPOTKOM Iuiede Y-
XpOMOCOMBI (“B3/€THAs’ TO/IOCA) M MepefaroTcs KPOCCHHIOBEPOM Ha “TIOCa/I0UHYI0” IMOJIOCY
Myxckoil  X-xpomocombl (Pwme. 7.1). M3BecteH Takke MexaHusM HepasHoro Y ->X
Kpoccunrosepa (Winge, 1927), kotopsiii MOskeT 00eCHeYTs HANPABJISHHBIN [EPEHOC I'EHOB.

B my#ckoil KoHTpa-X-XpoMOCOME, BHAMMO, TAK K€, KAK M B Y -, BXOJ H BBIXO/] yAJICHbL APYT OT
Jpyra, IO3TOMY II€peABUrasch BIOJIb X-XPOMOCOMBI, “‘MOJONOH” TE€H IPOXOIMT BTOPOE
UCTIBITAHUE B MYKCKOM TE€HOME, OyIyud B FEMH3MIOTHOM COCTOSHHMHU. Tak Kak OOJBIIMHCTBO
IEHOB X-XpOMOCOMBI HE HMMEIOT aHAIOroB Ha Y-XpoMoOcoMe, B (DEHOTHIIE Y CaMIOB OYIyT
[IPOSABJIATHCS KaK JOMUHAHTHBIE, TaK U PELIECCUBHBIE alled. B EeHCKOM reHoMe reHbl Ha X-
XpOMOCOME HaxXo[fTCA B TOMO3MIOTHOM COCTOSHMHM H “NIPHKPBITEI. “‘CTapbiMu” TeHAMH
MAaTepHHCKOH HMIICH-X-XpOMOCOMBI, II03TOMY OYIyT NMPOSIBIATHCS TOJABKO HOBBIE JOMHMHAHTHBIE
MYTaIMK, 3HAYUT, Kas/Ablii HOBBIN TeH, MPEXK/E YeM TIONAcTk B ayTOCOMBI, TIPOXOIMT JBOHHYIO
[IPOBEPKY B MOJIOBBIX XPOMOCOMAX: CHavanla B dusepeenmuoll daze B Y-XpomMocoMe, [0TOM B
napannensroti hase B KOHTPa-X-XPOMOCOMe, B OCHOBHOM, Y MYKCKOTO I10J1a.



FrnMABA 7. 3BONIOUMUOHHBIE XPOMOCOMBI 47

Puc. 7.1. [unotetnueckas cxeMa MapipyTa HOBOIO TeHa MO MOIOBBIM XPOMOCOMAM
B MBepreHTHOH haze sBomonuu mpu3Haka ([eonaxs, 2000).

E - cpena (muroruazma). Y4acTKH XPOMOCOM:

a - BX0Z Y-XpOMOCOMBI, HE y4acTBYIOIIHI B KPOCCHHIOBEPE ¢ CXM-XPOMOCOMOI;

b - BbIX0/1 Y-XpOMOCOMbI, Y4aCTBYIOIIUIA B HEPABHOM KPOCCHHIOBEPE ¢ CXM-XPOMOCOMOIA,
¢ - BX0J, cXM-XpPOMOCOMBI, YYAaCTBYIOLIMII B HEPABHOM KPOCCHHTOBEpE € Y-XpOMOCOMOIT,

d - Bexon ¢XM-XpOMOCOMBI, YUACTBYIOLIHI B HEPABHOM KPOCCHHTOBEpE ¢ cXf-xpomocomoii;
e - BX0[ iX-XpOMOCOMBI, YHACTBYIONIHIT B HEPABHOM KPOCCHHTOBepe ¢ cXf-xpoMocomoit;
f—abIxoa 1X-XpoMOCOMBI, TPAHCIOKAI[MH TEHOB Ha ayTOCOMBI,

g - BXOJ ayTOCOM, IPHEMA TPAHCIOKAIIMH.

Ilepexoasl reno: 1 - u3 cpeast B Y-XpoMocoMy (MyTareHes);

2 - mo mune Y -XpoMOCOMBI M3 HEKOHBIOTHPYIOIICTO (A) y4acTKa B KOHbIorupyromwuii (b);

3 - "epaBubIii KpoccuuroBep Y—> cXw;

4 - o gmuHe ¢X-XpOMOCOMBI B MYYKCKOM H KEHCKOM I'eHOME;

5 - BepTUKaBHBIA cX-aJiropuT™ (0Tell — J104b);

6 - HepaBHbBLI KpOCCHHIOBEp: cXM—1X;

7 - 1o JuHe 1 X-XpOMOCOMBI,

8 - Tpancnokanus (IUIa3MUAbL, BUPYCHI) 1X-XpOMOCOMa —> 2yTOCOMEI .

9 - [0 [UIMHE ayTOCOM.

Opench n ctapeHne reHoB B XpoMocomMax

Cunraercs, yTo X-XpOMOCOMEI KEHCKOTO ToNa (Kak H ayTOCOMBI) MOTYT 0OMEHHMBAThCA TEHAMH
Mo BCeH JUIHHE, OJIHAKO Hjed jpei(a reHOB MO XPOMOCOMAM H HX CTapeHHs, TMO3BOISIET
[IPEIUIOKKUTH HOBYEO MOJIE!b 110 AaHAIIONHH C OpraHusalueil renoma Oakrepuil. ¥ psna Oakrepuit
oOHapyeHbl JMHEHHbIe (He 3aMKHYTbie B KojbLo) Makpomoiekyisl JJHK. ¥V GomsummncTsa
OaxTepuil B KJIETKE MUMeETCs TONbKO ofHa Makpomonekyna JIHK, 3aMkHyTas B Konblo. Y HHUTH
JIHK—Gonee npeBuuii 5'-toper—Hauano (TaMm HAaXOAATCS cTapbie TeHbl), Oonee Mononoi 3'-
toper—kouerl. [Ipu nepenaye undopmanuu ot F+ k F- GakrepusiM KOIUPYIOTCS TOJILKO HOBbBIE
Y4acCTKH, TaK Kak crapas uHpopMaums yke ectb B F- ki1eTke (Pue. 7.2).

UYTo mpoUCXOIUT CO CTAphIMKM T'€HAMH KOT/Ia OHH CTaHOBSTCS HEHYKHBIMH? OHM MOMEIAIOTCS B
“apxuB”, HHAKTUBHPYIOTCS M XPaHATCS Ha ClTydaid Bo3BpaTa crapbix yciuoruid. Mx rakxe MOxKHO
nepepaboraTh B HOBble. Bo3aMo:kHO, uTo KonblieBas Gaxrepuanbhas JIHK oOecneunBaer Taxoit
KPYTroBOPOT I'eHOB. TOr/a MOKHO MPE/TONOKHTE HATHYHE “B3NIETHBIX M “TIOCAIOYHBIX” TIOJIOC
HE TOMBKO ¥ Y-XPOMOCOMBI M KOHTpa-X-XpOMOCOMBI, HO H Y APYTHX XpOMOCOM. B keHckoM
FEHOME HOBBbIE I'EHbl IONAJalT HEPaBHBbIM KPOCCHHIOBEPOM Ha UIICHU-X-XpOMOCOMY, a oT X-
XPOMOCOMbI Ha ayTOCOMbI TPAHCIYKLMEH WM APYTHM MEXaHU3MOM.
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Touka pocTa PekombuHaHTHas
XPOMOCOMbl KieTka
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6akTepum

Puc. 7.2. Tlonoroii nponecc y E. coli nepenaet HOByro HH(pOpMALHIO.

B ayrocomax—ocHOBHOE MECTO KU3HH U paboThl reHoB (~95% reHoma). AyTOCOMHBIE I'€Hbl, B
OTIIHYHE OT TCHOB MOJNOBBIX XPOMOCOM, TEPEMEITMBAIOTCS TIPH TEPBOM KE CKPCIIMBAHHH H
MONA/AT K ChIHY WIH jlodepu croxacThuecku. Ho, ecim ux npoepka Oblia HEOCTATOUHOM, TO
€1lle MHOTO ITOKOJICHUH OyeT HabmoaaThes “acuMMETpuUs POUTENEH B BUJIE MATEPUHCKOIO (110
APXUBHBIM) WM OTLIOBCKOrO (110 KApaHTHHHBIM) 'eHaM. MOXHO MOIBITAThCs HAPUCOBATH OOLLYHO
TUIOTETHYECKYIO KapTHHY IIEPeXOJOB TEHOB IIPH IIOCHCIOBATCIBHONH DBOMIOLMH XPOMOCOM
reHoma. [Ipu nmosiBIeHHH HOBOTO reHa:

cpeia — nuTomiazmMa - Y = cXm = ¢Xok = (iX?) 5> A

OtpaboTaBiie B ayTocoMax TEHBI MEPEXOMAT HA KOHTPa-X-XpPOMOCOMY, KOTOpas BO3ZMOMKHO
SIBJISIETCS MECTOM MX JIMMHHALNH:

A = iX — eXok — XM

Crano ObITb, TAKHKE Kak NpH nosioroi uddeperipmanmm

CYLUIECTBYET AHXPOHOMOP(H3M HPU3HAKOB, TaK U IPH

ayTOCOMHO-TOHOCOMHOH  jupdepeHimaiun  JoIDKeH Bo Bpema meiosa y mnexkonu-
CYLIECTBOBATh OJIMIOXPOHOMOP(H3M TIEHOB, TO ecTh  TAlOWMX  WHAKTMBALMA Heko-
TPU-YETHIPE PA3HBIX BPEMEHHU TIOSBIEHHUS H CTONBKO e ~ TOPBIX CYlleCTBeHHbix X xpo-
dhopm noxammzarmu (Y, ¢X, A, iX,) 0JJHOTO H TOTO e MOCOMHEIX FOHOBR. KOMNOHCM-
reda. Ilpyu 3T0M BEKTOpBI 3BOJIIOLMH XPOMOCOMHOIO PyeTcs aKcnpeccueid u3 pert-
omuromopduzma (iX > A - ¢X - Y), kak u nojiogoro ~ POMO3IOHOB,  CKOMUPOBAHHLIX
maMophusma (0K — M), Bcerga  HampasieHpl  H@ AyTOCOMBL
MPOTUBOIIONIMKHO NMOTOKY HHpopMaruu (Y — cX— A

— iX, M—¥) H MOryT CIYXHTh “KOMOACOM”

sBosToINH (Pue. 7.3).

Wang, 2004.
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My:xckan X-xpomocoma Kencxan X-xpomo-
“nerckas Koasicka” TPAHCOOpPTHRIE coma “karadanx”
H KapaHTHH I€H0B H apXHB IeHOB
. ® — ]

AyTOoCOMBEI — OCHOBHOE MECTO
“KH3HH H paboThI TeHOB

Crapenne

T€HOoB r€HOB

“piaéranie” “mocagognnie”
H0.10CHI HO0.10CHI

L]
IeaTpoMepa @
]

!
:peaq,l‘

— ., =
Y xpomocoma — “pogzom, KapaHTHH,
Kp eMaTOPHH, CAJI0H OMOJIOZKEHHS reHoB”

Puc. 7.3. Hanpagnenus jpetica 1 cTapeHus TeHOB B XPOMOCOMAX Y BBICIITHX (DOPM.

3Has MapmpyT TEHOB, MOABISETCH BO3ZMOKHOCTL BCKPBITh NPHHIMI HMX JTOKANH3AIHMH TI0
XPOMOCOMaM.

Kakue reHbl NoKkanu3oBaHbl B ayTOCOMaX, Kakme - B
MOJIOBbLIX XpoMocomax?

Ha sToT Bonpoc knaccHieckas XpoMOCOMHAs TeopHs oTBeTa He Aaer. Ho, mo ujiee v Ha3BaHUAM
XPOMOCOM (TIOJIOBBIE, TOHOCOMBI) MOIPA3yMEBACTCsI, YTO B MOJIOBLIX XPOMOCOMAX JIOJKHBI OBITh
FEHbl IPU3HAKOB, CBA3AHHBIX C I0JOM, IOJOBBIMU pasIMUYMAMHM M Pa3sMHOXKEHHEM, a B
ayTocOMaX—HETOJIOBBIX, COMAaTHYECKHX, TO €CTh

KpHTEpUil TOKaIH3alUH—PeNnpPOAYKTHBHbII.

“_.MOXEeT MoKa3aThCA OUYEBUAHbLIM,
yro X Xpomocoma y4acTByeT B no-
NOBbIX Pa3NUYMAX NOTOMY, YTO 3TO
opgHa M3 ABYX XPOMOCOM, onpepe-
naowmux non. Ho ana nonoebix pas-
nuuuin 6bino Gbl ropasgo npouwe
MMeTb reHbl, Ha Y XpoMocome, YTo-
6bl OHM NPOABNANIUCH TONBKO Yy CaM-
UOB. ... HecmoTpa Ha 3To, Y xpomo-
comMa uenoBeKka HebGonbwaa wn
MMEeeT Marno reHoB, Torga Kak X-

XpoMocoMa HamHoro 6onblue.”
Johnson et al., 2009.

CornacHo HOBOH  KOHI[ENIMHM, B  IOJOBBIX
XpOMOCOMAaX  JO/DKHbl ~ HAXOOWUTBCS  TCHBI
OBOIOIHOHHPYIOTIHX MPH3HAKOB, a B
ayTocoMax—CTabWIBHBIX, TO €CTh KpPHTEpHil—
IBOJIIOIHOHHBII (cM. Tabn. 7.2).
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MHOFHe, IMOJTYYEHHBIE B IOCICAHEE BpPEMHA, JaHHbIE MCHOMUKH CBHICTEIBCTBYHOT O TOM, YTO
TBICAYHM I'€HOB BO BCEX HACTAX FE€HOMA BHOCAT BKJIAJ B PA3BUTHE MYXKCKHX U KEHCKHUX (hEHOTHIIOB
3a cyeT pasHoil akcrpeccuu renoB (Mank, 2009). [lanHble y pa3HBIX BHJIOB HE YKa3bIRAIOT Ha
HETPONOPLUUOHATBHO OoMbliyt0 poiib nonobix xpomocom (Ritchie, 2000; Wolfenbarger,
Wilkinson, 2001), 4To He MOIEPKHBAET CYLLECTBYIOLLYI0 TEOPHIO I0JIOBOI'O AaHTArOHHU3MA.

Tabn. 7.2. Kakue reHsl NOKanu3oBaHbl B ayTOCOMAaX - KAKMe B MONOBbIX
Xpomocomax? (Feopakan, 2000)

KomM6unanuu npuszHakos*
Jloxanuzanus TeHoB:
CK P.K (0AC) P
Mo knaccnueckoii Teopuu A ox A X
Mo nosoii KoHUEnIK A A ox X
[Monooit tumopduzm - PIIJ SI1 I+211]1
OcHoBa non. auMopduzMa - DeHOTHIIHY. IenoTunuy. ®den +ren

* C — comarnyeckue, K — nocrosinbie, P — penpoyktusHbie, D — SBOJIIOIMOHHAPYIOLIHKE,
PIT/] — penpoykTrBHSIi MonoBoi quMopduzm, 3111 — 3Bom0IMOHHbIH NOTOBOH JUMOPhH3IM

®dakrel, puBeAcHHBIC B M. 10 MOATBEPIKIAIOT HOBYIO KOHIEIIIHIO, YTO “BOIOPA3ILT” MEKIY
ayTOCOMHBIMHM M TOHOCOMHBIMU I'€éHaMH ITPOXOJNUT B OCHOBHOM HE 10 KPHTEPHIO Pa3MHOXKEHNUS, a
MO KPUTEPUIO SBOTIOIMOHHOIO BO3pacTa MpU3HaKa.

IJBOMOLUMOHHAA NIOrMKa AayTOoCOM M NONoBbIX XPOMOCOM

AyTOocoMBI, OylydH KOHCEpBATHBHO! NAMATHIO Pa3/IEIbHOIOIOIO0 Te€HOMA (aHAIOr JKEHCKOIo
MOJIA B MOMYJSIIHK) U XPAHWIMIIEM CTA0WIBLHBIX, 00IINX A1 000UX MOJIOB, TCHOB, HAIICICHBI HA
€ro  coXpaHeHMe. DBOJTIOLHOHHO—3TO CaMble CTapble  XPOMOCOMBIL,  COJEpIKallye
(hyHIaMEHTaNbHYI0 BHJOBYHO MH(popManuo. OHH BBIIONHSIOT Oojee APEBHHE MIPOrPaMMbI
penponykiud M pexomOuHaimu. llepenaBasch ciydaiiHO, OHM NEPEMEIIUBANOTCA B KAKIOM
HOKOJICHHH, o0ecrevnBas MaKCHMalbHOE pa3HoOOpa3sHe ICHOTHIIOB, TO €CThb HAMJIY4LIHM
00pazoM peanu3yloT MPOTPAMMBI TTOJIOBOTO MPOIECCa, O KOTOPHIM HAMBBICIITHE TOCTHIKCHHUS Y
repMadpoiuToB. B 3TOM CMBICIIE OHH CKOpee “peKoOMOHHAIIMOHHBIE”,

ITo10BBIC XPOMOCOMBI, SBJISACH OLIEPATHBHON [IAMATBIO WM SKCIIEPUMEHTAIILHON [10CHCTEMOHN
reHOMa, HaleJeHbl Ha €ro H3MeHeHMe (aHaJoI MYMKCKOro Ioja B IomysuiuuH). Takoke, Kak
HOBBII PU3HAK HE MOABIAETCA B KEHCKOM (DEHOTHUIE, HE MPOHS MPOBEPKY B MYMKCKOM, Tak W
HOBBIM T'€H HE MOSBJIETCH B AyTOCOMaX HE MpOiijisl MPOBEPKY B IOJIOBBIX XpoMocomax. [ naBHoe
HA3HAYEHHE I[IOJIOBBIX XPOMOCOM—CO3JaHue AuXpoHoMop(huima A dpdexTnBHON
IBOJIOIMM. B (putoreHese nosioBble XpoMOCOMbI HOABUIHCH [103KE PA3EbHOIIONOCTH, TO €CTh
OHM 3HAYMTENBHO “MONIOKe” ayTOcOM. 3amycKas M BBIMTOIHAA MporpaMmy AudbepeHIianiH, OHH
(hOpMHPYIOT B TIOMYSIHH KOHCEPRATHBHO-OTIEPATHBHBIE TIO/ICHCTEMBI H PACIIPENIENIIOT MEXTY
HMMH POJIM B 3aBUCUMOCTH OT MOJUTHHMH—IUouManapud. Jia sroro oHu cHadxaroT GoJiee
MOHOTaMHBIH MOJ1 IMUPOKOH HOPMOH peaknuH, a 0ojee MOJHraMHbIH— Y3K0il HE3aBUCUMO
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or tuma rtametrHoctH (['eomaksu, 1974). Tem caMbiM OHH CO3JaHOT JBe O0OCOOJIECHHBIC
ACHHXPOHHO IBOJIFOIIHOHUPYIOLIME NOACHCTEMbI ¢ HHPOPMALIMOHHBIMH DapbepamMy MEKITY HHMH.

B nonosbix XpomMocomax HaxoJATCs, TJaBHbIM 00pa3oM, 3BOMIOLMOHUPYIOIINE TeHbI, Kak
npuodpeTaeMsble, TaKk U yTpadusaeMble. Peryaupys cKOpocTH FOpU30HTAIbHBIX IIEPEX0I0B (B10JIb
XPOMOCOM M MEXKTY HUMH), OHH PErNaMEHTUPYIOT M JI03UPYIOT MOMaIaHHe HOBOH HH(pOPMAIH B
aeHckuil renoM. TTOCKOIBKY OHM 3anpemiaioT KoMOuHauuu J X & 1 ¢ X @, uX IesTebHoCTh
HATpABJICHA TIPOTHB MPOTPaMMBI peKoMOMHaIi. Bo3MOKHOE B pe3ybTaTe MOJIOBOTO Mporecca
pasHo0Opa3ue TEHOTUIIOB MPH 3TOM YMEHBIIAETCS BJIBOE, M B ITOM CMbICIE OHHM CKOpee
“aHTHIIONOBBIE”, yeM “nosioBble”. IloaToMy JlorHuHee ObLIO OB, C Y4ETOM HX POJIM, Ha3BaTh UX
“IBOIIOITHOHHBIMM” XPOMOCOMaMH.

Y-xpoMocoma—cBs3ylolee 3BeHO MEX/y TeHOMOM H Cpeaoi

OpHa n3 3-x “ceHcauun” (uurorutaszmoit).  Y-xpomocoma 310 “Bopora” Juis HOBOIi
caMoM poporoi nporpam- uHpopmarmy B reaoM. OHa TpaHC(OpMHPYET SKOIOTHYECKYHO
Mbl “T'eHom yenoseka”, - MHPOPMAIHIO B TEHETHYECKYIO, TO €CTh CO3/IACT HOBBIC I'€HBI,
yTo GOMNBLIWMHCTBO MyTa- 3a cyeT MyTanuil. Y-xpoMocoMa 3allyCKaeT MYMKCKUe
UMA BO3HUKAIOT B Y-Xpo- MOJIOBBIE TOPMOHBI H Yepe3 HUX OMPE/ENAeT HOPMY PeaKiHH
Mocome. MY?KCKOTO I10JIa; COIEPKUT “3aBTpalllHKE’ I'eHbl; HHHIHATOP,

aKcellepaTop M PEeryjrop IOJIOBOIO JUXpoHOMOphH3Ma;

MEPBLIH  “UCTIBITATENBHBI TMOMUTOH” M “KapaHTHUH Uit
HOBBIX TeHOB. [lo3TOMY ecTh OosibIlie OCHOBAHHI Ha3BaTh €€ “IKoJ0rHYecKoii” xpomocomoii. B
(unorenese B Heil coznaéres nHGOPMALIMOHHBII TOTEHIMAT IeHOMa—3BOJIIOLIMOHHBINA MOJIOBOH
IMOpP(uU3M, KOTOPBIH Kak 3aBO[] 4aCOB PACXOyeTCs B OHTOIEHE3€ Ha [OJHATHE KEHCKOI'O I10J1a
Ha YPOBEHb MYKCKOTO.

CTaHOBUTCS NOHATHBIM SIBJIEHHE HEPABHOr0 Y — X KPOCCHHIOBEpPa, TeCHas CBsi3b Y -XPOMOCOMBI
¢ perpoBupycamMH M BbeIcOkoe conep:xanve [JHK nocienosarenbHOCTER MUTOXOHIPHAIILHOIO
npoucxoxaeHus. Crofia ke OTHOCHTCS CITOCOOHOCTE CIEPMATO30HAOB MHOTHX BH/IOB CBA3BIBAThH
uykepoauyo JJHK u nepenocuts €€ npu ormnogorsopeHur B siinexnerky (I'n. 3). MoskHo
npeackaszath, uto uyxepoanyo JTHK (umm BUpYCHI) CBA3BIBAIOT HE BCE CHEPMATO30HIbI, a
TOJBKO Y-HECYIlHe, MMOITOMY CPEM TPAHCTEHHBIX JKMBOTHBIX JIOJDKHO ObITh OOJIBINE CaMIOB
(I'eonaxsy, 2000).

Konrpa-X-XpoMocOMa—IIEPEHOCUMK TEHOB, CBS3YIOIIEE 3BEHO MEXKIY Y-XPOMOCOMOM H
JKEHCKMM TEHOMOM— ‘TpaHCMOpTHAs; CTAOMIM3aTOp, pENaKcaTtop M JIMKBUJATOP MOJOBOTO
JUMXpoHOMOp(H3Ma B (DUIIOreHe3e; BTOPOH TOJMIOH, TJle MOJIOJbIe TeHbl, Oylayud B
FEMH3UIOTHOM COCTOSIHHM Y MY}KCKOTO I10J1a, IIPOXOJAT MCIbITaHus B oHTOreHese. [Ipouennve
oTOOp TONe3HBle A 00OMX TONMOB TeHBbl MEpPealoTes JKEHCKoMy Tmoiy. B ciywae
AHTArOHMCTHYECKHUX ITOJIOBBIX IPU3HAKOB, €CTECTBEHHBIH 0TOOp Oyier OnaronpusircTBOBaTh
moboMy MexXaHU3My, HarpaMep, WUMIIPHHTHHTY, KOTOPBIH TOJABIAET DKCIIPECCHI0 TeHOB Y
caMmok, HO He y camiioB (Johnson et al., 2009).

Ilo npuuMHEe MOABEPIKEHHOCTH WHTEHCHBHOMY OTOOPY, KOHTpa-X-XpoMOcoMa SBISETCH,
BO3MOJKHO, TAIOKE MECTOM IUMUHAIIMH OeCIONIe3HBIX MM BPEAHBIX IE€HOB, KOTOPbIE [OCTYIAKT
H3 ayTOCOM.

Hncu-X-xpomocoma (creuuanbHbIi €€ yd4acTOK) NOJDKHA OBbITh IIPEXKIE BCEro, CBf3aHa C
OMpEeIeHUEM TOIOBBIX TOPMOHOB U HOPMBI PEaKIMK JKEHCKOTO 104 (B 3aBHCUMOCTH OT TUIIA
MOJIMTAMUK) U XPaHEHHEM Cyrybo #eHCKuX reHoB. B X-xpomocome noimxHa ObITh DOJIbIIE N0
MOAX(UKAIMOHHBIX TEHOB KOJIMYECTBEHHBIX IIPU3HAKOB.
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Bupbl C XKeHCKOW reTeporamMmeTHOCTbIO

“Homamueckast Teopus reHoB” Obl1a u3noxkeHa B. 'eonaksHoM Ha npuMepe BHIOB ¢ MY»KCKOH
rereporaMeTHocTblo. CHcTeMa € JKEHCKOH I€TepOraMeTHOCTBIO SBIISIETCA I[POTHBOPEUHBOH
(cMm. Mpunoxenune B), I09TOMYy KapTHHA MEPEXO/a EHOB 10 XpoMOcoMaM He OyAeT CTolb
SICHOH. AHalnoroM Y-XpoMOcCOMBbl BbICTyIaeT He W-xpomocoma, a ofHa (uid obe) Z-
xpomocoma(sl). CKopocTb MyTalMii 1 3BOIIOLHN Z-XpOMOCOM(bI) MEHBIIE, YEM Y Y -XpOMOCOMBI,
HO Oounble yeM y X-XpoMOocOMEI, aytocoM H W-xpoMmocoMbl (Fa. 2), TI03TOMY Z-XpOMOCOMY
TaKoKe, KaKk ¥ Y-XpOMOCOMY MOYKHO CUMTaTh “BOpOTaMH’ UL IIOCTYIUIEHHs HOBOI MH(pOpMALU
B reHoM. Tak Kak Z-XpoMOCOMBI HE HHAaKTHUBHPYFOTCS, OHH OOMEHHMBAIOTCS FEéHAMH MEXKy coOoi
M 9TH TEHBI MOJBEPTaIOTCSA (TMTOTOBOMY) OTOOPY Y CaMIIOB.



Mmaea8

NMpobnema nonoeoro
ammvopdcduama

CHOBHbBIE XapaKTEPHCTHKH OECIIONION MOMMYIsIMK: YMcIeHHoCTh ocobeil (N), aucnepeust

(6i) u cpenuuii remorun ( X ) MO NpHU3HAKY . Y Pa3fesbHONONBIX MOIY/LMH OHU

yABaUBAIOTCs, HO paccMaTpHBas HX COOTHOLUEHHS, CHOBA MOJKHO CBECTH K TpeM:

Nwm /N = CIT, om /ox = JII1, Xm/ Xk =TI1]]. A 1OCKOIBKY COOTHOIICHHE MOJIOB, 3TO
HEC YTO WHOE, KAK TONOBOI JHMOPGhH3M TO YHCICHHOCTH, & HUCTICPCHS TMOJIOB—TIONOBOH
JUMOp(H3M [0 TUCIIEPCHH, TO IPodieMa Pa3IeIbHOIONOCTH (DaKTHIECKH CBOAUTCA K Ipodiieme
I10J10BOT0 JUMOp(u3Ma (B LLIMPOKOM CMEICIIE).

Teopuss monoBoro orGopa ObUia BBefeHa Uit OOBACHEHWA BO3HHUKHOBEHHS TOJIOBOTO
muMopdusma ([apeun, 1953). Onnako, 0ObscHUB o0lee sIBIEHHE MOJIOBOTO JTUMOpPgH3Ma Kak
CJIE[CTBHE YAaCTHOIO MeXaHM3Ma I1010Boro orOopa, [lapBUH IOMYCTHI METONOIOIHUYECKYHO
omwnOky. Tpakryromas Teopusi Bcerja AO/DKHA ObITh IIMpE TPAKTYeMOro sBICHHS. B atom
npuunHa cmaboctw ero Teopu. OHAa He MOrma OOBACHUTH CYIICCTBOBAHHME TOMOBOTO
JuMOpGH3Ma Y PacTeHHid, Y KOTOPHIX HET MOJOBOr0 OTO0pa, Y )KMBOTHBIX IO MPH3HAKAM, HE
MMEFOIIM OTHOIIEHHS K TIOJIOBOMY OTOOPY M HUYETO HE MOTJIA MPE/ICKA3bIBAT.

Jpyrue Teopuy NBITATUCE OOBICHUTE MEXAHU3MEI BOSHHKHOBCHHS U COXPAHEHHA, HO HE CTABIIIH
BOIIPOC O CYIICCTBOBAHWH SBOMIONHOHHBIX (DYHKIHI TOJOBOrO JUMOP(H3MA, BBISBISIOIINX
3akoHOMepHOoCcTH. Hto Takoe nonoeoi quMopduim? Kakoi nmeer 3BonronMoHHbI cMbicn? Yro
OH HaeT ¥ 0 4yeM roBoput? CBsizaH M ¢ ApyruMmu siBneHUsMH? Hu onHa U3 CYIIECTBYROIIHX
Teopuit He oTBedaeT Ha 5TH Bompochl (Geodakian, 1985; I'eonaksn, 1986). B »10ii riaBe Mel
PAcCMOTPUM KaK BO3HUKACT MOJOBOM JUMOPQH3M U KaK OH PEryIHUpPYETCS.

53



54 FrnABA 8. NPOBNEMA NONOBOIro AMMOPOPU3IMA

Jsormoums nonoeoro aumopdgusma

IMonm B mporecce OIBOMIONMH, BOZHHKHYB CHAaJana, Kak YHCTO  PENPOMYKTHBHOE
(pexoMOMHAIIMOHHOE) ~ SBIEHHE, [OCTEMEHHO MNPUOOPETAeT  DBOJIONHOHHBIE — (DYHKITHH.
OIHOBPEMEHHO U OIIPEISIIEHHUE 110J1a 3aKOHOMEPHO [EPEX0UT OT TeHHOrO (Y repMapoauTOB) K
XPOMOCOMHOMY (Y pa3leabHONONBIX (POPM HAuMHASA, BUAKMMO, C pbl0) U reHOMHOMY (Y IT4e).
IMapannensHo MOBBIIACTCSA YPOBEHb AudpepeHIMAiN U MPOUCXOIUT “IKCIAHCUS” TIOIOBOTO
JuMopdusma: y Oecnowix (pOPM OH OTCYTCTBYET, Y cepMaghpooumog CyIIECTBYET MOJIOBOH
JUMMOP(U3M TOIBKO Ha YpPOBHE TNEPBHYHBIX II0JIOBBIX [PH3HAKOB (raMer, ToHaj), Y
Pa30€eTbHONONBIX MOHO2aMO6 TIOABJIAETCS OPraHW3MeHHBbIH 110710BOl 1uMop(u3M (BTOPUYHBIX
MONOBBIX TIPU3HAKOB), Y PA30eTbHOROABIX  HOAUSAMOG—TIOMYJISIIIMOHHBIA,  BKITIOHUAIOTHH
TMOJNOBOH JMMOP(H3M MO YHCIAEHHOCTH W JUCIEPCHH TOTIOB, @ Y nuen (BO3MOKHO M JIPYTHX
OO0IIECTBEHHBIX HACCKOMBIX )—II0SB/IAETCA OJIOBOH TUMOP(H3M reHoMa (raruio-IuIuIonIns).

®opmbl nonosoro aumopcusma

OBOJIIOLMOHHAS. TEOpPHs [0Jla PACCMATPUBAET IIOJOBOH JUMOpPH3M HE Kak MoHOMOpdHOe
SIBJIGHME, 2 COCTOSIIEE M3 OCHOBHOIO penpodykmusHozo mojosoro jumopdusma (PIIT) wu,
IIPE/ICKA3aHHOrO TEOPHEH, paHee HEU3BECTHOTO, I60MI0YLOHHO20 TI010BOro qumopdusma (SI1/1),
BO3HHKAIONIECTO CHAYANA KaK CIEICTBUE MOOUPUKAYUOHHBIX U3MEHEHMI xeHcKoro nona (MIT]T),
KOTOpBIE anblie 3aMeHstoT cerexyuontbte (CILA}—myxckoro (Ta6n. 8.1 NMpunoxeHue B).

Penpooyxmusnpiii norosou oumopguzm (PIJ[)—o310 mocTosHHBIM, KOHCTUTYTHBHBIH, 6a30BbIit
IuMOpGhH3M [0 MEPBHYHBIM W BTOPUYHBIM IIOJIOBBIM IIPU3HAKAM, PA3HbIM Y MYMKCKOIO H
JKEHCKOTO [10J1a, UMMM MPSMOE OTHOIIEHHE K Pa3MHOXEHHIO (raMeThl, TOHA/Ibl, TEHUTAIHH,
aHJPOr€HHO-3CTPOICHHOE COOTHOLLIEHHE U BCE OINpEeAesseMble UM IPU3HAKU: HOpMA peaxyui,
MOJIOYHBIE JKene3bl, Oopoja dYenoBeka, TpHUBA JbBA, INMOPBl TETyXa W Jp.). 270
(byH1aMeHTaNIbHBIE, BU/I0BbIE IIPU3HAKH, T€HbI KOTOPBIX, COIJIACHO TEOPHH, JOKHBI HAXO0/IMThCS
B ayrocomax, U ObITb OOLIMMH JUI1 IBYX IOJN0B. PernpoiyKkTHBHBIH 1OI0BOH AuMOphU3M—
TOPMOHA/IbHBIH, TO ecTh (heHoTHNHYeckMil. OH BO3HMKAaeT B HSMOpHUOreHe3e M OCTaeTcs
MOCTOSIHHBIM B OHTOIeHese U (puitorenese. Ero HasHauenue—3anarh IporpaMMsl JBYX I10JI0B.

Moougpurayuornsiii nonosou  dumopguzm (MI1J]) sto  dakynbTaTHBHBIM, BpemeHHbIH (B
pe/eax OHTOreHe3a) AMMOP(U3M, KOTOPbI BO3HHMKACT B PE3YJILTATC U3MCHCHHS JKEHCKOrO
nona, WMeromero Oolee MIMPOKYID HOPMY pEaklMd H TIOBBIIEHHYIO (PEeHOTHINMYECKYI0
IUIACTHYHOCTh. OH NpeIecTBYET SBONIIOLMY TI000T0 aJanTHBHOIO IPU3HAKA U YEM LIIHPE HOpMa
peakimu npu3Haka, TeM Oomblle MOMKET OBITB MOMOBOM aAuMopdH3M mo Hemy. HasHaueHue
MOJM(PHKAIMOHHOTO TMOJIOBOrO JIMMOP(HM3Ma—3aluTa KeHCKOro rnoja ot ordopa Moka He
MOABSITCSL HOBBIE I'€HBI, [IPOBEPEHHbIE B MYyKckoM reHome. IIpumep Taxoro mumopduszma—
aflanTald JKCHINWH AapKTUYECKMX MOMYNSAIMNA: TOJNCTBIH MPOBOH CNOH, KOPOTKHE HOTH,
BBICOKAss MMHEPAITHM3AIMS CKEJETa, HE TOJIBKO MO CPaBHEHHIO €O “CBOMMH” MYKYMHAMH, HO U C
JKeHIIIHHAMH KOHTPOJILHOM rpyrnsl (Anekceesa, 1975).

VY nomyssuuM, J0Aro JKUBYIIEH B cTAaOMIBHOH cpesie, eCTh TOJILKO PEelpOAyKTHUBHBIN [TOJIOBOH
JUMOp(U3M. DBOMIOIMOHHBIN TNONOBOH MMOPGHU3M pPAaBEH HYMO, a MOMU(PHKAIMOHHBIH
MOJNOBOH  JUMOP(M3M  TOJNBKO 3a CuUeT (JEHOTUIIMYECKOH  JMCIepcHH, KOTOpas B
cTabuIM3MpyloLiei cpesie OobIe Y MyKCKOTO T0J1a.

Korpa crabuimsupyroiass cpeia MeHseTcss Ha JBMIKYILYIO, OTOOp HauMHAeT JeHCTBOBAaTh
MPEMMYIIECTBEHHO Ha My»cKO# mon. M3-3a orpaHudyeHHON NpormycKHOH crmocobHOCTH KaHana
nepefaud MH(OpMalHY, CBS3bIBAIOLIEIO0 MYKCKYIO M JKEHCKYH IOJCHCTEMBI BHIA JPYr C
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JIPYrOM, a TAKKe OINpPE/ENIeHHOH W30MpaTeNbHOCTH ATOro KaHana (‘‘seHmuwibHo2o s¢hhexma’),
[IPENATCTBYIOEH CMELUEHHI0 BCEH TIEHETHYecKOH HHGOpPMalMKM IOACHCTEM, HEH30€KHO
BOZHMKACT HEKOTOpas WHCPIHMOHHOCTb, CIABHT MIHM OTCTABAHWE HKCHCKOTO TIOMa, dYTO
oOHapyxwuBaeTcs B Ooyiee MO3/IHEM MOSBICHHH WM MPOSBICHUH MPH3HAKOB B (pUIOreHese, a
CJICZIOBATEIILHO M B OHTOIeHe3e. Pa3Has MHEPLMOHHOCTE MYKCKOI'O H JKCHCKOIO [10JI0B IPUBOIUT
K HOSBJICHUIO 2eHOMUNUYECK020 hoi06020 oumopghuszma (I'TLJT), koTopelid pacTer U3 noKolneHus B

ITIOKOJICHHC.

DBOROYUOHHBIE NON060U OUMOPHU3M BOZHHUKAET
IpY  DBOJIIOLMM  JIOOOr0  MpH3HAKA,  Kak
“nucTaHiya” MEKy ToNamu rpu mobom otdope:
€CTECTBEHHOM, T[IOJIOBOM, HCKYCCTBEHHOM, B
pe3yaLTarTe ONepeKaroero H3MeHEHH MYKCKOTO
redoma. [losromy oH—eenomunuueckuii. Lens
9BOJIIOLIMOHHOTO  IOJOBOIO  JUMOp(U3Ma—
CO3MaHME  MXpOHM3Ma  juid  3(PQEKTHRHOI
aBomoIMy. BexTtop mumopdmima (0T sKeHCKoit
(dopMBl TIpU3HAKA K MYKCKOH) COBMAaeT cC
HaIlpaB/ICHUEM 3BOJIOLMM Ipu3Haka. [lpu stom
JKeHCKas (opma MpH3HaKa MOKa3bIBAET IMPOILIOE
COCTOSIHHE, & MyKCKasi—Oy/aylee.

[Nonoso#t qumopdu3M TECHO CBA3AH € IBONIOLHEH
[IpU3HAKA: OH OTCYICTBYET WM MHMHHMMAJEH I
cTaOMIBLHBIX, HEIBOMIOIMOHUPYIONIMX MPH3HAKOB

&.. TeOpPMA NpeanonaraeT, 4To 3BO-
mouns nonosoro aumopdgpmama
obneryaeTrca nNONOBbLIMM XPOMOCO-
MaMM, MNOCKOMbKY OHM SBMNAIOTCH
©OWHCTBeHHbIMM YacTAMM reHoma,
KOTOpble OTNUYAaOTCA MeXay MyXc-
UMHaMM M KeHwuHamu. FeHOMHBbIA
aHanu3 nokKas3blBaeT, YTO AEeMCTBMU-
TENbLHO CYWEcCTBYeT CBA3b MexXay
nonosbiM AUMoOpcU3IMOM M mNono-
BbIMM XpomMocomamu. OgHaKko CBA3b
[vexxay Humu] ropaapmo cnoxHee,
yem crneayer U3 COBPEMEeHHbIX npe-
ACTaBNeHUU, U 3TO MoXeT notpebo-
BaTh MX nepecmoTpa, 4To6bl Npenc-
Ka3aHuMA COOTBETCTBOBaNIM HaKon-

51 MaKCHMaleH TS MIPH3HAKOB “Ha
IBOJIFOLIMOHHOM Maplie”, FéHbl KOTOphIX (cyry0o
MYKCKHE WIH Cyryd0 >KEHCKHE) HaXo/siTcsd B
1onoBbIX Xpomocomax. OH JoKeH ObITh yeTde
BeIpaXEH MO  (DUIOTCHETHYECKH  MOJIOJIBIM
(3BOJIOLMOHHPYIOIIMM) TIPU3HAKAM.

NeHHbIM 3MNUPUHYECKUM AaHHbIM.”

Mank, 2009
... NonoBbie aumMopcHbIC NPU3HAKK
U nexawme B UX OCHOBE OCHOBHbIE
MoaenM 3KCnpeccuu reHoB YacTo
6bICTPO 3BONOLUMOHUPYIOT.”

- Mank, 2016.
Wnes nuxXpoHHON 3BONIOLMH BCKPBIBAET MONIHYHO

aHANIOTHIO B DBOMIOIMH TONa ¥ TeHOB (Puc. 5.3

rn.5). [omwkna cymecrBoBars # o0mas

TPAKTOBKA JTOMHHAHTHBIX TCHOB B JUILIOUIHOM I'eHoMe, Kak quMopdusmos. Lo nomy: 11/] = IM—
DK = DI = In, tne DI — pazHocTh KoJimuecTB MHGOPMALMK Y MYKCKOT'O U JKEHCKOro roia, fn —
HH(pOpMaLMOHHBIH NoTeHIMa oJ10Boro aumopdusma (I'eopakan, 2003).

SBONIOUUOHHAA NAACTUYHOCTb FEHOMA

Tak Kak TOHOCOMHBIE TI'€Hbl 3BOIIOLMOHHMPYIOT, @ ayTOCOMHBIE TI'€HbI—CTaOMIIbHBL, TO
cooTHoweHne [/A oTpaxaeT IBOIOLHOHHYK ILNIACTHYHOCTH reHoma. Benmu paszienbHononas
MOMYJISILMA OUeHb JI0JII0 JKUBET B cTaOMIILHOMH cpelie, y He€ He JI0KHO ObITh TOHOCOMHBIX F'€HOB
(I'7A = 0), a TakKe 1 MONOBBIX XPOMOCOM—O/IHH ayTOCOMBL.

Uem u3zmeHunBee cpesa, TeM Oosbine ['/A, 3Ha4nT CylecTBYeT, 3aBHCAIIEE OT Cpe/ibl paBHOBECHE
[A]<=>[I'] (amanor coorHomenus nonos: [JK]<=>[M]), KoTOpoe B ONTHMAIILHOH Cpeiae
C/IBUTAeTCS BIIEBO, @ B OKCTpeManbHOi—BMpago (Puc. 8.1).
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Puc. 8.1. Ayrocomusie (A) u roHocomusie (I') reHsl B
crabunbHOM 1 u3MeHuMBOi cpene (I 'eomaxsa, 2000).

Mo ocm abcuucc: renotuns! (G) M0 JaHHOMY PH3HAKY;
ITo ocu opaHAT: MX YAaCTOTEI (V) B MOMY/ISALIHH.
1. B mormysistiti, 10T0 AKUBYILECH B CTAOMIBHOM Cpee, BCE TEHEI
JIOKAITH30BAHEI B yTOCOMAX, IOITOMY KPHBBIE PACTIPEICIICHHS
MYKCKHX M KeHCKMX TeHoTunoB coBmaaarot (I7A=0, I'TI[1=0,
P ODI1/I=0, “3apTparinue” U “B4epaniHue’” reHbl OTCYTCTBYIOT,
? A 1 MPU3HAK CTAOWIICH U HEeT PelMNpPOKHBIX 3(D(HEKTOB).
2. B nmomynsitig, JKUBYIISH B M3MEHIHBOH CPeie, TOMHMO

X AyTOCOMHEBIX T'€HOB, ecThb U [-rensr: mysxckue (I',) 1 xKeHCKue
('), MO3TOMY IBOJIFOIHOHHAS TLIACTHYHOCTD, [/A # 0, ['TIJ] #0,
MPU3HAK JBOIKOIHOHHUPYET H €CTh PELIHIIPOKHBIC

s QexTsi).

Ecnu noBas undopmarius (1, ) yke noraia K My;KCKOMY [0JTy, HO €Ie He T0MMaja K KEHCKOMY,
wig crapast uH@opmaiusa (.) yXKe yTrpaueHa MYKCKMM IIOJIOM, HO €IIE COXpaHseIcs Yy
JKEHCKOI'0, HX CYMMa U €CTb 980I0YUOHHBI NOA060H Ouropghusm. ClleoBaTenbHO HHbopMaLus,
cofiepkaiiasica B My;kckom renome: [, =1, +1,, a B weHckoMm: L, =1, + 1., rne: [,—o0mas
uHbopMaIms.

Ilpu cMemenny nByX monyisauuil (pac, 9THOCOB), o0was MHQOpPMALMA HEepeMENIHBACTCA MPU
MEPBOM KE CKPCUIMBAHHM, a HOBasg M crapag uHGOPMAIMH OCTAloTCs 000COONCHHBIMM HA
MPOTSKEHHH OJI0BOT0 AUXpoH3Ma (Puc. 8.2).

Puc. 8.2. Ayrocomusie (A) u roHocomuble (I7) reHst 1ipu
cmernennu nomysiiwii (I'eomaxss, 2000).

o ocn abcuucc: rerotuns! (G) M0 JaHHOMY IIPH3HAKY;

Mo ocn opauHAaT: MX 4acTOTEI (V) B MOMYJIALIMH.

[Ipu cMemennu nomynsanuii a u 6, Gapbep MEXKITY ayTOCOMHBIMU
reHaMH (TyHKTHPHAsH JIMHKAS) UCUE3aeT, TO €CTh Y THOPHIOB
MEPBOro e MOKOJICHUA ayTOCOMHBIC I'€HBI HepeMELHHBB.H)TCH.
Bapbepni ske Meskay [-reHamur (JKMpHbIE JIMHAH), OCTAOTCA HA
MPOTSDKEHHH TIOJI0BOT0 AuxpoHmsmMa. [Tosromy moryT
cymecTroBath 110 ABa THNA I'TI/I 1 penunpokHsIx rudpunos
000HX MOJIOB (MY, JIOMIAK).

Takoe npesicTaBneHHe Nerko 0OBACHAET, B YACTHOCTH, PA3THUHS MEKBHIOBBIX, MEKPACOBBIX HIIH
MEXKHALHOHAJIbHBIX PELHIIPOKHEIX TMOPUIOB, CBS3AaHHBIE C HAIPABICHHEM CKpELIMBAHMSA, TaK
KaK y pELUIPOKHLIX THOPUIOB OAUHAKOBA TONIBKO I, , @ I, ¥ I, OHU NOJIy4alOT OT pasHbIX (opM
(Hanpumep, Myn W nomak). Ecmu Obl OT OTHa W Matepd MOTOMKH TONYYasH OJIMHAKOBYIO
TEHETHUECKYIO HH(OPMAITHIO, TO HE JOMKHO OBLTO OBITh HHKAKHX PENUIIPOKHBIX 3¢ (peKToB.

ramorerepomnun

["amorereporonus (IepeHOC HEKOEro CBOMCTBA C OJHOIO II0JIA HA APYIOH) XOPOLIO U3BECTHA Y
JKMBOTHBIX. Hanpumep, Monounsle xkenessl caM1oB, 0opoja y skeHIIKH 1 J1p. CornacHo Teopui,
HUKAaKOro nepeHoca TyrT Her. [lomoBoit numoptu3M 1Mo NEPBUYHBIM, BTOPHUYHBIM TOJOBLIM
[IPU3HAKAM, KaK U [10 BCEM JPYI'HM CTapbIM IIPH3HAKAM, HE TeHOTUITHYECKUH, a (DeHOTHITHYSCKHH
(ropMoHanibHbLl). Bes ayrocomHas MH(poOpMmanus €cThb B I'€HOME W y CaMLIOB M Y CaMOK.



FrnABA 8. NPOBNEMA NONOBOIro AMMOPOU3IMA 57

AHJIpOreHbl OTKPBIBAIOT (MPEBPAIAT B ()EHOTHIT) OAHH CTPAHHIIbL, ICTPOrEHbI—IPYIHe, TO
€CTb CTapble I'eHbl, 110 TEOPHUH, aYTOCOMHbIE, OOLIME [T ODOMX I10JI0B U II0 HUM HE MOKET OBbITh
TEHOTHITHYECKOTO TIONOBOTO TUMOP(PH3MA, a TOIEKO (PeHOTHITHUECKHH, TO €CTh TOPMOHATLHBIH.
IToaroMy neficTBHE SCTPOreHa Ha OIPEEIEHHOMR CTauH pa3sBUTUs IIPEBPALLAET MYKCKYHO IPYy/Ib
B JKCHCKYIO, a8 HMHBEKIMM TECTOCTEPOHA CaMKE IIPEBpAll@l0T KIUTOp B penis. TyT HHUKaKoi
nepenayy NpU3Haka 0T OAHOIO Iojia ApyroMy Her. McTHHHas mepenada reHOB UMEET MECTO,
KOrza HOBBIH MOJIONOH TeH, NMOOBIBaB B Y-XPOMOCOME MHOIO NOKOJIEHMH JUIi IMPOBEPKU
nobupaercs 10 X-XpOMOCOM H ayTOCOM.

Monoson gumopdcpnuam m cucrema cnapmsaHuna

Ectp 4 cxembl pasMHOXEHMS: MOHOraMus, HNOJMIHHUS (IIpeobiajaHue caMoOK), IIOJHAaHIPHSL
(npeobraganne camiioB) M naHMuKcHs (OecriopsaaouHoe ckpemmBanue). Knaccuueckas reneTuka
H3y4aeT TOIBKO MOHOraMHbIe mMapbl. [lOMyNsAIMOHHAS TEHETHKA H3YYaeT IOPYIYIO CXEMy
(MaHMHMKTHYIO)—CKPEIIMBAHUE OOJMBIIMX KOJIWYECTB CAMIIOB U caMOK. JIBe OCTAnbHBIC CXEMBI
(MONIMIrUHKUs M HONHAHAPHS) [PAKTHYCCKH BBINAIAIM K3 10/ 3PEHHs, TaK KaK MPearioJiaraliu,
YTO HPU HUX HE BO3HHMKACT 3aMETHBIX Pa3NIHYUii.

[Tonosoit jumopdu3m cBsi3aH ¢ PENpojyKTHBHON crpykTypod nonyisiimu., Kakx yxe Obuio
CKa3aHo, PEeNpOTyKTUBHbIM MOTOBOM TUMOPGHU3M ONpeeNieT TOPMOHAIBHBIN CTATYC U MOJIOBOM
JuMopdu3M 1o HopMe peaknuu. Ho noyeMy HMEHHO y MYCKOTO II0JIa y3Kas HOpMa PeaklHy U
olepaTyBHAs ClICLHAIM3alINs, a HE Y 5KEHCKOro 1 ObIBaeT Jii Hao0opoT?

Ilpn noruandpuu, xorna camka CrapuBaeTCs C HECKONbLKUMH CaMI[AMM, 4acTo HalOroaeTcs
peBepcHs II0JIOBOIO AUMOp(H3Ma (CAMKM KPYIIHCE CaMLIOB M sipue OKPAILEHBl, CAMIIbI CTPOSIT
IHE3[0, HACHIKMBAIOT siilla M 3a00TATCS O BBIBOJIKE, OTCYTCTBYeT Oophba 3a camky). [lpu
nonueuHuy—KapTHHa oOpaTHas. JTO 3HAYMT, YTO HANpaBIEHHE IOJIOBOrO JUMOp(U3Ma, U
COOTHOILIEHHE CKOPOCTEH DJBOIIOLMH MOJOB 3aBHUCAT OT HAIpPABICHUsS [OAMTaMHH, HIH
COOTHOILIEHUSL PenpoOyKIMUGHLIX uHOeKcos TOoNoB (“‘ceueHuil kaHalloB™ CBA3H). Y MOHO2amos
YHCIIO OTLIOB M Marepeil OJMHAKOBO, TO €CTh CaMLbl M CAMKH MMEHT OJMHAKOBOE “‘CeueHHe
kaHana”, [lpu nomuanopuu camku umeroT 0oee BBICOKME pENpOIYKTHBHBIA HMHACKC (YHUCIIO
pEaTM30BaHHBIX TAMET), TIPU HOAUSUHUU—CaMITBl. B ciydae noaueunuu ye Tpu COOTHOMICHHH
14 :39 pasnuua B 0obbeMax Trepeaus eHeTHYeckoi MH(pOpPMAIMK YBEIMYMBAETCA TIOYTH HA
nopsifok (camen B 3 pasza Oonbiue nepenaer MHGOPMALMM, 4 CAMKH [OJYYArOT OJHY U TY e
undopMaiuio 3 pasa).

CnenoBaTenbHO, PONE HBOJIOIMOHHOTO “aBaHrapaa” Bcerja mnoiydaer Oosiee MOJMTaMHBIR
noi, a “apeeprapaa”—moHoraMublii. M yeM Bblllle HHIEKC TMOIMIaMUM, TeM OOJIbILE MOXKET
OBITE 360MIOYUOHHBILL HOA060U OumMopghuzm. Y CTpOrux monozamos oH muHumaneH (DI =0),
MOCKOJIBKY MOHOIaMbl MCIIOIB3YIOT CIIEUATIM3AIIHIO TI0JIOB TOJIBKO Ha YPOBHE OpraHU3Ma, HO He
TOMYJTAIHH.

Ilpn MoHOramMuu poxciaroTes MoHble CHOCH!. Tak Kak rMpH MOHOraMHMU CaMilbl H CAMKH HMEKT
O/JIMHAKOBOE “‘CeueHUe KaHala”, TO Y HUX JOJDKHBI ObITh OJMHAKOBBI TAKKE M JUCIEPCUM Y-
XpOMOCOM Yy ChIHOBEH M MaTepuHCKHX X-XxpomocoM Yy aouepeil. Ilpu monmanapuu poxnarores
MaTepHHCKHE MOMYycHOCHI, a MPH MOMHIHHMH—OTIOBCKHE. Bee ymmpaercss B 4uciao ramer. Y
CaMOK OHO OIPaHHMYEHO, a Y CaMLOB HAa MHOIO NOpAAKOB Oonbiue. B obeux ciydasx coiicrsa
IMOTOMKOB paziMyarorcs. JJomycTum KpaiiHuH Ciydaid, KOrjla OJ{dH caMell SBJISIETCS OTIOM BCEX
nereid nomyasauuu. Torga Bce ero ChIHOBbA IIOJIy4aT ONHY M Ty ke Y-Xxpomocomy. A Y-
XpoMOcOMa MMEET Y3Kylo jaucriepcuio. OT pasHbIX Martepeil OHH TONnyqaroT X-XpOMOCOMBEI €
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LIUPOKOH aucnepcueil. A y nouepei X-xpoMocoMa MarepuHckas. [lostomy, B ciiydae nosueunui,
KOI'Id OTLIOB MEHBLE, YEM MaTepel, QUCIEPCHs] Y CBIHOBEI MEHBILE, YEM Y JOUYEpeH.

B cnywae noauanopui—sce nHao®OpoT, TAK Kak JMCIEPCHS  Y-XPOMOCOMBI Y ChIHOBEH
[IPONOPLMOHAIBHA YHUCIY OTLIOB, TOIAA KaK JUCIEPCHS MAaTEpHHCKHUX X-XPOMOCOM Yy Jouepei
MIPONOPILMOHANBHA YHCITY MATEpe.

C npyroii CTOPOHBI, A7 TOTO, YTOOB! MOJIOBOH AUMOP(H3M MO HOPME PEAKIIMH MPEAIIECTBOBAT
IBOJIIOIMHK JIIOOOT0 MpU3HaKa HeoOXOMMMO, YTOOBI IIMPHHA HOPMBI PEAKLMH OIPEENsiach
[IOJIOBBIMH TOPMOHaMH (Belb COIVIACHO HOBOH TPAaKTOBKE IIOJOBBIE T'OPMOHBI—BEILECTBA,
PEryTHPYIOIIHE “PacCTOAHUE” CHCTEMBI OT CPE/Ibl: aHIPOTeHBI—NPHOIIKAIOIINE, ICTPOTeHbI—
yaansone). Kpome Toro, H3BecTHO, 4TO Y-XpOMOCOMa 3alycKaeT CHHTE3 TeCTOCTepOoHa,
KOHIIEHTpPAIM KOTOPOTO ONPE/IeNseT MOI0BOH TUMOPHH3M.

Bce 310 1mo3Bossier BhICKA3aTh IMIIOTE3Y O TOM, YTO HOPMAa PEAKUMH OIpEe/esseTCs HOIOBBIMH
rOPMOHAMM, a €€ BelMMYMHA 00paTHO MPOMOPIMOHATLEHA KOHIECHTPAIMM TECTOCTEPOHA B
opranmsMme. Torna MOXHO TMOCTPOHTH TMPHUYHHHO-CIEICTBEHHYIO 3aBHCHMOCTh H  CBA3aTh
HAIPABIEHUE 360MOYUOHHOZO NOAOG020 OUMOpusMa, TO €CThb COOTHOLIEHHE CKOpocTe
3BOJIFOLMH MYXKCKOIO H >KeHckoro nosa (3,/0,.) ¢ COOTHOLIEHUEM HX PenpooyKIUBHLIX
unoekcos ( P./Ps. ):

Pu/Pch ~ Nwamepeﬁ/]Vr)mmm ~ 0X/GY ~ T\/TM ~ H‘){O/HH ~ S_“KS' ae 3&9/3 ae alw

rae: N—4UCIICHHOCTh, Oy, U Oy—AHUCIHEPCHH Y XPOMOCOMBI Y CBIHOBEH M MarepuHCKoil X-
XpomocoMel y nouepeit, T, T,——KOHIIEHTpallMK TecTocTepoHa, f,, , A,—HOPMBI PEAKIHIA, Sy ,
Sy—Koa(pduIeHTs 0TOOPa, ~ —3HAK MPONOPHHOHATEHOCTH.

[pu cTporoit MOHOraMHH €CIH €CTh JTUIIHHE CAMKH, OHH HE OCTABIAIOT TIOTOMCTBA, JIHIITHHC
camIipl—Toxe. J[J1st MOMyASIMK ATO HEe BBITOIHO, HEAKOHOMHO. B MaHMMKTHOIT mOmymnamiuH no-
BH/IHMOMY CYIIIECTBYET CMeCh (ITOJBHIKHOE PAaBHOBECHE) Pa3sTHYHBIX CMOCODOB Pa3MHOMKEHHS.
lleHTpanbHOE HON0KEHIe—MOHOIAMHS TO €CTh POXIAOTCS I10JIHBIE CHOCEL

nomuruaus (1) < monoramus (MI) <» nomuannpus (ITA)
[OnC ] — [[IC] < [ MnC ]

[lpu npeBpaiieHHy ONTUMAIBHOH cpelbl B IKCTpeMAalbHYO, Oojiee MIMpPOKas HOPMA PEakLHH
JKEHCKOIo IIojIa IO3BOJIAET M3MEHUThCS MojaupukanuoHHO (0e3 reHoB) M “HOKHMHYTH  30HbBI
onuMHHAIHE. [ubenb MyKCKOTO Mona CMEIIacT PaBHOBECHE MEXITY Tpems GopMaMu OpadyHbIX
OTHOIIEHWH B CTOpOHY NOJMIHMHHM. COOTBETCTBEHHO YBEIIMUMBACTCS POJKIAEHHE OTIIOBCKHX
MOJIYCHOCOB, YTO MOBBITIAET IBOMFOIHOHHYIO TUIACTHYHOCTD MOMYJISIHH.

nomurunus (I «— monoramus (MI) «— nomuannpus (ITA)
[OnC ] «[TIC] «[MnC]

IlonuruHus MMPOKO paclpocTpaHeHa B IPUPOJE, a

MONMHAHAPUA  BCTPEUAETCA  PEAKO. IJTO  CBA3AHO € Y uenoseka u3 849 npo-
MOTECHLUAILHO OOMIBIIHMH PETPONYKTHBHBIMA ~ aHaNM3UPOBaHHBLIX COO0G-
BO3MOMKHOCTSIMH ~ MYKCKOTO Iofia (B KOHCHUHOM — CuETe wecTts, 83% vmeror nonu-
OOnblIMM unciaoM ramer). IlpakTuyecku, MOMMAHIPHH, KAk FUHHYIO CTYKTYpY, 16% -
TakoBoH, He cyumiectByeT. CTporo roBops 3T0 TOJIBKO MoHoramHyro u meHee 1%
OJIMTOAHAPHA, TaK KaK pEIPOLYKTHBHBIC BO3MOXKHOCTU - NONUaHAPUUECKYIO.
JKEHCKOTO T0Ja OrpaHHueHbl. Takas TpakTOBKA IMO3BOJAET Murdock, 1967.
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MpeJcKa3aTh, 4TO y OTHOBCKMX TMOJNYCHOCOB (IIOTOMKOB OJTHOTO OTI@ M PasHBIX MaTepeit)
JKH3HECIIOCOOHOCTD IOJKHA OBITh BBIIIE Y I04Epeil, a Y MATEpHHCKHX M10/IycHOCOB, HA000pOT,—
Y CBIHOBEH.

“MpaBuno cooTrBeTCTBUA"

Mpownsie n 6yayuwme chopMbl NPU3HAKOB B (hUIoreHe3e U OHTOreHese

SBnenus ¢uioreHe3a, OHTOreHe3a M IIOJIOBOro AUMOp(H3Ma CBA3aHBI MexIy coOOoH Tpems
3aKOHOMEpHOCTAMH  (3akoH ['ekkens-Mroyepa, (MIOrEHETHUECKOE M OHTOTEHETHYECKOE
[IpaBUIIA ToIo0Boro nuMopdusma) (Puc. 8.3).

Buorenetnueckuii
Puc. 8.3
Dunorenes 3aKoH ['exxens- Omntorenes
3aKOHOMEPHOCTH, CBSI3BIBAIOIINE Miomiepa
sBNEHUS (HHIOTEHEe3a, OHTOTCHE3a
M MONOBOTO JTUMOp(H3Ma fmmmmmm e s
1
(Teonaxsan, 1983a). DunoreHeTHYECKOE 1 OHTOTCHETHYECKOE |
MPaBUIIO TOJIOBOTO ! [IPaBWIIO TIOJIOBOIO 1
1
JEMopQu3Ma | auMophu3ma !
1
_________________ 1

ITonosoi

TUMOp(H3M

OTH TPH YACTHBIC 3aKOHOMEPHOCTH MOMKHO TIOMBITATBCS OOBEAMHUTL B oaHy Oonee obmiyio. s sToro
BBEJIEM TMOHATHA ABYX (OpM MpH3HAaKa, CBA3aHHBIX C BEKTOPOM BPEMEHH, B KaXKIOM M3 TpeX
ABIEHMA: B (MIOTEHE3e NpH3HaKa— ‘aTaBUCTHUECKYID® H “dyTypucTHYECKYI0” (opMel, B
OHTOTeHe3e NMpU3HaKa— TOBEHUIBEHYIO™ (MOJO/TYI0) H “Ae(MHHTHBHYIO™ (B3pociyto) GopMEL, a B
[OMYJSIIIHOHHOM  [0JIOBOM  TuMopdusMe—xeHCKYr0W u  “Mmyxckyrwo” ¢dopmel.  Torza
0000ILCHHYI0 3aKOHOMEPHOCTD, CBSI3BIBAIONIYIO SBJICHHS (DUIOTCHe3a, OHTOTeHe3a U II0JIOBOro
auMophu3Ma, MOXKHO cHOpMYIHPOBATH KaK “‘TIPABHIIO COOTBETCTBUS MEXKIY aTABUCTHUCCKOM,
FOBEHWJILHOH W JKeHCKoH dopMaMH NMpH3HAKa, ¢ OJJHOH CTOPOHBI, H MEXKAY (PyTYpPHCTHYECKOH,
Je(pUHUTHBHOMH 1 MYKCKO# (hopMaMiU—c JIPYTOH.

MyTauum, JOMMHAHTHOCTb U NMOJIOBOW AUMOPUN3IM

“IIpaBU/IO COOTBETCTBMS® MOKHO pAcCIpOCTPAaHUTL HA SBIEHUS CUCTEMHO CBSI3aHHBIE C
(hustoreHe30M M OHTOTEHE30M (IBOMIOIHET), B KOTOPBIX MOXKHO BBIIETHTE MPOLITYIO U OYYIIYIO
tdbopmel. Hanpumep, sinenue MyTHpoBaHus ((HIOr€HETHYECKHH NPOLIECC BO3HUKHOBEHMS
FEHOB), fABJICHHE JIOMMHHMPOBAaHUs (OHTOTEHETHMUECKHH IIPOLIECC NPOABICHHUS I'€HOB), SBJICHHE
reTepo3uca, PELUNPOKHBIX dP{PEeKTOB—BCe OHHM IO3BOJIAIOT BBLACIUTH 1BE (hOPMBI IpHU3HAKA:
npouutyto U Oyaymyto. Ha cBa3e Mexay sSBMeHHAMH (UIOreHesa, OHTOTeHe3a, MyTHPOBAHHS,
JOMUHUPOBAHHA M MOJIOBOIO JUMOp(hH3Ma YKa3blBAIH TaKHE H3BECTHbIE (HaKThl, Kak Ooiee
BBICOKAsl CTEIIEHb CIOHTAHHBIX MyTaluil y Myxckoro nona (Searle, 1972); Gonee agauTHBHOE
HACJIEOBAaHUE POJUTEILCKUX IIPU3HAKOB IIOTOMKAMH JKEHCKOTO IIofla, a 3HauuT Oonee
JIOMHUHAHTHOE HACJICIOBAaHHE ITOTOMKAaMH My:xckoro nona (boponun u np., 1976; Hlronep u ap.,
1976); n3BeCTHBIE AyTOCOMHBIE T€HBI, MPOSABIAIONINE ce0f B }KEHCKOM T€HOME KaK PEllECCHRHBIE
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NPU3HAKH, @ MYXCKOM—KaK JIOMHHAHTHBIE H YCWIMBAIOIIHECS B OHTOTEHE3e, HANpHUMep IeH
POraTOCTH—KOMOJIOCTH Y OBELL MM I'eH BbI3bIBAIOIIMH O0JIBICCHHE Y YeIOBeKa; JOMHHHPOBAHHE
OTIIOBCKOH  (hOPMBI  HaJl MATEPHHCKOH TI0 DBOMIOIHOHHPYIONMM (HOBBIM) TMPH3HAKAM
(“oruoBekuit” addexr) u ap.

B 1930 r. P. ®umep nmokazain, 4To peliecCUBHLIX MyTaluii ropasao Oonblie, 4eM JOMHHAHTHBIX,
YTO OHHM, KaK IPaBIIO, NOHIKAIOT NPUCIOCO0IEHHOCTs OPraHu3Ma, U BBIIBUHYJ THIIOTE3Y, YTO
W3 JIBYX aIenel 0HOro reHa, fonee OraronpHATHLIH 718 W3MEHEHHS BU/IA, DBOMIOIIMOHUPYET B
cropony jomuuaHtHocTH (Fisher, 1931). Jix. Xompeitn (1935) noepkan runoresy 00
9BOJIIOLIMH JJIOMUHAHTHOCTH.

B xonne 30-x rr. . [, PomamoBem u A.C. CepebpoBckuM OblNa BbICKa3aHa MBICTE O
JIOMMHAHTHOCTH 00Jiee MO3/IHAX MPU3HAKOB, MPHOOPETEHHBIX B (DHIOTEHE3e, M0 CPABHEHHIO C
npuodpereHHbIME panee (Manunoeckuid, 1970). Takast cBsi3b, a TAKKe CBA3M MEX/TY ABJICHUSIMU
(uio-oHTOrEeHe3a, MYTHPOBAHHS M JIOMHHUPOBAHUS ObUIM BCKPBITBI B JKCIIEPHMEHTaX
B. C. Auapeea ¢ coaBTOpaMH Ha pacTeHHSIX (Make CHOTBOPHOM, IYIIHCTOM TOPOHIKE H
yepHyliKe gamacckoil). Tpaktys petieccuBHbie MyTanud (B TOMO3HMIOTE) KAaK OCTAHOBKU
Pa3sBUTHS TIPU3HAKA HA TOW MM MHOH CTajMH ero (JOPMHPOBAHHUSA, TEM CaMBIM BBIABISIONIHE
pe3ynbTaThl AeicTBUs NPEeLIECTBYIOWINX, Ooiee paHHUX I'€HOB, a 3HAUMTENbHO Oollee pelKue,
JOMMHAHTHbIE MyTalluy—KaK 100aB/IeHUE K CYILECTBYIOLIEH LieNH pa3BUTHS HOBOTO 3B€HA, OHU
MOKA3aJIH, YTO B OHTOTEHE3€ JOMHHHPYIOT BCEr/ia MPH3HAKH, Pa3sBUTHE KOTOPLIX JI0NLIO0 10 bonee
MO3/HUX CTa/Mi (JUIIOreHesa, TO ecTh Ooliee MOO/Ible IpH3HaKH (ApkaroB U jap., 1976; PatbkuH
W ap., 1977,1980). [Ipu 3toM, ecinH HOCHTENs PELIECCUBHOW MYyTallMH CKPEeCTUTh ¢ e& Oonee
paxHeii (hopMOii, OHA NPOSBUTCA KaK JOMHHAHTHBIHA NpH3HaK. [lockonbKy MyTalin MOryT ObITh
W Y TATIoH/HbIX (OpM, a ABNEHHE TOMUHAHTHOCTH—PEIECCHBHOCTH CBA3aHO C JUTUIOHUTHOCTBIO,
JIOTHYHEe Ha3bIBaTh PELIECCHBHbIE MYTALMH ‘‘PETPOCIEKTHBHBIMH, a JOMHHAHTHBIE MYTAllUH,
COOTBETCTBEHHO “NEePCHEKTUBHBIMU .

OBOIIOLMA  JOMHHAHTHOCTH TI€HOB W DBOJIOLMA  XPOMOCOM  CIELYIOT TOH  3Ke
[OC/IEIOBATENILHOCTH M3 4-X CTa/Mil KaK W 3BOMIOIMS NPH3HAKOB (cM. Fm. 5 pume. 5.3).
Hampumep, sBiieHHE 3MIOTHOCTH B 3BOJIOLHH JOMHHAHTHOCTM TIeHOB. I'omo3urora—reH
IBOITFOIMOHHO CTAOMBHBII (CHMMETPHYHBIH); TETepO3UroTa—TeH Ha 3BOMIOIMOHHOM Mapille
(acuMMeTpUUHbBIH). JBOMIOIMA PEUECCMBHOM TOMO3MIOTBI B JOMHHAHTHYH) HJIET 4Yepes
ACUMMETPUYHYIO FETEPO3UTOTHYIO CTaJHIO:

aa — aA — AA

DT0 MOXKHO TOHATH W3 Oonee obmux coobpaskenuid. B mpoliecce MPOrpecCHBHOM HBOMIOITHH
KOrjla TOsIBISAETCS. HOBBIH Inpu3Hak (Dojiee JUIMHHAS MOJEKYNa), OOBEM TeHETHUYECKOH
ungopmaimu pacrer. Ecau npu oronorBopeHuH, o0pazoBaHuH rubpuaHoi Monekynst JHK, ot
OTIIa ¥ MAaTepPH YHaCTBYIOT MOJCKYNBI PA3HOM JUTHHBI, TO JUIS HOBOM MOJEKY/IBI BO3MOMKHBI JIBA
BapuaHTa: 1160 oHa Gy/IeT UMeTh AMHHY Oosee KOPOTKOH IEMOUKH (TO €CTh HEMAPHBIE 3BEHbS HE
JIOCTpanBaroTes), THdo—Oonee JUMHHON (focTpanBaioTcs). O4YeBH/IHO, YTO B NEPBOM Cllydae
TIOJIC3HBIC SBOJIOLIMOHHBIE NPHOOpeTEHHs He HMEHT I[IAHCOB BBDKMTH. Bropoil BapuaHt,
Hao00pOoT, CNOCOOCTBYET MpOrpeccy, Tak Kak JOMUHHMPYET 3BONIONHMOHHO Ooliee MpOJBUHYTAS
(hopma (Puc. 8.4). DT0 3HAYUT, YTO JIOMHHAHTHOCTD OIPEIEISIETCS, IIPEKIIE BCEr0, KOJIMIECTBOM
uH(popMaIMK, M Bceraa NOMHHHpYeT (hopma, obnamatomias Oonbmiel mHpopmarmei. Benws
OTCYTCTBYIOLIAst HH(OPMALHs HE MOMKET JJOMHHHPOBATh Hal npucyTeryromed (['eonaksn, 1979;
2005). Torpa crapblii TGH KOpPOYC HOBOIO, PCIICCCHBHBIA TeH—JOMHHAHTHOTO, MKCHCKHE
ALIEIH—MYKCKHUX, MYKCKHE TIEHbl-MMIIPUHTBI—KEHCKHX, U MOXKHO IIpeICKa3aTh, 4YTO
IBOJIFOLIMOHHEII BO3pacT “‘CHsIMX’ I'E€HOB Y CAMOK, IO/KEH OBITh Beerna 0oJIbLIe, YeM Y CAMIIOB.
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DTOT BBIBOJ| CIIPABEIUIUB TOJIBKO UL HPOZPECCUGHOU BOIIOIMH, KOIJ@ MOSBISETCS HOBBIH
Ipu3HaK (Dosee WIMHHAS MOJIEKYIIA), a VI pespeccusHoll, Py yTpaTte IpH3HaKa, JUIHHHEE OyIeT
MOJIEKYINa CTapoi (hOpPMBL.

AOAHK reHoB notTomMmkKa

OoQHOTHA)XKeBanA ABYyTAXeBanA OoAHOTAYXKeBan
| OT MaTepm :
4 . CTEPTTPTPTPTPPPPPPRPPRPPPRPTS .§
WHdopmMmaumnsa crapas aKTyanbHas ! HOBanA :
. : =
‘ OT oTua :
! rannomp Ouvnnoup rannowna
] reMu-3MroTHoOCTb | TOMO-, FeTepPOo-3UroTHOCTb | aMU-3UrOTHOCTS
xpomocoma X-X 3 ayTOCOMbI : Y-, X-M
i : [

O oM W HMWDP Y eT

bonee gonuHHaa
MoneKkyna Hapg
KOpPOTKOW

Mpucytctene Hag
OTCYTCTBUEM

MpucyTcTBne Hag
OTCYTCTBUEM

Puc. 8.4. ['amio-quIuio-ramio MOAEIb TeHOB H XPOMOCOM BBICIIUX (DOPM.

Ha cBasu Mexnmy eemeposucom W OOMUHUPOGAHUEM YKA3bIBATM HEOIHOKPATHO: THMOTE3a
ceexpomunnpoBanus  lllenna-Mcra  (oDbAcHenwe  rereposuca  cymmaiueil  addexton
JOMHHAHTHBIX T'€HOB IHOPUIHBIX (POPM), THIIOTE3a ONAroNpPHIATHBIX JOMHHAHTHBIX (JAKTOPOB U
1p. Ha cBsase mexay eemepozucom u ghunoeenezom odparumu sauManue J1. J1. Pomamos u A. C.
Cepebporckuii  (MamunoBekuii, 1970), a Ha CBSI3b MEKIY 2emepo3ucom W NOI0GbIM
dumopguzmom—B. A. T'eopaksn (1981).

CrenoBarebHO, pa3Hble UCCIIEIOBATENM M YiKE JaBHO, oOpalllaid BHUMAHHE Ha CBA3H MEXIY
SBJIEGHUAMH (PUIIOTeHe3a, OHTOTeHe3a, I10J1a, MyTHPOBAHUS, JOMHHHPOBAaHH:A, IeTepo3uca U ap.
PaccmaTpuBas mepeucneHHbIE BBINE SBJICHUS KaK €AHHYIO CHCTEMY, BBIIENMM OMSTH JIBE
(OpMBI IIPU3HAKOB, CBA3AHHBIX C BEKTOPOM BpPEMEHM, B KaXKIOM SBICHHU: NPOLLIYI0 H
Oynywyro (Ta6n. 8.2). Torna paciuupenHoe U 0O0DLIEHHOE NPAGUIO COOMBEMCINGUS MOKHO
copMyIupoBaTh CIEAYIOLIMM 00pa30oM: eC/Ii HMESTCs CHUCTeMa B3aUMOCBA3AHHBIX ABJICHUH, B
KOTOPBIX MOJKHO BBIJIETIUTH OPHEHTHPOBAHHBIE BO BpeMeHH (DOPMBI (IIPOLLTYIO H OY/IyIIYI0), TO
CYLLECTBYET OINpPEAEICHHOE CcooTBeTcTBHE (Oo/ee TecHas CBsI3b) MEXKIY BCEMH IPOLLIbIMU
(hopMamu, ¢ 0HOH CTOPOHBI, H MEXKITY OY/TyIIMMH—C IPYTOil.

IMPABHIIO COOTBETCTBHA

ECJIM IMEETCS1 CUCTEMA B3AUMOCBSI3AHHBIX SIBJIEHUIA, B KOTOPBIX
MOKHO BBIJIEJIUTH OPUEHTUPOBAHHBIE BO BPEMEHU OPMBI
(IPOLLUIYIO Y BYAYILLIYIO), TO CYILECTBYET OIIPEJIEJIEHHOE
COOTBETCTBHE (BOJIEE TECHAS CBS13b) MEXTY BCEMH ITPOIIIBIMI
®OPMAMU, C OJIHOI CTOPOHBL 1 MEKIY BYIYILUMI—C JAPYTOI.
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WntepecHo oTMETHTL, YTO 1H000€ U3 MEPEUUCICHHBIX B Tabn. 8.2 SBICHUI MOXKET CIVKUTDH
“KOMIIacoM”, [IOKa3bIBAIOIMM HAIpaBJIEHUE OJBOMIOLMU JaHHoro npusHaka (['eopaxsn,
1965a,1981; Maminoeckuii, 1970; Patekun u ap., 1980).

Tab6n. 8.2 Mpownsie u 6yaywue chopMmbl NPU3HAKOB B Pa3HbIX
asneHusax (FeopaxksH, 1983,1984).

®opma npu3HaKa
Senenus

[Mpotuas bymymas
dusnorenes ATaBucTHYECKAs OyryprcTHYecKast
Onrorenes HOBenmmbHAS Jedunurnsaas
[Tonoeoii mumopdhuzm Kenckas Myxckas
JomuHupoBaHue PenieccuBHas JloMuHAHTHAS
MyTtupoBaHue Petpocnexturnas [NepcnextupHas
[eteposuc Ponurensckas l'ubpunmas
Petmnpokibie pazmatms Mateputckuii d¢ext OrroBckuit 3ddext




Mmaea9

NMpoBepka Teopum nona

OCKOJIbKY HOBasd KOHLENLHSA XPOMOCOM— HE 4TO MHOe, Kak usoMopdHas

TpaHchopManus IJeomoyionHol meopult ROAa Ha XPOMOCOMHBIH YPOBEHb, MOMKHO

CUMTaTh, 4TO (DAKTHI, IMOJTBEPN/AIOUINE TEOPHIO T0JA, SBIAIOTCH YOSIMTENbHbIM

HOATBEPKACHHEM TAKKE OCHOBHBIX I10JIOXKCHMI KOHIIENIHMH XPOMOCOM U I10JIOBOTO
mumMopduzma (donee noapodHo cM. ['eonaksu C., 2012).

Harmpumep, sBomronms OOMBIIMHCTBA BHIOB TMO3BOHOYHBIX COTPOBOMKIANACH YKPYTTHEHHEM
pasMepoB, a MHOTHE BM/Ibl HACEKOMBIX M IayKooOpa3HbIX, Hao00poT menbuaid. Ctano ObiTh,
COIVIACHO TEOPUM, CaMIlbl JOJIKHBI ObITh KpYIHEE CaMOK 4allle Y KpPYIHBIX II03BOHOYHBIX, a
Menbye CaMOK—Y MENKHX (OpM HAaCEKOMBIX M MaykooOpa3HbIX. DTO Mpe/icKazaHue TeOpHH
MOJIHOCTBIO NoATBepAiaeTcs. Ta jxe TeHJeHIMs HaOIoJaeTcs U B KJIacce MJICKOIUTAIOMMX, H B
OTpAZIE MPUMATOB W JPYTHX TAKCOHAX.

B T0 xe Bpems, npu penyKUMH M HMCUE3HOBEHHMH IIPU3HAKOB, KOTOpbIE MOXKHO HaOIrOIarh y
MHOTHX napasutHdeckux (opM (Zimmer, 2001), camipl TakxKe JOMKHBI ONEPEKaTh CaMOK W
JOJDKHBL ObITE Gonee npumuTUBHBIMY. Hampumep, camka Mopckoro uepss Oonemus (Bonellia
Viridis) coxpanmna Bce (QYHKIMH, a camell, YTPaTuB ux, ctan menkum (1-3 mm) mapasutom,
JKUBYIIUM Ha €€ TeJle WU B &€ [10JI0BBIX IIyTAX.

Popurennckue adhchekrsl

Om mamepeii Mbl HOTYHAEM CINAPYIO EHEMUNECKYIO UHGDOPMayio,
a om omyog — “‘nociredHue Hogocmu’” IGOIOYUU
B. leooaxsn, 1965

Ponurensckue 2(hekTsl ABIAIOTCA XOpOUIEH MOJENBIO [UIS MPOBEPKH OCHOBHOTO TIONOKEHHS
TEOPHUH, YTO OT OTLOB MbI IIOIY4aEM 3IBOJIIOLMOHHO HOBBIE T'€HBL, a OT MaTepeli—crapsle. I 'eHoM
nmoboii camku coctout u3 C+nAA, modoro camia — nAA+H rae C — crapsle renbl, H — HOBbIE,
N — YKCIIo nap ayrocoM B reHome. Uuceno u cootHomenue 3-x tunos reos: C, AA, H 3arucut or
HKOJOTH4CCKOH Huwm Bua. Yem crabunshee cpena, TeM MeHbiie H/(C+nAA), u HaoOopoT.

63
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[lpu nuBepreHTHOH BOMIONMY Beeria ObIBAaCT CTausl, KOrJa MY)KCKOM TOJI, KAK aBaHTap/l, YKe
OuMoOzaleH, a MEHCKHIi—apbeprapll, elle MOHOMOJaleH, Torga o0a rubpuna, IByX pasHbIX
caMII0B ¢ OOMIeH CaMKOM, TIpH aJIMTHBHOM Hacienosanuu, (¢ + )/ 2, nonamart B BHI 0TI
(Puc. 9.1). A npy KOHBEPreHTHOI 3BOJIOLMM JIBYX BHIOB, CaMLbl IO HOBOMY IIPH3HAKy YKe
OJTMHAKOBEI, & CAMKH elI¢ pa3zHbic U 00a ridpua monafaroT B BU MaTepu. [TockombKy SBoIONNA
B MHOTOMEpHBIX HHMIIAX (TPONMMKH) M BCS CEJEKLHs JIUBEPI€HTHA, OTIIOBCKHHA 3(dexr
HaOMIOaeTcd HAMHOIO Halle MATePHMHCKOro. A KOHBEPICHTHAs 3BOMIOLMS ObIBacT B
OITHOMEPHBIX HHIIAX, I JOMHUHUPYET OIUH (PAKTOp Cpelbl: MOPO3 3a HMOJAPHBIM KPYTOM, MU
JKapa B ITYCTBIHE.

OUIIOI'EHETHYECKOE ITPABWJIO PEITUITPOKHBIX 3ODEKTOB
¥ PELTUITPOKHBIX TMBPHUI0B I10 JUBEPTUPYIOLIMM I[MPU3HAKAM

POJIUTEJIEN JIOJDKHA JIOMUHUPOBATH OTLIOBCKA S ®OPMA
(IIOPOJA), A I10 KOHBEPTHPYIOIITMM —MATEPHUHCKA .

OTtnoBckuii 3 dexr Marepuacknii 3¢ ekt
£~ JKepebden Océn Camenm .~
oe10r0
Jlomaannkie
Jomag My Yépubie Bypsle
Measenn
Kobbina Hp""e“a‘“’cmr 0 Camka yépHoro Camka dyporo
JlnBepreaTHas KonBeprentaasa
3BOTION AN IBOTONHS

Puc. 9.1. TpakToBKa pelUIPOKHBIX Y PPeKToB.

B Tom cnmydae, korma reHsl, KOHTponHpyromme (opMHPOBaHME TOTO WITH HHOTO TPH3HAKAa,
JOKAIW30BaHbl B ayTOCOMAX, HACIECJOBAHHME OCYLIECTBISICTCS HE3aBUCHMO OT TOIO, KTO H3
ponuTenei (MaTh WM OTEl) ABMAETCS HOCHTENEM HM3ydaeMoro mpusHaka. Hammuue monoBbIx
XpOMOCOM  MEHSIET XapakTep HaclelOBaHWUA IPH3HAKOB. Y  BHJIOB C  MY:KCKOH
reTepOraMeTHOCTBI0, TeHbI (M CBA3aHHBIC C HUMH IIPU3HAKH), JIOKAIM30BAHHbIE B Y -XPOMOCOME,
HEPENAOTCA TOJIBKO 10 MYXKCKOIN IMHUM. 1'€Hbl HAXOJAIMECH HA HETOMOIOIHYHOM yYacTke X-
XPOMOCOMBI TIEpeAatoTess 0DOMM TMoaM, HO Y caMIloB OYIYyT MpOABIATLCA JaXke B TOM clydae,
ecnd OHM pereccuBHbl. CaMKH HacIeylOT [B€ X-XpPOMOCOMBI M HMMEHT BO3MOMKHOCTb
KOMIIeHCalUH 1e(eKTHBIX [EHOB.
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"OTuoBckun" acpchexkr
“—Heyorcenu He y3naeme? A medcoy mem MHO2UE HAX0OSAM,
YUMo S1 HOPASUMENBHO ROXOMNC HA CBOE20 OMYA.
—A modce NOXeXHC HA CBOE20 OMYA,—HEMEPREAUsO CKA3al npedcedameis.
—Bam uezo, mosapuwy?”
“Sonomoii menenox” (H. Hnegh, E. Ilempos, 1993)

Ponurensckue a>(hextsl BrepBble OBUIM OMMCAHBI CENEKIMOHEpaMH MYNOB B Manoi Asuun
(Savory, 1970). PenunpokHbie THOPH IBI TOIIATH C OCJIOM, MOSBHIIUCH ~8-10 ThIC. IET Ha3a/, HO
JI0 CHX TOp KJIAcCHYecKas TEHETHKAa HE MOXKET OOBACHHTB OTY OSIOXAIBHYIO 3arajKy
“acUMMETpUM’ POAUTEIIEH: I0OYEMY M MYJ1 U JIOLIAK IIOX0KH Ha CBOMX OTLIOB (Puc. 4.1 n. 4).

Jlomagp u OCEN BO3HUKIIM JUBEPreHTHO OT oOmero mnpeaka TtaprnaHa (WM JIomaau
IIpxeBanbckoro). bonee nmanekue mpenxku ObuiM BenMuMHOH ¢ kowky. Ilocne nusepreHimu
ToMAAh CTaNa JJMHHEE, BhIe, OLICTPEE, XBOCT U3 JUIMHHBIX BOJIOC. Y OCTA YATUHMIMCH YIIIH,
YKPYITHUIACHL TOJIOBA, CY3MIMCh KOIbITA, YTOHYMIICS XBOCT C KHCTHIO M3 BOJIOC. ['eHbl 3THX
[IPU3HAKOB, KAK HOBbIE, IOJDKHBI OBITH BHAYAIIE TOIBKO Y CAMIIOB. XpoMOCOMHas (pOopMysa MyJa:
Qat Fo=C,r+nA A, + Hy, momaka: Qo+ 3,=Co+nAA,;+H,, a Tak Kak Npu JMBEPreHTHOM
SBOJIIOLMH cTapble reHbl oauHakoBwl: C, = C,= C,, a HoBble pazHble: H, # H;, 10 06a rubpuna
MOMaA0T B OPOY OTIIA.

IlockonpKy npe/ularacMmas KOHLIENIIMS pPacCMaTpUBaeT I1OJIOBOM AUMOPGH3M Kak CJeICTBHE
TETEPOXPOHHOH 3BOMIONMM MPH3HAKOB y MYKCKOTO M KEHCKOTO MM071a, KaK IBOJIOIMOHHYIO
“IUCTAaHLMIO” MEKIY [OJIAMHU, TO €CTCCTBCHHO 03KHIIATH MAKCHMAIBLHBIX IPOSBICHHI I10JI0BOIO
JUMOP(U3Ma TIO IBOTIOMOHHUPYIOIMM (HOBBIM) TIpH3HAKaM. Y 4enoBeKa K TaKOBBIM, BHIUMO,
MOXKHO OTHECTH B TIEPBYI0 oOuepe/b BCE, 4TO CBS3aHO C KOPOH TOJIOBHOrO Mo3ra, a y
CEJIbCKOXO3SHCTBEHHBIX KHBOTHBIX H PACTEHHI—BCE X034HCTBEHHO-LIEHHBIE IpU3Haku. B ceasu
€ TIOJIOM MOKHO BBIJIETTHTE TPH TPYIIIBI MPU3HAKOB: MPHU3HAKH MO KOTOPBIM MOJIOBOH TUMOP(OU3M
B HOpPME OTCYTCTBYET, NpPH3HAKH, XapakTepPHBIE TOIBKO /s OJHOTO Mofa, W TPH3HAKH,
BBIpaXKEHBIE B PA3HOI cTeneHH Y 000HX TONIOB.

O reHOTHIIUYECKOM IIOJIOBOM IHUMOpP(H3ME IO IpU3HAKAM, [IPUCYLIMM TOJBKO OIHOMY IOIY
MOXHO CYIMTE MO PelMNpokHBIM d(hekrtam. Ecnn mo “crapeivM™ (cTabMIBHBIM) TpH3HAKAM
TEHETHUYECKHH BKIaj OTIIA B MOTOMKAa B CPEIHEM HECKOJLKO MEHBINE BKIaja Marepu M3-3a
MarepuHckoro  3¢dexta, 0OYCIOBIEHHOTO  IIMTOMIA3MATHUECKOH  HACIECTBEHHOCTHIO,
IOMOTAMETHOH KOHCTHTYIHEH ¥ YTPOOHBIM Pa3BUTHEM Y MIEKOIMTAIOLINX, TO O “HOBBIM™
MPU3HAKAM, COTNIACHO YBOJIOLMOHHON TEOpPHU MONA, BKIAIL OTHA AOJIKEH ObITh Oomnblue. ITO
MOKET IIPHBECTH K KOMIICHCALMH MAaTepUHCKOro 3(eKra N0 TaKHUM IIPH3HAKAM H JaXKe K
TIOSBIIEHHIO TTPOTHBOIMONOKHOTO €My “‘oTHOBcKOro” a¢pexra. MHpIMH cnoBamH, NpH niepenayde
PEHETHYECKOH MH(pOpPMAlMH 1O “HOBBIM™ TMPH3HAKAM JIOJJKHO CYIIECTBOBATH HEKOTOpPOE
JOMHUHHPOBAHHE OTLIOBCKUX IIPU3HAKOB HAJl MATEPUHCKHMH.

PenmmpokHeii “oTHOBCKUE” (PEKT MO3BONAET OTIHUMTE IBOIIOIHMOHUPYIONIMH TPHU3HAK OT
cTabunsHOr0. Ho OH HAYEro He TOBOPUT O HATMPARTICHHHN BOJIOIMH MPU3HAKA, 0 KOTOPOM MOXKHO
CYJUTh TI0 2EHOMUNUYECKOMY NOA08oMY Oumopguszmy U cemeposucy. PaccMmarpuBas siBieHue
reTepo3Hca KaK CyMMALIMIO HOBBIX IBOJIIOIHOHHBIX JOCTHKCHUH, IPUOOPETEHHBIX JUBEPreHTHO,
MOKHO TIPEMONOKUTE, YTO BKJIA/ OTIA B TETEPO3UC TAKKE NOTKEH MPEBLINIAThL BKIa Matepu. B
CBETE€ HOBBLIX IIPEJCTABIEHHH CTAHOBHTCH IIOHATHBLIM IIOYEMY IIPH TETEPO3HUCE, KAK IIPABHIIO,
YCHIIMBAIOTCS TIPHU3HAKK TIOJIC3HBIC JUIS YEJIOBEKA, a HE /I CAMHUX IMPETEPIERIIMX TeTEPO3UC
BHIIOB, HE3aBMCHMO OT TOrO, Y KOro HaDIIOIASTCA IETePO3UC: Y KYKYPY3bl, TOMATOB HIIH KYD.
CaMuM 3TUM BUIAM TETCpO3MUC MANO YTO AAeT, a MOXeET ObITh U BpeleH. OIHAKO, MOCKOIBKY



66 FNABA 9. NTPOBEPKA TEOPMMX NMONA

CEJIEKI[MK) MOMKHO pacCMaTpHBaTh Kak HaBA3aHHYK) UEJIOBEKOM KYJIBTYPHBIM  BHJAM
HCKYCCTBEHHYIO 3BOJIIOLMIO, TO U BEKTOpP 3TOH SBOJIIOLMU U BEKTOP I€TE€PO3HCA COBHAJAIOT C
YTHIMTAPHBIMH HHTEPECAMH YENIOBEKA, & HE C OBOMIOIMOHHBIMH HHTEPECAMH HTHX BHJIOB.

Emeé I'. Mennens orMeyan "HEMEHENIEBCKYIO" KapTHHY HAC/IE0BAaHUA Y HEKOTOPBIX PAacTeHUIA,
KOTa THOPUIBI HMENH DOIbIIee CXOACTBO ¢ pacTeHreM onbunTeneM (Mendel, 1965).

Y  cenbCKOXO3SAHCTBEHHBIX JKMBOTHBIX M PACTEHHMH 1O MHOTHM  XO3SHCTBEHHO-LIEHHBIM
IpH3HaKaM HaOII0AaeTcs MPOJBHHYTOCTh MY)KCKOIO II0J1a, [0 CPAaBHEHUIO C JKEHCKUM. CaMIlbl
JIat0T HaMHOro Gosbllie Msica U JIy4UIero KadecTBa, YeM CaMKH, Y HHMX BbILIE OILIaTa KOpMa U
JUHAMHKa pocTa. B TOHKOpYHHOM OBLIEBOACTBE, IYIIIHOM 3BEPOBOJCTBE, KOHEBOJCTBE,
OJIEHEBOJICTBE, IIETKOBO/ICTBE, B IIPOU3BO/ICTBE KOHOTUTH MYKCKHE 0COOHM IMTPEBOCXO/IAT HKEHCKUX
[0 BCEM CEJICKLIMOHHBIM KadyecTBaM. B Tabn. 9.1 (Mpunoxenue B) IPUBCICHLI PE3Y/IbTATHI
pasHBIX ABTOPOB I10 HACJIEIOBAHWIO TPU3HAKOB PEIMIPOKHBIMH THOPWUIAMH KYp, CBHHEH W
KpynHoro poraroro ckota. Pobeprc u Kapn (Roberts, Card, 1933) wsyuann nacnenopaHue
WHCTHHKTA HACHKHBAHMUS Y PELMIIPOKHBIX THOPHIOB Kyp MOPOJBl JIErTOpH W OOHIOBBIX
KOpHHUILEH. ¥ JISTTOPHOB B CBS3M C IPOMBIIUICHHBIM (MHKYOAaTOPHBIM) Pa3BEJECHHEM 3TOT
WHCTHHKT TIpakTH4eckM yrpaueH. Cpenan OOMIOBBIX KOpHHIIEH TOYTH BCE KYphl KIOXUYT.
Ilpm3nak  KJIOXTaHbA WMEET CYIIECTBEHHOE XO3AKWCTBEHHOE 3HAYeHHWe, TaK Kak Kypbl,
obnamarone HTUM  TPU3HAKOM, OTJIMYAIOTCH, KaK  [paBWiIO, MEHBIIeH  SHYHOM
IPOAYKTUBHOCTBIO. YacToTa U cCTeNeHb NPOSBICHUs KIOXTaHbs ObUla BBIE TOrIA, KOraa
OTLOBCKOH IOPOI0H BEICTYINAIN OOHIIOBBIC KOPHHUILIH.

Y Mblel B 3KcHepuMeHTe HaOIHMald JIBa THIA POAUTENLCKUX 3((heKToB—KaccHuecKHit
UMIIPUHTHHT M JucOaiaHc B 3KCrpeccu oTuoBckux aieneil. B 60 % ciydaeB ornosckue
BapHaHTHI T€HOB JieficTBOBANIN QoJiee aKTUBHO Ha (popMHUpoBaHUe Mo3ra Mblar. B urore cocras
M CTPYKTYypa MO3Ta y MOTOMCTBA OBbLTH OONlee CXOKMMH C DTHMH K€ XapaKTEPUCTHKAMH Y HX
otioB (Crowley et al., 2015).

Bonbiee pauaHue 0TIA Ha AHIIEHOCKOCTS Jlodepeil OOBACHAIN TeM, YTO Y IITHL T€TepOraMeTHbIM
[OJIOM  SBJIIETCS CaMKa, a TroMoraMeTHeiM—camell. [loCKOJBbKY CBOH €IHMHCTBEHHYIO Z-
XPOMOCOMY KYpHIIA MOTYYAET OT OTHA, U €CIN AHIIEHOCKOCTh OMpENeNsIeTcs €10, TO TOr/a Bee
noHATHO (Jlyounun, ['memborkuit, 1967). llpuaepxusascs Takoi TPAKTOBKH, CIEAYET OXKHIATH,
YTO Y MIJIEKONUTAIOUIMX, Y KOTOpPBIX I€TeporaMerTHbl CaMLbl, BCE AOKHO ObITb HAoOOpOT;
HE3aBUCHMO OT TOI'O, Hacjleqyercsl “‘cTapblii” WM “HOBBIH’ IpHU3HAK, NOJKHO HaOMIOAaThCs
Oosiplliee  BIMAHME MarepH, YEM OTI@, B TO BpeMA KaK 0 HBONIOIHMOHHON Teopuu mnona
HE3aBUCHMO OT TaMETHOCTH BO BCEX CIy4asx MO 3IBOTIOIHOHHPYIONMM IMPH3HAKAM JIOMKEH
HaOMIOaTHCS “OTIHOBCKHIT dexT.

Hamugue “ornosckoro” agdexra y MIESKONMTAIOMINX II03BOJIIET CUUTATh CYILECTBYIOLIYIO
TPAaKTOBKY OTOrO SBIEHHS Y Kyp (KaK CIEJCTBHE TI€TepOraMeTHOH KOHCTHUTYIHMH CaMOK) TIO
KpaiiHeil Mepe HenoCTaTOuHOH. DTa TPaKTOBKA MOXKET OOBACHHTE XPOMOCOMHEIH MeXaHHM3M
SBIIEHUS Y TITHIL, HO Ui MIEKOIHTAIOIIMX YK€ HenpuMeHuma. SIsiienue ropasjao ImMpe, OHO
CBSI3aHO HE TONBKO ¢ (DEHOMEHOM cZcemepozamemHocmu, a W ¢ (PEeHOMEHOM noia W ¢
IBOJTIOIMOHHBIMU  NIPE00PA30BAHMAMH TIOMYISIHA. Y MIEKOMUTAIOIIMX OHO peau3yercd, 10
BCeH BUMMOCTH, IPYTUMU, OTIIHMYHBIMU OT I'€TEPOraMeTHOCTH MEXaHU3MaMH.

Takum 00pa3oM MPHBEIEHHBIA MarepHall I03BOJSIET CUMTATh, YTO BKJAJ| OTIHA B TETEPO3MC
Oosipllle  BKJIaJa MAarepd M 3aKOHOMEPHOCTb [OMMHHPOBAHHMs OTLOBCKHX (opM IO
SBOMIOLMOHHPYIONIMM HIIH CENEKIIMOHHBIM y CENbCKOXO3SHCTBEHHBIX KMBOTHBIX IPHU3HAKaM
JISHCTBUTENILHO MMeeT MecTo. ['eHerHueckas HH(POPMAIHs 110 BTOPHYHBIM TIOJIOBLIM TIPU3HAKaM
(BUAMMO, TAaKKE M II0 NEPBUYHBIM) I[PUCYICTBYET M Y MYMKCKOIO H Y SKEHCKOro I0Ja.
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“OrmoBekuit” 3heKT HapsaIy ¢ TCHOTHITHYECKHM MOJOBBIM JTUMOP(MH3MOM MOXET CITYKHTh
CBUJICTEIIBCTBOM 3BOJIFOLIMH IpH3HAaKa. OH [103BOJIICT KAUECTBEHHO IIPE/ICKA3BIBATL PEe3y/IbTAThI
TUOPUIM3AIIAN U OCYIIECTBIISTh MPABMIIBHBIN 000D POJUTENLCKUX T1AP TIPH CKPEIMBAHHUSIX.

"MarepuHckun™ achcekr
ITpn KOHBEPreHTHON IBOMIOIMH CaMIIBI [TO HOBOMY TpH3HaKy yxke ofuHakossl (Hy = Hy), a camkn
emé pasubie (Cy # C,) u 006a rubpuia nonajaoT B NOPOIY MATEPH.

Uem cradunbHee cpema, Tem Mesbiie H/ (C+nAA). Ecou momymnsiusi HONTo XHUBET B
cTabMIIBLHOM cpenie, Y He€ Bce HOBBIE TeHBI CTAHYT ayTOCOMHBIMH, & CTAphIe—OCTaHyTCs, TaK Kak
0e3 HMX HEBO3MOKHO MOBTOPEHHE (PHIIOTEHEe3a B KKIOM OHToreHese. B taxoil nomynsium 6yner
TOJBKO MATEPUHCKHI D(DeKT.

MnaueHTa—“My>XXCcKOW” opraH?

I'naBHas uaes QUXPOHM3Ma COCTOUT B TOM, YTO OT MaTepei Mbl [10Iy4aeM CTapyrO0 IT€HETHIECKYIO
ungopMalMo (0 HpouUIoM), 4 OT OTLOB— TIOCIEAHHE HOBOCTH HBOIIOLUH (O HACTOSIIEM)
[I03BOJIET OOBACHUThL 3arajloyHOE OTKPBITHE JBYX IPYINI aHMIMHCKUX ydeHbIX (Surani et al.,
1984, McQrath et al., 1984). DBomornuonHas Teopus nmona oOBLACHAET 3TO SBJIEHHE TEM, YTO
AMOPHOH—5BOIIOLIMOHHO CTapasl CUcTeMa, a 00QJIOYKH M TUIALEHTa—HOBBIE! OHH TTOSBHIIMCE Y
BbICIIMX MieKkonuTaroux. Crapyro ungopmaimo 3MOPHOH NOJIYYaeT 0T MaTepu, a HOBYIO (0
Pa3sBUTHH IUIALEHTH)—OT OTI1a (PMc. 9.2).

V 1pex suror B onbitax Cypanu coctap renoB: ¢ +J =C+nAA+H, 9+ 9Q=2C+nAA,
4+ 3 =2H+nAA. Torsa NOHATHO, YTO 3arajKa F€eHOMHOTO MMIIPUHTHHIA, HE YTO MHOE KaK:
yaBoeHHsle crapbie (C) reHsl Matepu WM ynBoeHHble HOBhle (H)}—oTia, To ecth nBoitHOM
IBOJTFOIMOHHBIA TOJIOBOH JTUMOpP(U3M. 3HAUMT, PA3BHTHE BHE3APO/IBIIIEBBIX O0OMOUEK U
IUIALIEHTBL OIIPE/IEIIIOT MYKCKHE ITeHBI (a He JKEHCKUE), a “o0LIero” sMOpHOHa—KEHCKHE IEHbL
(a He MyxckHe U KeHckue) (Pmc. 9.2). Benp y 3MOpHOHA IeHOB OTLA M MaTepH IMOPOBHY, a
“cpena” MaTepHHCKasl.

Ynpaenaroume PORMTENH
NOACHCTEMEL oTel MaTh
X
&
Hudopmanua HOBas cTapad
Iepecaaxa s
NP OHYKIIEYCOE Y

10-cyTounse SMEPHOHE MEIIK
Lnn‘éuerrra"' -

Ynpaenaemee
MOACHCTEMEL SMOPHOH

?x? ate

Hudopmanua cTapad X cTapad | HoOBaA X HOBad

Puc. 9.2. V mblim pa3BuTHE Cyrydo 3KeHCKOT0, HO 3BOJTIOIMOHHO “HOBOTQ™
MPHU3HAKA— TJTANEHTHI OTMPEIEIIAIOT MY)KCKHE TeHBI, a 00IIero, Ho
craporo aMOproHa—skeHckue (I"eonaksh, 2005).
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Crano GwITh, MAPTUTYpa TEHOB MATEPH W OTIA B dMOpHOreHe3e coctouT U3 3-x akros: 1. Como
reHoB Martepu (3%), 2. y3T reHos marepu 1 otua (95%) 3. Cono resos orua (2%). [lnaBublit
MEPEXo/l OT TEHOB MAaTepH K TEHaM OTI@. JTO M €CTh CaAMOE MPOCTOE M JOTHYHOE OOBACHEHHE
3arajiku IUaleHThl. ['eHOMHBIN UMIIPUHTHHT SBISIETCS YACTHBIM CiTydaeM 0ojiee 00IIero siBieHs
ACHMMETPHHU POAUTE/IBCKHX ['€HOMOB, KOTOpas MOMKET IIPOSABIIATLCA KaK B (JopMe NPUCYTCTBHA —
OTCYTCTBHUS I'€HOB, TAK H UX KCIIPECCHU — PEIIPECCHH.

Monosoi aumopcun3M B aHTPONONIOrun

Ipencrarnenus 2BOMOIMOHHON TeOpHH mosa 06 000COOIEHHOCTH HOBOM M cTapoit HH(pOpMaIMH
Ha TPOTSKEHHH MHOI'MX ITOKOJIEHHH, C YUETOM HCTOPHYECKHX ITPOLIECCOB CMEIIEHUS 3THOCOB,
TaKUX Kak: IepecesieHus (y4acTBYIOT o0a o7la OT 00OUX 3THOCOB), 3aBOEBaHUsA (3aBOEBATEIN—
MYKYHMHBI, @ B TIOKOPEHHOM 3THOCe—00a I10J1a) M MepecesieHHe XKEeHIIMH 3aBOEBAHHOIO 3THOCA
Ha POAUHY Hapoja-3aBoeBaTessl (2 KEHCKHMX 3THOca W 1 MY)KCKOif), MO3BOIIIOT OOBACHHUTH
HEeKOTOphIe HEMOHATHBIE SBIEHHS B AHTPOMOIOTHH.

B TypkMmeHcko# nomysuus MeTooM 0000LIEHHOTO TOpTpeTa ObL1 00HAPYAKEH YETKUH I0JI0BOMH
JUMOPGU3M: JKCHCKHE TMOPTPETH YKMAJBIBATICHE B OJWH THI, a MYKCKHC—B JIBA THIA
(ITanosckuii, 1980). AnajmoruuHoe siBjieHWE OBUIO OTKPBITO B KPAHHOJIOTMM  Oaiikup:
MOHOMOJIAJIBHOE PACIIpe/IeiCHHE [IPH3HAKOB KEHCKHX YEpeloB U TeTpaMoAaIbHOe—MYKCKUX
(FOcyrios, 1986). Takas e kapTrHa ObU1a 0OHAPYKEHA [0 IEPMATONTU(HKE, KOTJA Y HKEHIIIHH—
(hopMa 0HOro COCENHEro ITHOCA, & Y MYKYHH—pyroro, A Oonrapckoii (JI.I. Kasrasosa) u
1A yaMypTekoi nonynsiuu (Jonunosa, 1989).

OtH, napajoKcalbHble HA NEPBLIA B3MIAA (aKThl, OTBEPracMble HEKOTOPBIMU aHTPOIOIOraMU U
aTHOrpadaMu, MOIY4aroT B CBETE TEOPHH TMOJIA ECTECTBEHHYIO HHTeprpeTanuio. Hacnencreennas
WH(pOpMAIHS OT pouTeNeH TOTOMCTBY NPH OIJIOIOTBOPEHUH MOMKET NMEPEABATLCA M0 KaHATIaM:
MaTb — JI04b, MaTh — CbIH, OTELl — JIOub H OTell — CbIH. O0Ias YacTh HH(pOpPMALIHH, KOTOpas
OIJMHAKOBa Yy 00OMX I0JIOB, IepelaeTcs croxacTHuecku uepe3 Bce 4 kanana. [lostomy ona
OBICTPO IIEPEMELIMBACTCS U paclpeIessieTcsl pABHOMEPHO y 000uX 10J10B. YacTh 2KoI0rnueckoi
uH(popMaIMK “HOBas”, KOTOPas YKe Morana K MyKCKOMY TIOY, HO €Il He Momnana K )KeHCKOMY,
repesaeTes TONLKO MO MYMKCKOH JMHHM (OTell — ChIH), TO €CTh 33/ICKHBACTCA B MYKCKOH
nojicicreMe Ha Hekoropoe Bpems. Jlpyras dacte “crapas”, KoTOpas yXe yTpadyeHa MYKCKHM
[I0JIOM, HO eLI¢ OCTaeTcs Y KEHCKOIo, IepeaeTcs TOIbKO M0 KEHCKOM JTMHUYU (MaTh — J04b).
Bpems xusun “HoBOH” W “‘ctapoit” mH(pOpMAaNMM paBHAETCA TMONOBOMY JMXpoHH3MY — AT
(AT —cymecrenHo 0oJbINe, YeM BpeMsl KHM3HH OHOTO TokoneHus). KakoBa Mmoxer ObITh
npuMepHas BemuuuHa Jguxponmsma? Cyas mo Tomy, uro |y Oonrapok  “NMTOBCKas”
JepMaroriimduka, a y Oonrap—Typenkas’”, a TYpELKOE HIro
JUIMIIOCh ~ 5 BEKOB, @ [0 TOrO ObLIO JIHTOBCKOE LapcTBO, TO 32

= “npepcraBnaerca
~ 25 moKoneHWH TypelKHe TeHbl HE JOIUIM €le [0 TeHoMa
BEpPOATHLIM
dorapox.
cywecTeoBaHue
B xpanuonoruaueckom wuccnenosanuu A, Epreesa (2008) Obuio pRraHRINon .
NperMyLIecTBeHHOM

[OKA3aHO  3HAYMTEIBHOE PACXOKICHHE YPOBHEH  I10JIOBOIO
JuMopdu3Ma MekTy OTM3KMMHU BO BCEX OTHOIICHHAX IPYNIIAMH Ha
MpUMEpe JIOKAIBHBIX Tpymn Kapen (ceBepo-BocTok Esporisl) W
Oapadunckux Tarap (3anagHas Cubupsb). Bee rpynmsl Kaxaoro us3
HapoIOB B IEJOM ONM3KH MEXIy co0oii Mopdonormdecku u ~ KOTOPas nomayuyena or
00JIaJAl0T [IOCTATOUHO BBICOKOH CTEHNEHBbE) 'OMOICHHOCTH. ABTOp P°H"“f"" TOTO Xe
OTMEUACT, YTO ‘“‘CBOCOOpa3ve MYKYMH W JKCHIIUH, BUHMO, MOXKCT nona.
COXpaHAThCS B TEYEHME MHOTMX IIOKONEHHWiH,” M IO03TOMY

peanuM3aLvm B
cbeHoOTMNE NOTOMKA
TOWM 4acTH reHoma,

A. Egrees, 2008
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“Ipe/ICTABISETC BEPOSATHBIM CYIECTBOBAHUE MEXAHH3MOB ITPEMMYIIECTBEHHOH peayH3aluy B
(heHoTUIIE IOTOMKA TOH YaCTH FEHOMA, KOTOpasi IOJIy4eHa OT POJUTENs TOrO sKe 1oJa.”

B 3aBHCHMOCTH OT TOrO, KaKk MPOMCXOJHT CMEIIeHHE JBYX ITHOCOB, JOJDKHBI HabIIOAATHCSA
pasHble pesyinbTaThl. IIpu cumMMeTpu4HOH cubpudusaiyuu, KOrAa BKIAJL MYMCKHUX U JKEHCKUX
TEHOTHIIOB OT JIBYX 3THOCOB B THOPHITHOE TIOTOMCTBO OFIMHAKOB, K&X/BIH M3 HUX JaeT BCe TPH
gacTy (0OLLyI0, MYKCKYIO U JKeHCKYI0). IlockonbKy OblcTpo mepeMelnBaeTcs TOJIBKO o0Lias
4acTh UH(OPMAIMH, TO B THOPHIHOM 3THOCE OY/IET IO 1Ba THIIA MYK4MH H xeHIMH. Ho Tak kak
pasaHUMsl MEXKIY HCXOJHBIMH 3THOCAMH 4YacTO HOCSAT JIMBEPIeHTHBIH XapakTep, TO MYKCKHE
THIIBI OyZyT ueTde BBIAENEHbI, 4YeM JKCHCKHME. Teopus IIpeicKasblBacT HalpaBJICHHE
ACCHMMWIIAIIMM B 30HAaX CMEIIEHHS COCEJHMX 3THOCOB MO TpaHunaM. B 3oHax cMemenus,
ACCHMMUITHPYET 3THOC, ¢ D0JIEE MPUBNEKATETLHBIM MYKCKHM TTOTIOM.

Ecinu sxe cMellieHue 3THOCOB IPOUCKOUT aCUMMEMPUYHO, TO ECTh C OJIHOM CTOPOHBI YUaCTBYIOT
B rHOpUAM3AHMY JBa 10714, A C APYTOoH—TONBKO OJMH, TO TOrAa B THOPUIHOM IOTOMCTBE OyayT
COOTBETCTBEHHO MM 2 THMa MYKYHH M | THTI EHIIMH (32BOEBATEMH-MYXYHHEI B TOOEKIEHHON
crpane), Wik, Haobopor, | THI MyKYUH ¥ 2 THOA KEHUIMH (YrHAHHBIE KEHIUHBI B CTpaHe
3aBOeBaTend), TAdK Kak B MEPBOM CIIydae OTCYTCTBYeT “‘crapad’ dYacTe MH(opmMarmu (cyrybo
JKEHCKasl) ATHOCA-3aBOEBATENs], 4 BO BTOPOM—“HOBas™ (My»ckas) nodexueHHoro srHoca. [lpu
9TOM B apeajie THOpHIM3ALMK MOMKET HaOIIONATbCs 2ceozpaghuyueckuil norosot oumopguzm—
KIMHATBHOE W3MCHCHHUC MOJIOBOTO AMMOp(H3Ma, KOTOPBIH TaKUM 0Opa3zoM, MOXKHO CBA3aTh C
HUCTOPUUYCCKHUM HAIPABJICHHUEM MMOTOKOB MYXCKHX WK KEHCKUX I'CHOTHUIIOB.

HHTepecHO OTMETUTD, YTO OCTPOBHAS ITOMYJIANNUS (AIIOHCKAs) B [IOIHOM COOTBETCTBHY C TeOpHeH
OKA3BIBACTCA MOHOMOJANBHON amst oboux nosoB. CreloBaTeNnbHO, MOMYJALMOHHEI [T0I0BOM
JUMOP(U3M  MOKET CIYKHTb €HIE OJHUM TEHETHUECKUM KpPHTEpHEM JUIA  TIPOBEPKH
HCTOpHYeCKUX U ATHorpaduuecknx koHuemuwid. [Ipy >ToM OH MoXeT OBITH HE TONIBKO
Mopgonoryueckum  (Hanpumep, 10 AepMaroraduke, OSIHKAHTYCY), HO Takke U
(pu3HONOruUecKUM (CKa)keM [0 CIEKTPY IPYIIl KpOBH, (pepMEHTOB, aHTUTEIN), STOJIOIHYECKHM
WJTH TICHXOJIOTHYECKHM.

Mpo6nema ankoronuama

Amnanus npobnems! ankoronusma Obut nposeneH I A. CkopoborarosiM (bawmosek u ap., 2009).
CBa3aB BoenuHO (DaKThl YBEJIMYEHHsS NOTPeOJEHHMS alKoroas ¢ TeYEHHEM BPEMEHH U
MOBBIIICHHOTO YMOTPEOICHHST ATKOTONS MYKYMHAMH, W TIPUMCHUB K HUM (Duio2eHemuieckoe
APaswio ROI08020 OUMOp@U3Ma, OH TPHUILET K BbIBO/Y, YTO HJIET TIPOLECC 3BOIOLHA 10
OCBOEHMIO HOBOT'O IPO/IyKTa IIUTaHHsS—A3TaHOIA.

Ha pwme. 9.3 npusejieHo pacrpeieleHue MyX4HMH H KEHIUH B 3aBUCHUMOCTH OT KOIMYECTBA
YIIOTPEOIIAEMOr0 MU ANIKOroiLs ( ¢ ), OCHOBAaHHOE Ha JIAHHBIX I10 PA3BUTBIM CTpaHaM B IIEPUO] C
1966-1968 r. (uut. no bawmoszex u ap., 2009).

W3 pucyHka BHIHO, 4TO HAMOOJIBIIEE KOIHYECTBO CIMPTA BBIIMBACTCS MYXUHHAMH, KOTOPhIE B
cpenHeM exxecyrogHo BbmMBaroT 100-120 r. sraHona (monOyTbUIKM BOJAKM MM [1BE OYTBUIKU
BHHA), TOrJa KaK CpPeIy CHIIMH, HAHOOJbIIECe KOJHMYCCTBO CIMPTA BBIMMBACTCS TEMH, KTO B
cpeHeM B JieHb BeimuBaeT 40-50 r. sTanona (moncTakana BOJKK WK nonOyTHUIKY BUHA). BuaHo,
YTO BEKTOP SBOJIOIMH MOTPEOIEeHNs AJIKOTOMS HATIPARTIEH OT EHIIHH K MY}KYHHAM H B CTOPOHY
YBEIIHUEHHSI OTPEOIICHHS.



70 FNABA 9. NTPOBEPKA TEOPMMX NMONA

rdf

Myscmme:

A

A eHunmHe1

]
]
]
)
L)
[
[
'
'
'
'
1
1
|
|

B i1
—
| |

| | |
0 100 200 300 400 4

Puc. 9.3. Pacnpenenenye My:KUHH U KCHIIHH B 3aBUCHMOCTH OT KOJIHUECTBA
ynotpebnsiemoro uvu ankoross d (r. C;HsOH/cytxn) (Banmiozex u ap., 2009).
Crpenxa NoKa3bIBaeT HAMPaBIEHHE II0NI0BOTO AUMOphI3Ma.

CyI1iecTBOBaHHE YE€TKOTO OTIIOBCKOrO 3(h)eKTa Mo ankoroau3My mpuBeieHo B padbore Ipmana u
Ilapconca (1984, c. 367). OrmeueHO, YTO ANKOTOJMKOB B TOTOMCTBE OTIIA-aIKOTONHKA Ha
nopsiaok Gonsiue (26%), uem y marepu (2%) 1 y Opara Gonblie yeM y cectpbl (21 1 0.9%).



Mmaea10

NMpoeepka n noarBepP>XXAeHUA
Teopuu reHoB

pPUTHKA OCHOBHBIX MOJOKEHMH HOMAJHuUeCKOil TEOpMHM TE€HOB B JIUTEpaType
OTCYTCTBYeT. B mocrnennue HECKONBKO JECATKOB JIET MOABHIOCE MHOrO padort,
MOCBAIIEHHBIX CTPYKTYpe TeHOMa, €ero JMHAMHKE | JIOKAIW3AlMA TEHOB 10
xpoMocoMaM. IIo3ToMy MOSIBUIACh BO3MOXKHOCTE IIOATBEPAUTE BBICKA3aHHBIE PaHEE
TEOPETUUECKUE NIPEICTABICHHS HOBBIMH (haKTaMH.

KoHcepBaTMBHO-ONEepaTMBHAA cneuuanu3aumsa XpomMocom

B none3y B3rmsiia Ha ayTOCOMBI U TIOJIOBBIE XPOMOCOMBI KaK Ha TMOCTOSSHHYIO W OIEPATHMBHYH)
[aMsATh Apa CBUJAETENBCTBYIOT MHOTHE (DaKThl. DBOIIOLUOHHO IIOJIOBBIE XPOMOCOMBI
3HAUUTEIbHO “MOJIOKE™ ayToCOM M IPOHM30LUIM M3 HMX, a Y-XxpomocoMa Ha 20-80 Tblc. ner
Monoxke X-xpomocoMel. OTmedeHa 00nbinas 71abHIBHOCTE U H3MEHYHBOCTE MOJIOBBIX XPOMOCOM
MO CpaBHEHHIO ¢ ayrocoMamH. OOIIEH3BECTHO, YTO MYTAIIHH B TOJOBBIX XPOMOCOMAax JTydIne
[EPEHOCATCST U 00JIee KH3HECIIOCOOHBI [0 CPABHEHWIO C HM3MEHEHWSAMH B ayToCOMax. JT0
O0BACHICTCS. OTHOCUTEIEHO HIU3KOH IUIOTHOCTBIO I'EHOB KakK B X, TaK U B Y -XpOMOCOMeE, a TaKKe
city4aiiHoH uHakTHBalMed X-XxpoMocoMbl y caMoK Mitekonmraronmx (Bachtrog, 2014).

Cpenu sfiep ¢ HEHOPMATBLHBIM YHCJIOM XPOMOCOM TOJIABNSIONEe OONBIIHHCTBO COCTABISIOT
OTKJIOHEHHSI, CBSI3aHHBIE C [IOJIOBBIMH XPOMOCOMAaMHU (Y UeNIOBEKa H3BECTEH Jae Habop XXXXY
(IItepn, 1965)). Ilpu aefictBuM yAbTpa3ByKa IPEKIE BCETO Pa3pyLLAIOTCS TIOJIOBBIE XPOMOCOMBL
PanuoaxTuBHBIe BelllecTBa METAT M0JIOBbIE XPOMOCOMblL HHTEHCHUBHEE ayTOCOM (B OCOOEHHOCTH
Y-xpomocomy). Tlo aucniepcri pasMepoB TMOJIOBBIE XPOMOCOMEI (IPEXJIE BCEro Y -XpoMocoMa)
TAKKE TPEBOCXOJAT ayTocOMbl. ECTh yKazaHWst Ha TNPEeMMYNIECTBEHHO nepudepuyueckoe
PacIooKeHHe MOJIOBBIX XPOMOCOM B siipe y yesoBeka (Barton et al., 1964). Perukanus JTHK
Y-xpomocoMsl U ofiHO# 13 X-xpomocoM (HeakTHBHO# (Gupta et al., 2006)) nporcxoauT nocne
OKOHYAHHUSA PEIUTHKAIMH ayTOCOM. DTH (haKThl IMO3BOJSIOT CYMTATh AyTOCOMBI W TMOJIOBBIE
XpOMOCOMBI emé o/HOH OMHapHO compshkeHHON MU depeHipanie, B KOTOPOH ayToCOMBI—
KOHCEpBaTUBHAasA, a NOJIOBLIE XPOMOCOMbBI—OIIEPAaTUBHAA TOJICUCTEMA.

71
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HenpeHTUYHOCTb NONOBbLIX XPOMOCOM FOMOramMeTHOro nona

Psin sKkcriepMMEHTAIBHBIX JAHHBIX HE YKIAILIBAIOTCA B PAMKH KJIACCHYECKOH JBYXTOHOCOMHON
KoHUenmu onpenenenus nona (Xamsiekux, 2018). Hanpumep, Hanuuue myxckoro (heHoruria
npu cusapome Tepnepa (kapuotun X0, TO ecTb HpH OTCYTCTBHM IapHOH TOHOCOMBI), [ULL
KOTOpOro, Kak IIPaBM/IO, XapakTepeH JKCHCKUH (eHoTHNl ¢ OecIulofueM; CYLIECTBOBAaHHE
HETOPMOHANBHBIX TepMa(pOANTOR € KEHCKHM (PeHOTHUIIOM TIpH MykcKoM XY -KapHOTHIIE W
MyKcKoM (peHOTHIIE npH okeHckoM XX-kapuotune (Morris, 1953; Morris, Mahesh, 1963;
Crapkosa, 1973); o0unue OTOMCTBA TOJIBKO KEHCKOI'0 0714 B HECKOJIBKHX MOKOJIEHHUSX OTHOH
cembi (Lltepn, 1965) u np. Kpome uenoeeka xapuorun X0 Obur omucan y mbuueil. Ho, B
OTIMYME OT 4eJIOBeKa, MBIIH C MOHOCOMHMEH N0 X-XpoMOCOME OKa3aluch (DepTHIbHBIMU
camkamu (Russell, 1961; Ashworth et al., 1991). Tlpu ckpermmBaHMH TakMX MbIIICH ¢
HOPMaJIbHBIMM CaMIlaMH B [IOTOMCTBE HAOJIFO/IAJICS PE3KHit CJIBUT COOTHOLIEHHS T0IoB (J/[pi0aH,

1972).

MoBbileHHbIA YPOBEHb MyTaLMM Y MYXCKuX ocobein
Yposens MyTaiuii y camiios o0saHo Bhiie (Kirkpatrick, Hall, 2004; Wilson, Makova, 2009).

[ockonbKy 4HCIO KIETOYHBIX JINIEHUH B CIIepMATOreHe3e HAMHOro OoJiblIe Yucha JIeJeHUiH B
OBOreHe3e W OMOKH Npu pervivkauuy u penapauuu JHK sABIsAroTCs INIaBHBIM MCTOYHHKOM
MYTalui, ObUT CAENAH BBIBOJ, YTO BCE ITO MOMKET MPUBECTH K OONBINCH YacTOTE MyTaluil B
[OJIOBBIX XPOMOCOMAX 10 CPABHEHHIO C ayTOCOMAMH H ObLIO MPEANOI0KEHO, YTO CaMIIbI CITYHKAT
TeHepaTopoM MyTaluii, Mo KpaiHeH Mepe, B 2BOIIOLHM MJICKONMTAIOMMX. 10T (akrt, uTo
YPOBEHb, KAaK CIHOHTAaHHOTO TaK M HHIYIMPOBAHHOIO MYTarcHe3a, y IETepOraMeTHBIX, M Y
rOMOTAMETHBIX CaMLIOB BbILLE YEM Y CAMOK Ul JPO30(MIIb], HIEIKONPAAA, MICKOIUTAOIINX, B
TOM HHCIIC M YeIOBeKa ObLI YCTAHOBICH JaBHO M HEonHOKpaTHO (Anucumon, ComoBbes, 1999;
Kerkis, 1975). bonee BbICOKHIT ypOBEHb TOUKOBBIX MyTallMil OTMEUEH TAKXKE Y CAMIIOB MbILIEH 110
CpaBHEHUIO ¢ caMxamu (Searle, 1972).

CpaBHUTENLHBIM UCCICIOBAHUEM 3aMEILEHHI HYKICOTHIHON nociaenoBarenbHocTd A-, X- 1 Y-
TCHOB YCIOBCKA M MBI (MM KPBICHI) ObUIO TIOKA3aHO, YTO CaMIbl SABIAIOTCS TIABHLIM
HMCTOYHMKOM MYTAlMi Ui MOJEKYISIpHOU 3Bojronuu. Kpome Toro, Obuio YCTAHOBIIEHO, YTO
COOTHOLLEHHE CKOpOCTeH 3BOMOLMM reHoB— Y 1A :X=22:1:0.6 (xopowo cornacyercs ¢
TeopeTuueckuM oxuaanueM— 2 : 1 : 2/3) (Miyata et al., 1987). B npyroit padore ananorndnoit
METO/MKOH  cpaBHuBaM  Y/X  OTHOIIEHMS  CKOPOCTEH  3aMEIEHHS  HYKJIEOTHIHBIX
TOCIEe/IOBATENLHOCTEH B reHax uenoBeKa, opaHryraHa, 0abyuHa W Oenuubeil 00e3psHbI. BEIIO
[IOKA3aHO, 4TO Y -I'€Hbl THBEPrUPYIOT OBICTPEE U “Halblie™ APYT OT APYra, 4eM X-TeHbl, TO €CTh U
Y BBICLIMX IIPUMATOB CaMLibl [IPEABAPSIOT MOJIEKY/ISIPHYIO 3BoIoLuI0 (Shimmin et al., 1993).

VY yernoBexa pa3iMude B CKOpocTd mytarmid alpha(m) o HeKOTOpbIM JaHHBIM cocTtasisier 1.7, a
no apyrum paHHeiM—>5.3 (Li et al., 2002). ¥V nococessix peid pona Oncorhynchus ckopocTs
3aMELUEHHs] HHTPOHOB B ayrocoMHoMm reHe GH- 2 u ero wormum Ha Y xpomocome GH- 2Y
alpha(m) paBao 5.35-6.60 (Ellegren, Fridolfsson, 2003).

Y nrui Takke ObUIO [T0Ka3aHO, YTO CBsi3aHHBIH ¢ Z-xpoMocomoit ren CHDI1Z sposntormonupyer
OblcTpee, yeM cBf3zaHHBIL ¢ W-xpomocoMoi romosnoruunbii reH camok CHDIW (3nauenus
alpha(m) 3.9-6.5) (Ellegren, Fridolfsson, 1997; Carmichael et al., 2000). Te e aBTOpBHL
obHapyxumu dosee ObIcTpyIo BOMOLMIO Z-Konuu reHa ATPSA1Z no cpaBuenuto ¢ W-kornuei
ATPSAIW Haxojsimxcs Ha HEPCKOMOMHUPYIONTMX dYacTax Z- u W-XpoMocoM Yy Tpex
JuBeprupoBaBiuvx nuHuid Galliform, Anseriform, and Ciconiiform (3Hayenus alpha(m) 1.8, 2.3 u
5.0 COOTBETCTBEHHO).
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“Bxoa” u “sbixon” Y -XpomMocomMbl yaaneHbl Apyr oT gpyra

Hepexombunupytorue 001acTy NOJOBBIX XPOMOCOM HEOTHOKPATHO PA3BHBAITUCH U3 COCTOSHUIA
¢ Oonee KpynHbeIMU pexoMOUHUpYowUMH PAR vy rulauentapsix Miexormraromux (Lahn and
Page 1999, Skaletsky et al., 2003), ntun (Handley et al., 2004; Nishida-Umehara et al. 2007,
Nanda et al 2008, Pigozzi 2011), 3meit (Matsubara et al 2006, Vicoso et al., 2013) u pacrenuii
(Bergero et al., 2007, Wang et al., 2012). ¥V yenoseka okono 95 % Y-XpoMocoMbl HE CIOCOOHO K
pexkombuHaiuy (Puc. 10.1).

p Male-specific region ,

Yp 1 il B . R |74 #7228 Yq
X-Y crossing
over \
Y-Y gene

conversion PAR1 IlenTpomepa PAR2

Puc. 10.1. Cxema Y-xpomocomsl (Skaletsky et al., 2003 c. 835). [IcergoayrocomHEIE
obmactu (PAR) sBasiorcst yuactkamu X-Y KPOCCHHIOBEpa (CTPEIKH).

CKOpoCcTH PeKOMOHMHAITHH B TICEB0AYTOCOMHBIX 00TacTsIX CYINECTBEHHO MPEBBIINIAIOT TAKOBEIE Y
aytocom (Otto et al., 2012).

HepaeHbin Y - X KpocCUHrosep

HepagHblit KPOCCHHIOBEP NMPOHCXOUT CPABHHTENBHO YACTO MEXK/LY JIOKYCAMH, HAXOJISIIIUMHUCS B
Y u X-xpomocomax y Jpozoduiisl (Xecun, 1984, c. 321). V rynnu emte B 20-30-x rogax Obuin
OTKpbITHL cBblle 30 Y-reHOB OKpacku camLoB (M TOJBKO OJMH ayTOCOMHBIH IeH!), 4acTh U3 HUX
Y4acIBYET B HEPaBHOM KPOCCHUHIOBEpPEe ¢ X- XPOMOCOMOH, IpH 3TOM, moepexon Y — X
Habmoancs B 4 pasa game, 4yem obparusiii (Kuprmanukos, 1935; Winge, 1927).

PekombunHauua mexay Y u X y camuos u mexxay X u X y camok

Y camiioB OOJBIIMHCTBA IUIAIIEHTAPHBIX MJICKOMUTAIONMX TOMOJIOIHS MEXK/IY TOJOBBIMU
xpomocomamH X M Y orpandyeHa HeOOMNBIIOH TmceBaoayTocoMHol obnacteio  (PAR).
COOTBETCTBEHHO, CHHAIICUC U PeKOMOMHALMs MexIy Y H X HNPOHCXOMAT MCKIIOUHTEIBHO B B
atoit obnactu (Handel, 2004). Mutepecno, uto B Meiio3e y caMLIOB MEIIICH pexomOuHarus B PAR
MPOUCXOAUT MpuUMepHO B 7-10 pa3 uante yeM y camok (Rouyer et al., 1986; Soriano et al., 1987)
(Puc. 10.2).

1 2
o - .

Puc. 10.2. B meiioze pexomOunaums 8 PAR mexxny Y u X y camuos (1)
npuMepHo B 7-10 pa3 game gem Mexny X 1 X y caMok (2).
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TpaHcnokauusa reHoB ¢ X-XpoMOCOMbI Ha ayToCOMbI

Bo Bcex uccne0BaHHBIX HA CEIOAHALIHMN JEHb CUCTEMAX C MYMKCKOH I'€TeporaMeTHOCThIO, X-
XpOMOCOMa MIpaeT 3HAYMTENBHYIO POIbL B INEpeMENIeHHH reHoB Ha ayrocombl (Pease, Hahn,
2012; Toups et al, 2011). YV HEKOTOpPBIX OpPraHU3MOB C TeTepoOMOpPHBIMH TOJOBBIMH
XPOMOCOMaMH, BKJIIOYAs MJIEKOMUTAIOIMX H Apo3oduiy, Oolblle reHoB, nepemeriaercs u3 X-
XPOMOCOMBI B ayTOCOMBI, YeM B 00paTHOM HaIlpaBJIEHUH WM MEKAY ayrocomaMmu (Betran et al.,
2002; Emerson et al., 2004; Vinckenbosch et al., 2006; Meisel et al., 2009). IloBbinienssiii X — A
nepexon Habmonancs y komapoB Anopheles gambiae, y KOTOPBIX caMIlbl M CaMKH HMMEIOT
MOJHOCTBIO Tu(hepeHIMpOBaHHbIe reTepoOMOPGhHbBIE TTOJIOBBIE XPOMOCOMBI K He HAOMOAICS Y
KoMapoB Anopheles aegypi, Yy KOTOPbIX IOJIOBbIE XPOMOCOMbl B 3HAYUTEIBHOIH CTCIIEHU
romonoruunsl (Toups, Hahn, 2010). OtmeueHo, 4TO HEKOTOPBIE PETPOTEHEI MPUOOPETAIOT HOBLIE
unu DoJee afanTUpOBaHHbIE (HYHKIUH, OOYCIOBIEHHBIE MOIOKUTENBHBIM 0TOOpoM (Marques et
al., 2005).

X-XpOMOCOMBI, BO3HUKIIIUE B pPe3y/bTaTe KOHBEPIeHTHOH ABOMIOLMH B OoTpsagax JIBYKPbUIBIX
(Diptera) n Kectkoxpeuteix (Coleoptera) MMEIOT CXOJIHBIC TEHOMHBIC OCOOSHHOCTH JIPYT €
JpyroM H ¢ X-XpOMOCOMaMH MO3BOHOYHBIX, BKJIFOYas M30BITOUHOE MepeMellleHHe I'eHOB Ha
ayrocomsl (Pease, Hahn, 2012).

Y MJIEKONUTAOIMX TPAHCIIO3ULIMA I'€HOB ¢ XpomocoM X WiIH Y Oblla [OKa3aHa y CyMuarblX,
00e3bsAH, KPYITHOr0 pOraToro cKoTa, rpel3yHoB M 00e3bsH MapMoseTos (Hughes et al., 2015). ¥V
prokuiickoit mbid  (Tokudaia  osimensis) Y-xpomocoma OTCYTCTBYET, HO B e€ TeHoMe
COXpaHWIMCh IO KpaHHeH Mepe 4eThblpe I'éHa, NPHUCYTCTBOBABIIHX paHee Ha Y-XPOMOCOME,
[OCKOJIBKY OHH ObLIM IEPEHEeCeHbl Ha ayrocoMbl wiu X-xpomocomy (Arakawa et al., 2002;
Kuroiwa et al., 2010).

Y yenoBeka X-ayTOCOMHBIE TPAHCIIOKALMK BCTPEYAKOTCS PEJKO, 1O oleHkaMm, okono 1/30000
poxaeHuil. B cioydae X-ayroCOMHON TpaHCIIOKAaLMM, €CIH TPAHCIIOLUpOBaHHAd X-XpoMocoMa
JMHOHU3MPOBAHA, TPAHCIOIMPOBAHHbIE FEHBI HA ayTOCOME Takke MHakTuBHpyoTcs (Gupta et al.,
2006). Panee cuuTanoce, 4TO KONHPOBAHME PpETPOIIO30HOB HE UMEET CYLIECTBEHHOH
(HDYHKIHOHATIBHOM 3HAYMMOCTH TTOCKOMBLKY TAKHE KOTTHH HE COJIEPIKAT PErySITOPHBIX 2IEMEHTOB,
HEOOXOMUMBIX /71 UX 3Kcrpeccuu, oaHako H. Bunkenbomn u coart. (Vinckenbosch et al., 2006)
nokasai, uro 13 oosnee 1000 TpaHCKpUOHPOBAHHBIX PETPOKONMIE B FEHOME delloBeka, okoso 120
MIPEBPATHINCH B I0OPOKAYECTBEHHBIE TEHBI.

Pa3aHoe Bpems NOABNEHUA U CTONbKO e hOpM NOKanU3auumn reHos

Y uejoBeKa, MbIUEH W ApO30(QMI I'eHBI, PacIOIOKEHHbIE Ha X-XPOMOCOME, IIPOHM3BOIMIN
OO0JIBILIOE KOIMYECTBO PETPOrEHHBIX aHalloroe Ha ayrocomax (Betran et al., 2002; Long et al.,
2003; Emerson et al., 2004). Bo Bpems MeHo3a y MIIEKONUTAIOIIMX MHAKTUBAIUA HEKOTOPBIX
CYINECTBCHHBIX X-XPOMOCOMHBIX TCHOB KOMICHCHPYETCA OKCIIPECCHEH M3  PETPOMO30HOB,
CKOIMPOBaHHBIX Ha ayrocomsl (Wang, 2004).

Kormy MonoapIx reHoB SABIAIOTCA TEHETHYECKUM MaTepHaIoM, W3 KOTOPOTO BO3HHKAIOT HOBBIE
¢{ynknuu. OHM CyIIECTBYIOT B OOJBIIOM KOJHMYECTBE B KaKIOM CEKBEHMPOBAHHOM I'CHOME
3YKapHOT U MOTYT OBITb NPUYHHON MHOTHX PasIM4uil B ()eHOTUNAX MEXIy BHIaMU. Beicokas
JIOJIs. MOJIOZIBIX T€HHBIX KOIHI B NeHOMax 4YerOBeKa, MakakH, MbIIIH M KPbICHI T10J(BEpraeTcs
alalTHBHOMY ecTecTBeHHOMY oTOopy. IIpumepro 10% Beex crnenudHueckux Ui KOHKPETHOH
JHHUH TyOJTMKATOB MMEIOT CIEBI MOT0KHTENLHOTO 0TO0pa. D10 G0MblIIe, YeM YacToTa oTdopa
Cpemy ONMHOYHBIX TEHOB B TEX K& JWHMAX. Taikke ObUI0 OOHapyKeHO, 4YTO TeHBI,
CKOTMPOBAHHBIE B HOBBIE MECTA XPOMOCOM, 3HAYUTENHHO HAIE MOIBEPKEHBI MOIOKUTETHHOMY
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0TO0pY, YEM HCXOJHBIE KOMHH. Y UEIOBEKA 3HAUMTENIFHOE KOJHYECTBO SBOJHOIHOHUPYHOIHX
KOIHi1 T€HOB BOBJICUEHB! B HEHPOHHBIE X KOTHUTUBHBIE (yHKUuH (Han et al., 2009).

HoBble reHbl NOKanM3oBaHbl B NOJIOBLIX XpoMmocoMax, CTapbie— B ayTocomMmax

I'ensl, yqacTByIOUIME B M3OTALMM MEXTy BHIAMH, HEOOBIYHO YacTO BCTPEYAETCS Ha TIOJOBBIX
xpomocomax (Coyne, Orr 2004; Saetre et al.,, 2007; Presgraves 2008). Cpeny reHoB oKpacku
ryrmu 66010 30 Y-reHOB M TOJNLKO OJTMH ayTocOMHBIH reH (Kupmuunukos, 1935; Winge, 1927). ¥
[YIIM [PU3HAKK CaMLOB, OTBETCTBEHHBIC 33 BHEILIHIOK IIPHUBIIEKATEIBHOCTb, B OCHOBHOM
cBs13aHbl ¢ Y- U X-xpomocoMaMu. M3 0030pa Jutepatypsl cieyeT, 4To 16 U3 HHX CBA3aHbI C Y-
XpOMOCOMOH, 24 peKoMOMHUPYIOT Mexay X M Y, IBa CBA3aHbl ¢ X-XpOMOCOMOH M JBa—C
ayrocoMamu (Lindholm, Breden, 2002). O4eBnaHo, 4T0 Takne NMpH3HAKH CIEYET OTHECTH K
COMAaTHYECKHMM MYyTalHAM, TaK KaK OHH ABJIAIOTCA PE3YJIbTaTOM l/ICKYCCTBCHHOﬁ CEJICKLIMH
JIEKOPaTUBHBIX IIPU3HAKOB.

BonbmHCTBO reHOB MEPBHYHO TMONOBBIX MPH3HAKOB (ramMeT, roHa,l, reHnTanuii), "pazopocasr”
no Bcem ayrocomam (Hurst, 2001; Li, 1997). Ha Y-xpomocome JIOJKEH MPHCYTCTBOBATH JIMILb
OCHOBHOM reH, fenawonmi camiioB camiiamu,—SRY-ren. iMeHHO OH 3amycKaeT MHIYKIHIO BCEX
OCTAJIbHBIX TCHOB, CICM(UYHBIX U1t camMUIoB. Tak Ha MblIax ObLIO HOKA3aHO, YTO U3 86 ICHOB B
Y-xpoMocoMe 3a pasMHOKEHHE OTBedaroT vk Asa—SRY, perymupyrommii padory auyex, u
Eif2s3y, oreeuaromuii 3a npousBoacTBo cnepmbl. [locne Toro, kak yuensie 3amenunu SRY rew,
aKTHUBUPOBAaB TeH, KOTOpblii oH koHTpomupyeT (Sox9) u Eif2s3y ren myrem TpaHCTeHHOMH
cBepxakcnpeccuu ero romonora Eif2s3x na X xpoMocome, nomyueHHbIE CaMilbl, HE COAEpKALIHE
FEHOB Y-XpOMOCOMBI, ObUIM CHOCOOHBI IPOLYLHMPOBATH TAIUIOUAHBIE MYKCKHE IaMETh
(Yamauchi et al., 2016). To ecTs, ecnu akTHBUPOBAThL AyTOCOMHBIE TEHBI, Pa3BHTHE TIPHU3HAKOB,
CBSI3aHHBIX C TIOJIOM, BOSMOXKHO Jiaske 083 Y -XpOMOCOMBIL.

Y-xpoMocoMma y uesioBeKa HeceT psji FeHOB, He0OX0IUMBIX UL HOPMAIBHOI'O PA3BUTUA MYKCKUX
penponykTuBHbIX (QyHkumid (Rozen et al.,, 2003; Skaletsky et al., 2003). B toxe Bpems, Y-
XPOMOCOMBI HETOCTATOUHO, YTOOBI U3 3apPOJIBIIIIA ¢ HEOMPEICTICHHBIM TIONIOM Pa3sBHIICS MATBEUYHK
€CIIH TOBPEK/CHBI AYTOCOMHbIE T'eHbl. Tak ObUIO 3aperdCTPUPOBAHO POKIICHHUE 3/10POBOA
JIEBOYKH C Y-XpOMOCOMOH, KoTOpas uMena JieexT Ha Henosioo 17-# xpoMocome B rene CBX2
(Biason-Lauber et al., 2009).

QueBHHO, YTO Y-TEHBI BONOCATOCTH YIIEH W MEPENOHOK MEM/TY NalbllaMH HOT YeloBEKa
ClIe/lyeT OTHECTH K €CTECTBEHHBIM COMATHYECKMM MYTallisM, HE HMEHIMM HHKAKOro
OTHOILICHHU K PENPOLYKTUBHOH (DYHKIIMH.

Crano ObITE 3TH (PaKThl TPOTHROPEUAT KJIACCHYECKOH TEOPHH M MOJTBEPKIAIOT HOBYIO
KOHLIETIHIO, TO €CTh “BOJOpa3Jen’ MEKIY ayTOCOMHBIMU U TOHOCOMHBIMU Fe€HAMH IPOXOIUT HE
[0 KPUTEPHIO PA3MHOKEHHS, A [10 KPHTEPHEO IBOITHOLHH.

TpaHCNO3MUMA FEHOB C ayTOCOM Ha Y-XpoMocomy

OTtcyTcTBHE peKOMOMHAIMH CIIOCODCTBYET HAKOIUIEHHMIO TPAHCTIOHUPYEMEIX 371E€MEHTOB Ha Y-
Xpomocome Bo Bpems ee asosnoru (Gvozdev et al., 2005). Tpancrosuitst ayTOCOMHBIX T'€HOB Ha
Y-xpomocoMy Oblla IOKa3aHa Ul IeHOMOB pacTeHudl (Matsunaga et al., 2003), komapa
Anopheles gambiae (Krzywinsky et al., 2004), npo3odun u genosexa (Hackstein et al., 1996;
Saxena et al., 1996; Kogan et al., 2000; Carvalho et al., 2000).

V yenoBeka MoOCIeN0BaTEILHOCTH OOIBIIMHCTBA aMITIMKOHOB AZFc, Haxosdumxcs B 001acTH
(hakTOpa a300CICPMUM Ha Y-XPOMOCOME, UMEIOT BBICOKYIO CTCIICHb CXOJCTBA C AYTOCOMHBIMH
CErMEHTaMH. JTO YKa3bIBACT HA MX HeJaBHeE JTyONUpOBAHHE U TepeHoc Ha Y-xpomocomy (Yu et
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al.,, 2008). Takxe, cemeiictea renoe CDY u DAZ Ha amrmmkoHax Y-XpOMOCOMBI BOZHUKIIH
HCKJIFOUMTENIBHO IyTeM PETPONO3MIMK M TPAaHCIO3ULIMH ayTOCOMHBIX KOIMi, COOTBETCTBEHHO
(Bhowmick et al., 2007).

Kao ¢ coaBr. noKkasaau, YTO HOBbIE I'€Hbl MOI'YT OBITH IIOJIY4EHbI W3 TPAHCIIOHHMPOBAHHBIX
CErMEHTOB ayTOCOMHOr0 Hebenkoporo koauposanus (Cao et al., 2015). Taxke ObU10 MOKazaHo,
YTO [EPBOHAYAIBHO HASHTH(UIIMPOBAHHBIC IICEBJOIEHBl AJIKOIOJbIEIHAPOIeHas3bl, SABIIOTCS
HOBBIMH (pYHKIIMOHANBHEIMH reHamu (Balakirev, Ayala, 2003).

CrapeHue reHoB Y-XpoOMOCOMbI

OcHoBHY!0 yacTb (95%) Y-XpOMOCOMBI y 4esIOBEKa, COCTABIIAET MYyXKCKas nosocrenuduyeckas
obnacte (MSY). I'eTepoxpomMaTiueckie 4acTH cOCTaBIAOT 0/juH 6mok (40 Mbp) 1 pacnionoxkeHsl
Ha JUlMHHOM Iulede (Ha Pwme. 10.3. crpasa). DyXpoOMaTHYECKHE YacTH BKIOUYaOT X-
TPaHCMIOHMPOBAHHBIE, X-BBIPOXKIECHHBIE H aMIUTMKOHHBIE oOnmacTh (Skaletsky et al., 2003). X-
TPaHCITIOHHUPOBAHHBIC ITOCTICAOBATCIILHOCTH HACHTUYHBI TAKOBBIM Ha X-xpomocome.
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Puc. 10.3. Deomounonnas kapra Myxckoit nonocnenuuueckoii oonactu

Y-xpomocomsl (MSY) (u3 Skaletsky et al., 2003, c. 833).
Bo3pacT reHOB H0ITAMHO YMEHBIIASTCS OT JUCTATBHOTO
JUTHHHOTI'O 1U1€4a 10 JUCTAIBHOIO KOPOTKOI'O I1e4a.

X-BBIPOAK/IEHHBIE MOCIEJOBATENILHOCTH COOTBETCTBYIOT APEBHUM TEHAM ayTOCOM, H3 KOTOPBIX
COBpPEMEHHBIE XPOMOCOMBI X 1 Y 3BOTIOIHOHHPOBATH. BO3pacT reHOB MO3TAHO YMEHBIIIASTCS
OT JIHCTaJbHOIO UIMHHOIO IUIeYya [0 AMUCTAILHOTO KOPOTKOrO Iuleda, N0 KpaiHel Mepe, B
4eThIpex “3BOMIOLMOHHBIX cnosx’ (Lahn, Page, 1997).
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SBonouMA NONMOBbLIX XPOMOCOM

SIBneHHe raMeTHOCTH, 9TO HE YTO HHOE, KaK IBOTIOIHOHHAS CTaUs OJHON W3 TOMOIOTHYHEIX Tap
ayTOCOM, TO €CTh IBOJIIOLUSL CTAPOid Maphl ayTOCOM B HOBYIO (cM. Fn. 6). Y nipenxoB Drosophila
pseudoobscura TIPOU30IIIA PEOPTAHU3AIMS TOJOBBIX XPOMOCOM ITyTEM TPAHCIOKalMK Y-
CBSI3aHHBIX I'€HOB Ha ayrocoMy. Jlo mepexoija 3TH reHbl ObUIM TOJBKO Yy CaMIOB, HE
PEKOMOMHHMPOBATH 1 UMeNH (PPEKTHBHBII pa3Mep B NMOMYIAINH B 2 paza MEHbIIE ayTOCOMHBIX
reHoB. llocne nepexopma, oHM HepefarOTcs uepe3 oba IOJa, MOIYT PEKOMOMHHMPOBAaTb, a UX
3¢ dexTUBHBIH pa3Mep B HOMY/ALUM YBENHYUICS B YeTblpe pasa (Larracuente et al., 2010).

B pone Drosophila 6610 oxono 12 cnusHHE MeKIy MOJTOBBIMH XPOMOCOMaMH H ayTOCOMaMH,
YTO TPHBENO K Heo-X M Heo-Y-XpoMocoMaM H 23 chausHHsS Mexty aytocomamu. [lomnyio
PEBEPCHIO MOJIOBOH XPOMOCOMEI B ayTocoMy nokasanu Bukoco u JI. baurpor(Vicoso, Bachtrog,
2013). Onu obHapyxuiy, 4To X-XpoMOCcOMa Y IBYKpPbUIbIX (Dipfera) NpeBpaTHiach B ayTOCOMY
B JIMHUH, Benylie kK Drosophila.

Y yepHoro MyHTxaxa (A3uaTcKuil Jaronmii onens, Muntiacus crinifrons), 3a nocnensue 0.5 MiIH.
ner OonblIas XPOMOCOMHAsE HHBEpCUS Ha 4-i ayrocoMe M cliusHHe €€ roMosora ¢ apepHei X-
XpOMOCOMOH Yy CaMILIOB IIPHBENO K OOpa3OBaHHIO HOBOH XPOMOCOMHOH MHapbl, MIEHTHYHOH
TpaUIMOHHON ApeBHEH X-Y cHcTeMe MIleKONUTaronux. /[Ba AMCTanbHBIX KOHIIA, KOTOPBIE HE
MOJIBEPIIIMCh  MHBEPCHH, MOTYT y4acTBOBaTb B PEKOMOWHAIMH M TO3TOMY MOIYT
paccMarpuBarbcs Kak HoBble “PAR” o0nactu, aHanoruyHble KOHLIAM JIpeBHEH Y-XpOMOCOMBI
yenoseka (Zhou et al., 2008).
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Mmasa11

MexaHnambl perynsuym

J1 peryJiiliMy HOMY/USILMOHHBIX [1apaMeTpoB, TaKMX KaK IUIOTHOCTb, TEMIIbI MYyTallMH,

COOTHOIIIEHHE TONOB, JHCIEPCHA M TIOJI0BOH JUMOPGHU3M, HYKHA IKOIOrHYEcKas

uHopmarmsa. OcodaM TMOMYIANMK HY/KHBI KakHe-TO JaTYMKH, pearupyrolie Ha

U3MEHeHUe JKonoruueckux (aktopoB cpenpl. [lomyuenHas wunHbOpManua IOTOM
npeoOpazyercst Ha OPraHU3MEHHOM H XPOMOCOMHOM YPOBHSX.

MonyueHue akonoruyeckon uHchopmaLmm or cpeabl

ITockoneKy (akTOpPOB cpefbl OYEHb MHOTO (TEMIEpaTypa, /[ABIeHHE, KOHIEHTPAIMM BIIATH,
[UIIK, BParoB, [apa3uTOB), ECTECTBEHHO JyMaTh, YTO 3BOJIOIMS HE MOIJIA CBs3arh
HETIOCPEICTBEHHO KaXK/Iblil (JakTop cpelibl OTJAEIBbHBIM MEXAHH3MOM C IIapaMeTpaMu OILYJISLIHH.
Ona nokHa ObLia co3laTh HEKMH “oboOiaroiui perdyar’, HOCPEACTBOM KOTOPOro JIHOOOH
(haxTop cpernsl Mor ObI 1EHCTBOBATE HA BCE TTAPAMETPHI MOIYJISAIMH.

Kaxnelii  Qakrop cpeabl HMeEeT ONpe/eNieHHbI  JMana3oH 3HaYeHHH, COOTBETCTBYROLIMH
kompopTabM yeraoBuaM. C IByX CTOPOH K 30HEe KOM(OpTa MPHUMBIKAIOT 30HBI quckomdopTa u
NMMMHHAIMY. AHAIOTHYHBIE 30HBI MOJKHO BBUIENMTE M B apeane Nomyasuud. B cTabunbHBIX
YCJIOBUSIX Cpenbl KOM(OpPTHBIE YyCMOBHs OBIBAIOT B IEHTpE apeana, JHCKOM(pOpPTHBIE—HA
nieprepH, a 30HaM IMTUMHHAITMH COOTBETCTBYIOT TEPPUTOPHH 32 NPe/IeTaMH apeaa.

3amycK MeXaHM3MOB peryJiiluH NOIY/ISIHOHHEIX [apaMeTpOB OCYIIECTRIIACTCS DKOIOrHYeCKOH
wH(popMalreil y OpraHu3MOB, HAXOJAIIMXCS B 30HE auckomdopTa. MIMeHHO OHM MONY4aroT
HY)XHYH HH(QOPMALHIO, TAK KaK HEMOCPE/ICTBEHHO KOHTAKTHPYHOT C (DPOHTOM BPEJIHOTO (hakTopa
cperpl. [Ipu 9TOM KOHKpeTHas mpuposa Gakropa cpesibl, Mo KOTOPOMY OPraHH3M HCIBITHIBACT
JUMCKOMQOPT, JUIs 3aIyCKa ITHX MEXAHM3MOB HE UMEET, BUJAMMO, HHKAKOIO 3HAYEHUs, TO €CTh
0e3pasnuiHO, HeM BBI3BaH JUCKOM(OPT—MOPO30M, 3aCyXOH, TOJIOIOM MM Bparamu. Bo Bcex
HeOMaronpUATHBIX YCIOBHAX, MPH OTMpe/IeNieHHOT WHTEHCHBHOCTH JTHCKOM(OPTA, pa3BHBAETCS
CTPECCOBOE COCTOSHME, TO €CTh Takas “‘0000LUeHHAas™” SKOJIOrHYecKass MH(popMalus Kak Obl
“oJHOMEpHA —TOJBKO “XOpOILI0” WK “IUI0X0™ ¥ HE CYIIECTBEHHO OTYEro XOPOIIO WA OTYEro
IUIOXO.

Ctpecc KaK nepeaaTumMK SKONoruueckon HhopMaLmum Y SKMBOTHBIX

“O6o0maromuM  per4aromM”, Hecnenu(uueckuMm  (akTopoM, TepealIuM  0000MmeHHYI0
9KOJIOTMYECKYI0 HH(OPMALMIO OT Cpellbl K IONYJIALMH Y JKUBOTHBIX BBICTYIIAET MEXAHU3M,
peanuzyeMslii uepe3 cmpece. JKUBOTHBIC AKTUBHO NEPEBUTAIOTCS U “00IIaoTes” Apyr ¢ APYroM
(nepyrcs, yXaHBalOT) U TakuM 00pa3oM MONYYaKT IKOJ0rnuecKyro unpopmanuro. Hampumep,
€CJIM B MOIY/IALMH KUBOTHBIX BO3HHUK JNE(UIHT CaMOK, TO caMLiaM IIPUXOMUTCA Yallle JpaThCs 3a
CaMKY WITH JUTUTENBHO HCTBITBIBATH TIOT0BOH OO/

Bce nebnaronpusitHble (GakTOpPbL CPEbL, HE3ABHCUMO OT MX KOHKPETHOH IIPHUPOABL, IPUBOAAT K
crpeccy. CTpecc y *UBOTHBIX NEPEBOJHUT 3KOJIOTMUECKYH0 MH(DOPMALMIO B (H3UOIOTHUECKYIO,

79
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KOTOpasi KOJMPYETCSl KOHLEHTPALMSIMH pa3/IMYHBIX TOPMOHOB B opraHusme. JlaneHeitmyro
PErYJSILIUIO B OPraHH3Me BEYT Y>K€ TOPMOHBL

CrienoBaresbHO, YacThie CTPECCH Y KHBOTHBIX M YETIOBEKa JODKHBI MPHUBOUTH K MOBBIIIEHHIO
(enoTunuueckod (M TIEHOTUIIHYECKOH, [0 BCeH BEPOATHOCTH) JAUCIEPCHM [IOTOMCTBA, K
YBEITHUEHHIO JIOTH MY/KCKHX TTOTOMKOB M K 00JIee BRIDaKEHHOMY MONOBOMY JuMop(uimy. Ecth
OCHOBaHMS TaKKe QYMATh, YTO B TAKHX CUTyalusax Oyner HaOmonarhes OOIbIIas H3MEHUYHBOCTD
TOJIOBBIX XPOMOCOM, H B TIEPBYIO 04YEPE/h Y -XPOMOCOMEIL, KOTOPAs ABIAETCSA CBA3ZYIOIIUM 3BEHOM
MEXIY Cpenoi (IMTOIUIa3MOM) M ayrocoMamMu M B 3TOM CMbIC/IE MOXET ObITh HAa3BaHA

a9y

““3KOJIOTHYECKOR” XPOMOCOMOIL.

DTO MOXKET OOBACHUTb PSJI HEMOHATHBIX (PAKTOB, TAKMX KAK OTHOCHTENLHO O0see KPYIHBIE
pasMepsl  Y-XpOMOCOM Y HEKOTOPBIX OSTHHYECKMX (Harmpumep, eBpeeB B [epMaHuu) WM
COLMAIBHBIX T'PYII (32KIKYEHHBIX) Y YelOBeKa, WM €€ NOBBIIEHHYH JIUCIIEPCHIO B 30HAX
BBICOKOH ceifcMUYecKoil akTUBHOCTH Y TPbI3yHOB (To/bko B mocienHeM ciydae 3T0 00bsCHIeTCs
HE BBICOKHM YPOBHEM Da/IHAllAH, MM KOHUEHTPAIMH PajIoHa, KaK CYMTAIOT aBTOPHI, a MPOCTO
CTPECCOM OT HacThIX 3eMIIETPsICEHUI). B 3TOH CBsA3M MOMKHO MpejcKa3aTh H3MEHEHHs PasMepoB
W/WIH JHCTIEPCHH Y -XpPOMOCOM B PErHOHax CHIBHBIX H YacTBIX 3eMIIETPACEHHI, JpYrux
IPUPOIHBIX OSNCTBUI U COLMAIBLHBIX CIBMIOB: T€HOLUMJAA, UIMTEIBHBIX BOWH, IEpPeceleHHH U
roJIofia, a TAK/KE Y MHTEHCHUBHO DBOJIOLMOHUPYIOIIMX B pe3yibraTe cenekiyy BuoB (I'eonaxsa,
2000).

Crpecc u aucnepeusi. CosgaBaeMble XPOHHHYECKUM CTPECCOM YCTOMUMBBIE WM3MEHEHMS
rOpMOHAJIbHOTO 0ajaHca MOTrYT PE3KO MOBBIIIATE TEMIIB! (POpMOODPa30BaTEIbHOIO MIpoLecca KaKk
3a CHeT MOAN(UIMPYIOUIETO BIMAHNS TOPMOHOB Ha PETYIISITOPHEIC POIIECCH B OHTOICHE3E, TaK
W BO3MOXKHO, B CHITy MyTareHHo# ponu ropmonos (Canranuk, 1968; Kerkis, 1975). [Ipu crpecce
y MblllIeil HaOII0AAI0Ch YBEIHUYEHHE YacTOTh! JOMHHAHTHBIX JIETAIbHBIX MYyTal|i, a ¥ caMLIoB—
4acTOThl XPOMOCOMHBIX HapylueHui B criepmarouurax (bopomun, I'opnos, 1984). Xponudeckuit
cTpecc BO BpeMs OepeMEHHOCTH Y MblIEH crocodcTByer 0osiee OTUETIIMBOMY IPOABIICHHIO
TEHOTHITHYECKOH M3MEHYMBOCTH Beca dHIOKpUHHEIX »kene3 (ILronep u ap., 1976).

Monosbie ropMoHbI

Ienp AMXPOHHOH 3BOMIOLMM I10JIOB—IIPOBEPKA BCEX HOBBIX I'€HOB (B TOM YMCIE U CYI'y0o
JKEHCKHX) B MYXCKOM FEHOME, IIpEX/e, YEM OHM MONAAyT B KEHCKUH. JIMXPOHHM3M co3Jaer
pasHas HOpMa pEaKIMH [OJIOB: Y JKEHCKOr'O IM0Jla OHa IIMpe, YeM Y MYKCKOro M0 BCEM
[pu3HaKaM. A 3TO—pe3y/IbTaT Pa3HOM KOHIIGHTPALMK IIOJIOBBIX FOpMOHOB. MM ke (M Ipyrum
IBOJTIOIMOHHBIM TOPMOHAM) TEOPHs JlaeT 0000IIeHHYI0 TpakToBKY: cTporensl (KIT)—seriecTsa,
KOTOpBIE, PaclMpss HOPMY pEaKIUH, YAATAIOT CHCTEMY OT CPelbl M TOPMO3ST 3BOMIONHIO,
apyiporensl (OIT)—wnaobopot, cyxag HOPMY peaxiud, OpUOTMKAIOT K Cpele U YCKOPSIOT
sBoIoLMio. Do nenaer CH; pajukan, Kak ieMeHTapHblH H0I0BOM TUMOP(U3M TaKHX MOJIEKYIL:
OIl+CH;=KII, 10 ecrb MeTHIMpPOBAaHME TECTOCTEpOHA IIPEBPAILlA€T €ro B JICTPOH U
(bemuHM3UpyeT red (ropMoH), a IEMETHIHPOBAHUE, HA00OPOT, MACKYTHHH3UPYET €ro.

I'enbl (XpoMOCOMBI) OMPEAENAIOT TOMLKO FeHOTHIHYECKHid MON 3UroThl, €€ TOMO- MM TeTepo-
ramerHocth: XX wnu XY. A peand3aluio 11012 B OHTOI'€HE3E, TO €CTh (PeHOTUIMUYEeCKH 110
OCYIIECTBIIAIOT YK€ IOJIOBBIE TOPMOHBI, IOJIY4YHBIIME OT T€HOB dcTadery. DBONIOLHOHHAL
JIOTHKA [0JIa H Ha FTOPMOHATIBHOM YPOBHE TpeOYeT, COXpaHEHHs BpEMEHHO! U IPOCTPAHCTBEHHOH
JIUCTAHIUM MEXIY MYMKCKUM M SKEHCKHM II0JOM, TO €CTh IOC/IEJ0BATEBHOE IOMaJaHue
skonorndeckoil unpopmarm K HUM. Crasio ObITh, 110 AHATOMHH C TEHHBIM [TOTOKOM, JIOJDKEH
CYLUECTBOBATH PETYJIATOPHBLA [IOTOK aHJIPOI€HOB OT MYKCKOIO I10J1a K KeHcKkoMy. Takol rnorok
JIEHCTBUTENLHO CYIIECTBYET.
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Y KOpOB MHOTJia POKAAOTCS ABOMHH. B 1OMIOBUHE ClTy4aeB OHM UMEHOT OJIMHAKOBBIH TOJI—WIIH
[1Ba camlla, MK JIBe CAMKH; a B [IOJIOBMHE—PA3HBIIL: OJUH U3 HUX caMell, Ipyroil camka. {aBHo
ObUIO 3aMEYCHO, YTO MpPH DTOM CaMell Pa3sBHBACTCS HOPMANBHO, 4 CaMKa MHOrAa ObiBacT
CTEPHIIbHA, M C NpHU3HaKamMH repMadpoauTiima. B nauane XX Beka amOpuonor @. Jlnmm (F. R.
Lillie) ucronkoBan 310 ABJICHUE BIMSAHHEM SMOPHOHAIBHBIX aHIPOreHOB Opara yepe3 KpoBb Ha
cecTpy. AHAIIOIMYHOE siBjIeHHE HAOmoanu U y ko3, OHAKO Y Pa3HOIONBIX OJIM3HELOB YEIOBEKa
HUKTO C 3TUM HE CTAIKHBAJICAL.

Y MJIEKOTIMTAIONHX XPOMOCOMHBIH ITOJ OMpPENeNnsier, BO YTO MPEBPATATCS 3a9aTOMHBIE MOIOBbIE
TKAHH: B FOHAJB! CAMKH WM camua. Ilon 3THX opraHop onpenensitoT rOpMOHAIbHBIC TPHITEPHI
smOpuona. CeMEHHMKH TCHETHYECKMX CaMIIOB TPOM3BOJAT AHPOTEHBI, WHIYIMPYIOIHE
Pa3BUTHE MYMKCKHX TIOTOBBIX opraHoB. [Ipu oTCYTCTBMH aHIPOTEHOB, TE JKe TKAHM PA3BHBAIOTCA
B JKEHCKHE OPTaHbl, Y NTHI[ — Bce HA0DOPOT: TIPH HAJTMYHH DCTPOTEHOB Pa3BHBACTCS CAMKa, a MPH
OTCYICTBUM — CaMell, TO ecTh “0a30Bbli” (F€HOTHIIMYECKHH) I0JI — BCEria rOMOraMeTHBIH, a
“HaacTpoeuHblii”  ((peHoTunuueckuii) — mon—rereporameTHelit  (3aBamoBekui,  1923).
DKCTIEPUMEHTHI Ha JKMBOTHBIX MOKA3LIBAIOT, YTO MHOTHE, CBA3AHHBIC C TMOIOM, OCOOCHHOCTH
B3pOCIBIX 0cobeii—He TONMbKO MEPBHYHBIC TONOBBIC MPH3HAKM—3aBHCAT OT TOPMOHANBHON
cpelibl B yrpode Matepd. Cambie yOeMTe/IbHbIC laHHble ObUIH TIOJYYeHbl B SKCIIEPUMEHTaX Ha
MHOT'OIUIOJIHBIX JKUBOTHBIX, B ABYPOTIOH MaTKe KOTOPBIX KEHCKHE M MY)KCKHE 3MOPHOHBL CHIIAT,
B Cy4aiiHOMN MOCNe0BATEIBHOCTH, KAK TOPOIIHMHLI B CTpYUKe. [IpH 9TOM CTEPOHHBIE TOPMOHH,
BbIJIENSIeMbIe TOHAaMH OTHOTO SMOPHOHA BAMAIOT HA Pa3BUTHE HEPBHBIX, BTOPUYHO MOMOBIX H
CBA3aHHBIX C IOJIOM IIPH3HAKOB COCETHMX 3MOPHOHOB. Takoe BIMAHUE ObLIO OTKPBITO Y KPBIC
(Clemens), u y necuanku (Clarck, Galef). Ocobo peranbHble HCClIeNOBaHHs Pa3sBUTHS MMOJa Y
Mblleil Obu npoBeneHb! (Seal). B uacTHOCTH OH yCTaHOBHWII, YTO CaMKM, BHYTPUYTPOOHOE
pasBHTHE, KOTOPBHIX POXOIMIIO MEXTY IBYX OpatheB (¢ ), moaBepraiich Bo3aeHcTBIIO foree
BBICOKOH KOHIIGHTPAIMH aH/IpOreHa 1 Doree HU3KOH ICTPOreHa, YeM CaMKH, He HMEBIIHE PAIOM
Oparbes (¢ 9 Y). [ocne porxk/enus nepsbie HMeH 0oJiee MACKYIMHHYIO aHATOMHIO, Y HUX TO3KE
HacTyIala I0JIOBas 3PeNoCcTh, ObUIM KOPOUYE NPONOJDKUTENIBHOCTD JKU3HU H PElpOLyKTHBHOIO
[IepHoa, MEHBILE [IOMETbl, OHH ObLIH 00Jlee arpecCHBHEI K PYTHM CAMKAM M CEKCYallbHO MeHee
TIPHBJICKATEBHBI U1 CAMIIOB, HEM BTOPBIC.

Jpyroii npumep BIMsHMS 3MOPHOHAIBLHBIX T'OPMOHOB Ha CEKCYaIbHOCTb B3POCIOH 0COOH—
CaMKa ILITHHCTOH TI'MEHbl, Y KOTOPOH IpPOSABIIAKOTCS MHOIHE, TUIHMYHBIE JUl1 CaMLOB
MJICKOIIMTAIOIINX, IPU3HAKK: 00JIee KPYIIHBIE pa3sMephl, arpeCCUBHOCTD, JJOMUHUPYIOIIMI paHTr B
colpaneHOi Hepapxuv. OHa MMeeT HOPMANbHOTO BHJA SMYHUKM W BHYTPEHHHE TMOJIOBBIE
Oprasbl, HO HApYKHBIE NEHHUTATUH CHUIBHO MACKYJIMHH3MPOBAHBL: HET HAPYKHOI'O Blaraiuiia,
OoJiblLIME TIOJIOBBIE T'YObl COECAMHEHB! M 00Pa3ylOT MOLIOHKY C ABYMA BBUIYKJIBIMH KOMOUKAMH
JKUPA, CHMYIHPYIOIUMH TECTUKY/BL. BOIBLION 3PEKTHIBHBIA KIUTOP CAMKH THEHbl OYEHb
MOX03K Ha MonoBoi uneH camia. [Tono6Ho camiiaM MHOTHX *KHBOTHBIX, OHA JIEMOHCTPHUPYET €T0
JUIl TIPUBETCTBHS W TPH BBISCHEHMM OTHOMIEHWH gomubupoBanus (Crews, 1994). Dra
MAacKyJIMHH3aUs [IPOUCXOIUT B YTpoOe MaTepy M3-3a BBICOKOI KOHIIEHTpALMH aHIPOCTEHIHOHA
B e€ kpoBH (Glickman, Frank, 1987). AnapocTteHaAHOH—IIpe/IIIECTBEHHHUK IOJIOBBIX TOPMOHOB,
HEaKTHBHOE COEIMHEHHE, KOTOPOE MOXKET IIPEBPAILATHCS I B 3CTPOreH MM B TECTOCTEPOH. B
ruiarieHTe OepeMEHHOI TMEHBI B ACTPOreH MpeBpalllaeTcs Manas 4acTh aHApPOCTEH/MOHA, YTO
BElET K BBHICOKOM KOHIEHTpAIMH TECTOCTEPOHA y AMOPHOHOB. A M30BITOK TECTOCTEPOHA
BbI3bIBAET MACKYJIMHM3ALMIO CaMOK IueHbl. ClienoBaTellbHO, FOpMOHabHas cpera IMOpHOHA
BIIMAET Ha TIOJIOBOE MOBEAEHHUE B3POCIOTo *HBOTHOro. B 1959 r. Opina BhicKazaHa rumnoTesa, 4To
CTEPOMZB], BBIAEIAEMBbIE SMOPHOHOM, IIOMOral0T OpraHW30BaTh CEKCYalIbHOCTh —MO3Ta
muekornmTatoimx (Phoneix et al., 1959). JIpyrue uccrnenoBaHus MOKa3aiH, YTO y MO3BOHOUHBIX
CTEPOM/IHBIE TOPMOHBI  JIGHCTBYIOT TNPAMO Ha  ChelM(HUYEeCKHe HEHpOHHbIE  IeNH,
obecricunBarome  noseneHuyeckuil  I1JI.  Heckonbko COBpeMEHHBIX —OTKpBITHII  BHECIH
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MPEJENbHYIO ACHOCTh B TTIOHHMAHHE CBSA3H MEX/y FOPMOHAMHM, CTPYKTYPaAMH MO3Ta W ITOJIOBBIM
nosegeHueM. Hanpumep, HaeHTH(GHIMPOBAIH AP0, NIPUCYICTBYIOIIEE TOJIbKO B MO3TY camila
MECHaHKH TS KOHTPOIS €ro KOMYJIATHBHOrO roBesieHus. CaMka rmecyaHKkH, Tocine MHBEKIH B
paHHEM BO3pacTe aHPOreHa, pa3BUBACT 3TO “MYKCKOe” sA1po H IpPOABIAET LENbIH psn
MOBEICHYECKHX OcoOeHHOCTel camia. HekoTopble BHIb!I MEIKHX IIEBYMX NTHULl TAKKE HMEHOT
HOJIOBOH MMOpGU3M CTPYKTYP MO3ra, COOTBETCTBYIOLIMII pOJISIM IIONIOBOTO YXa)KMBAHUSL
Kenappl HaunMHAaOT meTh BECHOH, KOIAA Y HHX BBICOKUH YypoBeHb aHpaporeHa. Ilenue
YCTaHABIMBAET TEPPUTOPUH CIIAPHBAHHS U IPHUBIICKAET CaMOK, KOTOPBIE PEArHpPYIOT Ha MECHIO,
HO CaMH He NOH0T. bbII0 [I0Ka3aHO, YTO pa3HOE [IOBEIEHUE CAMLIOB M CAMOK IIEBUHX NTHL CBA3AHO
C IIOJIOBBIM TUMOp(U3MOM CTPYKTYp ux Mosra (Nottebohm, 1989).

Y MHoromnoaHeix GopMm MoaudukatopamMu OBITM TOPMOHBI MM CAMOTO OpraHu3Ma WM
COCEZIHUX dMOPHOHOB. Y OJIHOTUIOJHBIX *KHBOTHBLIX BTOPOH HCTOYHHK OTCYTCTBYET, HO Y HHX C
[EPEXOOM K OJHOIUIOAUIO, IOSBIIACH KPYIVIOrOAHYHAS W OrpOMHas “100BEOOMIIBHOCTD,
KOTOPYIO TPYIHO OOBSCHUTS.

OT6op cnepmaTo30MA0B

SMYKHA MHOTMX BUJIOB, B YaCTHOCTH CJIOHOB, €3KCH, ITHII, a TAKKE KUTOB U TIOJICHSH HAXOIATCH B
OpromHoi monoctH. Y 4YenoBeKa M MHOTMX MIIEKOMHUTAIONMX SAMYKH HAXOAATCA BHE Tenma B
MOIIOHKE. SIMUKH 3aKNa/IbIBAIOTCS B OPIONTHON TONOCTH W B MEPBBIE T'OJIBI )KH3HH OIMYCKAIOTCH
Hapyxy. Jlonroe Bpemst OHOMOTH MBITATMCE MOHATH J/S YEro HYXKEH TaKOH yA3BUMBIH JM3aiiH.

C pa3BUTHEM BHYTPEHHETO OILI0A0TBOPEHUA HCUE3aeT HEOOXOJUMOCTh B OOJIBIIIOM YHCIIE raMeT.
OnHaKO MO/BEPINIACE PEAYKIIHH TOILKO KEHCKas TMHUS—OT MUJUTHOHOB AHIIEKIETOK ¥ PhIO 110
HeOOJIBIIOrO KOIMYEeCTBAa Y MIIEKOIHTAIOMMX. YHCI0 CriepMaTo30M/I0B OCTANIOCh Ha YpOBHE
coteH MwuiMoHOB. Ilomnepxanue “NIONYIILIMOHHON™ CHCTEMBl B CIEPMATOIEHE3Ee U
IKOJIOTHYECKAs CIIELHAIN3aUMA MY;KCKOIO I10j1a IO3BOJIIIOT MPEAIONIOKHUTL CYILIECTBOBAHHE
ecrecTBeHHOro ordopa crniepmarozonnos (Geodakyan, 1978).

Jlis peanuzaipu Takoro 0Toopa HeoOXxo Mo, yTo0bl OTOMpaeMble reHbl ObUTH TPE/ICTABICHBI B
(henoTuIe CIEPMATO30HI0B H YTOOBI CIIEPMATO30K bl HMEIH KOHTAKT co cpeloil. [Ipu HapyxHOM
OILIOAOTBOPEHHH CIEPMATO30HAbI HMENH TEMIIEPAaTYpHBI M XMMHYECKMH KOHTAKT CO CPEHOil.
Ilocne nepexona K BHYTPEHHEMY OIUIOJOTBOPEHMIO OTOT KOHTakT Obll yIpaueH. Y
TEMIOKPOBHBIX JKHBOTHBIX TOIBKO MOBEPXHOCTL TEJIAa HMEET TEMTIEPATYPHBIH KOHTAKT CO CPe/Ioil.
Bo3MoxkHO 3TO NpHBENO K BBIHOCY sHUYeK M3 OPIOIIHOH IMOJOCTH, B TO BPEeMs KaK SHUHMKH
OCTAIHCh BHYTPH.

HutepecHo Taroke, YTO CEMEHHHMKH 3alUIIEHB] MMMYHHBIM OaphepoM (reMaTo-TeCTHKYISPHBIH
Oapeep), a ceMeHHas JKHIKOCTh 00JafaeT HMMMYHOCYNPECCHBHBIM P(PEKTOM, KOTOpBIi
00ycClIOBNIEH €e KoMIoHeHTamMu. B o0ecrnieueHMM HMMMYHOCYNPECCHHM YYacTBYKOT W KIETKU
Jleiinura, nponyuupyronife TecToCTepoH. M3BecTHO, YTO aHApPOreHsl, KaKk U ApYyrHe CIEpPOUIHbIE
TOPMOHBI, crocoOHBI ocnabnaaTs UMMYHHBIH oTBeT (Xpamiosa u ap., 2014; Fijak, Meinhardt,
2006). Ha pa3ssuBaroninxcst CriepMaToreHHbIX KJIETKaX M 3PElIbIX CIIepMaTO30M/1aX OTCYTCTBYIOT
anturedsl MHC-komIuiekca, 4To CHHXKAET BEPOATHOCTh MX aTakl MMMYHHOH cucTeMoil. 3To
[JaeT BO3MOMKHOCTb CYLIECTBOBAHUA CIIEPMATO30MI0B € W3MEHeHHbIMU Monekyinamu JITHK
(Topocan, 2015). IlogapneHne MMMYHHO# CHCTEMBI IIPHBOAUT K TOMY, YTO BUPYCHL, IONABIIHE B
TIOJIOBBIE KEJE3bl, MOTYT H30€eraTh MMUMHMHALIMK. B TO ke BpeMsl aHaTOTHYHEBIE OPTaHbl JKEHCKOH
0co0H (SIMYHMKY) HE 3allHIIeHbl HMMYHHbIM OapbepoM, XOTs BO BCEM OCTAIbLHOM padoTaroT
BIIOJIHE aHATIOTHYHO MYHCKHM.

AmnanoryuHble Opraibl )KEHCKOH 0cO0H (IMYHUKH) He 3aIlUIeHb] HMMYHHBIM O0apbepoM, X0Ts BO
BCEM OCTATLHOM paboTaroT BMOIHE aHATOTHYHO MYKCKHM.
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Y oueHb 6OJII)LHHX MU  BOJIHBIX JKUBOTHBIX HE IOJABEPKEHHBIX 3aMCTHBIM KOﬂe6aHI/lHM
TEMIIEPaTYphl, @ TAKKE Y IITHL, HIMEIOIIX T'OMOTaMETHBIX CAMLIOB, SIMYKH HAXOIATCS B OPIOIIHOH
HOJIOCTH. OTO MO3BONAET 3aKIIOUMTh, YTO OTOOp CIEPMAaTO30HIOB BO3MOMKEH TOJNBKO Y
reTePOraMeTHOTO MoJIa M PEATM3YeTCA TONBKO Y CTIEPMATO30MI0B HECYIHX IKONOTHYECKYH0™
Y—xpomocomy. IlosBreHne camua ¢ HeoOXOIHUMBIM TIeHOTHIIOM Oonee 3(PQeKTUBHO ULt
alanTaluy IOMYJIAINH, TaK KaK caMell IPOM3BOAUT OoJibllie TOTOMCTBA. [I3BecTHO, UTO y caMIoB
C PeIKMMH TeHOTHUIIAMH MOBEILIACTCS [TOJI0BAsI AKTHBHOCTE U OHA PEryIHpYeTcs Y —XpOMOCOMOIL.

Perynsiumsa napameTpos nomnynsaumm

Hucnepcus, coomuoutenue nonog U noiogot OumMop@usm paccMaTpHBAKOTCA TEOpUEH He Kak
KOHCTaHTbl, CBOMCTBEHHBIE JaHHOMY BHIY, 4 KaK IIEPEMEHHbIE U pPEeryJHpyeMble BEJIHMYHHBL,
TECHO CBA3AHHBIC C YCIOBHAMH CPEIbl U OMNPEACHAIOIINE, B CBOIO OUEPEIb, 2E0MOUUOHHYIO
naacmuyHocms npu3Haka, [lockonbky B H3MeHYMBOH (dKCTpemanbHOM) cpene Tpedyercs
O0npBINag MIACTHYHOCTH, YeM B cTaOWIBHOH (ONTUMATBHOW), TO B CTAOMIBHOH Cpejie OHU
JIOJDKHBI YMEHBILATBCA, a B H3MEHUMBOii—pacTH. CXeMbl pETY/SITOPHBIX MEXaHH3MOB
aHaJIOTHYHBl TAKOBBIM B XOJIOAWIBHHMKE HIM TepMocTare. Bo Bcex ciydasx cylnecTByeT jaBa
MEXaHW3Ma: a) MCXaHU3M, YCTAHABIHBAIOIIHH OMTHMYM PEryIMPYEMOTO TapaMeTpa /Ut TaHHOH
IBOJIFOIMOHHOM CHTYallMH W ©) MEXaHW3M ompuyamenvHol 0OpamHol cessu, CIeIsni 3a
OTKJIOHEHMSIMH OT ONTHMYMa U HOIep:kuBaoimii 3tot ontumyM (Geodakian, 1987). Tlpu stom,
X-XpOMOCOMBI ~ OCYILIECTBIISIIOT ~ OTpULATENbHbIE OOpaTHbIE CBA3H, a  Y-XpOMOCOMa—
MOJIKUTENBHBIE (CM. Tabn. 6.2 'n. 6).

Perynauusa gUCNepcuMn B YHUTapPHbIX CUCTEMaX

Ilo cpaBHeHHIO ¢ MONOBBIM JUMOp(U3MOM, nucnepcus Oosee oOlIee fABIEHUE: OHA BaKHA HE
TOJBKO JUTS PA3AENbHOMONBIX (hOpM, HO M 1151 GecronbiX ¥ repMadpoanTHeix. [ToaTtoMy T0OmKHBL
CYINECTBOBATh GoJiee OOMIME MeXaHW3MBI peryasiu. Perymsamms aucnepcud (G) Ha YpOBHE
MOHOMOJIANIBHOM, ~YHUTAPHOH CHCTEMBI MOXKET OCYIIECTBIATHCA 33 CHET HM3MCHEHMS
COOTHOIIEHHS TOMO-TeTepo3uroT. Panee Oblia MOKazaHa KOHCEPBATHBHAS POk TETEPOIHIOT H
OIEpaTUBHAS POJb TOMO3UroT st Beex mumutougneix ¢dopm (Geodakian, 1987; 2005a). B
MPOCTECHILIEM CITy4ae MOHOTHOPHIHOTO CKPEIIHBAHUS:

2Aa+> AA+aa

POCT AUCHCPCHKW O3HA4YacT YBCIMYCHHC IPOIOPUHHM IOMO3HUIOT, TOrda Kak ee YMCHBIICHHUE,
HA000POT CBA3AHO C YBETMYEHHEM IPOTIOPIMH reTepo3HroT (Puc. 11.1).

Puc. 11.1. O600mieHHas cxema perysiiiy JUcIepcHH (G) (Matble KpyTH) B
YHUTAPHbIX CHCTEMAX.
I - reneriueckas HHGOpMALKA NPA3HAKA, P — YacTOTa NPH3HAKA.
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Beinenenst Tpu Knacca NpH3HaKa: MOJAIBHBIH (TeTepo3HroTsl, Aa),
U OTKJIOHEHHSI OT HETO (TOMO3HTOTEL aa, AA).

DTOT MexaHH3M CrocoOeH peryjiMpoBaTh JUCHEPCHI0 M aBTOMATHUYECKH TOJISKUBATh €8
ONTHMYM HE TOIBKO Yy pa3ieibHONONBIX (opMm, HO U y Oecnonbix U repmadpoautHeix. Beuio
nokazaHo (Uersepuxos, 1926; Fisher, 1930; Mather, 1953), uto u3MeHeHUE pPaBHOBECHS BIEBO
(rubpunusanus, ayTOpUIMHT) YBETUYHBACT TETEPO3HTOTHOCTh, YBEIHYHBAET MOTEHIHATLHYIO
HM3MEHYMBOCTh U CYXKAET AMCIEPCHIO, TOTJA KaK W3MEHEHHE PABHOBECHS BIpaBoO (MHOpUIUHT)
YMEHBLIAET [€TePO3UTOTHOCT, YBEIMUHBAET CBOOOIHYI0 H3MEHUUBOCTE U IHCIEPCHIO.

Perynaums gUMcnepcuM Noroe U NonoBoro aumopchuama

Perymsinueo  pcnepcHM  MojioB M [OJIOBOrO  JAMMOp(pU3Ma Yy  pa3/elibHONONBIX  (opM
OCYLIECTBIIIIOT II0JIOBble XpoMocoMbl. JInsi coxpaHeHUs ONTUMaIbHBIX (Opt) 3HAYEHMI
FEHOTHITHYECKOTO TIOJIOBOTO  IMMop(H3mMa, HeoOXoauMo, YTOOBI MOTOMCTBO poauTencit ¢
ONTHMAILHBIM MOJIOBBIM  JIUMOP(MU3MOM  HMMEJIO Takoil e ONTHMalIbHBIE  JAUMOPQH3M.
TTOTOMCTBO POIUTENEN ¢ MAKCHMATLHBIM MOJIOBBIM UMOPPUIMOM (© min X < max)» JOKHO UMETH
MUHUMAIBLHBIA 11070B0H AUMOPOU3M (9 Pmax » O min), B Haobopor (Puc. 11.2). Jlnst 51oro
KOJMYECTBEHHBIC TIPH3HAKH CHIHOBBS JOTDKHBI HACTEIOBAThL OOJbIIIE OT MaTtepeii, a J04epu—oT
0TLOB. D10 ofecreunBaeT NepeKpecTHOE HACIel0BaHUE OTLIOBCKOH X-XpOMOCOMBI, COXpaHEHHE
ONTUMAJILHBIX (Opt) 3HAUEHHI IEHOTMIIMYECKOIO I0J0BOro JuMopdusma. A Y-xpomMocoMmHOe
HACJIEIOBAHUE OOECIIEUMBAET €ro W3MeHeHHe. Maible Kpyrd Ha Pwe. 11.2 10Ka3bIBAKWOT
PEryJSILUIO JUCIEPCHH HAa YPOBHE MOHOMOJAIbHBIX, YHUTAPHBIX CHCTEM (CYONOIMYIISLUH OJHOIO
nosna), OOJbIIME KPYTH—DpEryAluI0 AUCIEPCHH U AUMOp(U3Ma Ha YPOBHE 1I€/10H CHCTEMBL

Yupannxenme HONCHCTCMBE

= max ===
- - - -

- -
- -
i bl Y R max e, -

hes MaTh - Y~ OTen -

Yopasnswmuae ODOJACHCTEMH

Puc. 11.2. Cxema perymsauun gucnepeyi (6) u aumopbusma B OMHAPHBIX CHCTEMAaX
(boneime kpyru) venoreka (['eonaxsan, 2005).
Ponb nepekpecTHOro HaCIEeNOBAHHS OTIOBCKON X-XpPOMOCOMBl—
COXpaHeHHe opt 3HAYEHKS FeHOTUIMHYECKOT0 MojioBoro auMopgmusma (I'T1JT),
a Y -XpoMOCOMBbI—ero W3MEHEHHE.
Max mumopdusm pomutenei aaet min gumopdusm notomctea (1) 1 Haobopor (2).
I—renetnyeckas unpopmanmsa npusHaka, n—uacrtota. A M—mnon.
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Brinenens! Tpu K1acca OpH3HAKA: MOTAIBHEIH (TETEpO3UroThI, Aa),
min ¥ Mmax OTKJIOHEHHS OT HETO (TOMO3HTOTEL aa, AA).

CriefioBaTesbHO, MbI TIPHUXO/MM K BBIBOY 0 DoJIbLIEH perynsTopHoi Mo mdukaTopHoil po X-
XPOMOCOM 110 CPaBHEHHIO C ayTOCOMAaMH B OIPEIEICHUH HOPMBI PEAKIMH U KOJIHYECTBEHHBIX
MpU3HAKOB. BONbIIME KOPPENsIHK “MaTh—CbIH, “OTel—/104b"~ 10 CPABHEHHUIO € “MaTh—/I04b ",
“OTer—ChIH” M0 KOJMYECTBEHHBIM TMpPH3HAKaM ONMHCHIBAINCE U OOCYKIATUCH HEOTHOKPATHO

(Beilharz, 1961,1963; Brumby, 1960; Pahnish et al., 1961).

Perynsuua COOTHOLIEHMS MOMNOE

Cunrtaercs, 4To OHON U3 (PYHKIIMH MONOBBIX XPOMOCOM fBJACTCA OOCCIEUCHUE COOTHOIICHUA
nonoB 1:1 u ero nocrosicrea. [lo HOBOM KOHIEMIMM MX POJib CBs3aHa HAOOOPOT, C ero
m3MeHeHueM (perymiuueii) (I'eopaxsas B. A., I'eogaksn C. B. 1985; I'eopaksn, 2000).
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NMpepckasaHuna

10.

11.

9TOW T1ylaBe CoOpaHbl TpPEACKA3aHHsA, KOTOPHIE MOXHO CJelaTh Ha OCHOBE
9BOJIFOLIMOHHOM TEOPHH IIOJIOBBIX XpoMocoM. HexoTopele n3 Hux o0cy:xaanuce Oonee
[10APOOHO B TEKCTE KHUIH, TOTIa HA HUX IIPUBOIUTCS CChLIKA.

B ayrocomax nokann3oBaHsl 00IIME TeHBI CTAPBIX CTAOMIBHBIX MpH3HAKOB (171, 7).

IBOMIOIUOHHO CTaphIe TeHBI, B TOM YHCIIE TEHBI T'AMET, TOHA]] U TCHUTAHI, TOTKHBI
HaxouThCs B ayrocomax (I, 7).

Hossle 3B0IIOIMOHKUPYIONIHE T€HbI JOHKHBI HAXOUTLC B MOJIOBLIX Xpomocomax (I, 7).

JIO/KHBI CYIIECTBOBATh CYTYO0 MY)KCKHE TCHBI, YKE TIOMABIINE B MYXCKOH T'€HOM, HO eIIIe
HE MOMABIIHNE B JKEHCKH, H CYTY0O0 HKEHCKHE, YK€ YTPaUCHHBIC MYKCKHM TIONOM, HO €IT1¢
ocraroruecs y xenckoro (T, 7).

I[Nepexonpl renos 1o xpomocomam (I'n. 7 Puc. 7.1, 7.2).

Yyskepoauyio JIHK (unu BUpyCHI) CBA3BIBAIOT HE BCE CIIEPMATO30M/IbL, & TOIBKO Y-HECYIIIHE,
MOYTOMY CPEIH TPAHCTCHHBIX KUBOTHBIX JOJKHO ObITh 6ombiie camios (1. 7).

Y-xpomocoMa, Kak SKOJIOTHYeCKast, TokHa OBITh TECHO cBA3aHa co cTpeccoM (I, 11).

B pervonax cHIBHBIX M HacTBIX 3eMIICTPACEHHH, IPYTHUX MPUPOIHEIX O€/ICTBUH H
COIMATBHBIX C/IBUTOB: TEHOIIM/IA, JUTHTENBHBIX BOHH, MepeceNeH i, rojoa, a Takke y
HHTEHCHBHO SBOJIFOLIHOHUPYIOLINX B PE3Y/IBTATE CEIEKLIMH BUIOB IO/DKHO HAOII0IaThes
H3MEHEHHE pa3MepoB u/wiu jucrepcud Y-xpomocom (. 11).

JloipKHa CyIIECTBOBATE TECHAs CBsI3b MEX 1y MUTOXOHApHaLHON JIHK 1 Moduka-
LUHOHHBIM ((PEHOTUNHYECKHM) [TOJIOBBIM AUMOP(PHU3MOM, C OIHOH CTOPOHBL, H Y-XPOMOCOMOM
Y DBOJTIOITHOHHBIM {T€HOTHUITMYECKHM) TTOIOBBIM AUMOPHHIMOM—C JIPYTOH.

Y-xpomocoMa ABseTCs “‘BopoTaMK’” (TeHEpaTopOM) HE CITOHTAHHBIX M CITy4ailHBIX MyTallHi,
A MHAYLIMPOBAHHBIX U HANPABJICHHBIX 3KonorudeckuM augdeperuuanom (I'n. 7).

CrenuanbHbli y4acTOK HIICH-X-XPOMOCOMBI JJOJDKCH ObITh CBS3aH C OIPEICIICHHEM HI0JIOBBIX
TOPMOHOB ¥ HOPMBI PEAKITMH KEHCKOTO T0Ma (B 3aBUCHMOCTH OT THIIA MOIHTAMHH) 1
XpaHeHHeM cyTy0o sxeHckux reros (1. 7)
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12,

13.

14.

15.

16.

17.

18.

19.

20.
21.
22.

23.

24.

NMPEACKA3AHMWA

B X-xpomocome noskHa ObITh DONIBIIE 10715 MOAH(DHUKAIIMOHHBIX T€HOB KOJIMYECTBEHHBIX
npu3HakoB (1. 7).

L1 npoepeccueroii 3BOIIOLMH, KOTIa [OBIIAETCS HOBBIH IpU3HAK: crapas (opma reHa
JIOITAHA OBITH KOPOUE HOBOTO, PELIECCHBHBII T'eH—I0MHHAHTHOTO, EHCKHE aJlIen—
MY)KCKMX, MY»KCKHE I'eHbI-UMITPUHTBI—KeHckuX (1. 8).

11 npoepeccuanoii BOTIOLMHN IBOIOLMOHHBIH BO3pacT “CIIAIMX T'eHOB y CaMOK, JIOJBKEH
ObITh Beernia Oonbiiie, yeM y camiios (I, 8).

B JxeHCKOM reHOMeE JIOKHBI MOJTUaTh HOBbIE (KAPAHTHHHBIE) TEHBI, 4 B MY)KCKOM—CTaphle
(apXMBHbIE) FEHBI.

V F' 6akrepuii MyTabHILHOCTB, IUCTIEPCHS, CMEPTHOCTH H 000PAUMBAEMOCTh JIOMHKHEI ObITH
6onbric vem y F .

ITo BceM ceeKITMOHHBIM TIPH3HAKAM Y KYJILTYPHBIX PACTCHHI U JKUBOTHBIX CAMITBI TOTKHBI
NPeBOCX0/UTh caMok (Omyoesckuil aghperxm) (. 8).

Hanpasnenue pernpokasix 2§eKToB 1Mo dBOMOIHOHHPYIONTM IpH3HAKaM. Y
PELIMIIPOKHBIX THOPHIOB 10 IUBEPIrUPYIOIIUM [IPU3HAKAM POIUTENECH JOIDKHA
JIOMMHHPOBAaTh OTIOBCKas! (hopMa (1opoja), a no koHseprupyrommuM—marepurckas (1. 8).

B mMHOroMepHsIx Humax (TPorMKK) OTHOBCKHH ekt omkeH HaOIHO/IaTHCs HAMHOTO Yalle
MAaTepUHCKOro. B MaloMepHBIX HULIAX, I1¢ JOMHHHPYET OAUH (aKTop cpezsl (MOpo3 3a
MOJAPHBIM KPYrOM, HITH Kapa B MyCTHIHE), HA000pOT, Yallie JO0MKHBI TpeodaiaTh
MarepuHckre 3¢ dexts! (1. 8).

Bxuag oTua B rerepo3uc N0JKeH IpeBbIuaTh Bkiaa Matepu (1. 9).
D et rereposuca yeTye T0KEH [IPOABIATHCS Y CHIHOBEH, YeM y nodepeil.

[Ipu cumMeTpHUHOH eubpudusayu STHOCOB, B TMOPUAHOM 3THOCE OYIeT 110 1Ba THIIA
MY’KYHMH U KEHIIHH U MYXKCKHE TUTIBI OY/TyT YeTue BhIIeNIeHE!, YeM xkeHckue (I'm. 9).

B 30nax cMeleHus coceIHUX STHOCOB IO FPaHULIaM, ACCHMIIIMPYET dTHOC, ¢ boree
[IPUBJIEKATEIBbHBIM MY;KCKHM Ioj10M (I'71. 9).

¥ OTLOBCKHX [0IycHOCOB (IIOTOMKOB OIHOT'O OTLIA U Pa3HBIX MaTepeil) xKU3HECIIOCOOHOCTD
JIOITAKHA OBITE BBINIE Y 10UEPEl, @ Y MATEPHHCKHX NMOMYyCcHOCOB, HA0OOPOT,—Y CHIHOBEH
(T'n. 8).



3axknmoueHue

3aKJIIOYEHHU KPaTKo cHOopMYyIHpYyeM OCHOBHBIE IOJIOMKEHHS DBOMIOLMOHHOH TeopuH
MOMOBBIX XPOMOCOM:

1. KoHuenmus NONOBBIX XpOMOCOM sIBIA€TCA H30MOpQHOH TpaHchopMaLuen
SBOJIOLMOHHOH TEOPUM [I0Ja C [ONY/IALUMOHHOIO YPOBHSA HA XpPOMOCOMHBIH. Teopuu
B3aHMHO JIOMOIHSIOT U NOATBEPKIA0T APYT APYyTa.

2. JluddepeHuparnMio TeHOMa Ha  ayTOCOMBI M IIOJOBBIE XPOMOCOMBI, aHAJIOTHYHO
JupdepeHIMalMl TOMYIAIMH HA SKEHCKMH M MYACKOH II0JI, MOXHO paccMaTpuBaTh Kak
CMEIMATH3AIHIO TI0 repeiade MH(OopMAIIHH MO BYM IJIABHBIM ITOTOKAM: TeHETHYeCKOMY (0T
MOKOJICHHS K TIOKOICHUIO) U YKOJIOTHYCCKOMY (OT CPE/Ibl K CHCTEME).

3. T'eHoTHn—aTo “‘MH(pOPMAIMOHHBIHN 3aps/T’, Ta CyOCTaHIHs, Nepeaya KOTOPoi POU3BOHUT
NoJIe3Hy0 padoTy, a QEeHOTHI—aTO “UH(OPMALMOHHBIN NOTEHLMAN”, Ta CHJla, KOTOpas
NPHBOJIMT B JIBIKCHHE 3apsan. JIOTMKAa OHTOTCHE3a—BBIHOC TEHETHYECKOH HH(pOpMAITHH
HaBCcTpeuy (pakTopam cpembl, TO ecThb  (EHOTHI—STO  “MOCOX  crernoro” s
HH(OPMAITMOHHOTO KOHTAKTA CO CPEIoit.

4. OcHOBHasi po/ib IOJOBBLIX XPOMOCOM HE DENpOAYKTHBHAag—OIpeeleHHe 11071a, Kak
CUMTAIM paHee, a JBOJIONHOHHAA—CO3/IaHue JUXpPOHOMOp(U3MA U1 SKOHOMHOM
ABOJIHOIMH (Jlaxke B yiiepd pa3zMHOKEHHEO).

5. TlomoBble XpPOMOCOMBI OOECIECUMBAIOT PETYIAINI0 COOTHOUICHHS TOJIOB, & HE €ro
nocrosucTeo (CIT=1: 1).

6. HezaBucuMo OT TUIIA FAMETHOCTH IOJIOBBIE XPOMOCOMBI CHaOKatoT §0Jiee MOHOTaMHBIH
0.1 00J1ee NIMPOKOii HOPMOIi peakiuu, a 0oJiee MOJIUTAMHbIH—Y3KOH.

7. CymectBytor cyryoo myskckue Y-rensl (“dyTypuctHueckux” NpPH3HAKOB, HOBBIE,
MOJIOJIblE, “3aBTpAllHKE’), KOTOPBIE IOABHIHCH Y MYKCKOIO I10J1a, HO €ll¢ HE NPOLLIH

MPOBEPKY, HE MOMATH B AYTOCOMBI M HE CTAITH OOIIMM JIOCTOSHHEM.

8. B ayrocomax mokanmm3zoBaHbl o0OIIMEe TeHBl cTAaOMIBHBIX TpHU3HAKOB (pabouue,
aKTyalbHbIe, “‘CEerofHAIIHNE"), 3TO OCHOBHAA MACCa TeHOMA.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

SAKNWOYEHMWE

JIo/KHBL  CyIECTBOBaTh CYryoo :keHckue X-reHpl (crapble, oTpaboTaBiuMe YXKe B
ayrocoMax, “‘BuepallHue’), KOTOpbIE YK€ YyTpaueHbl MYMKCKHM IIOJIOM, HO eule
COXpaHsIoTCd  y JKeHcKoro. TakWe TeHbl NpOABIAIOTCS B BHAE ATaBHCTHYECKHX
MPH3HAKOB.

Cyrybo myxckue M cyry0o JKEHCKHE TeHbl COCTABISIOT BPeMeHHbIH JBOTIOIHOHHBIN
2CHOMUNUYECKULI NONIOGOU OUMOPLIM.

['ensl, obime Juiss 0o0OMX NOJNOB, HE YYacTBYIOT B 00pa3’0BAHUM ceHOMUNUHECKOSO
10106020 OuMOp@izma, OHH 00pa3yOT TOJIBKO NOCTOSIHHBIN (enomunuyecKul no1060u
Jumopuzm (ropMOHANTBHBIH).

COOTHOILIGHHE TOHOCOMHBIX M ayTOCOMHBIX I'eHOB (I/A) oTpaxaer IBOIHIMOHHYIO
TUIACTHYHOCTh reHoMa. B moryisiign, 100ro xKuByIeH B crabiibHOI cpejie, He JIOIKHO
ObITE NOHOCOMHBIX I'eHOB (I/A = 0), 1 Hao0OPOT, YeM U3MEHYMBEE Cpella, TeM Ooblie
T/A.

CaM11bl ABJIAIOTCA ITIABHBIM HCTOYHHKOM MYTALMH U1 MOJIEKY/ISIPHOH 3BOMIXOLUM, H OHH
JKe SIBJIIIOTCSI OCHOBHBIM 00beKTOM 0100pa. I1pH 3TOM 0OJIBIIMHCTBO MyTallyil BO3HUKAET
B Y-xpomocome. Y-xpomMocoMa—‘BOpoTa”’ 1 IOCTYILUIEHHS  3KOJIOIMYECKOH
HH(pOpMAIMH B TEHOM, MecTo “poskAcHMS” W anpobalMd HOBBIX T'€HOB, WHHIMATOP,
AKCENIepaTop U PEryjsTop ceHOMUNUHECKO20 ROA0E020 OUMOpduma.

B ousepeenmmnoni Qaze Hopas uH(pOpMaLK [IOCTYHAET B MYKCKOH FeHOM U IEepeiaeTcs
MO MY)XCKOH JIMHHM OT OTIi@a K CBIHY JJIS TIPOBEPKH B MYXKCKO# mofacHcTeMe. DTO
peanuzyer Y XpomMocoma uepes HICH-aJIropuTM.

13

X-XpOMOCOMa IeTeporaMeTHOrO Mojia— " TPaHCIOPTHAsA ", IEPEHOCHT HOBBIE I'€HbI U3 Y-
XPOMOCOMBI B ayTOCOMEI, fABJISETCS CTAOMIM3aTOPOM, PENTAKCaTOpPOM M JIMKBHIATOPOM
2EHOMUNUYECKO20 HON06020 OuMOp@usma, a TakKe XPAaHWIUINEM OTPabOTABILIMX,
OXKMJIAFOIINX UMHHALIHMU [EHOB.

B napannenvroii daze 3BOMIOLUMOHUPYIOT 00a I0J1a, & 2EHOMURUYECKUL TOI0GOU
Jumopguzm ocraercd nocTtosHHeIM. OTTOK HOBOM MH(pOpManuu u3 Y XpOMOCOMEI B
JKEHCKHHA T€HOM OCYLLIECTBIIET KOHTPa X XpoMOcoMa.

B komneepzenmnoii ¢ase HSBOMOLMOHUpPYET TONBKO skeHckuil mnon. Ilpu  astom
2eHOMUNUYECKUL NOA0GOU OUMOpU3M YMEHBIaeTes U ncuesaet. s aToro HeobXoaumo
NpeKpamieHie TOCTYIUIeHHsT HOBOH HMHGpOpPMAalMM W3 cpedbl B Y XpOMOCOMY H
MPOAOJDKEHHE €€ OTTOKA Yepe3 X-XPOMOCOMY B JKEHCKHH IE€HOM.

AyTOCOMBI SBJIIOTCS KOHCEPBATHBHOH IAMATHIO Pa3JeibHOMONOrO IeHoMa (aHaior
JKEHCKOro MoJa B MOMYNALUH) U co/iepskaT cTabunbHbIE, 0011I1e A1 000HX MOJOB, FEHEI,
Halle/IeHbl HA UX COXPAHEHHE.

Kaxxnplil HOBBI I'eH, IIPeKIIe YeM I10I1acTh B ayTOCOMBL, [IPOXOIUT JBOHHYIO IIPOBEPKY B
[OJIOBBIX XpOMOCOMax: cHauana B Ousepeenmiou (ase B Y-XpOMOCOME, IIOTOM B
napannenvroti Gaze B X-XpoMocoMe.

“ Bxon” u “BbIxol” Y-XpOMOCOMBI M TPAaHCHOPTHOH X-XpOMOCOMBI JOJDKHBI OBITH
YAAJEeHBI PYT OT APYTA.
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21. sBnenue HepaBHOro Y — X KpPOCCHHIOBEPA CBA3aHO C IIEPEHOCOM HOBBIX IEHOB M3
MYCKOIO B JKEHCKHIT FEHOM.

22. KpoMe KOMIEHCAlUH J03bl T€HOB, KOHAEHCALMI0 X-XPOMOCOMBI B JKEHCKOM T'€HOME
(rensua bappa), TeopHst TpakTyeT Kak Mperpaay IpOTHB PacHpOCTPAHEHHs Y CAMOK
HOBOI, €llie HE IPOBEPEHHOI HH(OPMALIHH.

23. Ilpu cMemieHHu JIBYX NHOMyIsiuid (pac, 3THOCOB), 001mias HHpOpPMALUs TTepeMeIIMBaeTCs
Npyd  TMEPBOM K€ CKPEIIMBAHMM, a HOBas W crapas HMHGPOPMALMH  OCTAIOTCA
000COOJIEHHBIMM  Ha TIPOTSGKEHHM  TOJIOBOIO  JMXpOHM3Ma., Takoe npejcraBieHHe
O0BsICHACT, B YACTHOCTH, PA3/IH4HA MEKBHUIOBbIX, MEKPACOBBIX I MEKHALHOHAIIBHBIX
PELMITPOKHBIX THOPH/IOR, CBA3AHHBIC C HATIPABJIEHUEM CKPEIIMBAHHS.

24. Y peuMIpoKHbIX THOpHIOB AUBEPrUPYIOLMX (OpM MO IBOIHOLHUOHUPYIOIIMM (HOBBIM)
Npu3HaKaM  JIOIGKEH — HaOmojatees  peyunpokuwiti  ‘omyoeckuii  aghgexm”
(IOMHMHMpOBaHHE OTLOBCKOH ©oOpoabl, JuHMH). [lo IMBEprupyrommM IpH3HAKaM
pomuTencit MOMKHA OMMHHPOBaTH OTIOBCKas ¢GopMma, TO KOHBEPTHPYIOIIHM—
MaTepHHCKasl,

IomBoms WTOTM MOMKHO CKa3aTb, 4TO pa3paboTaHa HOBas TEOpPHA IOJOBBIX XPOMOCOM,
MO3BOJISIIONIAS C €/IMHBIX TIO3HLIMH MOHATH W OOBSCHHTH HIMPOKHI KPYT sIBIEHUH, CBSI3aHHBIX C
BO3HHKHOBEHHMEM, XXU3HBIO M IMMUHALMEH T'eHOB B IeHOME. Teopus IOJIOBBIX XPOMOCOM
MOJHOCTBIO M30MOp(HA paHee TPe/UTOKEHHON 3BOMIONMOHHON Teopun nosa. [ockonbky obe
TEOPUU TECHO B3aUMOCBA3AHLI, MOJATBEPKICHUE O,[lHOﬁ K3 HUX MOXKHO C ITOJHbBIM OCHOBAaHHMEM
CUMTAThL MOATBEPXKJICHMEM Jpyrod. BeBOABI M MpeAcKazaHus TEOpUHA TI0a W TCHOB
MOATBEPKAAOTCA OOJIBIIMM KOMHYECTBOM (DaKTOB, YTO I103BOJIAET CUUTaTh JOCTOBEPHOCTH
000HX TEOpHIi BeCbMa BBICOKOIL.

Jlo cux mop cuMTanoch, 4TO JENEHHE Ha JBa NoJa HEOOXO0AMMO U CAMOBOCIIPOW3BE/IEHHS, YTO
[OJ1 SABJIACTCS CIOCOOOM pasMHOMKEHHS. A OKasplBacTcs, 4YTO IOJ—3TO CKOpee CIocod
9BOJIFOLMH. AHAJIOIMYHO, II0/IOBbIE XPOMOCOMBI, HapsAy ¢ pyHKUUeH olpeeneHus oja, HecyT U
Ipyrue, He MeHee BayKHble JBOJIIOLMOHHBIE (yHKIMH. CupTaercd Tawke, 4To B IpoLiecce
IBOJTIOIMH MYAKCKOTO M YKEHCKOTO TI0JIa HET Pa3HMIB], YTO OH MJET CHHXpPOHHO. OKa3kIBaeTcH,
YTO 3TO ACHHXPOHHBIH IPOIECC, U CYLIECTBYHOT Pa3jIduus MEXJIY MYKCKUM M KEHCKHM
resomamu. Haimiume Y-XpoMOCOMBI CBUZIETEILCTBYET O CYLIECTBOBAHUH CYI'yOO MYMCKUX T€HOB.
TeopHsi OJIOBBIX XPOMOCOM MPEACKA3bIBAET TAKXKE CYIIECTBOBAHUE CYT'YOO JKEHCKUX I€HOB.

Hes3nanue »BOMIOIMOHHON pONH TMONAa 3aTPyJHAET TIOHMMAHME MHOTHX CBS3aHHBIX € HHM
OOBEKTOB W SIBJIGHMH: MYMKCKHX M IKEHCKHX TI'€HOB, NOPMOHOB, XPOMOCOM, IaMeT, T'OHaJl,
FEHUTAJIMH, [PU3HAKOB, (YHKIMH, OpraHOB a TaKKe HECKOJIbKMX JECATKOB IOHSTHIA,
MTPOU3BOHBIX OT KOPEHHOTO MOHATHSA Toa. Tak HanpuMep, Mo CYUTANICS CKaIApOM, a MOJIOBOH
TUMOop(3M He UMEI CMBICKa (3HAIH, 9TO MY)KYHHBI B CPEJTHEM BBIIIIE FKEHIIINH, HO HE 3HAITH, YTO
9TO 3HAYMT). OJBOMIOIMOHHAA TEOPUSA TONa, MPEeBpaTHB TIMOM B  BEKTOp, IMO3BOJIMIIA
“BEKTOPH30BaTh’ M BIIOKHTh HOBBIH CMBICII BO BCE MPOU3BOAHbIE. Torma 0Ka3aaiochk, 4To MOJIOBOM
IUMOpU3M—3TO “‘KOMIIac” HBOJIOLKH, IOJ0BbIE XPOMOCOMBI—BOBCE HE I10J0BbIE (MHOIHE
BHJIBI UMEIOT 107 0e3 IMOJOBBIX XPOMOCOM), a IK0-IBOJTIOIHOHHLIe XpoMocoMmbl (I'eonaksH,
1996,1998,2000). TlonoBble TOPMOHBI, TOXKE HE TOMLKO MONOBBIC, HO U OOLICCHCTEMHBIC.
DCTPOreHb—BENIeCTBa KOTOPBIE, PaCUIMpsis HOPMY pEaklHH, Y/AIsSi0T CHCTEMY OT Cpelbl W
3aMeULIIOT 3BOJIOLMIO, a AHAPOreHbl, HA00OPOT,—CY:Kasi HOPMY peaKLHH, IPUOIIIKAIOT K cpele
M yckopaioT apomonuio (INeopaxs, 2006).
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Konnenups aet HOBBIH MOAXO0J K TTOHUMAaHHK) MHOTHX SABJIEHHH: MOABICHHEIO, JTOKATU3AMA U
[epexo/iaM I'eHOB 110 XpOMOCOMaM M MEAIY HUMH, HHAKTHBALMH XPOMOCOM, MOOMIIBHBIX T€HOB,
“BCIIBINEK” MYTallMi, MHCEPIMOHHOTO MYTareHes3a, CBA3M Y -XPOMOCOMBI CO CTPECCOM, H
perpoeupycamu. B uacTtHOCTH, Mo3BOIIsIET OOBACHHTH KY/Ia H 3aUeM “TIPhIratoT”’ TeHbl, MoYeMy
TPaHCIIO3ULIMY MOOMJIBHBIX JIEMEHTOB 3aBHCAT OT IKOJIOTMYECKOIO CTpecca, I0UYeMy MYTUPYIOT
OJHOBPEMCHHO Pa3HBIC I'CHBIL.



MpunoxeHnue A:
OcHOBHbIE NOHATUA U onpeaerneHun

HJIYKTHBHBIH IIYTh Pa3BUTHUS OHONOIHMH IIPHBEN K TOMY, YTO B IPHHIIMIE OJMHAKOBBIC

ABICHUS, B paHeIX 007acTAX MONyYWnIM  pasHelc  Ha3BaHud.  Hampumep,

2EmepoxXpOMOCOMbL TIPH TETEPOraMEeTHOCTH MYKCKOro mnosia obosHauaor X, Y, a mnpu

reTepOraMeTHOCTH KEHCKOro nona—7~ u W. Takoe 1onoxeHre YCI0KHAET [IOHUMAHUE
W CHIBHO 3aTpy/AHseT NOMCKH 0000ueHuil W co3naHue Teopuid. [losromy npu obcyxiaeHUH
001eOHOJIOrNYECKUX TEOPHid, OIUHAKOBO NPHIOJHBIX M JUIS PACTEHMH M IS KHBOTHBIX, MBI
Oy/eM TPHUIEPKUBATECS, N0 BO3MOXKHOCTH, Oonee OOOOIIECHHBIX MOHATHI, TEPMHHOIOIHH W
OLpe/eneHuil.

Cucrema—cpepna

Cucmenia—BBIJIeNIEHHAs U3 CPe/lbl COBOKYITHOCTE B3aHMOJICIHCTBYIONIMX NIeMeHTOB. Vuumapnas
(MOHOMOJAbHAs)) CHCTEMa—CHCTEMA, COCTOALIAS W3 OTHOCHUTEIBHO OIHOPOAHBIX 3JIEMEHTOB,
Hanpumep Oecrionas MOy UM TeHOM 03 MOJI0BBIX XpoMocoM. bunapnas (6rMoaanbHast)
cHcTeMa HMEET JBe HOACHCTEMbI (MU (POpMBI), HAIIpUMEp pa3JeibHOnoNas Nomy/suus. MoxHo
BBIJIETINTE JIBa THUTIA B3AUMOJIEHCTBHI: MEXKTY EMEHTAMH CHCTEMBI (GHYMpEHHUE) W MEXKTY
IEMEHTAMH CHCTeMbI U Cpefloi (sHewnue). B 3aBHCUMOCTH OT TOTO, B3AUMOJICUCTBUSL KAKOIO
THIIA—BHYTPEHHUE WIM BHEIIHHE, JIEKAT B OCHOBE BBIICICHUS CHUCTEMbI, Mbl IIOJIYYUM JBa
IUAMETPAbHO  MPOTHBOIOJIOKHBIX — THIIA  CUCTEM—Op2aHusMeHHble  (SHIOCHUCTEMbI) H
nonyasyuonnsie (3K30cucTeMsbl). [lonyaayuonnsie CHUCTEMBI COCTOST K3 OOIBIIOrO yHciIa
OJTHOTUITHBIX, B3aHMO3AMEHAEMBIX NIEMEHTOB, CNabo CBA3AHHBIX MEXTY coboil. B cuctemy ux
O0BE/IMHSAET OJMHAKOBOE OTHOIIEHUE K cpeae. [lodtomy Mexiay 37eMeHTaMu TAKUX CHCTEM
rOCHOCTBYIOT O0/IbllIE KOHKYPEHTHBIE OTHOLIEHUA U IeicTBYET 3aKoH ombopa (Japsuna). ITpu
AMMHHAIMY CTAa0BIX 2JEMEHTOR MIET OTOOpP CHIBHBIX M CHCTEMa BbLKWBAET. Opeanuzmentinle
CHCTEMBI COCTOAT M3 OTHOCHTENBHO HEOONBIIOr0 YHCIA pPa3HOTHUIHBIX M TOATOMY HE
B3aMMO3aMEHSIEMBIX JJIEMEHTOB, C CHIBLHBIMU CBS3IMH MEXIYy HUMH, OOBEIHHSIOMIHMH HX B
cucreMy. Mexy s/neMeHTaMM TakoH CHCTeMbl TIOCIOJCTBYIOT OONbIIE KOATHLIMOHHBIE
B3aMMOOTHOIIICHUS (IONMOJIHUTENBHOCTH). OpraHu3MEHHbIE CHUCTEMbl MNOIUYMHSIIOTCA 3aKOHY
cna6ozo 36ena (JInduxa)—Iipu paspylleHHH c1a00ro 3BeHa BLIXOJAUT U3 CTPOsI BCA CHCTEMA.

C BoienenreM Jito00H MaTepUaIbHON CHCTEMBI aBTOMATHYECKH IOABISIETCS COOTBETCTBYIOILIAS
cpeda, B KOTOPOH CyLIECTBYeT 3Ta cucrema. Tak Kak cpena Beerza OOsblLIE€ CHCTEMBI, TO
IBONIIOIMA CHCTEMBI JIUKTYETCS M3MEHEHHAMM cpenbl. Cpeny MOKHO omucath Habopom
(hakTopoB: TeMmrmeparypa, MaBICHHE W PA3THYHBIC KOHIICHTPAIMH (XMMHYCCKHX BEIICCTB,
XHIIHUKOB, MapasHTOB, KEPTB, ocobei cBoero u Apyrux BuAoB). Ilo kaxaomy ¢axtopy ecTh
OIPE/IENICHHBIH J[Mara3oH, BHYTPH KOTOPOTO CHCTEMa MOKET CyIecTBOBaTh. COBOKYITHOCTB
TaKUX JMaNa3oHOB CYIIECTBOBAHHS IO pasHbIM (PaKTOpaM Cpelbl IIPEICTaBIET IKOAOSUUECKYIO
Huuty CUCTEMBI.
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Fen—TpuaHak

lIpuznax (gher)—BblieNeHHOE HAMH CBOMCTBO HIIH XapakTepucTHKa ocodu. Paszmuyaror Tpu THna
[IPU3HAKOB: KOJMYECTBEHHBIE, KAYECTBEHHBIE M AlbTepPHATUBHbIE Wi OyneBbl (“ma™— Her”).
Cpeanyie NOMYIAUUOHHEIC 3HAUCHHS KOJMYECTBCHHBIX MIPU3HAKOB MOXKHO IONYYHTh, YCPEAHASL
HX 3HAYCHHs Y OTACIbHBIX WHIUBHUIYYMOB, AJIS albTCPHATUBHBIX M KAYCCTBCHHBIX IIPH3HAKOB
OHHU MPEJCTABISIOT c000# YaCTOTHI BCTPEUAEMOCTH JAHHOTO MPU3HAKA MITH TPAAIINKE MPU3HAKA B
TOMYJISALHH.

FenoTun—®eHoTHN
T'enomun—CcoOBOKYTHOCTb TEHOB JIaHHOTO OpraHu3Ma, B OTIMYME OT TEHOMa, KOTOPBIi
XapakTepusyer Bua, a He ocoOb. Hapsny ¢ dakropamu BHEHIHEH cpeibl I'€HOTHIT ONpeesiser
(benoTHI OpraHU3Ma.

Denomun—cOBOKYIIHOCTE  NPH3HAKOB — OPraHM3Ma, MOMKHO — ONpeieluTh Kak  “BBIHOC”
reHerHyeckoi uHdopmauun HagcTpeuy (akropam cpeipl. CylecTBEHHBIM CBOHCTBOM (DEHOTHIIA
SIBJISIETCSL TIPOTSAKEHHOCTh BO BpeMeHH. B riepBoM npuOMHKEHHH MOXKHO TOBOPUTH O JBYX
XapakTepUCcTHKaX (DEHOTHIIA: a) YMCIIO HALPABICHWI BBIHOCA XapaKTepu3yeT 4Wcio (akTopoB
cpenbl, K KOTOPBIM UYBCTBUTENEH (PEHOTHIT,—HA30BEM MEPHOCTEIO (eHoTHNA; 6) “ManbHOCTR”
BBIHOCA XapaKTEpH3yeT CTENeHb YyBCTBHTENBHOCTH (DEHOTHIIA K JIaHHOMY (pakTopy cpeibl. B
COBOKYIIHOCTH 3TH XapaKTepPHUCTHKH ONpele/stoT OorarcTBO U pa3BUTOCTH (eHorHna. Yem
MHOroMepHee (DEHOTHII X 4eM OH YyBCTBHTE/IbHEE, YeM Jaiblie (PeHOTHII OT F€HOTHIIA, TEM OH
Ooraue. Ecnu cpaBHMTH BHpyc, OakTepuio, acKapuay, JIATYLIKY M 4ejoBeka, To OorarcTBo
(heHOTHTIA B DTOM PSTY pacTer.

Hopma peakumm

Hopma pearyiiy—cnocodHOCTs TeHOTHNA (OpMHPOBATL B OHTOICHE3€, B 3aBHCHMOCTH OT
yCII0BHIA cpefibl, pasHbie (eHoTurbl. OHA XapakTepu3yeT 00 YUaCTHs CPEIbl B pealu3alfuu
npusHaka. UeM 1IMpe HOpMAa peaklHH, TeM OojblICc BIMSHHE CPEIbl U TEM MEHBILIE BIHMSHHE
TEHOTHITA B OHTOTEHE3E.

Ecnu B3aTh Takue NMpH3HaKH Kak Ipymna KPoBH WM IBET T71a3, TO OHH OYAyT OmnpenenaThes
MOJIHOCTBIO T'EHOTUIIOM, a BIMsHHME cpedbl Oyiaer HuuroxHO. HaoGopor, ecnu B3ATh Takue
I[IpU3HAKH KaK BEC, INOBCACHYCCKUC WM MCUXOJIOIHYCCKHE IIPU3HAKH, TO BIMAHHC CPEbI 6y;(eT
Oonpllle YeM TeHOTHNA. 3HAYMT HOpMa peakiM{ 10 pPasHbIM TPU3HAKaM pa3Has M MOMKET
BapsHpoBath oT 0 1o 1. Yem Gosnblie YHCIO TeHOB, ONPe/IeNSIIONMX MPH3HAK, TEM IIHPe TI0 HEMY
HOpMa peakuuu. B mpenene HopMa peakiMH AOMKHA ObITh MUHMMAalbHA I MOHOIEHHBIX
(MOHOJIOKYCHBIX) MPHU3HAKOB U PACcTH C POCTOM MOJMIEHHOCTH [TPH3HAKA.

TakuM 00pazoM HOpMa peaklMH XapaKTepuzyeT Mpeaen OHTOTEHETHHECKOH TTacTHYHOCTH,
MakKCUMaJIBHO BO3MOXKHOC OTKJIOHCHHC q)eHOTI/IHa OT reHorumna. HbIMH cJioBaMH, HOpMa
peakuuK 3TO 3alac OHTOIEHETHYECKOH IJIACTHYHOCTH, KOTOpBLII C BO3pacTOM OpraHHM3Ma
YMEHBIIACTCA, HE3ABHUCUMO OT TOT'O, UCIOJIB3YETCA OH WU HET.

Mon

Ilon—>310 anbTepHATUBHBIN NPU3HAK, KOTOPBIH OTIMYAET MY)KCKHX M YKEHCKHX 0coOell apyr or
Jpyra, TIO3BONAET MM IPOM3BOJMTL PA3HOTO THMA TaMEThl M CKPEHIMBATLCA, TO €CTh
pPasMHOXKATHCS MOJIOBBIM IyTeM. K IKEHCKOMY IOJly MbI OTHOCHM OCOO€H, NpOU3BOIAIMX
KPYIIHBIE TAMETHI (iiyexnenKit), K MyKCKOMYy—MEeTKHe TaMeThl (CrepMamo3oudsl). AHANOTHYIHO
m000My IpYroMy IpH3HAKY (DEHOTHIIMYECKHUI] 110/, B NPHHIINIE, ONPENENACTCs TEeHOTHIIOM H
Cpelloi, H MOXKHO TOBOPUTH O IEHOTHIHMYECKOM M (EHOTHIIMYECKOM II0JIe, KOTOpble MHOrAa
MOTYT HE COBMAJaTh (TEHOTHITMYECKH MYMKCKas 0COOb MOMKET MMETh KEHCKUH (eHOTHMI M
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Haobopor). [epmappodumnsimu Mbl OyJieM cuuTath OCOOEH, couerarolMx B cede NMpU3HAKU
000HX I10J10B HAa YPOBHE CaMOCTOSITE/IbHOTO OpraHH3Ma, HallpUMEp OIHOAOMHbIEC PaCTEHHS.

OI'IPEAEHEHHE nona v NonoBbie XpoMoOCOMbI

ITon cymecteoBan 337010 70 MOSBIEHUS TOJMOBBIX XPOMOCOM H MHOTHE COBPEMEHHBIE
PasaensHONONBIE BUIBI HX He MMeroT. [Ton MokeT onpenensThes BHYTPEHHUMH (F€HETHYECKHMU)
00 BHEIIHUMH TIO OTHOIIEHHIO K PA3BUBAOIIEHCA 0co0U (cpeloBbIMH) (haKTOPaMH.

CPEAOBOE OIIPEJEJEHMUE ITIOJIA

Y  MHOruX OJKTOTEpPMHBIX (“XOJOJHOKPOBHBIX) I[O3BOHOYHBIX OTCYTCTBYIOT II0OJIOBbIE
XpoMocOMBL. Ecmi y HUX HMEIOTCS [Ba Monia, TO MOJI ompenensercd B Oonbluel cTerneHd
YCIOBUAMH Cpelbl, YeM TIeHeTHueckH. Cpeld BHEIIHMX MEXaHH3MOB OIPEIE/ICHHS [oJa
HauboJee pacnpocTpaHeH TeMIepaTypHBIH: [PH MHKYOAUMHM B OJHOM HHTEpBale TEMIICpaTyp
3UTOTBI PA3BUBAIOTCA B CAMIIOB, TIPH HHKYOAllMH B ApyroM—B caMok. [ToMHMO TeMmepaTypsi,
OMPE/IEIICHHE TI0NIa MOXKET 3aBHCETh OT JPYTHX BHEMIHMX (DaKTOPOB—IIMTAHMS, OCBEIICHHS
PAcIOIOXKEHHA B KOJIOHHU H JIp.

XPOMOCOMHOE OIIPEAEJIEHUE IIOJIA

XX/XY onpenenenue noxa. B Hacrosiiee BpeMs J0Ka3aHo U OOMIEIPUHATO, YTO Y KUBOTHBIX,
pacTeHUil M UelIOBEKA XPOMOCOMHBIH MEXAHW3M ABIIETCS HAYalbHbIM  MEXAHU3MOM,
OMPEAEAIOIINM I10JI B MOMEHT OILIOJ0TBOPEHHSL.

Y o[HOro 1nonia sapa BCEX COMATHYECKHX KIIETOK COJEPKAT JHUILUIOWAHBIE Ha0op ayrocoM 2A u
JIBE OJIMHAKOBBIE 1M0JI0BbIe XpoMocombl (XX). [loaromy Bce raMmersl 3TOro mojia COAEPMHAT 110
onHOH X-xpomocoMme. DT0 comozamemrslii IO Y JPYroro noja B KaKIOH cOMATHYECKOM
KJICTKE, MOMHMO JUIJIONIHOTO Habopa aytocoM 2A, coaepikarcs JBE pPasHbIC IOJIOBBIC
xpomocombl X 1 Y, [loaromy y Hero jiBa Bujia rameT: X-  Y-Hecylue. D10 cemepocameniblil
TOJL.

Y QoNbIIMHCTBA BHJIOB KHMBOTHBIX U PAacTEHMI TOMOraMeTeH *KEHCKUil 10J1, a reTeporaMeTeH—
Myxckoil. Crofja OTHOCATCS MIJICKOMMTANIUE, OONBIIMHCTBO HACCKOMBIX M MHOTHE DPbIOBL Y
pacrenuii—cmoneBka Oenast (Silene latifolia), nanaitst (Carica papaya) v acnaparyc (Asparagus
officianalis).

ZZ/ZW onpepenenue noaa. Cucrema Z7Z/ZW noxoxa Ha XX/XY. OTIMuie COCTOUT B TOM, 4TO
B 3TOi CHCTEME TFOMOTaMETEH MYXCKOi TN, a reTeporamMeTeH—xkeHCKHH. Takas cucrema
BCTpEYaeTcs y NTHI[, HEKOTOPBIX PenTwini, peld, 6abouek W pydelHUKOB, a U3 PACTEHHH—Y
3eMJIIHUKH. BHJIBI ¢ My;KCKOIl reTeporaMeTHOCTBEO OTHOCAT K THILY Drosophila, a ¢ KeHCKOH—K
tuny Abraxas.

Cucremsl XX/XY u ZZ/ZW obecneunBaroT paBHOBEPOATHOE MOSABICHHE 0CO0CH MYKCKOTO U
JKEHCKOTO 110J1a B COOTHOIIEHUH 1 : 1 npH TUIUIOHIHOCTH CAMIIOB U CAMOK.

X : A onpeenende noaa. B cucreMe reHHOro OanaHca TMON OMPEAETSeTcs COOTHOIICHHEM
yycaa X-XpOMOCOM K 4HCIY ayTocoM. TakoH THI BCTpedaercs Y MPEIACTaBUTENEH pona
Drosophila u y HEKOTOPbIX pacTeHuit (1uasess (Rumex) u xmenb (Humulus)) (Ming et al., 2007).

XX/X0 onpenenende mona. Ilpy 3TOoM MeXaHH3ME ONpPEACICHHMA NOJIA OAMH U3 II0JIOB
(romorameTHBIiT) obnagaer AByMs X-XpOMOCOMaMH, B TO BPEMS, KaK JPYyroi (reTeporaMeTHEIH)
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TOJIBKO OJTHOH. DTOT THII SBIISETCS PA3HOBMAHOCTHIO X | A MEXaHW3Ma, TaK KaK IPH TOM M0
OIpeiesIfeTCs TAKKE, Kak Uy JPO30(UIL: 110 COOTHOLIEHHIO YHciIa X-XPOMOCOM U ayTOCOM.

FrANIJIO-AUITIJIIOUAHOE (FEHOMHOE) OIIPEJIEJIEHHUE ITOJA

lanno-MIUIONHEIA MEXaHU3M OIpele/ieHHs 110J1a LIHPOKO PacllpOCTPAHECH CPely HACEKOMBIX
(bonee wem y 200 teic. BUOB). [Ip TakoM crocobe U3 OMIOAOTBOPEHHBIX AUIL TIONYHAIOTCS
CaMKH (MJIM CAMKH M CaMIbl), @ U3 HEOIUIOIOTBOPEHHBIX PA3BUBAKOTCS TOJBKO camilbl (Puc. A.1).
[anno-mUIUIONHEIT MeXaHH3M pPeryiiluH IoNa I03BOISIET PErylIupoBaTh BpeMs BbIBOAA
CaMIIOB, a TaKXKe MX YHCICHHOCTE. [lepexol Ha Tario-AMIUIONAHBIA MEXaHH3M OMpeAeneHUs
[oJIa JAaeT OrPOMHBIE IPEUMYILECTBA, MO3BOJAS BBIABIATH BCE BPEIHBIE PELIECCUBHBIE TEHBI,
CHIBKAIOIINE JKH3HECIIOCOOHOCTh U alaNTallHOHHBLH II0TeHIMaN BUa. VX rposBieHUe [IPUBOIUT
K rHOenu ocobel, HOCHTENnel ATHX TEHOB, YTO TO3BOMACT TMOMYJIAIMH OCBOOMKIATHCS OT
“TeHeTHYecKoro rpysa”. 3To IpHaaeT FeHOMY HaCEeKOMBIX IIOBBIIIEHHYO [UIACTHYHOCTb, KOTOpas
MO3BOJTHIIA UM OCBOMTH MOYTH BCE KOHTUHCHTHI.

= ®

Puc. A.A. lamio-aunnonanoe (reHOMHOE) OTIPEACICHHE MOIA.

Bonee moxpoOHOe olMcaHHe MEXaHW3MOB ONpPEEICHUS I0JIa Y Pa3HbIX TIPYIIl OINHUCAHO B
ob3opax ans: pacrenwit (Ming et al., 2007), nacekombix (Normark, 2003), ntur (Chue, Smith,
2011) u mnexormraromux (Bachtrog et al., 2014).

Mpu3Haku (reHsl), 3aBMcumsbie ot nona (sex-influenced genes)

PasButie comaTHuecknX TPHU3HAKOB OOYCIOBIEHO T'€HAMH, PACTIONOMKEHHBIMH B ayTOCOMAaX.
Takue npH3HAKK OPOABIAIOTC] Y MY:KYMH M SKEHIIUH [10-Pa3HOMY, ITOCKOIBbKY HX JKCIPECCHA
00ycIIoBIICHA noogbiMu 20pmonamu. Hanpumep, Tun nesueckoro roioca (6ac, 6apuToH, TeHOD,
COIIPAaHO, MELIIO-CONPAHO U allbT) KOHTPONUpYeTcs 11010BoH koHeTUTYIMeH. Hauunas ¢ nepuoza
II0JIOBOTO CO3PEBAHUS, [IPU3HAK HAXOAUTCS [0 BIMAHUEM IOJIOBBIX rOpMOHOB. OJHH M TOT e
anners MOXKET ObITh JOMHHAHTHBIM Y 0co0e# 0/IHOTrO 1oJ1a M pelecCHBHBIM Y ocobeii ap. nona. ¥
MYXUYHH paHHee 00JIbICEHHE ([OMUHAHTHBIH MPU3HAK) IPOSBISAETCA KaK Y roMO3UroT (AA), Tak u
y rereposuror (Aa). Y SKeHUIMH S5TOT IpPU3HAK pELECCHMBEH M IPOABIIETCA TOIBKO B
TOMO3HI'OTHOM (aa) COCTOSIHUH.
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Mpu3aHaku (reHsl), orpaHu4YeHHbIe nonom (Sex-limited genes)

OrpaHH4eHHOe MOJIOM HACNeIOBAHME MPeICTABIAET cOD0H KpaifHUil CITydail KOHTPOIHPYEMOCTH
[10JIOM, ITOCKOJIbKY IPU3HAKHU MPOSBISIOTCA TOJBKO Y OQHOIO U3 JABYX moyioB. Mx passutue
00YyCIIOBNICHO TEHAMHM, PACIOJIOMKEHHBIMM B AyTOCOMax O00HMX I0JIOB. I'eHbl, OrpaHH4cHHELIC
[I0JIOM, I103BOJIAIOT pa3periaTh BHYTPHIOKYCHBIH MOTOBOH KOH(IMKT, MO3BOJAL O00MM I1OJIaM
JIOCTUYb UX ONTUMATBHBIX (heHOTUNOB. TOMBKO 10, Y KOTOPOTO MPHU3HAKH MPOABIAIOTCA, Oy/IeT
nojeprarbes  otOopy. OcraBluascs IMMOJOBHHA TI'€HOB Ul 3THX IIPM3HAKOB He Oyfer
HoJBepraTbes OTOOPY, IOTOMY YTO OHH HE MPOSBISIOTCA y Apyroro nona. Hampumep, ressl,
ONPEIEIAONINE IIUPHUHY Ta3a KEHIIMHBL, TOKAIU30BaHbI B AyTOCOMAaX, HACTEAYIOTCS U OT 0TLA H
OT MAaTepH, HO MPOSAB/IIOTCA TOIBKO Y KeHIMH. Cpey MY:KCKHX NPHU3HAKOB, OrpPaHHYEHHBIX
MOJIOM—KOIMYECTBO M PACTIPEIENIEHUE BOIOCAHOIO MOKPOBA HA TeNE. Y JKUBOTHBIX K TaKHM
OPHU3HAKAM OTHOCATCS HAPUMEP MOJIOYHOCTB M X KHUPHOCTh MOJIOKA Y KPYIIHOI'O POraToro CKora.
Beixu HecyT reHbl, onpeensioIIe MOJIOYHOCTL JoUepeil, HO I'eHbl CcBOe NEeHCTBUE Y OBIKOB HE
nposaBAAiOT. [leTyxu Takke HeCYT TeHbI AHIEHOCKOCTH U pa3Mepa sl Iouepeil, XoTd y eETyX0B
JCHCTBHUE YTHX I'CHOB IMOJABJICHO.

Mpu3aHakm (reHsl), cuenneHHsle ¢ nonom (Sex-linked genes)

OTH TpU3HAKH OOYCNOBIMBAKOTCS TI'€HAMH, JIOKAIH30BAHHBIMH B TIOJNOBBIX XPOMOCOMAX.
HacnenoBanue Takux mpHU3HAKOB 3aBHCHT B OCHOBHOM 0T X-XpoMocoMmsbl. PebeHok nony4aer Bee
cBoM X-CBSI3aHHBIC TEHBI OT CBOEIl MaTepu M MepefacT MX TMOTOM CBOMM JIOYEpSM, HO He
CHIHOBbAM. PeriecCHBHBIN CLEIIEHHBIH ¢ I10/I0M ITPU3HAK T'Opa3/i0 Yallle IPOsIBIAETCA Y CAMIIOB.

OueHka peuvnpokHbix achcekrTos

PaccmartpuBas sBomonmoHHOE TpeoOpa3oBaHMe MpPU3HAKA B (HUIOreHe3e Kak HEKOTOpoe
abcTpakTHOE “NBHKEHME, MOXKHO I'OBOPUTH O “‘pacCTOSHMM MEXKIY MYKCKUM U JKEHCKMM
nonoM 1o 3ToMy npusHaky. Ecnm mcxonmHas ¢opma B ¢uIOreHese JMBEprupoBatad Ha JBe
OTJIHYAIOIIMECS [0 AAHHOMY Mpu3HaKy Gopmbl (TIOpoJibl, THHHK, pack)) A U B, To cornacHo
QunozenemudeckomMy Rpasuiy HNOA06020 OUMOP@UIMA, MOXHO OXHMIATh, YTO B KaKIOH U3
nosBUBIIHXCS GopM (A 1 B) MyxKckol mon JOmKeH orepexars sKEHCKHIH TIoN Mo M3MEHEHHIO
9TOrO TpU3HAKa. 3HAYMT, MOYKHO TOBOPHTH O “‘paccTOSHMM” MEXKTY MOPOJAMH IO 3TOMY
MPU3HAKY (HACKOILKO OHH YJAMMIHCH JPYr OT APYTa) U O “PacCTOSHHH™ MEKTY MYKCKHM H
JkeHCKMM  monoM  (Pwme. A.1). CrenoBarenbHO, TPH THOPHIM3AMH, B MPUHLANE, MOXKHO
BBUIENUTDL “BKNIAN~ MOpojsl M “BKiIan” mona. O “paccTosHUU” MEXKTY MOPOJaMH WM O BKIAfe
[OPOJl MOMKHO CYIUTh IO SIBJICHHKO IETepPO3Hca, a O “PacCTOSHHUM™ WM BKIAJAE MOJIOB—IIO
MONIOBOMY AuMopdu3My. A 1O HAmpaBICHHIO PeUHNpOKHOro s¢dexra (MaTepUHCKUH MM
OTLOBCKUI 3((DEKT) U €ro BeJMYMHE MOXKHO CYAUTb O JUBEPIEHTHOM WM KOHBEPreHTHOM
XapakTepe IBOMOINUY NpH3HaKa. Takum oOpa3oM, MOABIAETCS BO3MOKHOCTE TONHEE OOBICHUTE
PeLMIpoKHbIe APPEKTHI, KOTOPbIE €CTh HE YTO MHOE, KaK BEKTOpHAs CyMMa MaTepPUHCKOTO W
OTLOBCKOTO () eKToB.

JUis u3MepeHus perunpoKHbIX G GHEeKToB ( F ) MOXKHO HCIIOb30BATh BHIPAKCHUC!
r=(b-a)/(B-4)

rae A u B —3nadyenus npusHaka Ui HCXOIHBIX CKpeIIUBacMBIX QOpM; a —TO JKE camoe Ui
rubpuaa A x YB; b —mna permnpoknoro rudpuaa B x QA. Torna noiokuTeNbHOE 3HAYEHHE
r (r > 0) Oymer o3Hauars “oTnOBCKHE” addexT, oTpuiatensHoe (r < 0)}—MaTepHHCKHI, a
a0COMIOTHAS BEIMYMHA T (|r|) JIaCT OTHOCHUTEBHYH) OLEHKY 3THX 3((eKkToB B eqUHHIIAX,
PaBHBIX Pa3HOCTH 3HAUEHUS TIPU3HAKA /I HCXOAHBIX (opMm (B - A).
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Hanpaenenne
= Brnapmopomsr  —| 3BOJTHOLIHH
A JA B 4B  TpH3HaKa
Puc. A.2 Y Y v v / >
O1eHKa peIUMPOKHBIX 3h(hEeKTOR = =] = =4
—

Brxnano nona
CkpemHBanua
JAx A JAx OB dBx %A dBx 2B
3HaueHHe NPH3HAKA
A a b B

BexTop “oTiorckoro” agdexra o ToMy MIH MHOMY MPH3HAKY, TaK K€ KaK U BEKTOP TOJOBOTO
JUMOP(U3MA, MOKET CITYXKHUTh “KOMIAcOM™, IMOKA3bIBANOIIHM HAIPABIEHHE 3BOJIIOLMH 3TOTO
npr3Haka. Ho B oTimuMe OT MONOBOrO JUMOpP(H3Ma, KOTOPBIH NPHUMEHHM TOIBKO JUIs
KOJIMYCCTBEHHBIX IIPU3HAKOB, IPHCYLIMX OOOMM IIONaM II0 KOTOPbIM HMeeTCsl [1010BOH
JuMopdu3M, “oTHOBCKHIT 2(h(hEKT MOKET MOKa3bIBaTh HANpPABIEHHUE IBONTIOIMH TAKKE U TEX
MPH3HAKOB, KOTOPBIE TPUCYIIH TOILKO OJHOMY TONY, B TOM YHCJI€ M HAMPABICHHE HBOIIOIHH
NEePBUYHBIX IIOJIOBBIX INpH3HAKOB. IHBIMH croBamy, pelunpokHeli 3¢dext maer
MPHHIMTHATEHYIO BO3MOKHOCTh BBISIBUTH Kak Obl TeHOTHITHYESCKHH MOJIOBOH THMOPGhH3M.



Mpunoxenwue b:
MpuHUMN conps>XeHHbIX NoacUucTem

BeiicTeHHeM 00O — MaTepHanbHOM — CHCTEMBI  ABTOMATHHUCCKH  TIOSBIISACTCS
COOTBETCTBYIOIAS CPeZla, B KOTOPOIL CyllecTBYeT 3Ta cucreMa. [lockonbky cpefa Becerna
OoJbllle CUCTEMBI, TO IBOJIIOLMSA CUCTEMBI TUKTYETCSI H3MEHEHUAMU CPEIbL.

Wnes spomtonuy noapasymMeBaeT [Ba [JIABHBIX W, B H3BECTHOM CMBICIIC, AIbTCPHATHUBHBIX
acrekTa: coXpaHeHMst ¥ u3MeHenusi. [l nmydmel peanmzaliiM TOMBKO TIEPBOTO ACTICKTa—
COXpaHEeHHsS—CHUCTEME BBITO/[HEE ObITh YCTOHUHBOM, CTaOUIThHON, HEM3MEHAEMOIH, TO €CTh ObITh
[0 BO3MOKHOCTH “‘Haiblie” (HE B IEOMETPUYECKOM CMBICHE, a B MH(OPMALMOHHOM) OT
paspymatonux ¢axtopos cpenbl (Puc. B.1). OqHako 9TH ke (akTopsl OTHOBPEMEHHO HECYT
[OJIe3HYH0 UMH(OPMAIMIO O HAlpaBlIeHUM u3MeHeHMH cpenbl. M ecau cucreme HeoOXoaHMMO
IPUCIIOCOOUTBCA K HUM, M3MEHHTHCH COIVIACHO W3MEHEHUAM cpellbl (BTOpOH acleKT), TO OHa
JO/DKHA OBITH YYBCTBHTEIBLHOM, Ma0MIBHON M M3MCHYMBOH, TO €CTh OBITH IO BO3MOMKHOCTH
“Omuke” (B MH(OPMAIMOHHOM CMBICNIE) K BPEIHBIM (DakTopaM cpenbl. CneaoBatensHO, HMEET
MECTO KOH(DIMKTHAS CHUTYAlUs, KOIJIA CHCTEME C OJJHOM CTOPOHBI HAZO ObITh “mOmaibiie” oT
CpesL, a ¢ Apyroi— ‘obmmxe”.

Cpena IIpobnema
Ut00k H3MEeHHTECS (IO IHTE
= NONe3HY 0 HH( OpMallHio)
Hago OuTE “Omixe”
YUtoOm coxpaHuTECA(H30exaTs

= BpeaHoi HHGOpMaIHK) HaTo
OBITE “manmpme”

B osmoxsbIe pEmeHna

BrEITE Ha “ 0N THMAIEHOM
PaACCTOAHHN

PazmenuThCsa Ha JEE COMpS-
= JKEHHEIE [10JCHCTEME]

Puc. B.1 B3auMOOTHOIIEHHE CHCTEMBI CO CPeoi

929
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[leppoe BO3MOXKHOE pEILIEHME: CHCTEME [IEIWKOM OBITh HAa HEKOTOPOM  ONTHMAIBHOM
“paccTOAHUM” OT cpenibl, BbIOMpas HeKHil KoMIpoMHccHBI ontumyMm M/ C. Bropoe pelueHue:
pasaeTuTLC Ha JBE COTPSIKEHHBIE TIOJCHCTEMBI, OJTHY YOpaTh “nojaybiie” oT cpe/bl, a JAPYryro
BBIJIBHHYTH “noOmike’”. Bropoe perieHne cHUMaeT KOH(IMKTHBIE TpeOOBaHUS K COXPAHEHHIO
(C) u u3MeHeHHu10 (M) cucTeMbl, U N03BOJIAET MAKCUMH3UPOBAaTh OJHOBPEMEHHO U TO U JPYIOE,
TOBBIIAs YCTOHYMBOCTD CHCTEMBI B IIENIOM. DTOT BBIBOJ JIEKHUT B OCHOBE HOBOH KOHLENIINH.

T[TPHHLIWII COIIPSKEHHBIX [TOACUCTEM

JUDDEPEHIUALMSA AJAIITUBHBIX CUCTEM,
HBOTIOIMOHUPYIOITAX
B USMEHYMBOM CPEJIE, HA JIBE COITPSDKEHHBIE TTIOICUCTEMBI
C KOHCEPBATHMBHOM U OIIEPATUBHOM CITELIMAJIU3ALIMEH,
TIOBBIIIIAET UX YCTOMUYHUBOCTS.

Jlo mnosBNEHHA COMPSKEHHBIX MOJCHCTEM TJIABHBIH YIPABISIOIINM 3BOMIOLMEH MOTOK
WHpopMalMK e Henocpe/cTBeHHO or cpeiasl K cucreme: E — S, Tlocne nosieieHus
OINEepaTHUBHBIX MOJICHCTEM OHM IepBbIMH IoxydaoT Hpopmarmio ot cpeis:: E — OIl — KIL
IlosToMy HOBasi HOJCHCTEMA BCerAa fBJIACTCH ONEPATHBHOH M BO3ZHHUKACT MEKIY
KOHCepPBATHBHOH NOICHCTEMOH U cpe/oii.

OBOJIOIMOHHAS  POJIb BCEX ONEPATHBHBIX TMOJICHCTEM B CONPSDKEHHBIX JW(depeHIpamsx
(OenKoB, MOJIOBBIX XPOMOCOM, (PEHOTHUIIA, MYKCKOro noja) OydepHas, nocpeIHHYEcKas—aTo
reHeTHyeckas MH(OpMAalKA, BbIHECEHHAS HaBCTpedy cpene (or0opy) uid 3a01aroBpeMEHHOIO
MOMYYEHHA YKONOrMYecKoit MHpOpMalMM IJIaBHBIMH, 0oJiee JPeBHHMH KOHCEPBATHBHBIMH
noncuctemamu (JIHK, ayrocomamu, reHOTHIIOM, KEHCKUM TOJIOM).

CrpyxKTypa CaMOBOCNPOMI3BOAALLUMXCS JXXMBbIX CUCTEM

CambiM  (pyHIAMEHTATHHBIM MPU3HAKOM KUBBIX CHCTEM SIBIAETCA HMX CIOCOOHOCTh K
CaMOBOCIPOM3BeAcHUI0. 1103TOMY CaMOBOCIPOM3BOIALIMECS CUCTEMBl 3aHHMAIOT LIEHTPAILHOE
MECTO Cpe/id OMOIOTHYECKHX CHCTEM.

PaccMoTpenHe CTpPyKTyp OCHOBHBIX CaMOBOCHPOM3BO/SIIMXCH CHCTEM: HYKJICONPOTEH[a,
KJIETOYHOTO S71pa, KIETKH, OPraHu3Ma H MOMYJAIMH MOKa3bIBAET, YTO BHYTPH KaxK/I0H H3 3THX
CHCTEM MOXKHO YBHJIETh 4YeTKYI0 IuddepeHIHallio Ha JABE CONpPKEHHBIE NoJcHcTeMbl. B
HOMYJIALMK 3TO [Ba 10714, B OPraHU3Me J1Ba BH/A KICTOK: [I0JIOBbIE U COMATHYCCKUE, B KIICTKE—
AP0 M LUTOMIA3Ma, B sIPe—XpPOMOCOMBI JBYX COPTOB: ayTOCOMBI H IONOBBIE XPOMOCOMEI, B
HYKJICOTIPOTEH/IE (XPOMOCOMa, TEH, BUPYC }—/1Ba THITA MOJIEKYIT: HYKJIEHHOBas KUCI0Ta U OETOK.

CryuaiiHo i 510? Winu B ocHobe 310# JudpdepeHMalny JSHCTBUTEIBHO JISKHUT NPUHIUIL, O
KOTOpoM uaeT peub? Beap CYILECTBYIOT —aHAJOIMYHBIC CHCTEMBI  0€3  yKa3zaHHOM
i depeHanuu: TIOMYTAAN 6e3 TOJIOBOH mupdeperanyum (becrionbie,
[IAPTEHOTSHETHUECKUE WM IepMadpOIUTHBIE), OPraHH3Mbl 0€3 pa3liesIeH s Ha COMY W aMEThl,
knerkd 6e3 auddepernmaniu Aapa ¥ MUTOILIA3MBL, sjpa 0e3 mosoBeix xpomocoMm. OnHAKO
[I0YEMY-TO BO BCEX IPOrPECCUBHBIX B HBOJIOLMOHHOM CMBICIE, CHUCTEMAaX HalOIrIaeTcs
mudepeHIMalms Ha IBe COMPSHKEHHBIC MOICUCTEMBI, B OCHOBE KOTOPOH JISKHUT CTICIIMATTH3AITHSA
ITUX TIOJICHCTEM [0 GHYMPEHHUM W GHewHuM B3aUMOJIEHCTBUAM. Bo BCex mapax MOMKHO
BBIJIEINTE OJHY IIOJACHCTEMY BHYTPEHHIOH, CIIELMAIM3HPOBAHHYIO IO 3BOIOLMOHHON 3ajaue
coxpaneHnsi (C), M BHEUIHIOH—CHEIHAIH3HPOBAHHYIO TO JIPYroi 3BOJIIOIHOHHON 33jaue
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u3Menennst (#) cucremol (Tabn. B.1 Mpunoxenue B). Bo-nepBbix, KOHCEPBATHBHBIH U
OIEpaTUBHBIA acIeKThl BOJIIOLIMI—/IBa IVIABHbIX €€ HEIIPEMEHHBIX ycinoBus. Eciu o1HO U3 HUX
OTCYICTBYET, TO HET 5BONIOLMM: cHcTema aubo ucuesaer, b0 craduibHa. Bo-BTOpBIX,
otHomenye M/ C xapakTepusyeT S3BOJIIOLMOHHYIO IUIACTMYHOCTB CHCTEMBL. B-Tperbux, oTH
YCIOBHS aJIbTEPHATHRHEL: deM Oombiie #, TeM Menbine C 1, HA000POT, TaK KaK OHH JOTOIHSIIOT
npyr apyra no emuauiper C + W = [. Tlostomy, 63 CrelUaIH3alil MOJCHCTEM, CHCTEME
[IPUXOAUTCS BBIOHpATh HEKUH KOMIpOMMCCHbIH ontumyM #/C, B TO Bpems, Kak IpH HX
CIELMAIH3ALHH MOKHO MAKCUMH3UPOBATh OJJHOBPEMEHHO H TO U JIPYIOE.

Beinenenye BHYTpEHHUX M BHENIHUX MOJCHCTEM HEOOXOIUMO NMOHUMATh HE B TEOMETPHUYECKOM
(mopdooruyeckom) cMeicie, a B HHPOPMALIHOHHOM, TO €CTh ITOTOKH HH(OPMAIHH OT CPEJibl O
[IPOUCILIEIIMX U3MEHEHUAX B Hell [10I1a/Ial0T CHayala BO BHELIHUE [10/ICUCTEMBI (“‘OIlepaTUBHYIO
MaMATE ), & MOTOM YK€ BO BHYTPEHHHE (“TIOCTOSHHAA MaMsATE CHCTEMBI).

B Takom obmiem BH/IE KOHLETIIMS CTIPABEUTHBA JUTS BOTIOIHOHUPYIONIHX, a/IAITHRHBIX CHCTEM
HE3aBHCUMO OT HX KOHKPETHOH NpUPOAbI—OMONOrHYECKUX, TEXHUUYECKHX, HIPOBBIX HIU
COLMAIBHBIX. MOXKHO OKHAATh, YTO Cpeld 3BOJIOLMOHMPYIOLIMX, aJalTHBHBIX CHUCTEM,
CTPYKTYpPBI, COCTOSIIME W3 JIBYX COTPSZKEHHBIX MOJCHCTEM, JOMKHBI BCTPEYAThCA JIOBOILHO
yacto. Bo BCex ciydasx Korja CMCTEMa BBIHYMJIGHA CIEIWTH 3a “TIOBEJIGHHMEM IIPOTHBHHKA'
(cpenpl) 1 B COOTBETCTBHH C 3THM CTPOWTH CBoe “noBeneHue’”’, muddepeHimanus, pazneneHue
cIy:k0 Ha KOHCEpPBAaTHBHYK) W OIEPaTHBHYIO IIOBBIIAET YCTOMYHBOCTb. ApPMMA BbIIENAET
PpasBebIBaTENbHbIE OTPSIbI U IIOCHIIACT HX B Pa3HbIE CTOPOHBI HABCTpeuy NpoTHBHUKY. Kopabip
HMMECT KHITb (KOHCEPBATHRHAS CITY:KOa) M OTJICIBHO PYib (OMEpaTUBHAS), CAMOJICT—ITOCTOSHHBIC
IUIOCKOCTH U 3JIEPOHBL; PaKeTa—CTaOUIM3aTOPb] U PYIIH.

B3aMMoOTHOLLIEeHUA CUCTEMbI CO Cpenou

Juddepennmanus cucteMbl Ha TOCTOSHHYK) W ONEPAaTHBHYIO TAMATh CO3/a€T CTPYKTYPY
“crabunbHoro syypa” v “nabwibHOM 00010uKM” B HH(OPMAIMOHHBIX B3aUMOOTHOIIEHHSIX
cHcTeMBI co cpenoil (Pue. B.2). Takas cTpykTypa 3allMIIaeT KOHCEPBATHBHYIO MOJACUCTEMY OT
abTEPHATHBHBIX (AaKTOPOB CPE/Ibl, HAPUMEDP OT HU3KHX M BHICOKHX TEMIIEpaTyp.

TToTox HHGOpMAIHH
Puc. B.2

[To ocu “cucrema-cpena” cucrema
paznensercs Ha “cTa0HIbHOE A7po” Cpena
u “TabuibHyI0 060M0uKy”

DpoHT cpemml
Koncepeamenaa OnepameHas

Bce 3BomonHOHHEIE HOBAIMH MOSABIAIOTCS CHAYaNA B ONEPATUBHOMH MOJCHCTEME, MPOXOAT TaM
IIPOBEPKY, MOCJE Yero (CIycTs MHOIO IIOKOJEHHUIT), 0TOOpaHHbIE [I0IIaJAI0T B KOHCEPBATHBHYIO
MOJICHCTEMY. DBOJIIOLIHS ONEPATHBHOW T0JICHCTEMbI HAYMHAETCA M KOHYAETCs paHblie, 4em
KOHcepBaTUBHOI. 1109TOMY 110 XPOHOJIOTMUYECKOH OCH MX MOXHO PaccMaTpHBaTh Kak “‘aBaHrapa’
u “apweprap’’ (Puc. B.3).
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KoHcepeameHadA OnepatueHas
Puc.B.3 IToToK HHdOpMaTHH
[To ocu BpeMEHH OMEPATUBHYIO Cpena
HIOJCHCTEMY MOKHO PaCCMATPHBATE
KaK “‘aBaHrapji’ 1o CpaBHEHHIO C
KOHCEPBAaTHBHOH.

IpOIIIoE HaCcTO e O6voymee Bpems

Takoe pa3zgencHue H cHenHanu3alus MOACUCTEM IO AlNbTEpHATHBHBLIM 3a/adaM COXPAHCHHS U
HM3MEHEHH 00eCIIeYHBACT ONITHMAIBHBIC YCIOBHS AJIsl PEAIH3AIMH OCHOBHOIO METO/A BOJIIOLHH
JKMBBIX CHCTEM—B M3BECTHOM CMbIcie MeTona rpod u ommudok. C cocpenoroueHrem npod B
OINEpPaTUBHON MaMsATH TaM JKe JIOKAIHU3YIOTCA M OUIHOKW M HAxXOJKH. DTO JIaeT BO3MOXKHOCTh
cucreMe Hpo0oBaTh Pa3INYHbIC BAPUAHTHI PELICHHS JIBOJIILHOHHBLIX 3a4a4 0e3 pHCKa
3aKpenJieHns Hey/IaYHbIX pelleHui.

YUrobsl HOBasg HJKomOrMueckas HMHGOpMAIMs TONafana B ONEPATHBHYIO —TOJCHCTEMY,
(penoTunuueckas jucrepcus  e€  ANEMEHTOB  JIOJDKHA ObITh  IIMPE, HYeM  DIEMEHTOB
KOHCEpBAaTUBHOM IIOJCUCTEMBI, TOrJA HX IPHUCIIOCOOIEHHOCTh OyieT Huke, a Kod(duiueHr
oTOopa BhILIIE, YEM NocaeTHUX. [ 3Toro, Y HUX A0MKHA OBITh YK€ HOpMa pPeakIiiH.

YTOBLI HOBA A DKOJIOT'MYECKA SI UHOOPMALIM A [TOITATAJIA
B OIIEPATUBHYIO [IOJICUCTEMY, @EHOTUIIMYECKA S IUCIIEPCHA
EE DJIEMEHTOB JJOJDKHA BbITb LLIMPE, A HOPMA PEAKILIUUA YVKE,
YEM DJIEMEHTOB KOHCEPBATHBHOM ITOJICUCTEMBI.

Js addexrusHol nepenaun uudopmaumuu Mexay noxcucremamu ( OI1 — K11 ), anemeHTSH
OIepaTHBHOH MOJCHUCTEMBI TAKIKE JT0JDKHBI MMETh OoJiee ITHPOKOE “cedeHHE KaHana' CBSI3H, MeM
ANIEMEHTBI KOHCEPBATHBHOIMM.

Mpumepbl GuMHapHO-CONpPXXEeHHbIX NoOACUCTEM

JHK—o6enku. PaccMmaTtpiBas HYKIEONMpOTeHI Kak cucreMy, ¢ noacucremamu JJHK u Genok,
MOxHO BHIeTh, 4To JIHK Oonee crabuisna. O Oosbiueit nabuiibHOCTH OEJIKOR 110 CPaBHEHHIO C
JHK ropopsaTr Temneparypsl HX NEHATYpaLUUH, KOTOpble y OCJIKOB 3HAYUTENBHO HIDKE, YeM Y
JHK. Cumbicn mudepennnanni—oKpyxKHTh 0oliee YCTOHYHBBIE K (PaKTOpaM cpe/ibl MONEKYIhI
JIHK wmenee ycroiumBeiMu Oenkamu. Hanpumep, ecnu temneparypa nenarypamun JIHK
npumepHo 65°C, a Genkop—okoino 45°C, 1o Bupyc, npeacrasistoumii coboit JJHK B Genkosoit
obosouke, aeHarypupyer npu 45°C, To ecTh Onaromaps CONPSHKEHHOMY C Hell Oelky
ueuayserButensHas K 45°C JJHK cTaHOBATCS UyBCTBHUTCIBHOW. 3HAUMT, OENOK SBISETCS
uH(popmaionHeM  nocpenaukoM  Meskay JIHK wu cpenoii, crocobueM  “npemynpeanTs”
3abnaroBpeMeHHo 0 HacTyruieHuu skapel. Jpyrue Oenku nozpossitor JIHK “omryniars™ xonos,

TpeTbu—"BHIETH , “‘CIIBILIATL U TAKHMM 00pa3oM “y3HaBaTh’ 00 OIACHOCTSAX CPelbl.

Mopdonoruueckoe CTPOSHHE U3BECTHBIX HYKJICOITPOTECHIOB BUPYCOB TAKIKE TOBOPHUT O TOM, UTO
JHK (unu PHK y HeKOTOpBIX BHPYCOB) B HHX MPEACTABISET “aapo”, a Oelnku— ‘000M0uKy”.
[losroMy co cpemoil mpexie BCEro B3aUMOJACHCTBYIOT O€NIKM U HOTOK WH(OpMALMH OKEH
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ObITh cpena < 6enok — JIHK. Ilentpobexusiit motox unpopmarmu, JJTHK — Oernok, xopormo
H3yyeH. OTO MOTOK HH(POPMALMH, OCYLUECTBI/LIIOUMA CHHTE3 OEIKOB U  OpeesIsrolMil
noBeicHHe cucTeMbl. CylnecTBOBaHHe 00paTHOTO TOTOKa MH(pOpManuM: cpeaa — Oenok —
JIHK, u B yactHocTu 3BeHa Genox — JIHK, monroe Bpemst BooOie otpunanock. OmaHAKO
CYILECTBYIOT (haKThl, KOTOPbIE TPYIHO OOBACHUTD, HE AOIYCTHB HATUUHs IIEpeHoca HHpOpMAaLK
or OenkoB k JJHK. K HUM MOHO OTHECTH IPEXIIE BCETO SIBJIEHUA, CBS3aHHbIE ¢ 00pa3oBaHuEM
aNanTUBHEIX (QEPMCHTOB H AaHTHTEII.

Sinpo—umromiazma. Ha Kiero4HOM ypoOBHE OpraHH3allie OpocaeTcs B IViasa MPEwIe BCero
mupdepeHnuanusg Ha 4apo U HUTOILIa3My. Mopdosorus KIEToK JeaaeT J0BONBHO OYEBU/IHBIMU
COOTHOIICHHA MEKIY SIPOM, MHTOMNIA3MOit M CpPeroi, Kak B CMBICIC TIOCIETOBATENLHOCTH
nonaganua HMHbopManMK (cpena — IUTOMIa3Ma — A7po), TaK M B CMBICIE OONBIIEro
pazHooOpa3us MUTOMIA3M (KJIETKH pasHbIX TKaHeH) W ofHooOpasus aiaep. Sapa moboi kineTkn
OpPraHu3Ma COJIEPKAT BCKO IEHETHYECKYH) MH(OPMALHIO (IIOCTOSHHAS [AMsITh), B TO BPEMs Kak
LIMTOILIa3Ma JAHHOI'O COpPTa KJIETOK ONpelesseT UX CHeldaIn3aluio (OepaTUBHas NaMaTh), TO
€CTh, KaKyI0 YacTh TCHETHUCCKOH HHGOPMAITH U3BIICUb U3 SIpa B KAYKIOM OTICIBEHOM CITydac.

Famerbl—coMaTHyecKkne KJIeTKH. Ha Opranu3MeHHOM YpOBHE OPraHM3alliH HJIEeMEHTaMu
ABIAtOTCA KieTku. KieTku opraHuaMa [enaTcs Ha TralUlOMIHble (raMersl) M JAUILIOHIHbIE
(comaruueckue). Ilpexne Bcero oOpamaer Ha cebOs BHMMaHue OoblIoe pasHoOOpasue
(Mopdonornueckoe U (PH3MOTOTHYECKOE) COMATHUECKUX KIJICTOK MO CPABHCHHUIO ¢ OTHOOOpa3HeM
ramer. OueBu/IHA TAKKE WX CHEUATH3AIMA B OCYLIECTBICHMH 33/1a4 HACIAEICTBEHHOCTH U
H3MEHUYMBOCTH. ['ameTsl NpeNCTaB/IA0T KOHCEPBATUBHYIO TCHACHIIUIO, & COMATUYECKUE KIIETKH,
Hao0OopOT, TEHAECHLIMIO H3MeHUHBOCTH. [loToku HHpOpMaLUK OT cpeibl B TeUEHUE BCEH JKH3HU
BOCMPMHUMAIOT COMAaTHYECKHE KIETKH (OpPraHu3Mbl PAacTyT, Pa3BHBAIOTCA, CTAPEIOT), U TOIBKO
rocrne nepepaboTKH B OMEPaTUBHON MaMATH CyMMapHas 3a KM3Hb, HTOrOBas HH(OpMaIs MOXKeT
[ONAcTh B IIOCTOSHHYK IIaMATh, B rameTel (B ¢opMe NIMMHMHAIMY, NUCKPUMMHAIMU HIH
IPUBUIIETUH JJaHHOH 0co0u WIH B hopMe Nepeiaul KAKUX-TH00 MyTareHHbIX BIMAHUI).

Kencknii—myxckoil nos. Pasgenenne nmonynsainmy Ha KEHCKHE M MYXKCKOH TMon moapodHO
MPOAHATM3IMPOBAHO B 28omoyuonnon meopuu noia (leomaksn, 1989, 1991, 2000; Ieopaksu C.
B., 2012). Cormacio Tteopuu, uddepeHuuanys OJI0B  3T0  dKOHOMHas  (opma
HMH(POPMALIMOHHOIO KOHTAKTa IOMY/ALMKM CO CPEloi, MO3BOJOLIai, Onarogaps JUXPOHHOH
9BOJIIOLIMY, BCE HOBBIE NPHU3HAKU IIPOBEPATH Y MYKCKOIO I10Ja, NPEKIE 4eM IEepelaBaTb UX
JKCHCKOMY.

Tun raMeTHOCTM ¥ non

B cBs3u ¢ nosioM KOH(UIMKT 110 KOHCEPBATUBHONM M ONEPATHMBHOH TEHICHLMAM 3BOJIIOLMH
BO3HMKAJ HA KJIETOYHOM YPOBHE IO KpaifHel Mepe nBakaibl lepsblii pa3, koraa cyiecTsopana
w302aMusi HA YPOBHE KIETOK, BO3HUKIM KOH(IMKTHHIE TpeOOBaHHS K HX pazMmepam. B
OMEPATHBHYI TEHIEHIMK BXOIWIA 33Jada HAWTH Opyryro KIeTKy. 1 3Toro HeoOXOIHMBI
MOJIBMYKHOCTE W Malble pa3Mephl. B KOHCEpBATHBHYO TEHJIEHIIMIO BXOJMIIH 3a/1a4H COXPaHEHHs
oOpas3oBaBLIeiicsa 3UIOThl, 0OECIICUEHUs. €€ MaTepHalbHBIMU K SHEPreTHYECKHMH pPecypcaMu U
3aIIUTHOH 000NOYKOM, UTO CBA3aHO ¢ GONBIIMMHK pasMepaMi. B pesynbrate paszpemieHHs 3Toro
KOH(IMKTa MNOSBUJIOCH pasleleHHe raMeT N0 pa3Mepy U IOJABIKHOCTH Ha sliyeriemku W
cnepmamo3zouodwt (Parker et al., 1972).

Bropas nunevma BozHuKIa Ipu auddepeHunanuu no tuiy eavemuocmu. Heobxomumo ObU10
HUMETh BO3MOKHOCTB TPOOOBATE PELECCHBHBIE TEHBI MPEXK/E, YEM JIaTh UM 3aKpPEMUThCA. DTO
MOKHO ObUIO JIeNlaTh ¥ ayToCOM B I'OMO3MIOTHOM COCTOSIHWM (2a), @ Y FOHOCOM INPaKTHYECKH
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TOJIBKO B MX T'€MH3HIOTHOM COCTOSSHMM B rereporamMerHoM Habope (XY). Dto onepartuBHas
TeHaeHuus. ['eTepo3suroTHas KOMOMHALMS FEHOB B ayTocoMax M B roMoramerHoM Habope (XX),
MPU KOTOPOH yIIEpOHBIH PElECCHBHBIN TE€H HE MPOSABIAETCH, PEATM3YET KOHCEPBATHBHYIO
TEHJIEHLIUIO.

ITonsiTe mona ceaA3ano ¢ neproi AnddepeHnmanyeit mo paMepy, To €CTh K MYKCKOMY TOJIY
MBI OTHOCHM 0C00el, KOTOpPhIe MPOUBOAAT MeJIKHe MOABIKHLIE TAMeThl, 2 K JKeHCKOMY—
TexX, KOTOpble NMPOM3BOAAT KpynHble. B mnporecce 3Bomrornuu y GONBIIMHCTBA BHIOB 00€
OIEpPaTHUBHBIE TTOJICHCTEMBI (Malble raMeThl H reTeporamMeTHas KOHCTUTYIMS XY) OKa3aiuch y
MY)KCKOI'0 II0J1a, @ 00€ KOHCEpBAaTHBHbIE IOJCUCTEMbI (KPYIHBIE aMeTbl M T'OMOIaMETHas
KOHCTHTYLUsL XX )—Y 5K€HCKOro. JTO BHJIbl ¢ TaMETHOCTBIO TUNa Drosophila (Tabn. B.2).

OnHAKO B 9BOJIOIHM HEKOTOPBIX BHOBR HAMPABICHUS 3THX JIBYX AuD(depeHIMAIii He COBMAIH.
VY KEHCKOro Moia OKa3alluCh KOHCEPBATHBHBIE SHIEKIETKH B COYETAHHH C ONEPATHBHON
FETePOraMEeTHOCTEIO, a Y  MY/KCKOTO—COUETaHME OMNEpPaTHBHBIX  CMEPMATO30H/I0B €
KOHCEPBATUBHOW NOMOIAMETHOCTHI0. ITO BH/IBI C FTAMETHOCTHIO Tuna Abraxas. CienoBaTenbHo, ¢
TOYKM 3pEHMs U3JIOKEHHBIX [PEJACTABICHHIH, cucreMa ramerHoctd tuna Drosophila
MOCIeIOBATENIbHA, & CHCTEMa THMa Abraxas—poTHBOPEUHBA. DTHM, BO3MOKHO, 00BIACHICTCS
ToT (hakt, uro BUIOB THIA Drosophila necpaBuenno Gonbiiie, yeM Tuna Abraxas, eCliH CHUTATS,
YTO BBIOOP THINA TMPOHCXOMMII YHCTO caydalHO (He3aBMCHMO OT moma). PunmoreHeTHHeCKHi
aHa/u3, NPOBEAEHHBIA Y JIATYLIEK TOBOPHT O TOM, YTO Iepexol oT cucrembl ZW k XY
IpoxcxoauT dame, yeM ooparusii (Hillis, Green, 1990).

Ta6bn. b.2 Myxckasa M XXeHCKana retreporametHocTtb (FeopakaH, 1983 6).

Vpogess I'eTeporaMeTHOCTE
OpraHnIalEN My&cKas enckan
-, ‘..I
OpraHfa3MeHHbIH .
Ry vmah, L=
Knetoussni CnepMuH SHNeKTeTKH SfmexneTEH
XpoMOCOMHEIR XY XX XX XY

B xone passutus oOpraHusMa  ONpEAC/ICHHE II0JIa MOKET IIPOUCXOAUTb B MOMEHT
OIJIONIOTROPEHUS (TEHHBIIT YPOBEHE), a TaKXKe KOHTPOIMPOBATHCS BHYTPEHHHUMH (TOPMOHBI)
WM BHeHUMH (akropamu. [1oa 3UroTHL ONpeieNsioT NPH 3a4aTHH TI0JIOBBIE XPOMOCOMBI
(Puc. B.4). Y muekonuTaromux 6a30Belii nom, romorameTHeii (XX)—xenckuit. [Iponssoansit
nos, rereporamerHbid (XY)—mymcekoil. OH 3amyckaercs Y-XpOMOCOMOH, IpeBpalljatoriiei
“Oecrosible” 3ayaTKM TOHAJL SMOpPHOHA B CEMEHHMKHU, Npoaylupyronme anaporensl. [lpu
OTCYTCTBHM Y-XpPOMOCOMBI, T€ € TKaHH IPEBPAILAIOTCd B SHUYHHMKH, [POLYLIMPYIOLIUE
ICTPOrEHBL.

Y nrui, 6a3zoBblit noy Toxke romorameTHblt (Z7), HoO—Myxckoil. [IpousBonHbId 1o,
rereporaMeTHblil (ZW)—xeHckuil. OH 3amyckaercst W-XpoMOCOMOH, IIpeBpallatoied 3a4aTku
TOHA/ B AUYHHKH, MPOIYLHHPYIONHE dcTporeHsl. I1pu otcyrcTBUM W-XpOMOCOMBI, T€ € TKaHH
[IPEBPaLAIOTCS. B CEMEHHMKH, NPOLYLMpPYIOLIHEe aHaporeHsl. Kak y MieKkonurarolux, Tak 1 y
MTHI] MYXCKOW Ton  sBIAeTcd  “CpPelOBBIM”, a IKEHCKHH—'‘CHCTEMHBIM~, TONBKO Y
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MJIEKOIUTAOIUX AHJPOreHbl YIAIAKT CaMIOB OT CaMOK K Cpele, a Yy ITHI— 3CTPOIeHBI
YAAIAIOT CaMOK OT caMLOB U 0T cpelpbl. CienoBaTenbHo, 101 6onee (yHIaMeHTalIbHOE SBJICHUE,
yeM raMEeTHOCTb, U IIOJIOBOH TUMOpPGhH3M, KaK CHCTEMHO-CPEOBOH BEKTOP, CO3AA0T ICTPOTEHBI U
aH/IPOTrEHBbI.

1
OTHII bI

ole weevemil B & e
|
s ¥ i 3¢
ZW npouseonHeii npn 0OazoBHIH ZZ
- - '« s
o, -3 —
=] i@ o
s PII ! =
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- 1 i =
o) AH ----m-- -

- i @
% XX 0azoBmI ntjn NP OM3BOTHELH a
1
BF st s i oo S R I s T o e s Gt o o -
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Puc. 6.4 Bo3uuknosenue pazaensHononsx (PII) ¢opm u3 6ecrionsix (BII) u
repmadporutheix (I'P®) B hunorenese MICKOMUTAIONTUX U TITHII.
3¢ — ICTPOreHsl; AH — aHIPOTEHEI.

XpoMOCOMBI  OTPEACNIAIOT MON  3UTOTHI  TONBKO HA YPOBHE TCHOB, €€ TOMO- HIH
rereporamerHocTh: XX wm XY. A peanuzanuio Ioja B OHTOI€He3e, TO €CTh (DeHOTUIHUECKHI
I0J1, OCYLIECTBJLAIOT YKE I10JIOBbIE 'OPMOHBI, [TOJIYYUB OT IeHOB dcradery. To ecTh reHHbId
[OJ—HCKPeTHbIH (MeXN0/10BOH JMMOP(U3M), a TOPMOHAIBHBIH 110J—HeNpepbIBHbIH (MeX-
¥ BHYTPHITOTOBOH MOJIHMOPGHH3M).

Acnmmerpus mo3sra. [ToapoGuee cmotpu (Teopaxsy, 1980; 1992; 1993; I'eopakan C.B., 2014).

Oomecreo (mpagum—iesum). Juddepenimanus obecTsa Ha npaBiiei 1 JeBIel co3naer
JIBa MOBEJEHYECKUX peHMa (IICHXHKM): KOHCEPBATHBHBIN DPEAUM IPaBIIECTBa—IICHXOIOIH
COXpaHEHHs (aHAIOI JKEHCKOIO 11071a), H ONEpPAaTHBHBINA PeXHM JieBllecTBa—pedopmaTopekas
IICUXOJIOTHsS. W3MEHEHHMs, IIOMCKAa HOBOTO, (aHamor Myckoro nomna). Ilepeele MaxkcHManbHO
IIpUCIIOCOOIEHB! K ONTHMaNbLHOH (cTaOMiIbHOM) cpele, BTopble—K 3kcTpeManbHoi. [TonpoOuee
cmotpu ([eonaksan, 2003; 2005; I'eonakan C.B., 2014).

# * *

CornpsKeHHBIE 11aphl IIOACHCTEM HE UCUEPIBIBAIOTCS TOJIBKO PUBEIEHHBIMU CTPYKTYpaMu. Yike
ceifyac MOXXHO TIPUBECTH (MM BO3MOXKHO, 9TO OYAYT OTKPBITHI B Oyayliem) H Jpyrue
CaMOBOCITPOM3BO/ISIIMECST CHCTEMBI, MMOCTPOSHHBIE aHANOIHYHBIM 00pasoMm. Mewy napaMmu
Oaxrepus—ipar, reH—IpU3HAK H JPYTUMH CYLIECTBYIOT, BUIUMO, BO MHOIMX OTHOLICHHSX TaKHE
K€ B3aUMOOTHOIIICHHUA.
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JuddepeHimarnms  Ha  CONPSKEHHBIE  MOJCHCTEMBI  HMEET MECTO HE  TOJIbKO B
CAMOBOCIIPOM3BO/LIMXCS CTPYKTYPaX, HO TAKXKE BO MHOTMX OMOJIOMMYECKHX padOuMX CHCTEMAax
U BoOOIIC BO BCEX DBOMIOIMOHHPYIONINX, CICHANMX cHCTeMax. Hampumep, Takue
OMOJIOrHUecKHe CHCTeMBI, Kak KoepMeHT—anodepMeHT, aHTHI€H—aHTHTENO, [PaBOe—IIeBOE
HOJIYIIApH M IOAKOPKa—KOpa TIOJOBHOIO MO3ra, CHMIATHYECKas—I1apacHMIIaTHYeCKas
BEreTaTHBHAA HEPBHAs CHCTEMA U IpyrHe 00nalaloT YepTaMy, XapaKTepHBIMU 1711 [IOCTOSIHHOM U
OMepaTHBHON MaMaTH. MOKHO OYMaTh, YTO A7 BCEX HBOJIOLHOHHPYIOUIMX CHCTEM, TECHO
CBSI3AHHBIX CO cpesoi, Takad au(pepeHIHaIys MOBLINIAET YCTOHYMBOCTE M CIIOCOOCTRYET HX
JanpHEHIIEH SBOIFOLHH.
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Ta6n. 8.1 Crpyxkrypa nonoBoro gumopcduama, xapakrepuctuku cpopm
(FeopaksaH, 2000).

XapakrepucTuka HonoBoi#t numopduszm (IIH)
o dopme 1] PenponykruBHBIH DB0oJg0uuoHHB iOIN
(PILI)
To ¢aze DI1]] MonupurAHOHHbII
(MI11) .
Ce/leKIIHOHHbIFH
(CIa
Mo ocHoBe ®enorunuyeckuii (OI1]1) I'enorunnyecknii (F'TIT)
(onpenenstor) (oO1He reHsl, pa3Hble FTOPMOHEI) (pa3Hble T€HBI M TOPMOHBI)

Jlokanu3aius reHHoi
OCHOBBI (OOIIIHOCTB)

Mosxker OBITE 1O
TIPU3HAKAM
(npuMephI)

Pesynbrar umsMeHeHust
(MexaHu3M)

Panr (oTHOIIEHNS).

3aBUCHMOCTD

Bpemst
CYIIECTBOBAHHUSA

Lemb, HazHaueHwue,
ynKms

AyTocoMHas
(061mas s My»KCKOTO M SKeHCKOTO 110J1a)

MOJIOBBIM, PENPOIYKTHB-
HBIM, CTAOHIBHEIM
(ramer, ronar,
TEHUTAIHI, MOTOYHBIX
xKenes)

MYKCKOro 1 A KCHCKOIro

1oJna B
sMOpHoreHese

(andpepenumarpm)

KoncturytupHsIit
(nepBUYHbIH)

HE3aBHCHMBIH

MHOCTOSIHHBIH B
(unorenese

CO3IdTh JBa I10JIa

JIFOOBIM aJIalITHBHBIM
(TOMLIMHBI KHPOBOTO CJIOS,
TYCTOTBI LLICPCTH,
00y4aeMOCTH U 1Ip.

JKEHCKOTO MOJId B OHTOTEHE3e
(MomubuKarmm)

TIPOMEKYTOYHBIH,
(BTOpHYHBIIT).

3apucut o1 PI1J]

BO3HHKACT B KaKI10M
OHTOI¢HE3C

yOpaTk JKeHCKHIA 1o
W3 30H 0TOOpa

lonocomuas
(pasHas i My»KCKOTO
M )KEHCKOI0 T0J1a)

JIHOOBIM
IBOMIOLMOHHPYOIIIM
(pa3mMepoB, IPOTIOPILIHIL,
KOJTMYECTBEHHBIX
MPH3HAKOB)

MYXKCKOro mmona B

tunorenese
(3numMuHaIMH, 0TOOpA)

DakynbTaTHBHBIN
(TpeTH4HBbIH)
zapucut ot PITJI, MI1]]

(paza sBomOLIMK MPU3HAKA B
(hunorenese

00ecTIeYnTh JHXPOHHYIO
IBOJIOLIMIO MYKCKOIO TI0J1a
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Tabn. 9.1 HacnegosaHMe HOBbIX NPU3HAKOB PEeUMUNPoKHbIMK rMbpugamm
(FeopaksaH, 1979).

Hexonmsie [psmvoe Ob6patHoe Hexonmsie
l'IOpO,IlBI CKpEL[II/[BaHHe CerLLIHBaHPIe l'lOpO,I[b[
[Mpusnax i o ” 5 r ABT
P Oreir- 3Haue: Orer- 3Haue Oren- 3Haue Orerr- 3naue
HHE TIpU- HHE TIPH- HHE TIPH- HHE TPU-
MaThb MaThb MaThb MaThb
3HaAKa 3HAKa 3HaAKa 3HaAKa
Kyps
Wuernekr | gp_ g ~0 Jd-xk 37 K-n 88 K-k ~100 0.45 (1]
HaCHXKH-
Barms, % Jd-a ~0 d-a 17 A-n 55 A-a ~100 038 | [2]
) ~0 Jd-n 37 H-n 85 H-u ~100 0.50 [3
Cropocrie- | jj — g, — d-a 181 A-n 191 A, —a, — — (2]
JIOCTb 3
nowepedi, | =1 — J-u 189.5 H-n 2314 | Hy—n, — — (3]
A P.—p. | 2227 | P.—p. | 2179 P, pe 2448 P,—p. | 2690 059 | [4]
Afiueroc- | jp_p 212 J- 214 P-n 201 P-p 172 032 | 13
KOCTb, q-n 200 Ja- 230 P-n 202 P-p 210 28
wr JdA-a 194 d-a 232 A-1 187 A-a 152 1.07
—-n 170 —10 173 10-n 168 1010 124 0.11
P— 178 P—u 199 I-p 188 M-n 154 0.46
h) 185 -p 258 P-n 233 P-p 163 1.14 | [6]
JdA-n 167.6 a 202.1 M-—n 160.1 M—m 152.1 271 (71
Becsm,r | M_y 55.8 M-—n 56.9 d-m 57.2 b 55.5 1.0 (7]
Becw 12 | np | 2433 | M—a | 2277 i 2085 | J-n 1805 | o030 | [
MecC.. T’
CBHHBH
Hucio M—m | 2835 | WI-6 | 2811 B-w 27.26 B-6 27.18 072 | I8
TO3BOHKOB | If—yy | 28.93 m-s 28.86 B-—w 27.97 B-6 27.74 074 | [

[Iponomkenue Ha creayIOLIEH CTpaHHLIE
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OxoHuaHue Tabn. 9.1
Hexopmsie IMpsmoe ObpatHoe Hexonusie
TOPO/TBI CKpeIIHBAHNEC CKpEIITHBAHHE TIOPO/IBI
[Tpuznak L . 4 ;. T ABT
P Ot 3Haue et 3naue et 3naue it 3uaue
HHC MPH- HHC TIpH- HHE TIPH- HHC TPH-
MATh MaThb MaTh MaThb
3HAKA 3HAKA 3HAKA 3HaKa
Kpynuslit poratsiii ckoT

Yot —r 6417 | 5808 I-r 5588 I-n 3582 | 007 | [6]
MOJIOKA
3 roj, KT r-r 6417 —-K 6725 K-r 6352 K-k 5481 0.39

K-k 5481 K-n 5659 -k 5223 O—n 3582 0.23
% sKkHpa N-n 5.55 ) g 4.61 4.88 T-r 3.50 0.13 | [6]

d-n 5.55 P 3 4.78 | 5.08 K-k 3.94 -0.19

K-k 3.94 K-r 393 -x 3.95 -r 3.50 -0.05
Komauecrso | p_p 224.6 - 282.6 -t 254.6 ) 198.8 108 | [6]
JKHPA 33 L0,
KT -r -K 2644 K-r 249.0 K-x 216.0 .79

K-k 216.0 K-n 2713 -k 265.4 O—n 198.8 0.34

[Mpumeaannst. [Topoas! kyp: JI—nerropn, K—wxoprmm, A—asctpanopn, H—maroiis, M—MockoBckas,
P—pog-aitnenn, FO—upro-remmmmp, [I—mmumytpoxk, JI., P—ckopocnensie, A, H,
P, —mno3auecnensie.

[Moponas! ceuneit: [1I—meeackuit mannpac, b—xpynnas 6enas. [Topons! kopor: [—ronmTHHCKas,

J—mxepceiickas, K—xpacnas gatckas. [Tponucroit Oykeoit 0603HaueH 0OTell, CTPOYHOH—MaTh.

YKupubiv mpudToM BEIAETIEHA TOpoa H rudpu ¢ OoJiee 3HAYMMBIM TOJIE3HBIM TTPH3HAKOM.

— - LHuppossie naHHbIe He ITPHBE/ICHBI.
Agtopst: [1] - Roberts, Card, 1933; [2] - Morley, Smith, 1954; [3] - Saeki et al., 1956; [4] - Warren, 1934

[5] - Warren, 1942; [6] - HyOunun, 1967; [7] - [loOpeinuna, 1958; [8] - AcnansH, 1962;
[9] - Anekcannpos, 1966.

L)
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Ta6n. 5.1 BuHapHo conpsxxeHHble guchcpepeHunauun (BCA) - aHanormn
TepMmoguHaMMU4YeCKMX 3apanos — noreHunanoe (Feopakan, 2003,2009).

Yuurapuas cuctema (YC)

bunapno-conpsuxenHas

KOHCEpBﬂTHBHHH

OHepaTHBHaH IIOoJCHCTECMa

(npenkoBas) b depenrmanus (padora) nojcucTeMa (3apsa) (moTeHIHAaIN)
PHK, momumMepst Hykneonporenn, ren JHK benkn
PHK - Bupycst DBomonus Dunorenes Ontorenes
I'en (B opranmsme) JlomuHanTHBIH (A) Peneccusneiii (a)
[en (B nomymsmmm) [etepozurora (Aa) lomozuroTe! (AA, aa)
OIHOKIIETOYHBIC MHOToKIeTOUHBIE Tamersr Coma
Hzoronazel, opran AHU30rOHAIbI SuuHuKH CeMeHHHKH
I'enom Ge3 roHocom Cenom AYTOCOMBI [onocombl
IpokapnoTe, KIeTKa DyKapHOTHI (KJIETKa) HAnpo [uronnazma
H3zoramusi, K1eTka AHnzoramust SlinekreTkn CriepmMaTo30H/1bl
I'enom 6e3 roHocom l'amerHOCTH TComo (XX) [erepo (XY)
MDenotumn = ['enorun HacnencteeHHOCTE, 0CO0OB TenoTun @deHOTHIT
I'epmadponutHas ocobs Pa3nensHOMONEIC Henckue Myxcxue

Iepmadpon. momymsms
Monoramus norysus

[Moromkn repmapoHTOR

Amnnpocrenanon

Bunar. cuMM. opranusMel
Moar 6e3 muddepenr.
Mosr 6e3 mudepentr.
Cum. Mo3r, onoccym

[Momynsiusa, CHMM. OpraHbI

PaznensHo., mOMyIIsIHsT
IManmuxcus
Ilotomxn PI1

Opranusm, HU3HOIOrHs

TpuakcuansHo acuMm.
oprafu3M, Mopdour.

Mosr acumm. Hus — Bepx
Mosr acummM. 3an — nepen
Mosr acumm. [Ipasoe-neBoe

O01LeCcTBO, ACHMM. OpraHbl

JKenckwii mon
TMomurusams
OTuoBCKHE NOTYCHOCHI
3cTporeHst

JleBas cropona Tena
[Moxxopka
3aTRIIOYHBIN OTAET
[Ipagoe nomymapne

Tpanc ocobu, npaBmm

Myxcxoii mon
[Nonuannpus
Marepunckne noycudest
Amnpporesst

IIpaBas cTopona Tena
Kopa

JloGHelit otaen

Jleroe nonymapue

[uc ocobu, neBim



NMpunoxenue I':
HeonybnukosaHHble paborbl

outu 10 camoit cmeptu (9 nexabps 2012 r.) B.A. Teopaksan npomomkan paboTarh,
MOITOMY HEKOTOPBIE CTaThH U MX (PparMeHTh! He ObUTH ormyOnHKkoBaHs!. [TpHBoIMM MX
3/IECH B TOM BH/IE KaK OHH OCTATHCh.

I'ETEPO3HUC
B.A. T'eonaxsan

Anrmmiickuii Marematuxk u reHetk P. @umep B 1930 r. mokasam, 4TO pelECCHUBHBIX
MyTanuii  ropazao  onbllle, uYeM JIOMHHAHTHBIX, 4YTO OHHM, KAk TIPaBWIJIO, TIOHHKAIOT
[IPUCIIOCOONIEHHOCTh OpPraHu3Ma, M BBIIBMHY/ TMIIOTE3Y, 4TO M3 BYX ajuleiedl oJHOro reHa,
OoJiee OnaronpusATHBIA /11 W3MEHEHHs BHJA, SBOIIOLMOHHPYET B CTOPOHY IOMHHAHTHOCTH
[1931]. Hox. XonaeliH moanepikan rumnore3y o0 3Bomonuy JoMuHaHTHOCTH [1935]. B 1936 1.
amepukanckue renetuku Jlx. Illenn m E. Mcr oObACHHIM sABIEHME TETEPO3HCA TEM, HTO Y
rHOpHI0B ONMM3KHX (OpM cyMMHpYIOTCs (p(erThl UX JOMHHAHTHBIX TeHoe [1936]. Ilozxe
A.C. CepebpoBekuii 1, He3aBUCUMO 0T Hero, J1. /1. PoMallioB coeAHHWIM 3TH TUIIOTES3b U IIPUIILIIH
K BBIBOZY, O IOMHHAHTHOCTH Oo/iee I03[IHMX B HBOJIOLMU [IPU3HAKOB 10 CPaBHEHHIO ¢ Dollee
panHumu [1970]. Ecnu cumMrtaTh, 4TO KOHLEHIMA—CHCTEMAa THIIOTE3, TO 3TO YIKE HOBAs
KoHremus. Takas CBs3b, @ TAKKE CBA3ZH MEKIY SBICHUAMH (DHII0-OHTOTCHE3a, MYTHPOBAHHS W
JIOMHHUPOBaHHS OBUTH BCKPBITHI B 9KCIIEPUMEHTAX 10 HACTICIOBAHIIO OKPacKH 1BETKOB. TpakTys
PELIECCHBHBIE MYyTallMM B TOMO3HIOTHOM COCTOSIHMHM (aa), KaK OCTaHOBKH pa3BUTHs IIPU3HAKA Ha
panHel cTaguu  ero (OPMHUpPOBAHMSA, TEM CaMblM, BBIABIAIONME PE3YIbTATHl JciicTBHA
IIPEeIIECTBYIONMX TeHOB, a Oosee peaxue, JOMHMHAHTHBIE MyTauuHu (A)—Kak 100aBlIeHUS K
CYIIECTBYIONIEH 1EMH pa3BHTHA HOROTO 3BEHA, OLLIO MOKA3aHO, YTO B OHTOTEHE3¢e JICHCTRHTENBEHO
JOMHHHPYHOT Oouiee mpoBUHYThIE B (huiioreHese npusHaku [1980,1984]. 310 MOXKHO HOHATH U3
Oosiee 00X cooOpakeHMH. B mpoliecce NMporpeccHMBHOH 3BOMIOLMU 00beM TIEHETHUECKOH
HH(popMaLMU HeYKIOHHO poc. Eciu npu onoJoTBopeHuH, 00pa3oBaHUu HOpHIHON MONIEKYIbL
JHK, or oTHa M Marepd Y4acTBYIOT MOJEKY/Ibl Pa3HOW JUIMHBL, TO JUII HOBOH MONEKYIIBI
BO3MOXHBI JiBa BapuaHTa: b0 oHa Oyaer uMeTh JUIMHY Oosiee KOPOTKOM 1ENoYkd (TO ecTh
HeTlapHble 3BEHbs HE IOCTPauBarOTCs), 1M00—00I1ee IIMHHOM (locTpauBaroTces). O4EBHIHO, YTO
B IIEPBOM CIIy4ae ITOJIC3HbIC IBOJIOIMOHHEIE MPHOOPETEHH HE HMEIOT LIAHCOB BBDKHMTH, TOTIA
Kak BTOpOH, Hao0OpOT, CIOCOOCTBYET IIpOrpeccy, Tak Kak JOMHHHMPYET 3BOMIOLHOHHO Oolee
npoaBuHyTas hopma. OTHAKO 3TOT BBIBOJI CHPABE/IMB TOIBLKO I MPOTPECCHBHON IBOMIOINH,
KOI'/1a MOsIBJIETCS HOBBIN NMpU3HAaK (OoJiee JTTMHHAS MOJIEKYJIa), a /U1l PErPecCHBHOM, NPH yTpare
[IpU3HaKa, UIMHHEe OyleT MojeKylda cTapoil ¢opMbl. DTO 3HAYWT, YTO BCEraa JOMHUHHMPYET
thopma, obnanaromas Goneleil wHpopManueil. Beas oTcyTeTByromas MHGOpPMAINA HE MOMKET
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JIOMMHHPOBATh HaJl HipHcyTcTRYrOEH, ClieoBaTelibHO, JIOMHHAHTHOCT ONPEASISAETCS, TIPEK/IS
BCEr0, KOJIMYECTBOM HH(POPMALIUHL.

W3 rnapHoil naen 3BONIIOLMOHHON TEOPUH I0JIA—IHXPOHHU3MA CIIEAYET, YTO €C/IY HOBad
uHpopmars (I,) y:ke monana K My»KCKOMY TOJTy, HO €Ile He TIonana K KEHCKOMY, HIIH cTapast
unpopmanus (I) yxe yrpaueHa My»KCKHM II0JI0M, HO €Ille OCTarcs y >KEHCKOro, HX CYyMMa U
€CTb  JBOMIOLMOHHBI monoeoi  gumopdusm  (OI1J]). CnemosarensHo — uHbOpMaNus,
cojepxalascs B MymckoM redome: Iy = L, +l,, a B smenckom: L = L+l , rne: [, —o6masn
uH(opmalys, IpUcyTcTBYIoIas B 00enx resomax. Cieqyer OTMETHTD, YTO [IPH CMEILEHUH JBYX
nomynAlmril (pac, THOCOB), o0mas HH(popMalI—ayToCOMHAas—IIEPEMEIINBACTCS MPH MEPROM
K€ CKPEIIMBAHHWH, a HOBasg W CTapas—IIONOBBIX XPOMOCOM—OCTaéTcsi 000COONeHHOH Ha
MPOTSHKEHHH TOJIOBOTO JIMXPOHKU3MA, DTO caMoe MPOCToe OObICHEHHE PEIUIPOKHBIX 3(heKToB.
Benp xnaccuueckas reHeTHka 10 CHX IIOp HE MOXKET OOBSICHMTH 310XainbHyro (8-10 TbIC. 51€T)
3arajgKy MyJa M Jolaka—rmoueMy 00a MOXOKH Ha CBOMX OTHOB. [ToTOMY 4TO NMpH TUXPOHHH
JMBEPreHTHAs HBOJIONMSA JIaCT OTHOBCKHH d5(PdEKT, KOHBEpreHTHas—MAaTCPUHCKUH, a MpH
CHHXPOHHH—HET pEeUUIpoKHbIX 3(dekroe Boodwe. Mx He HowkHO ObITh Takke ecid
pa3nebHOMNOMNAsS MOMY/SIIKsL OY€Hb JIOITO KHUBET B CTAOWIBHOIM cpene. Y Heé He JO0/KHO ObITh
TAKIKE W [0JIOBBIX XPOMOCOM—O/IHH 2yTOCOMBL.

Taxkoe mnpeacTaBlIEHUE JIETKO OOBSCHAET PpasiMuMsi MEKBHIOBBIX, MEXPACOBBIX MM
MEKHAIIMOHANIBHEIX PEMIPOKHBIX TMOPHIOB, CBA3AHHBIE C HANpPaBlIEHWEM CKPEIIMBAaHHS, TaKk
KaK Y PElUNPOKHLIX THOPHIOB OJJMHAKOBA TOMBKO lo, & I; 11 1. oHM nomyyaloT ot pa3ueix hopm.

CornacHo 3BOMIOLMOHHBIM TEOpHAM OHHapHO-conpsukeHHbIX mupdepenmanuii (BCL):
JIHK-6enxu, mona, HOMaJuuecKuX TeHOB, TIOIOBBIX XPOMOCOM, TIOJIOBBIX TOPMOHOB, ACHMMETPHH
OpPraHu3MoB, MO3ra, Telid, JIEBIIECTBA-NPABIIECTBA—BCE OHM HM30MOP(HBI, TO €CTh HMMEIT
onuHakoByto KII-OIl npupoay ¥ JUXPOHHYIO 3BOJIOLMIO, COCTOALIYHO H3 4-X OJMHAKOBBIX
CTanuil: CTAOMIBHYIO TNPH CHMMETPUYHOM OTCYTCTBMM Tpu3Haka ((hyHKImMil), SBOMIOIMH
(acuMMeTpuM) NOABIEHUS IIPU3HAKA, CTA0WIBHYIO IIPH CHMMETPUYHOM IIPHUCYTCTBUH IIPH3HAKa,
IBOITIOIMH (ACMMMETPHH) YTPAThI MPU3HAKA,

[eteposuc AOMKEH OTpaXkKaTh OOUIYI0 TEHACHIMIO IBOMIONMH BHA, K KOTOPOMY OTHOCSTCH,
CKpelliBaeMbie (hOPMBI.

ManuuoBckuii A. A. HesapeplueHHbIe HIeH HEKOTOPbIX COBETCKHX MeHETHKOB. Ipupoda, 1970,
Ne2, . 79-83.
bopoun [1. M., [lionep JI., bensies [1. K. (1976) 'eneruxa, 1. 12, Ne 12, ¢. 62.
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T'OMO-TETEPO3UI'OTHOCTSB U TPEXIIOJIASA PA3JIEJIBHOIIOJIOCTD
B.A T'eonaksu

1. I'oMo3urora—reH 3BOMIOLMOHHO CTA0WIbHBIA (CHMMETPHUHBIH); rerepo3urora—IeH Ha
IBOMIOLHOHHOM Mapiie (acMMMETPHYHBIIA). 3HaunT CKOpOCThb 3BOIIOLHU
Menkue 53 > Q Q> Kpymnsie 44, DBOIIOIMOHUPYIOT MEIKHE camilbl!

2. Tpu nona, tpu mumopdusma: 29 — Kpymusie 3, 29 —Menkue 3¢, Kpymusie 4& —
Menkue 43,

3. I'eTepo3UroTHOCTD, HOPMA PEAKIIMH, CKOPOCTh 3BOMIOIHHY; aa X AA = 2aA; aa, AA — 1 Genoxk,
aA —2 6enxa. HP,,>HPoo>HP,.

4. Ecnu nonoBoi quMopdusM moteHnuan ((pakrop cpeabl Ui CaMOK), TO JHUCIEPCHS CAMOK
OyneT pacT, NoABUTCA OUMOAANLHOCTL M AUCpyNIuA. (PHIOreHeTHYECKOEe PABUIIO TOIOBOTO
Jumopduzma).

5. DBOMOIMOHHBIA pacnajy Ha 2 Buga: MOpckod W peunod. (pwiba Cymran, o3epo Cepes:
YC [yHuTapHas cucTeMa] — BereTapHuaHIlbl — WIOEIb! + XUIIHUKH).

6. DKOIOruuecKoe MPaBuiIo JUCIIEPCHH MOJIOB IIO3BONUT ONPeAeUTh a3kl IBOTIOLHH.

Ipenmoxennas B 1965 r. “Opomoimonnas Teopus nona” (DTII) oObAcHAeT OOMBIIMHCTBO
3arajiok pasze/bHONONOCTH. BbUIO MoKa3aHo, 4To /Ui OHUMAaHUS SBJICHHS 110J1a HEIOCTATOUYHO
3HAHUS €ro PEHpPOAYKTHBHOH W pPEKOMOMHATHBHOH pOJM, HEOOXOOMMO 3HAHHEC €ro
spomormonHoi pomn [2000]. OcHoBHas uaes Obula OYEHB MPOCTA — Pa3fENBLHOMONOCTE HE
TyUIIEi cnocod pasMHOkeHHs, 2 3(QEKTHBHBIH CIIOCOD IBONIOIMH. A JIBA TIONA HE TOJBKO JIBE
(opMbL, HO 1 1Be Ga3bl 3BONIOLMH, TAK Kak 3T0 OuHapHas compsbkeHHas AuddepeHumarysa
(BCH) []. Dtro 3Haumr, uro ObUla BBEISHA HOBas BPEMEHHAs KOOpauHATa, 0€3 KOTOpOi
HEBO3MOKHO PEILMThL 3BOJIOLIMOHHYIO 33a7ady. 3THUM 00bicHAeTCs TO, YTo Ipodiiema Ioja He
MoJyIaRanacs ycuauaMm kpynseitmmx 6uwomnoros 19-20 ee: Y. Jlapeuna, Yonneca, Beficmana,
Tomppuimunra, @umepa u Mémiepa. Hexsaranmo  ofHOH — pa3sMepHOCTH—BPEMEHU
(pusoreHernyeckoro maciirada.

CornacHo DBOMOIMOHHOM Teopuu niona [1965, 1989, 1991, 1998], pasaensHONONAA MOMYISIHS,
kak bC/l, cocrour wu3 KkoHcepBaruBHON u onepatupHod rnoacucrem (KII, OII),
CHICNUANN3UPOBAHHEIX 110 IBYM IJIaBHEIIMM ACIeKTaM 3BOJIOLMH: COXPAHEHHS] U H3MeHeHUs!
renetryeckoil uHGopmarmu. OcHoBHas ponb keHckoro nona (KIT)—coxpanenne u nepenava
OyIylMM TIOKOJNICHUSM YHCJIEHHOCTH W pa3Hoo0pa3susl TCHOTHMIOB, TO €CTh CTAPOH
undopmaimi. OCHOBHAs pOJib MYMXCKOIO [OJia TIONYYEHHE M Mepeaada  “IKoIOrHYeCKOn”
uHpopmaly 00 M3MEHEHMSX Cpelbl, TO €CTb HOBOH MHpOpMaLUH. DTO IIOJIOKEHHE
DBOMIONHOHHON TEOPHM TOJIa TOAKPEruIieTca OOBACHEHHEM MHOTHX 3arajiok, KOTOphIe
KJIaccHYecKasi reHeTHKa He MOKeT 00bscHuTh, Hanpumep, modeMy pasBuTHe cyrybo sKEHCKOTO
OpraHa—IUIAIECHTBI ONPEENAIOT MYKCKHE TEHBI, a “obmiero” smOprona—xenckue? [ouemy
OOJIBIIMHCTBO MYTalMd BO3HHKarOT B Y-xpomocome? [lodemy reHsl “cambIx 110JOBBIX™
[IPU3HAKOB (IaMeT, FOHAJl, TeHUTAIMI) He B Mo0BbIX XpoMocomax? Ilouemy “‘reHorunuueckas
YAOHHOCTL” OBIKOB M “AifIIEHOCKOCTR” TIETYXOB BBINIE, YEM Y KOPOB M Kyp Tex ke ropon?
ITouemy senckue uepena neuwiep Cxyn u TaOyn Obumn “HeanjiepTaIBCKHE”, a MYMCKHE
“kpomonbéHckue”? I[lowemy y Oonrapok “nutoBckas” nepmarornuduka, a y Oomrap—
“rypeukas’™? [loyemy y OalIKHpOK MOHOMOJAIBHOE PACHPEIETICHHE YeperoB, a y Oalkup—
terpamosanbHoe? Ilouemy o000OLIEHHBIE NOPTPETHI TYPKMEHOK HMEIOT MOHOMOJAILHOE
pacnpeseneHue, a My}xckue—OoumoaabHoe? [].

Uucno Takux 3araZlok MOXKHO YMHOXKHTh. OHHM TpeOYyIOT CMEHBI YCTApeBIIHX MapaaurM Ha
HOBBIE. (DTO CTpamHO, MOITOMY WHIYKTHBHAs Hayka TpsS4eT TONoBy B mecok.) Jlna atoro
Heobxomumo: 1. IMepefiTH OT MOHOMOJATIBHON MOMYIANHMA K OMMOJANBHOM. JTO HEH30EKHO
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npuBoguT. 2. K mepexody oOT HENOCPEACTBEHHOH ‘“SkosorMM” cpefa — CHCTEMa K
onocpenoBanHoii— cpeja — OIl — KII. Yto B cBoro ouepens aBromarudecky npusomut. 3. K
Mepexoy OT “CHHXPOHHOM JBOJIOIMM K ACHHXPOHHOH: CHAYANa OMEPATHUBHASA IOJICHCTEMA,
MOTOM KOHCepeaTHBHas. Torza Bce OMOIOrHYeCKHe TEOPUH (B TOM YHCIIE U ITIaBHBIE Napa UMbl
JApBUHM3M H MEHAEIU3M) cTaHOBATCs npurognsl st BCH. Muade Mbl He MOXeM OOBACHHTE 110
TIOJTY BBIIIE YPOBHA repMapoAHTOB, II0 ACUMMETPHH, BBILIIE CHMMETPUYHOIO MO3Ia OIIOCCYMa, H
T.1., TO €CTb CaMble IPOJBHHYTHIE, [IO3TOMY CaMble MHTEpecHbIe 11 Hac, cucteMbl—bCI —
OCTAIOTCSA 3araKamu.

HuTepecHyro 3aragxy NOpeACTABIAET TPEXMOnas CHUCTEMa Ppa3feibHOMONIOCTH Y JIOCOCEBBIX.
THX00KEaHCKHE JIOCOCH YHUKAIIBHAS IPYIIa MOHOLMKIIMYHBIX BHI0B pbl0. OHH pa3MHOKAKTCS
TOJBKO OJIMH pa3 W THOHYT Iocie Hepecra, TaKk YTO BO3PACT NEPBOH PENPOAYKIHH paBeH
BO3pacTy HACTYIUICHHs II0JIOBOH 3peloCTH M IpONO/GKHTENbHOCTH xu3HH. Harpumep, B
HEPECTOROM MOMYNAIMH HEPKH PBIOLI OT 3 70 7 NET, COCTABNSAIOIINE TPH JETKO PAsHYUMBIE TIO
pasMepaM TpymnIibl: CaMKH 1 JIBa BH/IA CaMIIOB (KPYTHBIX, IOMTOKHUBYIIHX, 00JI€€ TOMO3HTOTHBIX
4eM CaMKH U MEJIKUX, KOPOTKOKUBYIIHX, 00JIee reTepO3UIOTHBIX YeM CaMKH).

Menkue camiel—Mom0/bIe peIOBL. B MHTAaKTHBIX cramax ux—aomu nporeHta OHH ObICTpO
pacTyt M paHo co3pesaroT, 00bMHO 33 3 roja. KpynHeie camilsl, MEUIEHHO PacTylIde, TMO3/IHO
CO3PEBAIOLIUE, CTapble, 5-7 JIETHHE PhIObL. Y CaMOK IIPOMEKYTOUHbIE pa3Mepbl M BO3pacT 4-5 JIeT.
AHanornyHas KapTHHA H 110 TETEPO3UTOTHOCTH 3TUX TPEX TPYIII M0 TeHaM KOJUPYIOIUM CHHTE3
u3ohepmenToB, OHA MaKCUMANbHA Y METKHMX CAMIIOB, MUHHMATBLHA Y KPYITHBIX H MPOMEKYTOYHA
y caMok [AnTyxoB, 1983, 1994, Anryxos, Bapuascka, 1983].

O0nsicHenue 26omoyuontol meopuy noad. Tak Kak JOCOCEBBIE Pa3MHOMKAIOTCSA, HEPECTATCS B
peKax, MoToM CKaThIBAOTCA B Mope (OKeaH), TaM pacTyT, PasBUBAIOTCS M, JOCTHIHYB IOJIOBOH
3pENOCTH, BO3BPALLIAIOTCS HEPECTUTHCS B PEKH, TO UM HeoO0X0MMa JKoJIorndeckas HHpopmarus
u “mopckas” u “peunas”. Crtano ObITh JIBA BHIA camIlOB 00ecneurBalOT HHPOPMAIMIO OT JABYX
pasubix cpen. CornacHo DBOIIOLMOHHON TEOPHH 110J1a, MYKCKOH 11011 SIBJISIETCS 3BOIIOLIHOHHBIM
aBaHrapoM, a KEHCKUH mon—apbeprapiom. 11osToMy ofuMH BHJ CaMOK M JiBa BHa CaMI[OB
TOBOPHT O TOM, UTO WJIET AM3PYIITHBHBIH 0TOOP M JIM3PYIITHBHAS IMXPOHHAA IBOIIOLMS, KOTOPAs
paHO MM IO31HO IpHMBENET K pachiagy Ha 1Ba Buaa. To ecTh 3TO HauyanbHas CTaius
BH/I000pA30BaHus, KOT/IA caMIlbl yaKe OHMO/IATLHBI, @ CAMKH €111€ MOHOMO/TATBHEI.

Kax e tpakryer seonoyuonHas meopusi noaq Pa3Hy0 T€TEPO3HTOTHOCT TPEX IIOI0B 10COCs?
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“TEOPHA Y- XPOMOCOMBI, IEMOI'PA®UA U JIEMOKPATHUSA”
T'eomaxsn B.A

Wueruryt npodnem skonoruu u ssomormu PAH nm. A H. Cesepuiosa

1. Tlo Dsosmorontoi Teopuu [ona (DTII), Y-xpomocoma seisiercs “poji/iloMOM, KapaHTHHOM,
OTK, xpemaropHeM, CaJlOHOM OMOJNOKEHHS IeHOB”. B ¢QuioreHese B Hell coszmaéres
HH(OPMALMOHHBIHA MOTEHMAJI [EHOMA — SBOJIIOLMOHHBIA [1OJ0BOH AUMOP(U3M, KOTOPBIH Kak
3aBOJl YacOB PacXOJyeTcd B OHTOI€HE3€ Ha IOJHATHE JKEHCKOIO I0ja Ha YPOBEHb MYMKCKOTO.
3HAUMT MYKCKOIT IO 9BOMIOIMOHHKII aBaHTrap/l, KeHckuit—apbeprapa. 2. To e npu perpecce.
Mopckoit yepes OoHHenus. Camka (jumHa Tena 7-8 cM ¢ xoboroMm 1-1,5 M.), coxpaHmia Bce
(yHKuMU, a camell, YTPaTHB HX, CTall MEJIKUM (2-3 MM) IapasHTOM, B €€ IIOJIOBBIX IYTSX.
3. Jlerpagauus yenoBeka damie ObiBaeT B BujAc NbAHCTBA. 4. Tak Kak JDKCHaydHas HJEs
KOMMYHH3Ma Yy Hac KWNla Ha TOKOJIEHWE JIONIBIIE, YeM B JPYTUX CTpaHax, To W Jierpagauus M
ooneine. 5. B Y-xpomocome Haxoasrcst Oyaylue TeHbl 1 HOPMBI M TIOPOKOB. B Helt oTBeThI Ha
[JIABHBIC MMYHKThI coBeTckHuX aHker: 1. @, 2. U, 3. O, 4. [lon, 5. Hau. A To, 4ro mopok otua
HacnenyeT 26% netel, a Matepu 2%, 3Ha4UMT, YTO ITH IeHbl KAK HOBBIE IOKA B Y-XPOMOCOME.
6. Teopusa MOXKET OTBETUTbH Ha Psll BaxKHEHLIMX BONPOCOB, IO Aemorpaduu. CkaxeM, TECHYIO
cBs3b 2-X Hammx Har-npoextos: pemorpadun 1 ankoronusma. 7. M3panmo. Kak cuntath 5-plit
NMYHKT 110 Matepy wiu otiyy? ObmmectBo pazodineno. Myt oxecTouHHBIE CHIOPBI, TaK KaK 3TO
Ja€r npuBwilernd. Bmactd, 1mo MysausMy CuMTaroT o Marepd, a Topa—Io oTHy 4 K
PETHMIMO3HBIM apryMeHTaM 100aBNseT cchlIKy Ha DBomoloHHyo Teoputo Tlonma. Bens mpu
JMXPOHHOH 3BOJIOLIMM, MaKCHUMAJILHO yIaleHbl MY:KCKOH non u Y-xpomocoma. 8. Ciyxdam
UMMMUIpaLiy UBUIN30BaHHBIX cTpaH EBponsl 1 CeBepHOIt AMEPUKH HY)XHO 3HATh M YUHUTHIBATh
PsJL BBIBOJIOB TEOPHHM TI0JIa M TeopHH Y-xpomocoMsl. 9. Teopust npejickasbiBaer HalpapJieHHe
aCCUMWIALIMY B 30HAaX CMELIEHHA COCEJHHX 3THOCOB 110 IpaHHLAM. ACCHUMMIUpPYET 3THOC C
Oonee mpuBNEKaTeIbHbIM MyXckuM nonom! 10. Pacemotpum cxoxyio npobnemy Opannuu ¢
apabamu u npranamu. Ecte 2 Tuna: cpensl opt u extr, 2 Thna otdopa (amanranmii) k HuM. Bo
@panimu opt cpena, k-otdop — mozammii Opak, 1-2 peGHka, HHU3Kas AETCKAs CMEPTHOCTD,
XOpollias MeIULIHA, YXOJI, BOCIIMTaHKE, 00pa3zoBaHue U Ip. Y LipraH, Bcé Hao0OpoT, extr cpena,
r-otbop — panHuii Opak, 10-14 nereil, BbICOKas IETCKas CMEPTHOCTh, 0€3 MEIULMHBI U
oOpa3oBaHus, TIOX0H yXOJl M BOCITHUTaHKE. DTO Ba BHAA coxpaHeHus sTHoca, Ho ot nexapcts
®paHI|K CMEPTHOCTE JieTell nagaer, a r-otoop octaéres npexkHuM. C HUM M ITPHE3KAIOT KHTh BO
®paH1MIo, Y3HaB 0 JEMOKpaTHH, U co3/1al0T &€ KoH(IHKT ¢ nemorpadueid. Korna y Ilpesusienra
Capko3u — aAwieMMa, HIM CMEHA KOPEHHOI'0 3THOCA Ha NPUIUIbIH uyepe3 1-2 rokoseHus, Win
OTKa3 OT YCTapeBlIeH /IEMOKpATHH, OH COBEPIIEHHO TpaB Jenas 3to! Yro takoe nemoxparus?
Jorma, wmn pasBuBaromasicst cucrema? Jlymaro, Bropoe! [lns coBMemieHus JeMOKpaTHH W
neMorpaduy, HyKHa HOBasi IEMOKpATHs. 3aKOHBI, 00YCIAaBTHBAIOIIME HMMHUTPAIMIO MIEPEXOJIOM
ot r-otdopa Ha k-otbop. Tlocne 2-x nerel crepuiM3anus WK dcTpaiuiws. TpeTbero He J1aHo.

I'napubie XapakTepucTHKM HOmMyJsiui ducieHHocts (N), pasnoobOpaszue (aucrepcus) (6) u
CIIBUI CpeliHero reHoTHia (A'x) 3a oaHo nokosneHue (N > 6 > A™X) COCTaBILIIOT KOHCTUTYTUBHO-
(bakynbTATUBHBIH IBOMIOIMOHHBIN psf, TO ecTh Oe3 N, He MokeT ObITh G, 6e3 o, — A'x. Kak B
paIMoakTUBHBIX psnax Ypana, Topus, Axrunus. [lo Seomoyuonnoi Teopuu Ilona, 4ucneHHOCTD
OMPEIENIACT MKEHCKUN IOJ, CABHI CPEIHEro TeHOTUNA—MYMKCKOH, a JUCIEpCHI0,—OHH oba:
JKEHCKHH T10J1 €€ COXPAaHEHHUE, MYKCKOH — H3MEHEHHE.
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3ArAJIKM BUOJIOTMHU B CBETE TEOPUM JUXPOHHOM DBOTIOLIMUA
I'eonaksn B.A.

Hucturyt npodnem sxonoruu v spomonnd PAH um. A H.Ceeepriora. Mockga. P@

“IIpencrapnsieTcs, 9TO YETOBEUECKHI pa3yM JOIKEH CBOOOTHO CTPOHTH (JOPMBI, MPENK/IE 4eM
HOJITBEP/IHTCH UX PEAIbHOE CYIIECTBOBAHUE. .. M3 IOJIOH IMITHPHK HE MOMKET PACLBETATh [103HAHHE.
Takoii paciBer BO3MOMKEH TOJIBKO U3 CPABHEHHS IIPH/YMbIBAEMOI0 M HadJIr0/[aeMoro”

A. Ditamreitn

1. B 1984 r nage rpynns! yueHbix B Aurmuu v CIIA ofHOBPEMEHHO OTKPBUTH HA MBIIIAX
CTpaHHyH 3araaky. OHH X0TelH, OObEIMHHB B OJIHOW 3UIOTE I'eHbI JIBYX SHIEKIETOK WIH JABYX
CIIEPMHEB INOIYYHTh KJIOH OAHOrO pojureii. M3Biexanu OIUIONOTBOPEHHBIC SHLEKIETKH 10
CIIUSHUS TEHOB MATEPU M OTIA, TIEPEMEIICHUEM SPBIIICK, CO3IABAIM TPH THIA 3UrOT: Y+,
O+Q, 4+, BHempsaIM MX B MarKy NPHEMHBIX Marepeil. POXIQICAs TOIBKO JBYIIONBIH,
oznHomojble b, OKa3aiock, 4To B ciaydae 2+ aMOpHOH CHaYana pa3BUBAICH HOPMAIIBHO, HO
He 00pa3oBbIBATI ILUIALIEHTY, 000I0UKH wIoAa U noruban. B coyuae 4+J, maoGopot, mianenta
Obuta OoJIbIIC HOPMEL, ObUTH 00OJIOUKH, HO B HHUX BMECTO YMOpHOHA, aMOp(QHLIi KoMOK [6,7].
3HauuT, pa3BUTHE AMOPHOHA OMPEACNAIOT TEHBI TONBKO MaTepH, a IUIANEHTH — oTial DT1o
MPOTUBOPEYUT OCHOBaM reHeTrku. [Ipuaymanu emy HOBOE Ha3BaHKE “TEHOMHBIH UMIPUHTHHI .
OHO He OOBSACHAET CYTH: DBOJIOIMOHHOM JIOTHKM, Hend, posd, ¢yukiuu. s gero oun? Yro
paér? Oteera Her. B 1989r. JI. Xelr oObscHHUI ero JOXHOH “‘TeopHueill” aHTaroHU3Ma,
KOH(IIMKTA, BOHHBI TIONOB, APA3UTU3MA U0, U TIPOYCH ATOTHYHOHN (ake BPEAHOM!) vernyxu.
MyskcKoil mon He ToBepseT JKeHCKoMY pasBHTHe TnateHTh! (7). [louemy oH peraeT, 4To U KOMY
JHOBEPATH B uymoM opraHu3Me? Hauano passurust Oonee BaxHoro sMOpuoHa JOBEpser, a
miatentsl — ner? Snomen M. Mpacu mpitancs OTBETHTH B paMKax APYroil “reopuu”,
KOMIICHCALIMH 03Bl X-TCHOB Y 3KeHcKoro nona. Ecnu Obl KoHAeH A AeHCTBHTEIbHO ObLIA U1
3TOro, TO OHAa JOKHA OBITH Bcerga y romoramerHoro noma. Ho y nmun mHakTuBHpyercs
enuucTBeHHas (1) Z-xpomocoma camok [4]. Kakas ke 510 komnencanus?! 2006 r nosBuiucs erie
nee “reopun’’, Bonbda-Xarepa u A.M. KyrMmuna takue xe cinadble, Kak nepsble. TyTaHXaMOH,
npoxus eeero 18 ner, ckazan “Ilpaena Tonpko ofHa". 3HaYMT, €C/IM CYLIECTBYET MHOIO TEOpPHI
SIBJIEHHS, TO UCTUHHON MOKET OBITh TOJIBKO O/iHA, OCTAIbHBIE OKKYTCH WM JIOMKHBIMH, MM
YaCTHBIMH CITy4asMH UCTHHHOI. DHHINTENH Npe/naran TpH KpUTEpHs OLEHKH TEOPHI: MPOCTOTY
MOCHUIOK, JAJIHOCTH CBsi3el H IMPOTY nprMeHeHus. [lobapuM enié — MpOrHOCTHYHOCT, D10
— BaKHBIH KpuTepuil. Teopus J0JLKHA NIPEACKa3blBaTh HUOTKY/IA HHAYE HE CIIEIYIOLIHE BELIH.

2. B 1959 r. s obHapy:xu, 4To OHONOTH HE MOTYT OOBSCHUTE, /ISl YEro CYHIECTBYIOT JIBA
oJyia, aJanTUBHBI cMblch IuddepeHIHalMK TI0JI0B, U IPEATIONKUIT IBOIIOLHOHHYI0 TEOPHIO
nona (OTII), mo xkoTopoil, pa3AenbHONONOCTh HE JyUIIHH CIIOCOo0 Pa3sMHOKEHHS, a YKOHOMHOH
IBOITIOIMHE M “OKOMOTHK (KOHTAKTA co cpetoi). Crnenranu3aliis no rinaBHeIM albTePHATHBHEIM
acreKTaM 3BOJIOIMH: COXPAHEHUs] — KeHCKHH 1oy (0a30BbIi) M H3MEHEHHS] — MYKCKOi
(npodueiit) [1,4]. [nasuast runoresa ITII — wjes MUXpPOHHON SBIONMU MOJIOB: CHavana
MYKCKO 11071, [I0TOM, MHOT'O IIOKOJICHHH [1032Ke, — 3KEHCKHI. [{enp JUXpOHH3Ma — IIPOBEpKa Beex
HOBBIX TCHOB (B TOM YHCIE M CYI'Y0O JKEHCKUX) B MYKCKOM TEHOME, TPEIK/IES, YEM OHH MOMATYT B
JkeHCKHH. JIMXpOHM3M co37a€T pasHas HopMa peakiHi nonoB. OHa Mo BCeM MpH3HAKAM, Y
JKEHCKOI'0 110713 IIHpe, YeM Y MYKCKOTr0. JT0, B CBOK) OUEPEb, CIIEACTBUE PA3HOH KOHLIEHTPaLHU
3CTPOreHOB M aHAporeHoB. MM ke (M ipyrumM ropMoHaM) Teopust iaeT 0000IIEHHYHO TPAKTOBKY:
9CcTporeHsl — KoHcepBaruBHas noxcucrema (KII), BemiecrBa, KOTOpBIe, pacIliHpsis HOpMY
peaKiyy, yAAJISIiOT CHCTEMY OT CPEbl 1 TOPMO3AT DBOJIONMIO. AHAPOTEHBI — OMEPATHBHAS
noxacucrema (OIl), HaoGopoT, cykas HOPMY pEaKIMU, NPUOIMKAIOT K Cpele U YCKOPSIIOT
sBorOLMI0. J10 nenaer pagukan CHi, kak sneMeHTapHBI AUMOp(U3M TAKUX MONCKYIL
OIl + CH3;=KII, TOo ecrb METHIMPOBaHIIE TECTOCTEPOHA IIPEBpALAET €ro B 3CTPOH U
(emunM3upyeT reH (FopMOH, MOJIEKYly), a AEeMETHIMPOBaHHME, HA00OpOT, Cy)KaeT HOPMY
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peakiy, NpHOITHKAET K CPeJe, YCKOPSET BOIHOIMI0 H MACKYIHHH3HpyeT ux [Ipu 3TOM reHsl
Marepy Oosee paHHME BEpCcUM, OTLA — [03J1HHE. M3 DMXpOHM3MA BBITEKAKOT BCE OCTAJIbHBIE
nonoxkeHust Teopur. OTHO U3 TAAaBHBIX, YTO HOBBIE, MOJIONIBIC TEHBI TOMABLKO Y MYKCKOTO TOJIA H
JIETH TOJIYYaT WX OT OTIA, a CTapble TOIBKO Y KEHCKOro, rnojydawr or Matepu. K unee
JUXPOHU3MA $1 MPHUILE]] HHTYUTHUBHO, @ IIOTOM IIOH:AJI, YTO MOKHO pa3sralarb 3arajky Iosna u
I[103BOJIUIL [IEPEXO/L OT [1APaUrMbl CHHXPOHHOH BOJIFOLMH I10JI0B, K JUXPOHHON. Mes okasanach
OYEHb IJI010TBOPHOM. B 1967 r. 51 0600mmm1 €€ 1t n3oMopdHoi TpakToBKH Apyrux nap: JHK-
OE/KH, ayTOCOMBI-TOHOCOMBI, SJIPO-IIMTONIA3Ma, CHMMETPHA-ACUMMETPHS OpraHU3MOB, MO3ra,
Tena, NpaBIIK-IeBIH U 11p. OHa 0OBACHAET, PEIUIMKALMI0 OOHOH X-XPOMOCOMBL, 10 ayTOCOM, a
Ipyroi M Y-XpoMOCOMBI IOCJE, IPEACKa3bIBAET U BCKPHIBAET B COCTABE PEHPOAYKTUBHOIO
nonosoro aumopdusma (PIIJI, obmue ayTocoMHBlE IeHbl, Pa3Hble I'OPMOHBI), JIBE HOBBIE
IBONIOIMOHHLIE  (hopMbl  aumopdmsma. 1. Monudukannonuslii 63 TeHHOH  OCHOBBI,
(benoTumMUecKHi, TOPMOHANTBHBIH (TIEPBas peakiiys MOMyJsIMKA Ha u3MeHenue cpenbl). Lems —
yOpaTh XEHCKHII 11011 U3 30H 0TOOpa, YTOORL OH OTCTPAHST TOABKO MYKCKOMH. 2. DBONOLMOHHbIHA
IUMOP(U3M, CeNeKIMOHHBIH, reHoB. Ero cos3aaer smuMHHAIMA MY>KCKOTO 0J1a, IPHUBOALIAL K
NOTEPE YMCIICHHOCTH, AUCIIEPCHH U YCKOPEHHIO €r0 3BOIIOLMU. 3HAUMT, JKEHCKUH 1101 cCOXpaHseT
cTapble TEHbI, MYKCKOI CO3/1aéT HOBBIE. A TUMOPMU3M — BEKTOP, MOKA3BIBAIOIIHI HaNparIeHHE
spostoiMd. OH BO3HHMKAET BHYTPH NONYISIHH. A IIPH CKPEIMBAHHUK JIBYX pa3HbIX BHJIOB (pac,
3THOCOB, HAlMi) OH CO37aeT JPYTYIO 3arajiKy TeHeTUKH — PELUIIPOKHBIX 3(PEKTOB, AaCUMMETPHIO
poauteneii. (Kpusuc B Gnonoruu)

2. Ilpy NWBepreHTHOH >BOJIOLHM, B MHOTOMEPHBIX HKOJIOTHYECKHX HMINAX (TPOIMKH,
apu/Has 30HA) W BCS CEJICKIIMs, BCerja ecThb CTa[us, KOIrZa MYXKCKOH IIOJI, KaK aBaHrapjl yike
OMMOJIATICH, 4 JKCHCKHIl — apbheprapi, elle MOHOMOojaicH, Torna oba rubpuia, AByX pasHbIX
caMII0B ¢ OOMIEH CaMKO, NpH aJIMTHBHOM Haclenosanuy, ($+dJ)/2, nonajawT B BUL OTHA U
JAr0T OTUOBCKHH A(eKT. A NpH KOHBEPreHTHOH 3BONIIOLMH, B OJHOMEDHBIX HHIIAX, LIe
JOMHUHHPYET OUH (PaKTOp Cpeibl: MOPO3 3a HOJIAPHBIM KPYroM, MM *apa B IIyCTbIHE, CaMLibl
Y:Ke OIMHAKORBI MO MPHU3HAKY, & CAMKH elllé — pasHele 1 00a ruOpHaa TonajaloT B BHJ MaTtepH U
JIA0T MaTrepuHCKH »dekt. Tak kak oTHOMEpPHBIE HHIIM — DK30THKA, TO OTIHOBCKHI pdexrt
HaOJIFO/IaeTCs HAMHOIO Yallle, yeM MartepuHcKuil. Hanuaue cyry0o My:KCKHMX Te€HOB, 3Has 00 Y-
XpOMOCOME, TPYAHO OTPULIATh. A cyry0o0 >KEHCKHE I'eHbl OTPULIAIOT 110 YMOIYAHHUIO (TaK KaK HeT
creMaIbHOM Xpomocombl). Ha camom aene Best COBOKYITHOCTD (PaKTOB IIPEKPAcHO YKJIaIbIBAeTCs
B CIEAYIONIYIO JIENYKTHBHYIO cXeMy. ' eHOM TPOIBMHYTHIX Pa3/IelBHOMOMBIX (OPM COCTOMT U3
JIBYX CYOHOMyJsiidil TeHOB: MYKCKHX M KeHCKHX. JIHXpOHM3M pa3/iBUTaeT UX pacrpeaeineHus u
10 KOOPAMHATE CHCTEMa — CpPeJia U 110 BPEMEHH CTapble — HOBbIE, OHH YaCTU4HO CABHHYTHI 110
BO3pacTy reHOB. Torga reHoM AMXPOHOMOP(HOH NOMyNIALMH COCTOMT M3 TpEX 4YacTei: y
JKEHCKOro I1oJ1a crapple (B XX-XpoMocoMax) U cpeliHero Bo3pacta odmme (B AA), y My»KCKOIo
odume 1 HOBbIe (B XY-XpOMOCOMax), TO €CTh C CHCTEMHOH CTOPOHBI CTaphIe, CO CPEIOBOI —
HOBBIE, a ME&Xy HUMM oOliMe ayrocomHble reHbl. Crapble reHbl B 2-X “nankax’™ BEYHOrO
XpaHeHus (0T OJHOKJIETOUHBIX J0 MOsBIeHUA AzlaMa), ¥ Ha CPOK AHXPOHU3MA (apXUBHbBIE [E€HBI,
yAe yTpaueHHEBIE MYKCKUM TIo510M). HOBBIE reHbl 1o NoKamM3aluy Takke AByX THIOB: B Y- U X-
xpoMmocomax. [lepBrle, camMble HOBBIE, OIACHBI U YIS MYKCKOTO IIOJIA, JOJDKHB! OBITH B Hayasle
HaJIEKHO 3aKPBITEL. JTH TEHBI, BUAMMO, B OTKPBITRIX B Y-XpOMOCOME MaJHHApPOMAax, W He
paboTaroT, TaKk KaK MX HPOLYKTbl — XMMHUYECKHME aHTArOHHCTHI — racaT Ipyr apyra. Bropsle,
peLecCUBHbIE I'eHbl B X-XpPOMOCOME, HaXOATCSA B MY?KCKOM F€HOME B FEeMH3UTOTHOM COCTOSIHUM,
TO €CTb JAOCTYIHBI OTOOPY, @ B 3KEHCKOM T'€HOME OHH TPHKPBITHL JOMHHAHTHBIMY reHamMH 2-i X-
XpoMocoMbl. be3 auxpoHnsMa, pelHnpokHLil a3 dexT HeBO3MOXKHO 00BACHUTE. TakHX 3aragok
JULsl CMHHXpoHHO# napagurmel cpeau BCJI moxHO npusecty MHoro! Hanpumep, moueMy sxeHckue
yeperia newep Cxyn u TabyH — HeaHIEpTaIbCKME, MYKCKHE — KpPOMOHbEHCKUE?
Jepmarornuduka y Gonrapok — mMToBckas, a y Gonrap — typenkasn? Y d6ankupok 1 THI Yepenos,
y Oamkup — 47 IloyeMy AEBOYKH POXKAAIOTCS HA HENENMIO PaHbBIIE, ¢ KOCTHBIM BO3PAacTOM Ha



118 NMPUNOXEHMWE IF: HEONYENMWKOBAHHGBIE PAEOTHSI

MECHIL] CTapIIIE, TIOJIOBas 3PENOCTh HACTYIAET PaHbIle HA 2 10/1a, a OCTAaHOBKA pocTa Ha 3 roja? Y
KPYIHBIX (JOPM KpYIIHEE caMlibl, Y MEJIKHX — caMKHU? Y caMIOB JIAryLIEK 8 IO3BOHKOB, ¥ CaMOK
10, y camio kpabos 1-2 mapsl OPIOIIHBIX HOT, y caMoK — 3-4 (pefykius), a y 3Meii-rTHraHToB,
JIOJBKHO ObITh, HAoGopor, y 43>9C (pocr, y camios ~450)? IMouemy u3 30 reHoB okpacku
CaMIIOB T'YIIH TOJBKO 1 B ayrocoMax, a 29 B Y-xpomocome? O0e3baHb! KOpM OepyT yallie JeBOMH
PYKOH, a IN[MHTalleT OTKPbIBAT ToNbko mpapoi? [loyemy nesas cropoHa 3>MOpHOHA
pasBuBaeTcs pasbllie npasoi? [loueMy xBaTaTenbHBIH peduieKe CHIbHEE y JIEBOYEK M CIEBa, a
92% »MOpHOHOB cocyT OONbIIO nanel npasoi pyku? [louemy CeIeKIMOHHBIC KAYECTBA Y BCEX
C/X JKHBOTHBIX M pacTeHuil Jiyuiie y camuor? [louemy y NOKPBITOCEMEHHBIX PACTEHUI KEHCKUI
rameTouT (penyKiws) eme 13 8 KIEeTOK, MY»KCKOil yake u3 3-x?

3. lenb J@HHOM CTATEH, MMOKA3aTh, YTO MHOTHE 3ArajIKH, KOTOpHIE HE PeliarTes Ha Oase
CHHXPOHHOH 3BOJIFOIMH, YK€ pEellleHbl Ha 0a3se MUMXPOHHOM, U JPYTHe MOMKHO JIETKO H POCTO
pasrajiath TeM JKe CrocoboMm.

4. [IpuBenénnas JIoruka (IMXpOHU3M + AUBEPIEHTHAS IBOJIFOLIHS) JIETKO OOBSCHSET ¢ €HHOM
MNO3UIMU pasHble 3araJkM B 3-X BeTBAX OWONOrMM: KJIACCHYECKOM, MONCKYIApPHOH H
MenuiMHCKoH. B knaccmueckoil  6uomorMu  BO3BMEM  3arafiku:  TapmaH — oc€l — JIOIa/hb,
Tpexnonbix jococei, ¢ —menk.dd —kpyn.dd, muén, marka-— TpYTHH — paboune MUENs,
OpraHu3M — JIMYUHKA — uMaro, repMadpomutsei— 99 —Jd. B monekymspuoii: PHK — JIHK —

0enoK, no(amMHMH — aJIpeHATHH — HOPAAPEHAINH, YPallui — THMHUH — IIMTO3HH, aHJPOCTEH MOH —
ICTPOH — TECTOCTEPOH.

5. Ucxoaueie noceuiku. 1. OTII Oba cozgaHa cTporo B paMkax ajantoreHesa JlapeuHa.
Mzmenenust cpenbl BBI3BIBAIOT M3MCHEHHs opranmsma. CBsasb mpusHaka ¢ (akTopoMm cpenbl.
Onnako

2. 1959 r unea nuxponmsma. [lonoBoi auMopdu3M U MonoBOH muxponusMm. J[Be Gopmel
BHIIMM 3peHHeM, U B¢ (asbl BuauM ymozpenuem. ITII. CucreMHbIH 1 3KO-3BOTHOLMOHHBIHA I10J1.

3. Cpena. Muorodaktoprad (TponmMKH, apHiHas 30Ha) MoHOGAKTOpHad (332 MONAPHBIM
KPYI'OM, TTYCTBIHH).
4. JIse GopMbI IBOIIIOIMK; JIMBEPreHTHAs, KOHBEPIeH THAs.

5. AcuMMeTpus pOIMTENeH — CIeACTBHE MUXPOHHON DBOMIONUH MMoJ0B. OTIOBCKUH U
MaTepHHCKUA SPQEKTHL.

6. BunaprHo conpskeHHsle quddepeHanu — ocobblif THIT cHCTEM. DKCTPANOIAMS B
MPOLUIOE — TPUAJIA CONPSKEHHBIX CHCTEM,

7. 3arajika TPEeXIoibIX CYIIECTB.

8. ConpsukeHHBIE TpHUa/Ibl B KJIACCHYECKMX HayKax: 3 mona y J0cOocei, perunpoKHbe
ruOpH/Ibl OCra M JIOMIA/H, JIMUMHKH — MMaro, IUeHHAs MaTka — TPYTHH — pabouue Tyersbl,
KOHBEPIreHTHas HBOJIIOLKSA 3@ MOISPHBIM KPYToM (3asill, ECEL, ME/IBE/b).

9. CompsxeHHble TpuUaasl B MosekynmapHoit Ouomoruu: JIHK-6enku-PHK, anpenanun-
HOpaJpeHaIuH-10(haMUH, 3CTPOH-TECTOCTEPOH-aHAPOCTEHIUOH, THMUH-IIMTO3HH-YPaLL.

10. ComnpsikeHHbIE TPHAIbI B MEMLMHCKHX HAayKax: JIEBOE [OIYLIAPUE-IIPABOE [IOJIYILIApHE-
CHUMMETPHYHBIE [1OIYILAPHS OIOCCYMa, NPABLIM-TICBIIM-aMOUICKCTPBI.

11. MeTunupoBaHue KaK dJeMeHTapHBIN MOI0BOM TUMOPHH3IM MONCKYJL.

12. DTII BBOAKT MOHATHE CUCTEMY KOOPMHAT, B KOTOPOH
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1. B 1959 r. s oOHapyxui1, uTo OHOJIOTH HE MOTYT OOBSCHWTB, /Ul YErO CYLIECTBYIOT JiBa
0J1a, aJANTHUBHBIA cMbIch IU(QepeHIMaluy [OJIOB, M IPEIIOKII BOMIOLHOHHYIO TEOPUIO
nona (DTII), koTopas paccMaTpHBacT MOJOBOH JAUMOpPQH3M, HE KaK OJHOMEPHOE SBIEHHE, a
JIBYMEPHOE, UMEIOILIEE /IBa M3MEpeHHs: 3KoJIorndeckoe (2 (opmbl) U 3BOIHOIMOHHOE (2 (azsbl,
JUXPOHU3M), TO €CTh JUXPOHOMOP(HU3M. bblM Ipencka3aHbl U BCKPBITHI HOBBIE YBOJIIOLIMOHHEIE
(hopmsl nonoBoOro AUMOpQ3Ma: MOAU(PHUKAIIMOHHBIA U TEHHBIH.

Hroro 4 pupa: 1. 'amer. 2. I'onan. 3. l'enuranuii. 4. ['opmonos (HP). 5. Xpomocom. 6. Ilo
HEPBUYHO M BTOPUYHO I10JIOBLIM Ipu3Hakam. 7. [1o neuxuxke.

IBOJIIOLIUOHHDbII BO3PACT M I10J1 TEHOB

I'ne nposiBsieTcst AUXPOHU3M?

B peuunpoksbx ckpeinybaHuax. OHU MOI'YT ObIThb MEXIY IBYMs Pa3leiIbHONONIBIMU OCOOAMU
BHYTPH OTHOH MNOMYMAIMH (BHYTPUIOMYIALIMOHHBIE CKpEeNIMBaHMSA). MeKnomyasinoHHbIMH,
MEXKHAI[OHATIbHBIMH, MEXITHHYECKUMH, MEXPACOBBIMH, MEXBUIOBBIMH (HAIPHMEp, JIOLIANbL +
océn) HemnoAoBUTHIC THOpUABLI Myl W jomak. JlanbHeiiee ynancHue BUIOB APYT OT JApyra
MPUBOJIUT K ITOJHOM pernpojiykTHBHON n3onsiuu. O4YeHb MHTEPECHBIH NMPUMEp CEBEPHBIX UaekK.
Bce cocennue nomymanue 1o MOMSPHOMY KPYTy CKpELMBAKOTCA JIPYr C JPYroM, HOCTENEHHO
HaKalUTMBAIOTCA pa3fM4usA W KOTJIa BHOBB BCTPEYAIOTCA CHOBA HE Y3HAIOT JIPYr Apyra — He
CKPEIIMBAIOTCS, TOIHAS H3OIISIHS.

Ilapuple (eHOTHIIBI BHYTPH [OMYIAUMH  (OJ-1ATE€PabHOCTb, IOJ-NOKOM) MM — MEX-
(MONYINAMHOHHBIC, HAIMOHATLHBIC, ITHHUCCKHE, pACOBBIC, BHJIOBBIC THODHIBI), COCTABISAIOT
terpaael  (a-b-c-d), cessaHHBle Qopmynoi, atd=btc, UYTO TOBOPHT O KOHKOPAAHTHOCTH
IPUBEICHHBIX BBILIE IBOJIHOLHUOHHBIX BEKTOPOB U IIOATBEPAIACT KOHICIILHIO.

(To, uro JNHK + 6enxu Bosnuxmu u3 PHK, U nenTpanbHas U mp. J0rMbl MOJCKYJSPHOMH
OMOIIOrHH 3HAII FOPa3JI0 PaHBILIE HX OTMEHBI BTHXYIO).

A Take OOBACHUTH JIPYI'yH (DYHJIAMEHTAJIBHYIO 3arajiky — 3IBOJOIHOHHYK pOJib 2-X
JIeTIeHHH B acuMMETpuH urcia (4 : 1) MysKCKHX U JKEeHCKUX FaMeT B MeHose.
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IUIALIEHTA - MYKCKOM OPTAH!
(ITapTuTypa 3KCIpECCHH TEHOB MaTEpH U OTLa B SMOPHOreHe3e)

B.A. 'TEOJJAKAIH.

"OnHOIl 13 OCHOBHBIX 33/1a4 TEOPETUUECKOTO UCCIIEI0BAHKS B JIFOOOMH
o0yacTH 3HaHKUA ABMSETCSA YCTAHOBIEHUE TAKOH TOUKHU 3PEHHS, C KOTOPOH
00BEKT HcclleJOBaHMUS IPOSIBIIIeTCs ¢ HAauOOJIbIIEeH IPOCTOTOMH " .

J.B. Tudoe

“He Ha ocHOBE (haKkTOB CTPOSITCS TEOPHH, KAK
JTYMaIOT TIpe/ICTABUTENN HHIYKTHBHOI HayKH, BCerja
HA OCHOBE TCOPHH (PAKTHI YKIIA/ILIBAIOTCA B CHCTEMY

A.A. JTioouies

Cuauana 6putn Oecrioneie (BII) opranmsmel, ¢ nossnenuem nososoro npouecca (I, ciusHus
TEHOB JIBYX oco0eil), BosHHKIH repmadpoantsl (I'P), a ¢ auddepenumanueit monos (JIT) na
skenckuit (JK) u mycekoit (M)—pasznensnononsie (PIT). MIx npoekii B mepBrie /1Ba MecAra
IMOpHOreHe3a YepPE/YIOTCS B TOM K€ IMOpPsiIKe.

B 1960 r. s noHstt, 4to 6UONOTH HEe MOTYT OOBICHHUTE, /ISl YETO CYIIECTBYIOT JBA IMOJIA, TO €CTh
ananTUBHBIE cMblcn  muddepeHIHAMH [0I0B M PA3’ENbHOMOIOCTH, M IIPEIIOMKUI
asomoyuontyio meopiiro noaa (ITII). EE ocHOBHBIE MOTOMKEHHS.

1. I'naBHas runoresa, KoTopas [IpHBea K CO3/1aHHI0 TEOPHU IojIa—uies JUXPOHHOMN 3BOIIOLMH
[IOJIOB: CHAYasla MYKCKOH IO, IIOTOM, CIIYCTS MHOIO NOKOJICHUH—KeHCcKui. K quxpoHusmy
NPUBOJUT pa3Has HOPMA PEaKIMM *KEHCKOro M Myskckoro mona. OHa Bcerja, Mo BCEM
NPU3HAKaM, Y ’KEHCKOT0 MoMa YyTh IIHPe, YeM Y MYKCKOT0. A pazHas HopMa peakiiiu, B CBOIO
ouepelib, CIEICTBHE Pa3sHON KOHLIEHTPAUUH IIOJIOBBIX I'OPMOHOB: 3CTPOI€HOB U aHIPOIEHOB.
M3 riaBHO# runoTessl BBITEKAOT M BBIBOJISTCS BCE OCTAIBHBIC TOJIOKEHUA TEOPHH,

2. CymiecTByIOT Cyry0d0o MY;KCKHE, €Ile HE TOTIABIIME B )KEHCKHH I'€HOM, U CYTY0O0 JKEHCKUE, YiKe
YTPaueHHbIE MY/KCKUM I10JI0M, E€HbI.

3. IlepBble a1 MPOBEPKH HA BPEIHOCTH, [0 [ONAJAHUS B KEHCKUI T€HOM, TO €CThb KapaHTUH,
OTK, ot6op. I'ne onn nomxus! ObTh? ScHo, ToMbKO B Y-xpoMocome. Torna Y-xpomocoma—
“ponnom”, kapantu, OTK HOBBIX FeHOB, TO ecTh HAYaI0 MX (QUIOreHeTHYeCKOH “Ku3HH . A
TJIe MPOXO/UT caMa *KHU3HbL H OCHOBHAs paboTa reHoR?

4. B munnouHOM reHoMe 4enoBeka 22 mapkl ayTocoM M OJTHAa Mapa TOJOBBIX XPOMOCOM: Y
weHIMH—XX, y myxuuHi—XY. B ayrocomax ocHoBHas Macca reHoma okomno 95% wim
~6.000 MBb, B Y-xpomocome okoio 1% unu ~60 Mb, B X-xpomocomax 110 3% Wi pUMEpHO
no 180 Mb. Crano ObiTh, B ayrocoMax MPOXOIUT OCHOBHAs >KH3Hb H padoTa IeHOB U MOCIIe
HPOBEPKH B Y- XpPOMOCOME, OHH JOJDKHBI [IePEMEILAThesl TyAa, TO eCTh [eHbl B ITeHOME BEIyT
He oceubiit 00pa3 xkusnu a koueBoil (“Homanuueckas Teopus renos” [1998, 2000]). Tak unest
JIXPOHHU3MA HIPHBOJIUT K HJIEe Jipeii(ha reHOB M0 XPOMOCOMAaM H MEX/ly HUMH,

5. K upgee apeiida npusnakos, dyHKIHM, OPraHOB MPUBOJUT U BO3HHKHOBEHHE M3 IHAPOBON
cummverpuu (LLC), paguansnoit (PC), dunarepansroii (BC) 1 TpuakcHanbHOM acHMMETpUU
(TA) opranusmos [2005].

6. IlockosbKy Juis NPOBEPKH HOBBIX T€HOB B Y-XpOMOCOME TPeOYeTcst MHOTO IMOKOJEHHH, TO
MECTO IIPHUXO0Ja M YXO[a I'eHa JIODKHBI ObITh MAKCHMAJIBHO YAAIeHbl APYT OT Apyra. 3HauuT
“nocagounas” W “B3nETHAT” TMONOCHL JOIDKHBI OBITh HA KOHIAX XpomocoMm. Yacto
CTpaIIMBAIOT, KAKOBA BEMWYMHA AuXxponu3ma? S atoro noka ne 3uaro. Ho, cyas o oMy, yro
y Oonrapok “nutoBckas’ aepmaTtornuduka, a y donrap— Typeras, a TYpelnKoe uro JHIoCh
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OKOJIO 5 BEKOB, @ JI0 TOr0 ObUIO JIMTOBCKOE NAPCTBO, TO 32 ~25 MOKOJICHUH TYPEIKHE TeHbl He
JIOULTH E11Ie 1O TeHOMa D0JrapokK.

1. Pa3nenpHOIONOCTH—HE JIydIlui cocod pasMHOKEHH:, a (JopMa SKOHOMHOIO KOHTAKTa CO
cpenoii (E) E-M—X—E u 0onee sthdexkrtuHoil AMXpoOHHOI 3BOMONMH, CHavamna
MY3KCKOH 1011, IOTOM JKEHCKUH.

2. Tnddepennpmaniyis 1o10B—CcHelyanu3ays [0 [NIABHBIM acleKTaM 3BOJIIOLUM: COXPaHEeHUs
(C—XK), u uamenecnus (M-M), kotopsie anbTepHaTHBHBL, yeM doubiie U, Tem Menbie C, To
ectb C+HW=1. Ona nozeonsier mMakcumuzuporarb o0a. Crajgo ObiTh, B OTIIMYHE OT
Oecronblx M repMadpOIUTHBIX MOMY/IALUH, C KOHKYPEHTHBIMH OTHOLIEHHMSAMM MEXIy
ANEMEHTAMH, JIBa TONA YXKE€ OPraHM3MEHHAs CHCTEMa, ¢ JIOTIONHSIONIMMH JIpyr Jpyra,
KOTHITMOHHBIMU OTHOIIEHHAMH.

1. EcTb MyKCKME M JKEHCKHE IEHbl, TOPMOHBI, XPOMOCOMBI, TaMETbl, I'OHA/bl, [E€HHTAIHH,
NpH3HAKY, (YHKIMH, OpraHbl, OPraHH3Mbl, CYONOMY/IALMH, 4epPThl XapakTepa, INCHXOJIOTHS,
MEHTAJIUTET, BPOXK/ICHHBIE aHOMAJIWH, 60ﬂe3HId, HECKOJIBKO JIECATKOB IIPOU3BO/IHBIX OT KOPEHHOI'O
NOHATHA ntona: cootHoueHue nonoe (CII), nucnepcus (o) nonos, 1 nonosoi aumopduzm. He 3Has
SBOJIFOLMOHHOHA POJIM (CMBbICIIA, LIEJIH) 110714, HE MOYKEM IIOHATh U NPou3BoHbIX. Jlo 1965 r. mon
CUMTAJICA CKAIAPOM: TIONIOBOM AUMOPGH3M HE MMEN CMBICIA (3HAJTH, YTO MYKUHMHBI B CPETHEM
BBIILIE >KEHIIUH, HO HEe 3HAM, YTO 3TO 3HAYHT). J0MOYUOHHAA meopus nojd, IPEBPATHB IO B
BEKTOP, M03BOJIIIA “BEKTOPH30BATh U BJIOKUTH HOBBIA CMBICI BO BCE €ro rpou3BoaHsie. Torna
0KAa3aJ10Ch, YTO MOJOBOH JUMOp(H3M—“KOMIIac” BOJIIOLMY, €CIH TNIABHOE JOCTIDKCHHE II0JIa—
IIOJIOBOMH IIPOLIECC, CO3AAI0IIMH pa3sHOO0pa3He TeHOTHIIOB, TO Au(depeHIalMs 0JI0B (3alpeTuB
komOmHain: M x M, 2K % 3K), yxyammna ero BaBoe, roJjoBble XpOMOCOMBI—BOBCE HE TOJIOBBIE
(MHOTHE BHJIBI MMEIOT 1O, 0€3 IOJOBBIX XPOMOCOM), a 3KO-IBOJIOIMOHHBIE XPOMOCOMBL.
Ilonoebie ropmonst (III'), Toske He mOJOBblE, UM MOXKHO JaTb OOOOILUEHHYIO TpPAKTOBKY.
DcTporeHs—BeNIECTBa KOTOPHIE, paciupsas HopMy peakuuu (HP), ynansator cuctemy ot cpenbl 1
3aMEJLIIOT IBOJIOLMIO. AHIPOreHbl, HA00OPOT,—CYyKasd HOPMY peakLMy, IPUOIHKAIOT K cpelie U
YCKOPSIOT 3BOJTIOIHIO.

2. ITon 3UTOTHI ONIPENIENAIOT MPH 3a4aTHH TTONOBBIE XPOMOCOMEBL. Y MIIEKOMUTAIONNX 0a30BbIit
noJ1, romorameTHbii (XX)—xenckuid. [IpousBonnslii o, rereporamersbiii (XY ) —mysxckoit. O
3alyckaercs  Y-XpoMOCOMOH, mnpespamaronieil "Oecronble” 3auaTkd roHaj 3MOpPHOHA B
CEMEHHMKH, NpoAyLupyromue asaporeHsl. Ilpu orcyrcrBUH Y-XpOMOCOMBI, T€ K€ TKaHU
IIPEBPALIAIOTCS B SIMYHMKH, MPOIYLMPYIOLIME 3CTporeHsl. Jlanbine 10 KOHLA KU3HU II0JIOM
YIPABISIOT aHApOoTeHsl M acTporeHsl. M, kakum OyneT ropmonanmsHelii cratyc (I'C) B3pocmoro
OpraHu3Ma, pellawT MOJIOBBIE TOPMOHBI B yTpoOe Marepd. Y nruil 0asoBblil 101 TOXKE
romoramerTHslii (ZZ), Ho—myzckol. IlpousBoassiii noi, rereporameTHblid (ZW ) —xeHckuil. OH
3anyckaercd W-XpoMOCOMOH, NpeBpalliarolieil 3a4aTky B AMUHHKH, IPOAYLIHPYIOLLHE SCTPOreHBL.
ITpn otcyretBHM W-XpOMOCOMEI, Te K€ TKaHW MPEBPAINAIOTCA B CEMEHHMKH, MPOIYIHPYIOIINE
aHJIPOTEHBI. 3HAUMT, 0 IE0TOYUOHHOU Meopuu nond, Y MISKONUTAOIIMX aHAPOTeHbl YAATISIOT
CaMIIOB OT CaMOK K Cpell€, a y ITHL] 3CTPOreHbl YAAIAIOT CaMOK OT CaMIIOB H OT CpPElibl, TO €CTb B
000HX clTydasx MyKCKOH 1oa—"cpeoBoit”, a seHcKHii—"ciucTeMHbIH".

Crnenosarenbho, (1) mon Gonee (yHIAMEHTAIBHOE SIBICHUE, Y€M TAaMETHOCTh, (2) MoJoBoi
JMMOp(U3M, KaK CHUCTEMHO-CPEIOBOH BEKTOp, CO3JAOT SCTPOr€HbI W AHJPOICHBL. 3HAUUT
muddepentmalus moxoB—CcrnenuaTu3al|s mo JByM OCHOBHBIM aCTEKTaM BOMIOIMN: COXPaHCHHS
u usMenenus. JKenckuil nom—koncepeatuBHas noxacucrtema (KII), nepenaromas nmoToMcTBY
crapyro uHpopmaruoo o uvucieHHoctd (N) u mucnepcuu ( ¢ ) nomyssinuu. Myskckoi—
oneparupHast (OIl), nepenaronias HOBYHO HH(POPMAILMIO W ONPEAENSIOIAs C/IBHI CPEIHEro
reHOTUIA A X, TO €CTh CKOPOCTD BOJIFOLHH.
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3. Unes nuxpoHM3Ma npuBenia K “HOMAaJMYeCKON’” MOJENH, APEH(YIOIHX [0 XPOMOCOMaM,
reHoB. ITo koTopoii: Y-xpoMocoMa 0IHOBPEMEHHO “poioM”, “KapaHTHH U “KpeMaTOpHid” reHOB,
TJIE OHH CO3/IAI0TCH, TPOBEPSIOTCS B TEUEHUE MHOTHX IMTOKOJIEHHH U MPEBPANIAIOTCS B HOBBIE TEHBI.
B xoHie gauHHOrO 1wigda Y-XpOMOCOMBI, HAXOAMTCA ‘‘TOCAI0YHAs’ I0JI0Ca, Kylda IPUXO/SIT
orpadoraBuine B ayrocoMax resbl (“rpys 2007, Ha xeHckoil X-xpomocoma “katadank”). Ha
JpyroM KoHIEe Y-XpoMOCOMa (KOPOTKOM IUIe4e)— B3JeTHAs IO0J0CA, KOTOPask KOHBIOTHPYET C
“nocaloqHON” MY;KCKOI X-XpOMOCOMOH M y4acTBYET B HEPABHOM KPOCCHUHIOBepe (ObLT OTKPBIT
eme B 20-30 rr. Bunare u KupnnunukorsiM Ha rynmu (Y —X)(X—Y) =4 [Kuprnuunukos, 1935;
Winge, 1927]. Anpoaiiisi HOBBIX PELIECCHBHBIX EHOB B MYMXCKOM I'€HOME IIPOJIOJKASTCH B
MY>KCKOH X-XpOMOCOME, Ile OHM I'€MU3HTOTHBI H JOCTYIHBI 0TO0pY. [loOpaBIiuce 10 “B3JIeTHON”
IIOJIOCHl MYKCKOH X-XpOMOCOMBI, I'€Hbl IONAJAI0T B ayTOCOMbI—OCHOBHOE MECTO KM3HH U
pabotel (~95% reHoma). AYTOCOMHEBIE TEHBI, B OTJIMYME OT TEHOB TIOJMOBBIX XPOMOCOM,
MEPEMELLMBAIOTCA TP IIEPBOM K€ CKPEIIMBAHMHM M TIONAJAIOT K CbIHY MM J0YEpH
croxactuuecku. Ho, ecnu ux mpoBepka ObUia HEAOCTATOUHOM, TO €I1l¢ MHOTO IOKOIeHUH Oyner
HA0II0aTECS “aCHMMETpHs POAUTENEH B BUIE MATEPUHCKOrO (110 apXMBHBIM) WM OTLIOBCKOTO
(no KapaHTHHHBIM) reHaM. Takum o0Opasom, IpocTas HUAes JMXPOHHM3MA, OOBACHIET ¢ SIMHOH
TIO3UIMH MHOXKECTBO 3araJIOK B PasHbIX Ouonormueckux Haykax. Kcrarw, “npsirarongye” reHbl
H3y4ar0T MHOI'ME U JIABHO, HO HUKTO HE 3HAET, Ky/la W 3a4eM OHM IpbIraror!

4. I'naBHble XapakTepuCTHKH TTOTOMCTBA N, 6 B A X. FIX 3HAYHMOCTE B 9TOM psijly NaJ1aeT (HeT
N—+Her o, HeT o—HeT A X). MHCCHS KEHCKOrO I0/la—COXpaHeHHe, TaK KaK OIpenelser
uiciieHHocTh (N) 1 aucnepcuio ( 6 ), a MyKCKOro—usMeHenue, A x. [loaroMy jKeHCKHil 1o
"nennee", yeM My>KCKOH. IToCKONbKY 2BOMIOLMS MIACT METOAOM Mpo0 U OUIMOOK, a 33 OLIMOKH
HAJI0 IUIaTHTh, TO MYXKCKOH Moy mpoOyeT BCe HOBBIE I'€HBI, a KCHCKHUH IOJ MEpeaacT yiKe
nposepenHsbie. [lis aroro HyxHO: 1. XKeHckoMy oy MOKHHYTh 30HBI 0TOOpA, C TeM, 4T00bI OH
OTCTPaHsU1 TOIBKO MYKCKOH 10J1. 2. BpDKUBIIUM 1ociie 0TO0Opa MYKCKHUM 0c00AM (OTEPSIBLIIMM
N ¥ G) OILIOZOTBOPUTH BeeX JKEHCKUX. Bropoe ycrnoBue—innpokoe "ceueHue kaHana' nepenayu
HWH(pOpMAITHK TTOTOMCTRY,— B KOHEYUHOM CUETE, CBOJMTCS K YMUCIEHHOCTH TaMeT W MOJIUTHHUH. Y
BCEX BHJIOB MY)KCKHX TaMeT HAMHOTO GombIIie, 4eM jkeHekuX. UTo ke kacaerces 30H oTbopa, AcHO,
YTO CIBHI JKEHCKOI'O pacIpeleleHHs 110 MOJE He pelliaeT npo0ieMy: Yias U3 30HBL X0/10a, OHO
nonaaéT B 30HYy JKapbl. A BOT, €C/IM CY3UTb JMCIEPCHIO (DEHOTHIOB (Gyp) KEHCKOIO I0JA, 110
CPaBHEHHIO C MYXCKHM, TO [OIY4HM TO, uTo Hano! Jljus storo HyxHa Oonee MpoKas HOpMa
peaKiMy JKEHCKOTo Mona. 3To ABJIeHHE ObUIO MpeAcKa3aHo U BCKPBITO, B Havane 70-pIx 1T [].
V3kas Gy, MO3BOJIAET IOKHHYTh 30HBI 0TOOpA, NPEBPALIAET MOHOMOJAIBLHYK) MOMYJISIMIO B
OMMOJAJIbHY0, HENOCPEJCTBEHHYIO "SKOJIOrui0" (KOHTAKT €O Cpeloif),—B OIOCPELOBaHHYIO:
cpera—MIT—=KII (rne — noTok MHGOPMAIMKM) M CHHXPOHHYIO JBOJIOLUHIO B JAMXPOHHYIO:
CHayaJa MY;KCKOH I0JI, [IOTOM, CO CIIBUTOM Ha MHOTO [TOKOJIEHUH KeHCKHIl 1oJ1. DTO I7IaBHOE
OTITHYHE 2GOTIOYUOHHOU Meopult NOoAd OT BCEX APYTHX TCOPHH, HO HACTONBKO BAKHOE, HTO
MI03BOJIAET CTABUTh BOIIPOC O CMEHE IIapajurM Beex OUOJIOrHUECKHX Teopuid U (pyHIaMeHTaIbHOH
MEJHULIMHBL JapBHHMU3MA, MEHIENINU3MAa M TEOPUH acMMMETpHH OpraHM3MOB, Mo3ra M Tena. B
HayKax, TJe OTCYTCTBYET KOOPJMHATA BPEMEHH O3BOIIOIMOHHOTO Maciitada (Hampumep, B
OMOXHMMUH, LIUTONOTUH) Noka KoMbopTHO. Ho B reneruke U 3BOMIONMY BBICHIUX (POPM C KaXKIBIM
HOBBIM OTKPBITHEM pacTeT JuckoM(popT. B mepByro odepens 3T0 kacaercs oOHIMPHOrO Krnacca
[IPOJBUHYTHIX OHHAPHO-CONpPsKEeHHBIX cucteM wnu auddeperupanuid  (bCH). [lpuseny
HECKOJIbKO IIPHMEPOB.

Peuunpoxseie rubpuasl 1omanayu ¢ OCIoM, NOABHUBIIKUCH ~ 8-10 Thic. eT Hazaxd, He
3acTald HIYMEPOB, HO €TUNETCKHE U InapdsHCKHE BOMHBI, IEPECEB ¢ BepOI0a U CI0HA
Ha JI01a/lb, HE MOTJIH HE 3aMCTHTh, YTO M MYJI, M JIONIAK MOXO0XH HA CBOMX OTIOB. OTY
DMOXaNbHYIO 3arafky "acumMMmeTpuu' poauTeNell KiaccHdeckas TeHEeTHKa HE MOXKeT
00BACHUTH TOJIKOM J0 CHX MOp!



NMPANOXEHMWE F: HEONYEBINUWKOBAHHGBIE PABOTHSI 123

[Toatomy 3pst cMesnuch Haj ">KHPHOMOJIOUHBIMH ObldkaMu' MeYaNbHOH NaMsTH
T.O. JIsicenko. B stom on Obin mpas! Jlomans U Océn BO3ZHHUKIH JUBEPreHTHO OT
obmero mpeaka BENMYMHOW ¢ KONIKY, a 10 2G0MOYUOHHONW mMeopuu Rod, TIPH
JUBEPreHTHOH 9JBOJIOIMKA JOKeH Habmwojatecs oTunoBckuit  s¢ddexr, a npu
KOHBEPIreHTHOW—MAaTepHHCKHI. Benb npu pacxoxaeHud BUI0B, (V), ecTh cTaaus, Koraa
MYKCKOHIl IoJI, Kak aBaHrapl yxe OHMOZJalleH, a JKEeHCKMH [nol—apbeprapi, ere
MOHOMOJAJIEH ¥ 00a PEUUNPOKHBIX IMOpUIa NBYX pasHBIX CaMLOB ¢ oOmiel caMKoii,
MOnagalnT B OTHOBCKMN BHJ. Torma kak npu cxoxjcHuu BuAoB (A), caMibl yxke
MOHOMOJaJIbHbI, a CaMKH eIE—O0uMOonalibHbl, 03TOMYy 00a rubpuina mnomnagarwT B
MarepuHckuil Bua. Hanpumep, nmodemy y 6oiarapok aepMaroriMpuka—IHTOBOK, Y
foarap—Typok, noyeMy—xkeHcKkue depena neuiep Cxyn, TabyH—HeaHnepranbekue, a
MYKCKHEe—KpPOMOHBEHCKHE, TModeMy—Yy Oamkupok | Tunm dvepenos, y oOamkup—4,
noyeMy y TypkMeHOK | Tun 0O0OOLIEHHBIX MOPTPETOB, Y TYPKMEH—2, NOo4YeMy—
00e3bsHbl KOPM OepyT 4alle JeBOH pyKoil, a WINHHraneT OTKPbIBAIOT—TOJIBKO MPABO.
Takux 3aragox odeHb MHoro. OHM He pelIAIOTCA B paMKaX CHHXPOHHOH 3BOJIIOIUYU
OMHapHBIX CHCTEM, & TOJIBKO B JAMXPOHHOH. 3HAYUT €JUHCTBEHHBIH BBIXOJ [ BCEX
OMOJIOTHYECKUX TEOPUH M B TEPBYI0 OUYEpE/]s JUIA TJIABHBIX TapajurM OHOJIOTHH:
J@pBUHU3MA W  KJIACCHYECKOH TIeHeTHKH—IIepecTpoiika. DTO0 B KOpHE MEHseT
nonumaHue. HoBble I'eHbl JO/DKHBL OBITH TOJNBKO Yy MYKUYMH (aBaHrapja), a crapble—
TONBKO Yy JKeHmMH (apeeprapn). Hamuume cyrybo MyxKcKHX reHoB, 3Has o0 Y-
XpoMoOCOMe, TPYIAHO OTPHIATh, HO €€ TPAaKTYIOT KaK YIOJHO, HO He KaK “poja1oM” IeHOB.
A cyrybo SKCHCKHUC TCHBl OTPHUIAIOT MO YMOTYAHUIO (TaKk Kak HET CHCUUANbHOM
xpomocomsl). Ha camom Jienie BCS COBOKYNHOCTh (DaKTOB NPEKPACHO YKIAJLIBAETCH B
CIEAYIOIYIO AeAYKTHBHO-THIIOTETHYECKYI0 KapTuHY. I'eHom nponsuaythix PII ¢opm
COCTOMT M3 JBYX CyOMOMyNsAIMH: MYKCKHX M JKEHCKHX T€HOB. JJHXpPOHM3M NPHUBOJHT K
TOMY, UTO JBa pAaclpeleneHis TEeHOB Pa3JBUHYTEL MO0 KOOpPJWHATE BPEMEHH
(crapble—HOBBIE) M YacTUYHO MepeKkpuiBatoTcs (TpaHcrpeccus). Torja Beck reHom
COCTOMT M3 TpeX uYacTed: y JKEHIIWH cTapele (apXUBHbBIE), Yy MYKUHH—HOBBIE
(KapaHTHHHBIE), a MEXKIY HHMH o0mue ayrocoMHble rensl. B 1972 r. a1 nokasan, uro
nuddepeHnmanms XxpoMocoM Ha ayTocoMbl (AA) 1 MONTOBBIE XPOMOCOMBI, TOXKE ABIAETCS
BCJl B xoropoit ayrocomei—KII, a momossie xpomocomei—OII []. C tex mop ObuH
OTKPBITBI MHOTO MHTEPECHBIX (DaKTOB, MOJTBEPJAMBIIMX TaKyr KoHIenuuw. M3BectHo,
4YTO CYIIECTBYHOT pa3Hble BapHaHTbl 3ToH aud@epenumnanuu. l'ensl npocteiimx
XpoMOCOM (MTMHEHHBIX MIH KOJNBIEBBIX) ¢aroB, BHPYcOB M OakTepuid, ObUIH
PacIioyokKeHbl, B TMOPAJAKE WX MNOABICHHA. C pPOCTOM 4YHCJIa T€HOB BO3HUKIIA HOBbLIC
(hopMBI XPOMOCOM M TPYNIIBI CHETUIEHHS TEHOB BHYTPU XpoMocoM U mo HuM. [lonossie
XPOMOCOMBI TNMOSIBUIIUCh Y HEKOTOPBIX PHIO, Y KOTOPbIX ObIBaeT M repmMapojHTH3M,
CMEHa I0Ja C BO3pacTOM MM B 3aBHCHMOCTH OT cOLHalbHOro panra. ¥ am@uoduii u
penTHIMil onpenenenye nona Toxe nabuneHo. He MckmoueHo, 4TO CHavana BO3HUKIA
topma X-0 (kiomnsr), norom X-Y. V crpexos ects 00e popmMbl u ObLUIO NTOKa3aHO, 4To X0
apesHee, ueM X-Y. Y pacTeHu# rerepoXpoMaTHHOBBIE Y4aCTKH IOBTOPOB pa30pocaHsbl
[I0 BCEM ayrocoMaM. OJTO TOBOPHT O TOM, 4YTO y HUX OoJjiee paHHAS CTagus
nuddepeHIHaALME XPOMOCOM. Y YTKOHOCA €CTh 5 map IMOJIOBBIX XpPOMOCOM HayHHas OT
tuna maexkonutawmux (XX-XY) u xonyas tunom nruil (ZZ-ZW). Y uepHbIX 006e3bsH-
peByHOB—2 maphl. Y NTHI[ ¥ BBICHIMX MIJIEKONHUTAOUIMX— | @apa, ¥ B OTIHYHE OT
pacTeHui, rerepoxpomMaTMH  yxe coOpaH B  Y-xpomocome. H3BecTtHO o0
[IPEUMYILIECTBEHHO NepH(PEepHIHOM paclooKEHHU I1OJIOBBIX XpoMoOcoM B sape [1972].
IMouemy-To pennukanus JHK Y-xpomocoMs! u ofHOH X MPOUCXOAMT MOCIE OKOHYAHHA
peIUIMKAllMH ayTocoM. A y m4eJ Yy CaMOK JIMIUIOMAHBIH TeHOM, a y CcaMIlOB—
ralIOUJHBIH, TO €CTh ACHMMETPHUYEH BECh I'€HOM. SI BhICKa3all FHIOTE3Y, YTO 3TO W Halll
Oynywuit stan 3pomwouru [1998], To ects paHblie He OBUIO CHEIHAIM3HPOBAHHBIX
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XPOMOCOM M0 CO3/IaHHI0 HOBBIX TCHOB: MYTAI[MH BO3HHKATH B Kax/Jo# ayrocome. OO
3TOM TIOBOPAT pa30pocaHHblE IO BCEM AayTOCOMaM TIeTepOXPOMATHHOBBIE YYacTKH
MOBTOPOB Y pacTeHWi, KOTOpPblE MOKHO PaccMaTpUBaTh Kak Oonee PaHHIOW CTaaHI0 B
IBOJIDIHU TeHoMa, Bce 3T0 XOpomio yKiajblBaeTcs B KOHIEMIMID, 4YTO SBJIEHHE
raMeTHOCTH, HE YTO MHOE, KaK 3BOJIIOLHOHHANA CTalus OJHOH M3 IOMOJIOTMYECKHX Iap
ayTOCOM: Y HAac B HacTosllee Bpems 22 napbl CUMMETPHYHBIX, 3HAYUT CTAOUIIBHBIX
ayrocoM,—a 23-s mmapa acUMMETpHUYHa, TO e€cTh 3BoimoluoHupyeT. Ilpu stom mcxonuo
cuMMeTpuyHas napa AjA;, korga-to mpespatuiack B XX-XY, mo Mepe 3BOIIOIHH,
[OCTENeHHO OyneT pacTH o001acTh KOHBIOTALMM M KPOCCUHIOBEpa H MYMKCKHE
xpomocoMbl XY mpeBparaTca B YY, TO €CThb B HOBYIO CHMMETPHUYHYIO (CTaOMIIBHYIO)
napy A;A;. Y nosBuTCs HOBas 3BOJIIOLHOHHAS [1apa.

KoneuHno, rnaBHas 3aragka reHoma—Y-xpomocoma! Emé B 1965 r g nucan, “dro B
XPOMOCOMHOM HAa0Ope TMOJOBBIE XPOMOCOMBI HMTPAOT PONE OMEPATHBHOM MaMsaTH, a
ayTOCOMBI—IIOCTOSIHHOM, IO3TOMY Y-XpoMmocoMa “BopoTa” nis H3MEHYHBOCTH B
HacieAcTBEHHOCTH (). OKCIEPUMEHTANBHOE IOATBEPKIACHHE 3TO IpelcKa3zaHue
nonyuuno B SHAnonwun u  CIHIA. B cpaBHUTENHOM HCCIEIOBAHHH 3aMEIICHUS
HYK/ICOTHJIHBIX I1ap ayTOCOMHBIX, X- M Y-I€HOB YE€JIOBEKa, MBIIIH K KPbICHL ObLIO
IMoKa3aHo, 4TO CaMlibl ABIAKTCA I'JITaBHBIM HCTOYHHKOM My'rauuﬁ 1A MOJ’ICKyJ’IﬂpHOﬁ
sposoinu (Miata et al., 1987). AnanorudasiM MeTooM cpaBHUBaIH Y/X OTHOMIEHHUS
CKOpPOCTEH 3aMelleHHs HYKICOTUIHBIX Iap B CAHOHUMHBIX I'€Hax Yel0BeKa, OpaHryTaHa,
0abyuHa u Genuubeil 00e3bsiHbl. bbUl0 1MOKa3aHo, 4To Y-reHbl JUBEPrUPYIOT ObICTpEE U
Janblie Apyr oT Apyra, yeM X-IeHbl, TO €CTh U y BBICUIUX [IPUMATOB CaMLbl IIPEABAPSIOT
MOJIEKYNIApHYIO 3BoIoNHI0 [ Shimin et al., 1993].

3HAYUT POJIb KEHCKOTO TMOJId COXPAaHATh CTAPYI TEHETHYECKYI0 HHHOPMAIHIO O
yucieHHocTH (N) KU tucnepeut (G ) MONyNsMd, a MYKCKOTO M0JIa—TI0JIy4aTh OT CPe/ibl
HOBYI0 HMH(OpManMio, mpespamarts €€ B TeHbI, NMPOBEpPAThH MX Ha cebe (BBDKUBATH C
ylauHbIMH Hpo0aMu, 1orudark ¢ HEYIAYHBIMM), IIPEKIE, YEM NepelaBarb UX uepe3 X-
XpOMOCOMY B )KEHCKHUIl T€HOM, TO €CTh B ayTOCOMEL.

OT0 co3aaer, NOMUMO M3BECTHOIO I[10JIOBOrO JAMMOp(HU3Ma, IMOCTOSHHOTO, HO
TONBKO MO Mpu3HakaMm nona u penpoaykuuu (PITJ]): rameram, roHanam, reHHUTAIHIM,
ropmoHansHoMy cratycy (I'C), HopMe peakuuy U BCeM BTOPHYHO-TIOJNOBBIM MPHU3HAKAM,
elnle TPM HOBBIX, paHee HEeH3BECTHBIX, BHJA, TECHO CBA3AaHHBIX C HBOJIOIUEH TM0O0TO
[IPU3HAKA, HO TOJBKO BO BpeMsa sBonwouud. 1. monudukamumonnbiii (MILJ),
FOpMOHAJIbHBIN, (eHOTHNHYECKHH (Lenb—yOpaTh >keHCKUil mon u3 30H otbopa); 2.
"OTLHOBCKOrO MIH MaTepuHcKoro s@dekros" (OMD3): reHsHslii HMIH TOPMOHAJIbHBIH
(1enb—mu30aA1UA XKEHCKOTO M0Ja OT KapaHTHHHBIX T€HOB, MYKCKOH MOJ OT apXHBHBIX),
B (ustorenese 3Tot nosoBou aumopdusm moxer npesparurbes win B PIL wiu 8 DI
3. apoyionHoHHbIA (DI1/]), celleKUHOHHBIN, FeHOTHIHYCCKUH (Ilenbh MPOBEPKA HOBBIX
TCHOB B My#cKoM reiome). B otnuune ot PILJ, TJI—monyc acHHXPOHHOH 3BOMIOIUEI
Jmwdoro npusnaka. PI1JI—pa3Huua ropMoHOB, 1Ba ()eHOTUIIA OJHOTO FeHOTHIA, TO €CTh
nBe GopMel (0THOMEpHBIH, AUMophu3M). HII—pas3Huia reHoB, TO €CTh OJTHOBPEMEHHO
JBe (popMbI U JiBe (ha3bl (BYMEPHBIH, JIHXpOHOMOP(]H3M). DTO BEKTOP, HANPaBISHHbIH
10 3KOJOru4eckoil ocu (cucreMa—cpena), a 1o BpeMeHHOH—(mpouuoe—Oynyiiee).
Bce tpu sBomonuoHHBIX AUMOpdH3IMA NMOKA3bIBAIOT HANPABIEHWE YBOIIONHH MPH3HAKA.
Cosparor DI/l snumuHanus uyacTH MyKCKUX ocobDed o0TOOPOM M HOBBIE T'€HbI, a
JNUKBHIMPYIOT €ro TeHBl BBLKHMBIIMX CaMIlOB, NMOMajas B—IKEHCKHH reHOM. 3HAYHT
(bakTOpOoM 3BOJOLMM MyKckoro noja ocraercs (kak y BIl u I'®) skomormueckuit
norenuuan (ordop), a and skeHckoro noya craHoButes DIIJ—Toxe noTenuuan, Ho 0e3
orbopa. Tak kak MoI0BOH Mpolecc ApeBHEee NOI0BbIX XpoMocoM, To PILJ] apesnee DI1/I.
Teopust TpakTyeT €ro Kak pa3’HOCTh KOJUYECTB HHMOPMALHHM B MYMKCKOM M JKEHCKOM
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reHoMe. IIpu nosBIeHHH HOBOIO MPHU3HAKA, 3TO I'E€Hbl, KOTOPBIE YXKE €CTh Y MYMKCKOIO
I1oJia, HO elle HeT Yy #eHckoro ("kapanTuH"), a IpH yTpaTe HEHY>KHBIX IIPU3HAKOB, TEHBI,
yiKe yTpadyeHHbIE MYXKCKHM IIOJIOM, HO €lle OocTaroluecs y skeHckoro ("apxus'"). Ota
pasuuua (Al) sensercs wH(opmanmoHHsiM noteHruanoM (Ip). OH BO3HHMKaeT H3-3a
pa3HOH HOPMBI peaKIHH MYKCKHX U JKEHCKHX oco0ell, HMEWIIUX pa3Hoe
COOTHOULIEHHE aHJPOreHOB U ACTPOreHoB (A/D), TO €CTh I'€HHBIH NOIOBOH NUMOPQU3IM
gsd = Iy - Ik = Al = In = AHP = A[A]/[3]. 3HauuT, WUPHHY HOPMbI peaKLHH
onpeaenstor I [].

B 1979 r On110 mpeacka3aHo M MokazaHo, 4To "OTHOBCKHI 3(hdexT" BO3HHKAET mpH
JIHBEPI'eHTHOH IBOJIIOIMH 110 BCEM HOBBIM IPH3HAKaM, HE TOJIBLKO 10 OOIHM, KaK YUCIIO
MMO3BOHKOB, OIJIATY KOpPMa, CKOPOCTh POCTa y CBHHEH, HO H 10 cyrybo »KEeHCKHM, Kak
yIOH KOPOB, AHLIEHOCKOCTb M CKOPOCHENOCTH Kyp. A II0 €TapbhiM IpU3HAKaM U
KOHBEPreHTHOH aBomoun—"mMatepunckuit" addext. Hanpumep, cBeie 300 sun B rog,
unu donemie 21 TOHHBI MOJOKAa B TOJ—D)TO HOBBIE MPH3HAKH, Y AMKUX TPEJKOB MpPH
CE30HHOM Pa3MHOKEHUHU MX HE MOIJIO ObITh, 3HAUUT, UX JOJIKHBL OIPENENATh OTLOBCKUE
redbl, Tak U ecth []|. Kak Buaum mnapajnokcanbHas 3arajika—io4eMy CreHOTHIIHYEeCKas
"ynoHHOCTE" OBIKOB M "AHIIEHOCKOCTH" IIETYXOB BBIIIE, YEM Y Kyp H KOpPOB TE€X XKe
nopoa? ITII o6wscHAET OUEHB MTPOCTO.

IMTo3zxe, 1983-1986 rr. Te e ABNEHUA OTKPBIIM HA MBIMIAX JIBE TPYIMIBI OPUTAHCKHX
yueHbix. KecapeBbIM cedeHHEM OMIOAOTBOPEHHON CaMKH, M3BIEKATH SHIEKIETKH /10
CIUSHHS MYXKCKOTO M JKEHCKOTO TpoHykieycoB. M3 Tpex siineknerok oama (Jx9)
CIIy)KHUJIa KOHTPOJIEM, JIBE JIpyrHe, 0OMEHOM NPOHYKIIEYCOB, MpEeBpallald B O/JHOIOJIbIE
(2%9), (&xJ3) u ummnanTupoBanu npueMHbiM MarepsM. Yepes 21 nedb poxkaancs
TONBKO (3 X% MpIIoOHOK, $XY u JxJ rubnu. B creayomux omnbitax Ha 10-¢ cyTku
GepeMEHHOCTH H3BIIEKaNU IMOPHOHOB M CleNalu OTKpbITHE., Y 3apojsina $x% Obin
MOYTH HOPMAalbHBIH AMOPHOH, a TNANeHTa U TPUIIOJHBIE 000JOUKH HETOPAa3BHTHL. Y
sapozbima &%, Ha060poT, 0UYEeHb MaleHbKUIl 3MOPHOH W KpyNHEe HOPMBI ILTaleHTa!
Ecnu 2KCTpanoiypoBaTh K Hayaly pa3BUTHS, TO OKaXKeTcs, 4TO pa3BUTHe oO0Iiero
IMOpPHOHA ONPENENAIOT TOJBKO T€HBI MaTEpH, a Pa3BUTHE IJIAICHTHI, 000I0UYEK TOIBLKO
FeHBbl OTIA, TO €CTh "MJIAIIEHTA—MYKCKOH OpraH B JKeHCKOM Ttene". DTo 3HA4YMT, 4TO
pasBuTHE Cyrybo JKEHCKOTO OpraHa—IUlaleHThl ONpPeIenAlT MYKCKHE TeHBbl, a
"obwero" 3MOpuoHa (OTLOBCKHX M MaTepUHCKHX reHoB no 50%)—xenckue! Hapekiu
9Ty 3arajky "TeHOMHBIM HMIPHHTHHTOM', OTHECIH K JMHMIeHETHKE M OOBACHWIH, UTO
HTO—pasHas HIKCOPECCHA OTIOBCKHX M MATepPHHCKHMX ayTOCOMHBIX reHoB. Ho
Ba)KHeHIIMe BONPOChl OHOJOTUYECKOrO 3HAYSHHs, 3BONIOLMOHHOH pPOJIH, CMBICHA,
npenHazHayeHus (1enu), 10 cux nop ocrawtcs 6e3 orsera. Uro 3ro paer? s uero?
3auem? Ilouemy? [lo DTII 3BonronMOHHO cTapyl MHGOPMALMIO SMOPHOH MOJIYy4aeT OT
MaTepH, a HoByIo (TutanenTa) ot otna. OJHO W3 ABYX: WIIH TeHBI MIANEHTHI €Il1e TOIbKO Y
MYXYHH, WM, €CIM OHHM YXKE€ Y SKeHIIMH ToXe (B ayTocomax), elie He J0CTaTO4HO
IIPOBEPEHBI U He MOIYyT padoraTh. be3 NUXpOHHOH 3BOMIOIUM IOJIOB 3TO HEBO3MOXKHO
00bsCHUTH HUKAK. OHa ke 00bACHIET BOOOLIE KAKHUE ME€Hbl MOIYAT B KEHCKOM [€HOME—
HOBBIE (KapaHTHHHBIE), ¥ MYKYMH—CTapble (ApXHBHBIE).

OMnupuueckas, HHIYKTHBHAasd HayKa, OTKpblBasg BCE HOBBIE U HOBBIE 3arajkH,
YCIOXKHSET KapTUHy Mupa. Teoperuueckas, AeAyKTHBHAas Hayka, Opejnaras pasrajkH,
YIIPOILAET 3TY KapTHHY.

ITpouuto, yeTBepTh BeKa, HO HU CAMM aBTOPLL, HU F'€HETHKH HE MOTYT OOBSICHHUTH 3TO
OTKPBITHE.

Hanpuwmep, O6necTsinee TOATBEPKICHHE TIHABHOH WACH—AMXPOHH3Ma, HYTO OT
MaTtepeil Mbl MMOJIy4aeM CTapylo I'eéHeTHYecKyr HH(popManuio (0 NpouwioM), a OT OTIOB
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“[OCIIE/IHHE HOBOCTH™ HBOJIFOIHHU (0 HACTOALIEM)—3arajloyHoe OTKPBITHE JBYX TpYIII
aHIMHcKuX yueHblx [97, 88], nokazaBlIuX, YTO pa3BUTHE BHE3apOIBILIEBLIX 000104EK U
IJIALEHTHL, CYT'y0O0 JKEHCKHX, KaK CUMTAeTCsl, OPraHOB, OMPECIAI0T MYKCKHE TeHbI (a He
JKEHCKME), a pasBuUTHE “‘001ero” sMOpHOHA,—KEHCKHME TeHbl (a HE MYXKCKHE U
skeHckue)! Benp y oMOpuoHa reHOB OoTLA M MaTepH IIOPOBHY, a “cpella” MaTEepUHCKasl.
EnuHcTBeHHas paszHHLA: 3MOPHOH—3BONIOLUMOHHO cTapas cUcTeMa, a o0OIoYKH H
IJIaIleHTa—HOBBIE: OHU IOABMJIMCH Y BBICIIMX MJICKONMUTAIOWUX. (3) IHCIEPCUIO IOJIOB
CO3/AI0T AHJPOTCHBI, OPHOMMKAs K CPEle M YCKOPAS DBONIONHIO, M ACTPOTCHBHI,
paciIHupss HOpMY peakluy, yaanas OT Cpeibl H 3aMelliIsAs 3BOJOLHIO.

1. Ilpu noseneHuyn JHOOOro IpH3HAKA, CYTy0O MY)KCKHE I'eHbl 00pa3yloT, OOYCIIOBIICHHBII
JUXPOHU3MOM (TO €CTh TOHOCOMHBIN) 260MIOUUOHHBII 2EHOMURUYECKU HOT0BOU OUMOPGHUIM
(OI'TIH) “pyTryprcriudeckoii” npuposibl. Kak TOJIBKO 3TH FeHbl, JOCTHIHYB ayTOCOM, CTAHOBSTCS
oommmu, BT/ no HuM uedesaer. 2. Ho, mo mpu3Hakam, MMEIOLIUMM pa3HOE CEJICKTHBHOE
3HAUCHUE ULl MYMKCKOro u sxkeHckoro roina, SI'TIJ] nmoxxsaTsiBacTCs [10J0BBIMU T'OPMOHAMH U
MpeBpan@ercs B (AYTOCOMHBIH, NMOCTOSHHEIN) penpodykmuenbii heromunuyeckuil non060u
dumopepuzm (POI1JI). 3HaunT Mo TakuM npHu3HaKaMm (TIEPBHYHO- U BTOPHYHO-TTONOBEIM), DT/
OTCYTCTBYET, a HalMuue U CrelleHb BelpakeHHOCTH POIL/] onpenesnser ropMoOHANBHBIA 11071
opranusma. 3. Ilpu yrparte Jroforo mnpusHaka, cyrybo JKEHCKHME TeHbl Takke o0pasylor,
00ycrnoBneHHbl nuxponusMomM, DITII, Ho “aTaBuerHyeckoil’” nprposl. OH BO3HUKAET, KOria
0OIIMH TeH, CTAHOBUTCHA CYTry0O KEHCKHM, a HMCUe3aeT NMpU UMHUHAIMKM reHa B KOHTpa-X-
xpomocome. POIIJ]  swmsercs  koHCTHTYTHBHBIM  (0OasoBeiM), Torma wak OITII —
(haky/IbTATHBHBI, MOI'YT BO3HMKHYTH TOJBKO IpH Haymuuu Oazoporo. B DITIJ, B cBoro
o4yepesib, MOMKHO BBIIETHTHL 7BE (hasbl: (yTypHCTHHecKYI0 (cyrydo My:KCKHE TeHBI, INpH
NOABJICHUH IIPU3HAKA) H ATABUCTHYECKYIO (KEHCKUE TeHBI, [IPY yTpaTe IpU3HAKa).

[losToMy ecTecTBEHHO, YTO HOBAas TPAKTOBKA KOPEHHOIo HMOHATHs — nona (nuddepeHimariym)
MO3BOJISAET MO-HOBOMY TPAaKTOBAaTh M BCE MPOU3BOAHBIC OT HETO TOHSTHA: COOTHOIIEHHE MOTOB,
NOJIOBOH  TUMOPGH3M, TOJOBBIEXPOMOCOMBI, TOJIOBBIE TOPMOHBI M [Ip., KOTOPBLIE TAKKe
[IPUOOPETAOT 3BOMIOLMOHHBIA CMbICI. B HactosmieH craTbe u3IaraeIcs HBOJIOLMOHHASL
TPaKTOBKA ayTOCOM, [10JIOBBIX XPOMOCOM H IIOJIOBOTO JHMOpGH3MA.

[lpun mnosieneHun 3kojnordueckoro JuddepeHimana, IIHPOKask HOPMA PEaKIMH I103BOJSET
JKEHCKHM (PEeHOTHIIaM [IOKUHYTh 30HY 0T00pa, MAKCHMAJIbHO “YIAIUThCA OT CBOUX I'€HOTUIIOB U
€O3/1aTh MAaKCHMAITBHBIH Modughuxayuonnsiti nonoeou ouvopduzm (MITI). Myxckue GeHoTHIBI
OCTAIOTCs B 30HE 0TOOpA M MMOJIBEPraiOTCs CEIEKTUBHOM JMHMMHUHAIAH.

Bo3snuxaert u pacret JI1/1, ymensias MITJI. Yepes nekotopoe Bpemsa (MHOro noxonenuit), MITJ]
u O[] comentatorest, To ecth [1J] = 0. Jansiie 10 konna auseprentroit ¢asst 1] pacrer. B
niapannenbHoi (ase D11/l nocTosHHbIN, a B KOHBEPIEHTHOH HAYHHAET YMEHBLIATHCA H UCUE3AET.
ITosToMy MOKHO CKa3aTh, YTO B AUBEPreHTHON (pa3e JKEHCKUH 11071 CO31aeT MEHEE MHEPLIMOHHBIH
MIIJA, a wmysxckoit mom, co3zmaBas Oonee wuHepimonHsli OIIJI, cBogut ero Ha Her. B
napannensHoii ¢aze II1/], ocTaercs MOCTOSHHBIM, @ B KOHBEPTEHTHOM, MMOTYyYask MY»XCKHE TeHBl,
€r0 pefyLlupYeT U JIMKBHAUPYET KEHCKHH [10J1.

DeonioyuonHas meopust NOAA CBA3bIBACT XapAKTEPUCTHKH (KOHIIEHTPAITHEO, COOTHOIICHUE TTOTIOB,
HOPMY peakuuu, % JIeBIUeH U Jp.) OTLOBCKHX IOXYCHOCOB, NOJHBIX CHOCOB M MATEPHHCKHX
MoNycUOCOB € YCIIOBHSIMMA Cpebl M MOJIOM, M JENAeT MHOrO [PEACKa3aHUH, IOCTYIHBIX
IIPOBEPKE.
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InaBHbIe 3arajikyu MoJ1eKy/ISIpHOH OHOIOTHH.

1. ITo 3BOIMOIMHY Pa3ZMEPHOCTH HH(OPMAIMOHHBIX MOJIEKYII: TOUEUHbIE-THHEHHBIE-TI/IOCKOCTHBIE-
o0bemHble. llosBsucy B TaKOM IOPAAKE, HAKIAIbIBAsACh KACKaJHO JApYr Ha [pyra, TO €cTb
arperanus TOYEK IU1a cHayajaa B JIMHUIO (B JUTHHY), TOTOM B TUIOCKOCTh (B IIHPHHY), TOTOM B
00beM; JUIHHHBIE HUTH CHaYasa B IIUPHHY, IOTOM B TOJIHHY.

2. To 3BOMIOLIMH MOJIEKYIL.
2.1. I'eHOMHBI HMIPHHTHHT
2.2. lpyrue snureHeTHYECKHE SABICHHA
2.3.CH;-
3.OBONOLHOHHAS CIISMUATH3ALHS TeHOB 110 oKamu3anuu (M3sectus, 2000).
3.1. Y-xpomocoMa poiioM, KapaHTHH, KPEMaTOPHHA, CAIOH OMOIIOKEHHS T'€HOB.
3.2. Xi-XpomMocoMa TpaHCIIOpT—/IETCKas KoNsAcka
3.3. X-xpomocoMa TpaHCIopT—Karadalik (apXuB BEYHOIO XpaHeHHU:?)
3.4. MutIHK (apxuB BeyHOro xpaHeHus?)
3.5. A-A IOCTOSIHHOE MECTO JKH3HHU H pabOThl OOLIUX IE€HOB
4.0pranu3anys reHoB B XpoMOCOMax
4.1. Tanpemsbl — crioco® BOIIOINH TEHOB (M3BECTHO)
4.2. TIaMHAPOMBI — cr1oc00 BRIKITIOUCHHS TCHOB (HE U3BECTHO).

JdapBuHH3M.

Menpemusm. I'perop Menpens cnenan ceoe OTkphiTHe B 1865 r. Bee ero yeunus ydenuTs
COBPEMEHHMKOB He YyBeHuanmuch yenexom. B 1900r. Jle-®pus, Koppenc u UYepmax
OJ/[HOBPEMEHHO M HE3aBUCHMO I1epeOTKpbUTH ero 3akoHsl. B 1930 r. aHriwiickuii mateMartuk
P. ®uiiep nokasan, 4To TOYHO MBICIAIIMI YeJIOBEK, 3Has U3 KU3HHU, YTO Y peOEHKA NPH3HAKOB
OTI[Aa U MaTePH TMPUMEPHO TIOPOBHY, YTO NMPHU3HAK MOXKET OBITh Y AeAa U He ObITh Y OTIA, 4TO
pasHble TPH3HAKH OH TOJIY4aeT HE3aBUCHMO JIPYr OT Jpyra, MOr Obl BBIBECTH BCE IJIAaBHbIE
3aKkoHbl MeHnens 0e3 3KCHEpPHMEHTa. JTO TOBOPUT O TOM, YTO OHONIOTH HE HCHOJIB3YIOT
OrPOMHBIX BO3MOKHOCTEH TEOPETHUYECKOr0 II0AX0/1a.

MOYEMY PA3ZBUTHE DMBPUOHA OINNPEJAEJAIOT I'EHbBI JKEHBI, A TIJTAIIEHTBI
—T'EHbBI MYKA?
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OBOBIUEHHASI KOHUENLASI JOMUHAHTHOCTHU-PELIECCUBHOCTH
(CYBOPJUHATHOCTH) TEHOB B XPOMOCOMAX U ®YHKIIUIA B
MOJIYIIAPHSIX MO3TA.

Ecmyn konuenuus — cucreMa u3 IByX H Oosiee THIOTE3, TO U3 CIEAYIOIIMX TMIIOTE3 MOMKHO
NOCTPOUTH HENPOTHBOPEUUBYIO KOHLEIIIMIO JOMMHAHTHOCTHU-PELIECCUBHOCTH OOLIYIO I
TCHETHKH M HEIPOOHOIOTHH.
1. B 1930 r. P. ®uep
2.B 19 r. Ix.b. Xongeiix
3.B 1936 1. Mer u Llenn
4.B 19 1. A.C. Cepebposckuii u /I.JI. Pomaros
5.B19 1. B.C. Anjipeer
6. B 1984 r. B.A.I'eonaksiH KOHLIENIHA 101001
7.B 2005 r. B.A. 'eogaksan 06001mn A71st naTepanbHOH aCHMMETPHH MO3ra
8. B 200 r. monsITarock chopMyIHPOBATh OOILYH KOHLIEIIIHIO
o pazmepHOCTH
9. Jlnst NMHEHHBIX, OJIHOMEPHBIX CHCTEM 3amucH WH(DOPMAIMH TEHOB H 3EPKAIIbHOI
ACUMMETPHH
10. 1515t NIOCKOCTHBIX IBYMEPHBIX CUCTEM, 3aTTHCH MH(POPMAIMH M aCHMMETPHH IUC-TPAHC
11. Ins 06beMHBIX, TPEXMEPHBIX CHCTEM 3alMCH MH(OPMALIHKY 1 ACUMMETPUU

Amnanorus PHK, JIHK, OenkoB u Tpex BapHaHTOB (DOPMATHPOBAHUS TEKCTa U3 MEHIO TEKCTOBOIO
penaxropa. opmar crpok "o kparo" KII-OII (PHK), no "mmpune" KI1-OINT-OII-KII (AHK) u
"no nentpy" OINI-KII-OIT 6enku. Ecm JIHK-6enku npowsonumm w3 PHK, To onu cocrasnsior
COTIPSKCHHYIO TpHary. ITo mMorno 0uith Tak: PHK ynBauBaetcst Ba pasa Kak MaTHHAPOM: A
JHK nocom k nocy KII-OII-OIN-KI1, u nns obpasosanus Oenkos xpoctoM k xBocry OII-KII-
KII-OIL

TEHOMHBII UMITPUHTUHT — DBOJIIOLIMOHHA 1 OCTOPOXXHOCTH TEHOMA.
("Kapautun" u "apxus" reHOMa).

TEHOMHBII UMITPUHTUHI—2KCIPECCUS "KAPAHTUHHBIX TEHOB" YV
MYXYMH U "APXUBHBIX" ¥V )KEHIIIMH

SBOJIIOITMOHHA A POJIb TEHOMHOI'O MMPUHTHUHIA
(ITouemy pa3BUTHE IUIALIEHTHI ONPEIEIII0T MYKCKUE TEHBI?)
(He reHoMHBII MMIIPUHTHHT, & OTLOBCKUIT M MaTepHHCKUIl 3 (EeKThI)
(I'eneTuyeckue, OMOIOrMHECKHE U SBOMIOLMOHHBIC PA3IMYMS MEXKLY [10/IaMH)

(IonoBoii TH-XpOHO-MOP(HU3M FeHOB, TOPMOHOB, XPOMOCOM, SBOJTFOLIHH)



TepMmuHoOnormsa

Cnucok cokpaweHum

[MonpoGHOE OMpesieieHHe CMOTPH B CIIOBAPE.

Icn [lepBuunoe cooTHOLIEHHUE NIOJIOB I'®  I'epmadpomurnoe pasMHOKEHHE
ncu BropuuHoe coOOTHONIEHHE MONOB bi | Jumopdusm
HICII TperuuHoe COOTHOLICHHUE MONOB JHK  [lezoxkcupuboHyKIEHHOBAS KUCTIOTA
DIF Juddepennparnnm nporpamma JI1 Jucnepcus nomnoe (o)
E Cpena K (F) HKewckwuit mon
EV DBONIOLMK NPOrpamMma KII  xoHcepBaTHBHas MOJCHCTEMA
G lenorun M MyxcKoit o
Max MaxcumanbHbIH MINJI Moauduxanonuslii nonosoi aumMophusm
Min MunumanbHbIH MnC Marepunckue noxycuocs
MUT MyTarmu nporpamma HP Hopwma peaximn
NRY Hexombunupytorias 00macTs Y-XpoMOCOMBI ol OTepaTHBHasH MOJICUCTEMA
NUMTS Muroxonapuanstsie JJHK OnC  Oruosckue nomycHoCs
II0CJIeA0BATEIbHOCTH
Opt OnrrMabHbIi ar [MosoBbie rOpMOHBL
PAR [Icepmoayrocomuas obnactn nja [onogoit numopduzm
REP Penpomyxipn nporpamma nax Ilonooit auxpoHm3M
S Cucrema NC  Ilomubie cubept
Oy OrtHomeHue ckopocTeid MyTarid y camiiop i IIX INonoesie xpomMocoMBI
CaMOK
A AytocomMa PIl PaznenpHONONOE pazsMHOKEHHE
An AmnJIporeHsl PIIJl PenpomykTHBHEI TOIOROH JuMOpdI3M
A3C AHJIPOTeHHO-ICTPOTeHHOE OTHOLIICHHUE CIIJ] CenexnuoHHSIH MOIOBOH AUMOPHH3IM
BII becnonoe pasmuoxenne QI DeHoTHIHYESCKHI OIOBOH AUMOPHH3M
BC/I bunapnbie conpsbkennsie quddepennpannm BIIJI DBOJIOIHOHHBI 11010BOH UMOphHIM
r lonocoma e DCTpOreHsbl
rmja ['enoTunuueckuii nonoBoi AUMophHU3M
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Cnoeapb

Cwm, Takxe ['enernueckue cnosapu Apedsbes, Jlncosenko (1995) u Makeesa u jip. (2011).

Ajanranus
Anjiein

AMmngukanus
AHIpoauHoenmsi
AHuU30ramMusi

AHTpOnoOrexnes

AyTOpHAHHT
AyTocoma

Becnounoe PAa3sMHOKEHHE

buorenernyeckuii
3aKOH

BeprukansHbIii
NEpPeHoc reHoB
Bropuunbie noJiosbie
TIPH3HAKH

I'ameTtorenes
I'ameTn1

I'amorereporonus
IamtonaubIi
I'emu3urornoe
COCTONHHE

Il'enom

I'enoMHBII
MMIPHHTHHT

[enoTun
CepmadgpoaurHoe
pa3MHOKeHUe
I'ereporaMeTHbIii mos

I'eteporamus
Ieteposuc

I'erepomopdunie

[Ipucnocobnenue.

Anenu (annenoMopsl— paznuuHbie HOPMBI OTHOTO U TOTO JKE IeHa,
PACTIONIOKEHHBIE B OJJMHAKOBBIX YUacTKaX (JIOKycax) FOMOJIIOTHYHBIX XPOMOCOM H
OTIPEICTSIONINE ANMbTEPHATHBHBIC BAPHAHTHI PA3BHTHS OTHOTO H TOTO JKe
TIPH3HAKA.

MHOTFOKPATHBIE TOBTOPEHHS YUaCTKOB XPOMOCOMBI.

CMech My KCKHX pacTeHHi 1 repMagpoIHTOB.

HeoamHakoBsle eamemsl (MalleHbKHE, TO/IBHKHBIE MYKCKHE M KPYITHBIE,
COJICPHAIIME MHOTO ITHTATEJIBHbIX BEIIECTB W HEO/[BHIKHBIE YKEHCKHE).

(oT rpedeckux clioB anthropos—uenoBeK U genesis—IporCXOXkKICHIE —IPOIece
MPOUCXOAKIEHHS U (POPMHUPOBAHHS YelIOBEKa.

HepoacreenHoe ckpemuBanue.

JIrobas xpomocoma He y4acTBYIOIIAs B ONPEIEIeHHH O,

Omna poauTenbekas 0co0b AeTuTes ¢ 00pa3oBaHHEM JIBYX HITH OOJIBIIE JOUEPHUX
oco0eii, reHeTHYeCKH OJIMHAKOBBIX C MATEPHHCKOH.

Onmozene3—KpaTKoe U CKaToe NOBTOPeHHe ¢uuiozenesa. UnauBuyansHoe
PasBHTHE OPraHU3Ma IOBTOPSCT OCHOBHBIC CTAMMH PA3BHTHS MPEIKOB.

[Iporiecc nepenaus reHOB OT POAUTENEH K MOTOMKAM.

[MpusHakw, XxapakTepH3YIOUINE H3MEHEHHS B CTPOCHHH U (JYHKIIMH PAa3THYHBIX
OPraHoOB, ONPENEISIOLINX MOIOBYIO IPUHANICKHOCTE U 3peNnocTh. Momoutbre
JKeJe3pl, Gopona y YenoBeka, IpuBa y JIbBA.

[Mpouecc obpazoeanus 2ament.

(0T rpeuecKux OB gamete—sKeHa, gametes—MyK)—I0JIOBbIe, HITH
PENPOTYKTHBHBIC, KIIETKH KHBOTHBIX M PACTCHHH, 00ECTIEUHBAIOITHE MPH
CIMSHUH Pa3BUTHE HOBOH OCOOH M repejiady Hacle/ICTBEHHbIX IIPH3HAKOR,
[Nepenoc npyu3Haka ¢ OTHOro MOMIA Ha APYTOii, HAMPUMEP, MOIOYHBIE JKETe3bl
caM110B, 60pO/a Y MEHIIHH U JIp.

OnuHapHbI HADOP XPOMOCOM.

AJnelns IJAHHOTO TeHa IPHUCYTCTBYET TOJILKO B OJIHOM 3K3EMILISpPE Y
reTeporaMeTHoro 1oJa. B Hopme XapakTepHo /st FEHOB, JIOKAIM3YIOIHXCS B
TIOJIOBBIX XPOMOCOMAX.

COBOKYITHOCTD F€HOB, XapaKTepHBIX UL FAIUIOHIHOro (0AHHApHOTO) HAabopa
XPOMOCOM JaHHOTO BH/IA OPTAHH3MOB.

SIUreHeTHUECKHH IPOLiece, IPH KOTOPOM SKCIIPECCHS ONpeieeHHbIX TeHOB
OCYILIECTBIISIETCS B 3aBUCHMOCTH OT TOI0, OT KAKOTI'O POJINTEJIs OCTYIINII AJLIENb
reHa.

CoBOKYNHOCTB BCEX TEHOB, HAXOUILIMXCS B XPOMOCOMaxX OPraHM3MA.

Kaxxnas ocoOb MOMKET BRICTYIATH KAK B POJIM CAMIIA, TAK H CAMKH, IPOM3BOIUTE
o0a THna raMeT 1 CKPEeLMBaTLCA ¢ 000 APYToil 0COOBI) MOITYISLIIH.

Mo, nmetomuii ABOIHOI HAbOP aymocom U JIBE pa3HbIE MOJIOBBIE XPOMOCOMBI
(XY umu ZW). Bee qunnouansie ocobu B UV-cuctemax sBnsioTes
reTepOraMEeTHBIMH.

I'amemul pazHOTO pazMepa.

(0T rpedecKoro cloBa geteroiosis—HM3MeHeHHe, IPeBpallieHHe). ¥ CKOpeHHe pocTa,
YBEJIMYEHUE PA3MEPOB, IOBBILICHHE JKHU3HECIIOCOOHOCTH H ITPOYKTHBHOCTH
2uOpudoe NEPBOro MOKOJIEHHS 10 CPABHEHHIO C POJMTENILCKMMH OPraHH3MaMH.
XPpOMOCOMBI, Y KOTOPBIX HEPEKOMOWHHUPYIOIIHI PErHOH BKIIK0YaeT OOJBIIYIO X



MOJIOBbIE XPOMOCOMbI
CetepoxpoMaTHH

I'etepoxpomocoma
I'mopun

I'ndpuauzanus

I'mnopmoenns
I'omoramMeTHbIii 101
I'omonoruunbIe
XPOMOCOMBI
I'omomopdubie
MOJIOBbIE XPOMOCOMbI
Tonajas:

I'onocombl
I'opu3zoHTAILHDBIH
MEPEeHOC reHoB

JBy10MHBI€e pacTeHust
JuBeprenums
Ju3urorHbie (pa3Hosii-
1eBLIe) DJIH3HEelbI
Junronaublii
Jucnepcust (o)
JIoMHHAHTHBI I'eH
dyniukanus

EctecTBenHblii 0TOOD

Kenckuii nos
3urora
H3menuuBocTh
Hzoramusn

HunaxkruBanus X-
XPOMOCOMBI

Hubpuaunr

HUckyccrBennblii oToop

Komnencaiust 10361

Kounnencaius xpomocom
Konbroramus

Kpoccunrosep
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YacThb. XPOMOCOMBI HIMEIOT Pa3HBIil pasMep U CoAepKaHuie TEHOB

YYaCTKH XpoManiiad, HaxoAlecs B TeUCHHE KISTOYHOTO LIHK/IA B
KOHIECHCHPOBAHHOM (KOMITAKTHOM ) COCTOSIHHH.

1. Xpomocoma, coctosias u3 rerepoxpomaruHa. 2. [Tonosas xpomocoma.
[ToromcTBO OT CKpenHBaHKS ABYX PA3HBIX HOPOO HCUBOMHBIX WU COPTOB
pacTeHuit.

CxpemuBanye MeXITy Pa3sHBIMH HOPOOAMU (PACAmu, (POpMaML) HCUBOMHbIX HITH
COpTaMH pacTeHHH.

CmMech HEeHCKUX ¥ repMa(poIMTHBIX PACTEHHI.

[Ton, uMeroruii ABoHHOMH HAOOP @ymocom | JIBE OIMHAKOBBIE X-XPOMOCOMBI,
[MapHble XpOMOCOMBI, Kax/1as 13 KOTOPbIX J0CTANACH OT OJIHOTO H3 POJHTENEH.

XpOMOCOMBI, ¥ KOTOPBIX HEPEKOMOWHHPYIOIIHH PETHOH BKITIOYALT JIHIIIL
HeOOIBIIYIO UX YACTb.

[Nomoesie yxeme3s! (CEMEHHHKH M SHIHHUKH).

[TostoBBIE XPOMOCOMBI.

[Mportecc nepeiayn reHOB OPraHU3My, HE SABJIISIONIEMYCS MPAMBIM TIOTOMKOM
OpraHu3ma JloHopa.

PacTenust, y KOTOPBIX JKEHCKHE H MyKCKHE [[BETKH Pa3BUBAIOTCS HA PasHBIX
0CO0sIX.

Pacxoxnenue (npH3HaKoB).

bnwnsnenst, pa3BUBIIHEC U3 ABYX ALiYeKIeMOK, OIUIONOTBOPEHHBIX Pa3HBIMU
cnepmamoszoudamu. UMeroT ofuHAKOBBIH HWIH NPOTUBONOIOKHBIA MO,
JIBotinoit Habop xpomocom.

Benuguna otknoneHus (pa3dpoca) OT cpe/iHero 3HaueHus! MPHU3HAaKa.

[ e, YbM HAC/IENCTBEHHBIE XapAKTEPUCTHKH NPeod1aaloT B TOTOMCTRE.
YBOCHHE YUACTKOB XPOMOCOM.

CoxpaneHue GnaronpHATHBIX HHIHBHAYAILHBIX PA3IHUM H H3MEHEHHE U
YHHUTOXKEHHE BPeHbIX. [ TaBHAast NBIDKYINAS CUNTA 3800,

[Ton, npon3BoAsLIMiA KpYNHBIE 2amembl (Aliyexnemsu).
OnnoIoTBOpEHHAS AliLeKIenKa.

Pasnoobpasue npu3Haxkos U CBOICTB y 0codeii u rpym ocodeit mofoit crenenu
poncTaa.

OnuHAKOBBIH pa3Mep MYKCKHX H KeHCKHX eamei. O0e raMeTsl 0ABHKHBL
Berpeuaercst y MHOMMX MPOCTEHIITHX.

TIPOLIECC, B XOAE KOTOPOrO MHAKTUBHPYETCS OJIHA U3 IBYX KOMMH X-XpOMOCOM,
MIPEICTABICHHBIX B KJIETKaX caMok Muekonuraronmx. JIHK neaktueHoit X-
XPOMOCOMBI VIIAKOBBIBACTCS B TPAHCKPHUITLIOHHO HEAKTHBHBIN IeTePOXPOMATHH
brnuskoponcTBeHHOE cKpelmBaHe ocodeit (Opar—cecTpa, IBOKPOIHLIE OpaThs U
CECTpBI U T.JT.).

Ocraenenne 1uist pa3sMHOXKCHUS JTyYIIHX 0COOCH ¢ MONe3HBIMH XO3SHCTBEHHBIMI
Ka4eCTBAMIL

THIEP-TPAHCKPHUITIHS OJTMHOYHON Z MITH X-XPOMOCOMBI Y TeTepOoraMmeTHOro moja
Just as1aHca COOTHOLICHHS TeHHBIX PO/IYKTOB MOJIOBBIX XPOMOCOM H ayTOCOM.
MPOIIECC KOMIAKTH3AIMH (YITIOTHEHHS) XPOMOCOM.

cnocob oOMeHa reHeTHYeckoi HHGOpMaHel y 6aktepuii, pH KOTOPOM
BCIIE/ICTBHE (DU3HUECKOrO KOHTAKTA MEX/1Y K/IETKAMH [TPOMCXO/IUT HIEPEHOC
KJIETOYHOM, Ta3MUJIHOM Wi TpaHcno3zonHoi JIHK ot noHopHO# KneTku B
PELMITHEHTHYIO,

O6MeH yuacTKaMH MKy TOMOIOTHYHBIMH XPOMOCOMAMA.
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MatrepuHckue
noJIycudchbl
Meiio3

MeiioTnueckas
MHAKTHBAIHSA M0JIOBBLIX
XpoMocoM

Muro3z

MuToxoHIpHA/IbHbIE
JIHK nocienoBare-
JILHOCTH
MoOu/IbHbIE TeHeTH-
YeCKHE FIeMeHThI
Monudgukanus

MoOHO3HIOTHbIE
OJIN3HEeLbI
Myskekoii oa
MyTanus

Hacnenopanue,
OrpaHHYeHHOE [10JIOM
Hacuenopanue,
CUEIUICHHOE ¢ 0JIOM
HacneacreeHHOCTD

Hepasubrii
KPOCCHHIOBEp
HepexomOunupyomas
obs1acTb Y-XpoMocoMbI
Hopma peakuuu

Hyxneona

Hyxkneoruansie
MOCJIeI0OBATEILHOCTH
NOBTOPSIOLINECH

HywieoTuaublie
NOC/1e10BATEIbHOCTH
VHHKAJIBHBIE

OsBorenes
Onnoniinesbie
OJIH3HelbI
Ownrorenes

TEPMUHONOIrMA

Bpatbs u cEcTpbl, IMETOIIHE OOLIYIO MATh M PA3HBIX OTIIOB.

[Mporecc K1eTOUHOTO AENeHHUs OPH KOTOPOM JABOHHOM (umtouowsiii) Habop
XPOMOCOM TIPEBPALLACTCS B OMHHAPHBIN (cantoudnsiil). [lpoucxoant npu
00pa3oBaHHM MONOBBIX KICTOK (AEKIeMOK U CHEPMAMO30UO08).
HMHAKTHBAIIHA XPOMOCOMBI X MJIH Z Ha MOCTEHUX CTa/IUsIX Meio3a y
rereporametHoro nona (MSCI).

[Mporiecc AeneHus KNETOK, MPH KOTOPOM HPOHCXOUT TOUHOE KOMMHPOBAHUE
xpomocom. Kaxnas nouepHss KIeTKa IOMy4aeT TO XKe YHCIIO H COCTaB XPOMOCOM,
YTO W POJMTENIbCKast KieTka. [IporcxouT B kieTkax rena.

JHK nocneoBaTtenbHOCTH MHTOXOHIPHATIBHOTO MPOUCXOMIEHHS (numts -
nuclear mitochondrial DNA segments).

[Mocnenosarensroct JIHK, kotopble MoryT nepemeniathcs BHYTPH FeHOMA.

Henacrne/icTBeHHbIE H3MEHEHHS OPTAHH3MA, ET0 (heHOmUNA TIO]| BO3/ICHCTBHEM
YCIIOBHIA BHEIIHEI CPEIBL.
Cwm. Odnosiiyesvle baUZHEYL

o, npousBomsiMiA MeJIKue eavemot (CrepMamoszouobt).
(0T mat. mutatio—w3MeHEHHE) HACIICICTBCHHOE M3MCHEHHIE TCHOTHIIA.

Hacnenopanye npu3HAKOB, NPOSBILTIOLIMXCS TOMBKO Y 0COOCH 0THOrO MONA, HO HE
OTIpeJIC/IEMbIX FCHAMH, HAXO/IAIIMMHCS B MTOJIOBBIX XPOMOCOMAX.
Hacnenosanune kakoro-nmudo reHa, HaXOAIIerocs B MOJIOBBIX XPOMOCOMAX.

CROHCTBO OpraHU3MOB 00ECIICYHBATE [IPEEMCTBEHHOCTD IIPU3HAKOB H CBOHCTB
ME3/1y TOKOJIEHHSIMHE, & TakKe ONPEIENATh XapaKkTep Pa3BUTHA B CIElU(HIECKHUX
YCIOBHSAX BHEIITHEH CpeJibl.

Kpoccunrogep, B pesylibrare KOTOporo o0pasyrores CeCTPHHCKHE KPOCCOBEPHbIE
XPOMATH/IBI, PA3IHYAOIIHECA 10 KOJIHYECTBY TEHETHYECKOrO MaTepHaia.

HacTs Y-XxpoMOCOMBL, KOTOpas He MoARepkeHa pekoMOnHanuH (non-recombining
region of the Y chromosome, uin NRY).

CriocoOHOCTB eHomuna GOPMUPOBATh B OHMO2eHE3€e, B 3ABUCHMOCTH OT YCIOBHIH
Cpefibl, pasHble herHomunbl. XapaKTepU3YeT J0JIH YYacTHA CPE/lbl B PeaT3aliiu
TIPU3HAKA.

o0nacTs BHYTPH KI€TKH IPOKAPHOT, B KOTOPOH HAXOAUTCS M€ HeTHUECKHIH
marepuait. JIHK Hykiieona umeer 3aMKHYTYHO KOJbIIEBYHO (hopMmy.
BricokonoBTopsitoimecs (MOBTOPSIOTCS MIIH. MK Ooee paz) He
TPaHCKPUOHPYIOTCS, HO NOIBEPTAIOTCS PEIUIMKALIMY B IIEPBYIO OUEPEb.
YYaCTBYIOT B KOHBIOTALIMH XPOMOCOM BO BPEeMsi MEHO34.
Ymepennonostopsroinuecs (1000 — 100000 komnuii) nociaeRoBaTeIbHOCTH MOTYT
TepeMeIaThCs 0 FeHOMY H TIepeXoauTb 13 oaHoro yuyacTtka JJHK B apyroit —
MOOHIBHBIC (MPBITAIOIINE) TEHBL.

Yuukaneusle nocnenoatenbHocTr JJHK He nMeroT konumii B TeHOME |
TPaHCKPHOUPYIOTCH.

[Mporiecc obpazoBaHus ALiyexIenmox.

brm3nHersl, pa3BUBIIMECs U3 OTHOH OIIIOIOTBOPEHHOH Atiyeriemku. imetor
OJIMHAKOBBILI1 I10JL.

(0T TpedecKUX CIIOB On, PO, Majek ontos—cyIree U genesis—IIPOHCX0XKICHHE,
BO3HUKHOBEHHE)—HH/IMBH/IyalIbHOE PA3BUTHE, TO €CTh PA3BHTHE OCOOH OT
3a4aTHA 10 CMEPTH.



Ooramus
OwionoTBopeHne

OpTtoaoru
OTtuoBckHe noaycudchl

IManMukcus
IMapanoru

[Iaprenorenes
IlenerpanTHoCTH
IlepBuunbIe N0/10BbIE

NMPH3HAKH
IMnazmupa

Mo

Honuanapus
IMoamramus
Mommruumsa
Monumnonausn
IMonnbie cHdCLI
[MonoBoe pasMHOKEeHHE
Ionosoii numopduzm
ITos0BBIE XPOMOCOMBI
Monysisiums

HOpO,[[l:l KUBOTHBIX

Iceraoayrocomubie
obnactu (PAR)

Pasmuoxxenue

Peruon onpenesito-
muii most (SDR)
Pennmkanus
PerpoBupycot
Perpono3nuus
Perporpancnozonsi
PeneccuBHbIil ren
Penunpoxnbie rudpuabl

Caii/IeHCHHT I'eHOB

Cenexkuus
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CMoTpH anuzocamiis.

CrusiHue MyKCKOH 1 5KEHCKOI camem, B pe3yNbTaTe KOTOpOro odpasyeTcs nepaast
KJIETKA HOBOTO OPraHU3Ma—3uU2omd.

KOIIHH I'€Ha Y JOYEPHHUX BHJIOB KOTOPBIE JUBEPrUPOBAIH U3 HCXOIHOTO BH/A.
Bparbs u céetprl, nMeromiye oOLIero OTHa U Pa3HbIX MATEPEil.

Becnopsiioutoe, ciryyaiiHoe CKpeliBaHue,

Kormu rena B npejieniax 0/{HOro OpraHi3mMa B pe3ysipTare XpoOMOCOMHOH MyTall|H,
PACIIONIOKEHHBIE HA PA3HBIX XPOMOCOMAX.

Bun 6ecnonozo pazmuosicentis, NpH KOTOPOM HOTOMKH Pa3BUBAIOTCS 13
HEOIUI0/I0TBOPEHHBIX ALYEKICMOK.

YacroTa (peHOTHIIHYECKOT0 NIPOABIIEHHA 2€Hd.

BuyTpenHie 1 Hapy KHbIE [OJIOBbIE OPTaHbl (IMYHUKH U CEMEHHHKH).

JOTIONTHHTEBHEIE (PAKTOPBI HACTICCTBEHHOCTH, PACTIONIOKEHHEIE B KJIeTKaX BHE
XPOMOCOM H TIPEJCTABIIAIONIHE cO00I KONbIEBbIE (3aAMKHYTBIE) HWITH JIMHEHHbIE
mostekyibl JIHK.

AJBTepHATHBHBIH PU3HAK, KOTOPBII OTIMYAET MYXCKHX U KEHCKHX 0coleit apyr
OT Ipyra, NO3BOAET HM NIPOU3BOAUTE PA3HOTO TUIIA 2aMenibl M CKPEILIUBATLCA, TO
€CTh Pa3MHOXKATHCS TIOOBBIM ITYTEM.

Opna camka HMeeT HECKOIIBKO CAMIIOB B KaueCTBe OpauHbIX MapTHEPOB.

Oco0b 01HOr0 M0J1a UMEEST HECKOJILKO OpauHbIX apTHepoB. CMOTpU nomuanopus
U HONUSHHUA.

Onun camer] IMeeT HECKOJIBKO CaMOK B Ka4eCTBE OpadHbIX apTHEPOB.
YBEIMYEHHOE KOJIHYECTBO LIETLIX HAOOPOB XPOMOCOM.

Bpatbs 1 céctpbl, Merolipe 00IIero oTia 1 Marh.

JBe rpynme! ocobeit My>KCKHe U MEHCKHE, 00pa3yIoLHe TOJIBKO MYKCKHE WIH
TOJBKO KEHCKHE 2aMemnbl.

CoBOKYNMHOCTb pasaHIHI MEKIY MYKCKHM H JKCHCKHM IOJIOM.

XpPOMOCOMBEI, OTIPENIEIAIOINE IO TOTOMCTBA.

(nat. populus—napon, Hacenenue) [ pynmbr ocobelt oHOro BUjIa, HACEAIOIIHE
KaKoe-TH00 TTPOCTPAHCTBO B TEUYCHHE MHOTUX MOKOICHHIL.

Hoggie (hopMBI AHUBOTHBIX C LIEHHBIMH JUTS MPAKTHKH CBOICTBAMH, MOJTY4EHHBIC
ITYTEM CeNeKyUlUL.

CETrMEHTBI MOIOBBIX XPOMOCOM, KOTOPBIE PEKOMOUHHPYIOT Y TETEPOTaMETHOTO
mona

CnocoGHOCTL OpraHU3MOB BOCIIPOU3BOAUTE cele M0100HEIX, OCHOBHOE CBOICTBO
JKHUBBIX CYILLIECTB.

obnacth Ha Y -XpOMOCOME, KOTOPas OTBEYALT 3a ONPEIE/IEHHE MYMKCKOI0 TOJIA.
["ene1 B o101 06macT He PeKOMOHMHUPYET ¢ FeHAMH X-XPOMOCOMBL.

YnBoenue.

CewmeiictBo PHK-cozmeprkamiux BHpycoB, 3apaKaroliX B 0CHOBHOM
[TO3BOHOYHEIX.

Mexanusm KOMUPOBAHUSA I'EHOB: HHTErpaliys MOC/I€/10BATEIILHOCTH, l'[OJIy‘{CHHDﬁ
u3 MPHK nytem obpatroit Tpanckpurnmuuy, B JIHK renoma.

nopropsotmecs hparmentel J{HK, Brmrou&HHEIC B XpOMOCOMBI ITOCIE TOTO, KAK
oHH ObLIH 00paTHO TpaHCKpHOUpoBaHk! ¢ Monekysr PHK.

[ 'en, NPOSIBISIFOLTHIACS TOJIBKO B MApe ¢ WASHTHYHBIM FEHOM.

[Ipsimoii rubpu omyvaeTes OT OT CKPEIIHBAHHS caMIia TIopoJibl A ¢ CAMKOH
nopojs! b. O6patHsii—camer nopos! b ¢ camkoif mopoas! A.

(0T aHrHiicKOro crnoBa silencing—BBIKTIOYEHHE }—II0/IABIEHHE IKCIIPECCHH
T'€HOB.

(oT maTuHCKOrO cNoBa selectio—oTtoop, BEIOOP)—T0IydeHHe HOBBIX (hopM
PAcTeHHH, JKHBOTHBIX H MUKPOOPTaHU3MOB.
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CHHAHTPONHBIH
Cinancuc

Cunramus

Cucrema
CooTHoOLIEHHE T10J10B
Cunepmartorenes
Cnepmaro3zous
CpenoBoe onpeneienue
noJjia

Crpece

TecrocTepoH

TpancréHHbIi
Oprasfsm
Tpanciokanus

Tpauciokauns X-A
Tpancnoszunust
Tpancno3oHbI

Den
denoTun
dusorenes

Xpanosuk Miosuiepa

XpoMaTuH

XpoMocoMmHasi cucTeMa
onpenenenus noja UV
XpomocoMHasi cHCTEMA
onpeaejenus noia XY
XpoMocoMHasi cucTeMa
onpeeaeHus noja ZW
XpoMocombl

DBoJIOLMS
DKCNPecCUBHOCTD

DKcnpeccusi FeHOB
MUCOMBI

eTpasHon
DyXpoMaTHH

Hiinexierka, siino

TEPMUHONOIrMA

Bupn sxonoriuecku CBS3aHHBIH € YETOBEKOM (KPBICHL, TAPAKAHBL).

Konsroramus xpomocom, monapHOE BPeMEHHOE COMIDKEHHIE TOMOIOTHYHBIX
XPOMOCOM, BO BpeMsi KOTOPOT'O MEKIY HUMH MOKET ITPOU30HTH 0OMEH
TOMOJIOTHYHBIMH Y4aCTKaMH.

CrnusHye raMeT IPH OIUIOOTBOPCHHH.

Brinenennas u3 cpeapbl COBOKYIHOCT B3aUMOACHCTBYIOIIHNX JICMEHTOB.
OTHo1IeHNE YHCTIa MYXKCKUX 0C00€H K YHCITY KEHCKHX.

[Mportecc obpazoBanus cnepmues.

MCJ]KHC MOJIBUIKHBIC MYKCKHE camemail. Cocrosar u3 T'OJIOBKH, IIEHKH H XBOCTA.
OIIPEJICIICHHE 10714, BRI3BAHHOE YCIOBHUSAMH CPE/ibl, HATIPHUMED TEMIICPATYPOH.

BryTpeHHMe nponeccel B OpraHu3Me, BRI3BAHHEIE CIHPECCOPOM.

Mynxckoit nonogoii 2opmor. AHaOOMMYIECKUI CTEPOU/T, CeKPETHPYIOLIHIiCS
sSIKaMH (M B HeDOJIBIIMX KOMMYECTBAX B IMYHUKAX W IuianenTe). Heobxomum s
PasBHUTHA NEPBHYHBIX H BTOPHYHBIX MYKCKHX ITOJIOBLIX ITPH3HAKOB.

OpraHu3M, B TEHOM KOTOPOTrO BBEJIEH I'eH, KOTOPBIH HE MOKET ObITh NPHOOpETEH
IIPH €CTECTBEHHOM CKPEILIMBAHUH.

XpoMOCOMHAA MyTaLsL, IIPH KOTOPOH MPOHUCXOIUT 0OMEH YUaCTKAMH
HErOMOIIOTHYHBIX XPOMOCOM, HO OOIIIee YHCIIO TCHOB HE H3MEHACTCSL.
Tpaucnokaiusa MeXXIy X-XpOMOCOMOH U ayTOCOMOH.

nepenoc cermenta JJHK u3 oziHOro mecra reHoma B JIpyroe.

Wnu “nperraromue reasr— yuactku JJHK opranmnsmos, cnoco0HbIE K
TIEPEABIDKCHUIO (TPAHCIIO3MUIIMK) U PA3MHOKCHHIO B TIPEC/IaX FEHOMA.

[TpuzHak.

COBOKYITHOCTB (heHos (MPHU3HAKOB) OpraHu3Ma.

(ot rpeueckux cioB phylon—iutems, poj 1 genesis—IpoHCX 0K/ IeHHE)—HCTOPHS
TIPOHCXOKICHHS BHJIA.

XpomocomHas cucTema onpeaenexus noma UV

TOBBILIEHHOE HAKOILIEHHE BPEJIHBIX MYTAIlHH, BbI3BaHHOE Jpeidom B
HEPEeKOMOWHHPYIOIINX YaCTSAX TEHOMA.

BemiecTBo xpomocom—rkommekce JIHK, PHK u 6enxos.

I'eHeTryeckas cHUCTEMA OIPEACIICHHS TIONA BO BPEMSI FATUTONTHOM (hassl
su3HeHHoro uukia. XKenckwii mon Hecét U-xp., a My:kckoii mon—V-xp.
Ienerrdeckas cucTeMa ONpeAC/ICHHS 11014, B KOTOPOH SKeHCKHIT MO
romoraMeTHsIH (¢ renoturnom XX), a Myxckoit non—rereporameTHsii (XY).

[Nenernueckas cucTema onpeaeieHus 11oJ1a, B KOTOPOH JKeHCKHIA 0N
reTeporaMeTHsI (¢ reHoTHIoM ZW), a My;KCKOH OIT—ToMOTaMeTHBIH (Z7).
CrpyKTypHBIE 21eMEHTSI Apa KIETKH 3yKapuoT, cogepsxaume JJHK, B koTopoit
3aKTI0YEHA HACIIEACTBeHHAA HH(OPMALIH OpraHU3MAa.

(0T MATHMHCKOTO CNOBA €Volutio—pa3BepTLIBAHNE, PA3BUTHE) B OMOIOTHH—
HeoOpaTHMOE HCTOPHIECKOE Pa3BUTHE KUBOH MPHPOILL.

Crenens BBIPRKEHHOCTH Pa3BHTHS IPH3HAKA H3 JAHHOTO 2end.

[MpeobpazoBanue renernueckoit napopmarn B PHK nm Genok.

['enernueckre meMeHThl OakTepHii, CIOCOOHBIE CYIIECTBOBAThH KAK B
HMHTErPHPOBAHHOM B 0AaKTCPHUATBHBIE XPOMOCOMBI COCTOSTHHH, TAK W B BHJIC
ABTOHOMHBIX IUTa3MUL.

DCTpOreH; CTUMYIMPYET PA3BUTHE M COXPAHEHHE JKEHCKHX MOJIOBBIX IIPH3HAKOB.
YYACTKH XPOMATHHA, COXPAHSIOIINE [IECITUPATM30BAHHOE COCTOSIHUE dlIeMEHTap-
HBIX Jie30KcupubonykieonpaTenaabix Huteid (JIHIT) B mokosinemes sape.
XKenckas 2amema.
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Kurer 82

Knerxka, 1,9, 10, 19,27, 93,98, 101,
116

Knoner, 121

Komaper, 17

Kommnencaims 10361 TeHORB, 19, 20,
114

Kponnkuy, 16

Kpoccunrosep, 31,47, 73
HepaBHbli Y-X, 73

Kpymnnerii poratelii ckor, 66, 74, 95

147



148 NPEAMETHbBLIW MHAOEKC

KpsicsL, 14, 72, 74, 81, 122
Kypsy, 20, 65, 66, 107, 111, 123

JI

Jlococs, 116

Jlowanp, 65,116,117, 120
TIpxeBanbekoro, 65

Jlowmaxk, 24, 56, 65, 117, 120

M

Mak cHOTBOpHEIH, 60
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Myn, 24, 56, 65, 117,120

Myrtarenes, 31
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93,94
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Ob6eswsinbl, 4,7, 13, 14, 39, 40, 72,
74,121,122

Obneicenue, 94

O6ousaHMe, 4
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BHYTpeHHee, 82

Omnoccym, 108

Onpenenenue nona
XX/X0,93
ZZ/7W, 93
OGanmaHcoM reHos, 12, 93
rario-adIuionaaoe, 94
XpomocoMHoe, 66, 93
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Océn, 65,116, 117,121

Ot1bop
€CTECTBEHHBIH, 51
MOJIOBOIA, 23
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IMamuapomet, 3, 125
TTamsaTe
onepatuBHas, 101
[laamuxcus, 57
Tanaiis, 11,93
IaykooOpa3subie, 63
TTepBUYHBIE TOMOBBIE TIPH3HAKH, 54,
81,96
Tlecuanka, 81, 82
TInasmuaet, 2
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TToacucrema
KoHcepsaTHuBHas, 114, 119
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asanrap, 112
TlozsoHounsle, 5, 7,9, 39, 63, 74, 81,
93
TTokonenue, 36, 43, 55, 113
Ilon
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TOMOTaMeTHBIH, 93
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119
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88,93,95,105,112, 113,114,
120,121, 122, 124
MYKCKOH, 34, 36, 37, 40, 45, 54,
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TEHOTHITHYECKHiL, 36, 37, 43, 44,
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67,110,113
TTonoeoii xpomatus, 17, 18, 20
Tonynsuus, 28, 34, 55, 67, 69, 108,
110,111
apkrudeckas, 54
Baukup, 28
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NaHMHKTHAs, 58
Yamypros, 28
Snowues, 28
Topoxast
KOpOB
romuTaHckas, 107
mxepeeiickad, 107
KpacHas aarckas, 107
Kyp

aBcTpanopi, 107
xopuum, 107
NerropH, 66, 107
MockoBckas, 107
Harotisg, 107
no3aHecnensie, 107
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CBUHCH
KpyHas Oenas, 107
mBeAcKui nanapac, 107
IlotomctBo, 84
Ipaeuno
COOTBETCTBHA, 59
Ilpapmm, 103, 108, 115,116
Ipm3Hak
ILTePHATHBHAI, 92
KaueCTBEHHEIH, 92
KOJIMYECTBEHHBIH, 92
Ipumare, 9, 63, 72, 122
TpuHIMN CONPAXEHHBIX
nojicucTeM, 98, 99
IIporpaMme! skH3HH
nahepentmarin, 32
MyTarmy, 31
pexomOuHarH, 31
penpoxykuun, 31, 36, 45, 87
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25,27,33,40, 66,72, 73, 81, 82,
93,94,102, 103, 114, 119, 121
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Pasmuoxkenne, 75
oJ10BOE, 33
paszaensHononoe, 5, 11, 35, 37,
111,114
Pacrenms, 3, 12
BhrOMIMECs, 12
NBYIOMHBIE, 11
HU3LIME, 2
OJIHOJIOMHEIE, 93
LIBETKOBEIE, 5, 12, 26
Pexombunarnus, 7, 46, 73
Permixarms, 19, 121
Perrrumun, 20, 39, 93, 121
PetpotpaHcnozonsy, 2, 3
Pertmnpoknsie tubpust, 116
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3,4, 18, 20,40, 100, 108, 116,
117,126
PoxxamaemocTs, 21
Pocr, 24,32,83, 116
Puibbl, 7,9, 12, 32, 39, 40, 54, 72,
82,93,112,121
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CeuHeby, 00, 107, 123
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OTpHLAaTeNEHBIC 00paTHEIe, 44, 83
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Xpomocoma-Y.4,5,7,8,9,10, 11,

13,14,15,16,17,19,21, 40,41,

NMPEAMETHBIW MHAOEKC 149

42,43,44,45, 46,47,51, 52, 57,
58,71,73,74,75,76,77, 80, 83,
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89,93,98,102, 119, 121, 122
HPOHCXOXKACHHE, 5
spomonud, 11, 77
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IIBetkn, 11, 109
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Yenosek, 2, 3,4, 6, 8,9, 13, 14, 15,
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54,58, 60, 65,71, 72,73, 74,75,
76,77,80, 81, 82,84,92,93, 113,
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Yephyinka namacckas, 60
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Inmnanze, 4,9, 13
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Ilagens, 12,93
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DBOMOLKHOHHAS TUTACTHIHOCTB, 50
Deomors, 6, 9, 10, 34, 35, 36, 37,
40,41, 45, 60,63, 64,77,79,91,
97,110, 112,116, 120
JAuBepreHTHast, 64, 65, 115, 121,
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KOHBepreHTHasA, 64, 67, 74, 115,
123
MonekynsipHas, 72, 88, 122
DKOJIOrHUECKast HHIIIA
MHOTOMepHas, 64, 86
ofHOMEpHas, 64, 115
OmOpHoH, 18, 20, 25, 67, 81, 82,
114,116, 123, 124
DupocnepmM, 26
DnukaHTyC, 69
Dctporensy, 57, 58, 80, 102, 103,
114,119,124
Dranon, 69
DykapHoTsl, 2, 3, 4,9, 74
Diphext
MATEPUHCKHIA, 65
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PeLHIPOKHBIiL, 65

A
SArnenne, 35, 53, 59, 60, 61, 109
Snpo, 20
Snuxy, 82



MHpeKc NaTMHCKMX Ha3BaHUM

A

Abraxas, Tur, 102

Anopheles aegypi Cm. Taroke
Komapsl, 74

Anopheles gambiae CM. Taroke
Komapsi, 74, 75

Anseriform, 72

Asparagus officinalis Cm. Tarcke
Acnaparye, 11

C

Caenorhabditis elegans Cm. Taioke
Hemarona, 17

Carica papaya CM. Take manaiis,
11,93

Ciconiiform, 72

Coleoptera Cwm. Takske
Kectkokpeueie, 7, 74

Cycas revoluta Cwm. Tarke CaroBHHK
TOHHKAIOUIHH, 12

D

Diptera Cwm. Taoke JIBykpbuisie, 74,
1

Drosophila melanogaster Cum. Takske
Hposoduia, 15

Drosophila miranda Cu. Taioke
Jlposochuna, 8

Drosophila pseudoobscura, 8, 16, 77

Drosophila Cwm. Tatoxe [posoda,
T, 93, 102

E

E. kuehniella Cum. Tarcxe
Cpean3eMHOMOPCKHH MyUHOH
MOTBIIEK, 19

Ellobius lutescens Cm. Takke
3akaBka3ckas ClermylnoHka, §

F
Fragaria virginiana CM. Taicke
Juxas 3emsiauka, 11

G

Galliform, 72

H

Humulus lupulus Cwm. Taroke Xnvems,
12
Humulus Cwm. Takke XMmens, 12, 93

L

Lepidoptera, 7, 19, 20, 21
Liriomyza sativae CM. Takke MyXH,
27

M

Muntiacus crinifrons Cm. Takke
A3HATCKHIA NAIOIHAH 0NIcHb, 77

o

Oncorhynchus Cwm. Takke
JlococeBeie prIOEL, 9, 72

P

Parus major Cwm. Taxoke Bonbias
cunuia, 27

R

Rumex
acetosa Cwm. Tarcke 1l{asens, 12
Rumex Cwm. Taxke [lasens, 12, 93

S

Schistosoma mansoni Cwm. Takke
[ITucTocoma, 20

Silene latifolia Cm. Taroke CMooieBka
Genas, 12,93

T

Taeniopygia guttata CM. Tatoke
3a6mak-3ebpa, 20
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