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M3zyueHo BaMsiHUE U3MEHUYMBOCTHU (hparMeHTa reHa uutoxpom c-okcuaassl I MTIHK (COX1) Ha piuHY Te-
Jla y ABEHAIaTA BUIOB KAPIOBBIX PbIO, IJIs1 KOTOPBIX U3BECTHBI TMOPUIBI C TIOTBOM Rutilus rutilus v ne-
oM Abramis brama, a Takxe y peuMIpokKHbIx TuopruaoB (RA, AR) u aninoriazMaTuyeckKux 63KKpOCCcoB
(LRR, RAA) motBel (R) 1 nema (A). YcTaHOBIEHO, YTO CKOPOCTh HAKOIUIEHUSI HYKJIEOTUAHBIX 3aMEH B
COX1 oTpuuaTeIbHO CBsI3aHAa HE TOJBKO C pa3MEePOM TeJla, HO U C MPOJOJIKUTETbHOCTBIO XXU3HU PbIO, UTO
nuddepeHMpyeT BUIbI HA IBE TPYMITbI: | — BUIBI C BBICOKOI CKOPOCTHIO HAKOTUIEHUS HYKJIEOTUIHBIX 3a-
MEH U OTHOCHUTEJIbHO MEJIKUM pa3MepoM Tejia; I1 — Buabl ¢ HU3KoM BapuabeIbHOCTBIO TTOCIeI0BaTEIbHO-
CTU Y OTHOCUTEJILHO OOJBIIMMU pa3dMepamu Tefa. [paHuiia st BbIICJIEHHBIX TPYTIT TPOXOAUT MEXIY BU-
namu ogHoro pona Leuciscus leuciscus v L. idus: ipy IByXKpaTHOM CHUXXEHUU HYKJIEOTUIHOTO pa3HooOpa-
3Us y 431 TPOUCXOOUT JBYKpPaTHOE yBEJIUYEHME pa3Mepa Teja W TPOJOIKUTEIbHOCTU XWU3HU, UTO
YKa3blBaeT Ha CHMXXEHME CKOPOCTM KJIETOUHOIO IbIXaHUSI M YTEYKU CBOOOMHBIX PaavKaJIOB U TOYHOE
COOTBETCTBME MUTOXOHIPUATIbHO-SIAEPHBIX IBIXaTeIbHBIX KOMITJIEKCOB. [1penmnosioxXunuTenbHo, CHUXEHNE
ckopoctu HakoruieHus 3ameH B MTIIHK y BunoB rpynnsl 11 u y ykiteu Alburnus alburnus cBSI3aHO C yBeJIU-
YeHUeM pa3Mepa reHoMa, UTO 00ecTieYnBaeT TOMOJIHUTENIbHYIO 3alIUTY TEHOB OT XUMUYECKUX MyTareHOB
U, HE3aBUCUMO OT pa3Mepa TeJla, CHUXKAET CKOPOCTh a3pOOHOTO MeTaboIM3Ma. DKCepUMEHTAIbHO MoKa-
3aHo, yro MTAAHK Biuser Ha mnuny tena. I1pu Bxmouyennu Mt/IHK nema (11 rpynma) B simepHbIii reHOM
11oTBbI (I rpynmna) 63kkpoccel ,RR uMeroT minHy Teia jiela v BBICOKYIO XXM3HECIIOCOOHOCTD, 4 03KKPOC-
cbl RAA ¢ MTIHK n10TBBI U SiIEpHBIM TEHOMOM JIELLA HACJIEAYIOT IJIMHY TeJla IUIOTBBl U CHUXKAIOT KU3HE-
cnnoco6HocTh. Bunpl 11 rpyniisl He cioco6HbI 3 HEKTUBHO UCITOIBb30BaTh BhICOKOOJIMMOpdHYI0 MTJIHK
BUIOB | rpynmel, 4TO MpOSBASIETCS HapyllIeHUEM HacjieloBaHUs OOJblleil JJIUHBI TeJia Jiellla y TMOPUI0B
RA u BeneT K penponyKTUBHOM u3oasiiiuu. Buasl rpynnsl 1, Takue Kak Rutilus rutilus, MOTYT BKJTIOYATh B CBOIA
rernoM MT/IHK o6eunx rpyri, 4To JIeXKUT B OCHOBE ITOJI0BOT0 0TO0pa pu rudpunn3anyi. CoOoTBETCTBEHHO, pa3-
MEPHBIi1 TTOJIOBOM TMMOPGU3M MMEET I'eHETUYECKOe MPOUCXOXKIESHUE 1 ISl TIOTEHLIMAJIBHOIO MapTHepa pas-
Mep TeJla MOXKET ObITh CUTHAJIOM LTSI OTIPEAESICHUS SIIEPHO-IMTOIIa3MAaTUUECKO COBMECTUMOCTH T€HOMOB IO

JbIXaTCJIIbHBIM KOMILJIEKCaM.

Karoueswvie cnosa: Cyprinidae, mrorBa, Rutilus rutilus, nem, Abramis brama, otnajieHHas1 THOpUAN3ALIS,
pa3Mep Tena, NPpOIO/LKUTEIBHOCTD XKM3HU, CKOPOCTh HakorieHus 3aMeH B MTIHK
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BBEAEHHWE

PasMmep Tesia y pbIO sIBJIsIETCSI TUTTMYHBIM KOJIMYe-
CTBEHHBIM (KOMIUIEKCHBIM) HIPHM3HAKOM, KOTOPBIA
HaXOIUTCS MO 3BOJTIOLIMOHHBIM KOHTPOJIEM U TO-
crossHHO u3MmeHsiercss (Kemper et al., 2012), mo-
CKOJIbKY OH CBSI3aH OIIpeAeICHHBIMM COOTHOIIICHUSI-
MU CO MHOTUMU (DU3HOJIOTUIYECKMMU ITapaMeTpaMu,
TaKMMU KaK CKOPOCTb MeTaboJin3Ma, TeMIlepaTyp-
Hasl peryjisiums, IepeIBMKEHNE, CKOPOCTb pPOCTa,
IUIOAOBUTOCTD, XKM3HECIIOCOOHOCTD, BpeMsI CO3peBa-
Hus roHan u T.4. (Purdom, 1979; McLain, 1993; Ko-
MoBa, 2021). ['eHeTMUeCcKasI apxUTEeKTypa, JexKalas B
OCHOBE H3MEHUYMBOCTM pa3Mepa Tejaa, oOpasyer
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CJIOXKHYIO CUCTEMY B3aMMOCBSI3aHHBIX aJJIEJIbHBIX U
HeaJleJbHBIX (3MUCTATUYECKMX) B3aMMOIEHCTBUIA
MEXIY IByMS HeIlepeceKalollMMUCs HabopaMu Te-
HOB: B OTHOM Ha0Ope OTIeJIbHbIE MyTallul OKa3bIBa-
IOT 3HAYUTEIbHOE BIIMsIHUE (MEHACICBCKIUE IIPU3HA-
KM), B APYToM — UMEIOT Heboubinoi addekT (Kem-
per et al., 2012). Kpome Toro, Ha pa3mep opraHusmMa
BJIMAIOT HUTOINIa3MaTUYE€CKME IT'€HbI, YTO M3YYE€HO B
MEHbIILIEI CTEIIEHU, XOTSI OHU CIIOCOOHBI ITPOU3BO-
JIUTH YCTOMYMBEIC peHOTUIIMYEeCKHE 3(PHEKTHI, THO-
rma TIIpoTuBope€yYalInMe€ CCJICKTHMBHBIM MWHTEPECaAM
sanepHbix reHoB (Cosmides, Tooby, 1981). B yactHo-
CTM, YCTaHOBJIeHA OOpaTHasl 3aBUCHUMOCTb MEXIY
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CKODOCTBIO HAaKOIUJIEHUSI HYKJIEOTUIHBIX 3aMEH B
MTIHK 1 pazmepoM Tejia, 4To CIToCOOCTBYET PENpo-
nykTuBHOI uzonsiuuu (Bolnick et al., 2008) u nmoso-
BOMY OTOOpY, 3a CYET KOTOPOTO paHee OOBSICHSIIU
BBICOKYIO PACIIPOCTPAHEHHOCTh OHOHAMPABIEHHOMN
rubpunuszanuu (Wirtz, 1999).

MatepuHCKOe HaceqoBaHUEe KJIOHAJbHOM MOMy-
JISILIUUM MUTOXOHIPUI, KOTOPbIE COBMECTHO C SIAEP-
HBIMM Te€HaMH OOECIICYMBAIOT BBEIPAOOTKY DHEPTUH
IyTeM OKUCJIUTEIbHOTO (pochopuanpoBaHusi, CUr-
TaeTCsi OCHOBHOM MPUYMHOM PA3JINYMN MEXIY BUA-
mu u ionamu. Umenno mtIHK nHakarummiBaeT myTta-
LIMU, BBITOJHBIE IJISI CAMOK, HO He IIJISI CaMLIOB, UTO
BJIMSIET Ha COOTHOIIIEHHE MOJIOB B IOTOMCTBE U Jie-
XXAT B OCHOBE TUITOTE3Bl “IIPOKJISITUSI CHIHOBEIi”
(mpaBuio XosnaeiiHa). ITogBMXKHOCTh MYKCKUX Tra-
MET TIPU OTLJIOAOTBOPEHNU OOECTIeUMBAETCs 3a CUET
BbIpaboTKu AT®D u Begetr Kk ROS-3aBUCUMBIM MyTa-
uusM (Reactive Oxygen Species), KOTOpbIX U30eraeT
XeHckast 3aponbieBas auHus (De Paula et al.,
2013). B ominume OT SimEpPHBIX T€HOB, CETPerupylo-
11X OOUH pa3 B xone Meio3a, MTIIHK He pekoMOu-
HUpYEeT U OpojaudepupyeT Ha TMPOTSKEHUU BCETO
KJIETOYHOTO 1IMKJIa, YTO YBEJIWUYUBAET BEPOSTHOCTD
omn60ok. IToaTOMy MHOTHE MUTOXOHAPUATBHBIC Te-
HbI ObLIIM TIepeHECEHbI B SIIePHbIil TEHOM, a JJIs1 HU-
BEJIMPOBAHUS OTPULIATEIBHOIO JAEHCTBUS HEKOTO-
PBIX MUTOXOHIPUATIBLHBIX MyTaILUii B SIIEPHOM TeHOME
BO3HMKAIOT KOMIIEHCATOPHbIE 3aMEHbI, YTO YBEJIUUU-
BaeT ero pa3HooOpasye U BeJIET K BEUHOI KOIBOTIOLMA
(ruriore3a “KpacHoit Koponebl”) (Werren, Beuke-
boom, 1998). HeobxomuMoOCTb MUTOXOHAPUAIBLHO-
SJIEpHOI KoaJanTallMu, HepaBHasi CKOPOCTb HaKOM-
JIeHUsI 3aMeH B reHax JbIXaTeJIbHOM LIeM MUTOXOH-
JIpUii y pa3HbIX BUJOB 1 pa3Hasi 3HAUMMOCTb 3TUX 3a-
MEH LIS XKEHCKOTO U MY>KCKOTO T10J1a JieXXaT B OCHOBE
ajmarntalyu K yCJIOBUSIM oOUTaHUsI, MOpdoyoruye-
CKUX pas3iuyuii, BUIooopa3zoBaHUs, PENPOMLYKTHUB-
HOI M3O0JISIUKU, 3BOJIOLUU CUCTEMBI OMNpEAeIeHuUs
noJjia ¥ KjietouHoro aeixaHust (Gershoni et al., 2009;
Hill, Johnson, 2013).

OnHoHarnpaBJieHHasl TUOpUAU3aIys TIOTBbl Ru-
tilus rutilus (L., 1758) u nema Abramis brama (L., 1758)
(Actinopterygii: Cyprinidae — mo: (Nelson et al.,
2016)) co 3HAUYUTETBHBIMU Pa3IUYUSIMU BHUIOB IO
pasMepaM Tella 1 TeHOMa, CpOKaM MOJIOBOIl 3pelio-
CTH, CKOPOCTU MeTaboian3Ma M BapuabeIbHOCTH
MTIHK MoxXeT ObITh yIOOHOI CUCTEMOM OIS U3yde-
HUS 3BOJIIOLIMOHHBIX MpolieccoB. B mpupoae caMiibl
Menkoit moTBH (R) ckpermuBaloTcst ¢ camkaMu 00-
Jiee KpyITHOTO Jienia (A), 4To yKa3bIBaeT Ha HaJaIudue
moJyioBoro otoéopa 2A > 3R, xapakTepHOro Ijist Kax-
Joro u3 poautelbeckux BunoB. Camubl Rutilus rutilus
u Abramis brama npennovyuTaloT 6oJiee KPYIMHbIX ca-
MOK, KOTOpbIE CO3PeBaOT Ha 1—2 roga nmosgHee Npu
6oJIbIIIEM pa3Mepe Tella U MPOJ0JIKAIOT PACTH MOCe
nosoBoro co3peBaHusi (Cowx, 1983; Kyritsi, Kok-
kinakis, 2020). ITono6HBIe pa3TnM4yns MeXIy IT0JaMUu
npeo0JIagaioT B (KUBOTHOM MHUpPE, 1 OOHAPY>KMBAIOT -

cs1'y OOJIBIIIMHCTBA TAyKOOOPa3HbIX, HACEKOMBIX, aM-
Gubdwuii, penTUInii U peIO, TOTAA KaK Y OOJBIITMHCTBA
OTULL U MJIEKOTUTAIOIINX, HA00OOPOT, CaMIIibl KPYII-
Hee caMoK (Andersson, 1994). 3BecTHO, 4TO T0OJIO-
BOI1 MMMOpP(MU3M OTpaXkaeT ajarTaluio caMmIioB 1 ca-
MOK K VX pa3HbIM perpoayKTUBHBIM pojisiM (Fairbairn,
1997) u MOXET 3aBUCETb OT CUCTEMBI OTIPEIEIeHNS M0~
Jla, KOTOopasi CWIbHO BapbUpyeT y XXUBOTHBIX. Tak, y
MNTULL KPYTTHBIE pa3Mephbl C IPKUM OTlepeHeM XapakK-
TEPHBI 11 TOMOTaMETHBIX caMLOB (ZZ), TIpu 3TOM
BBIOOp TTapTHepa JeJlaeT rereporamMeTHasi caMka (ZW)
(Hill, Johnson, 2013). ¥ 110TBEI 1 Jie1Ia AeTEPMUHALIAS
1oJjla UMEET MOJIMTEHHYIO OCHOBY, a 'y cazaHa Cyprinus
carpio (L., 1758) rereporaMeTHbIif — My>KCKOM 11071 (XY)
(JIy>xun, 1977), BeposITHO, TO3TOMY TIPOUCXOIUT YBe-
JInYeHue pazMepa Tejla CaMOK, Kak TOMOTaMeTHOTO
rmona. HeoOriyaitHoe pa3zHooOpa3ue MOJOBBIX XpO-
MOCOMHBIX CUCTEM, YCTaHOBJIEHHOE Yy a(pUKAHCKUX
Cichlidae, MoxXeT OBITh OOBSICHEHHMEM MHOTOOOpa3ust
BapUaHTOB OKPACKU 1 IJTMHBI TeJIa 9TUX PhIO KaK cTpa-
Terust 60puObI ¢ xuimHUKOM (Gammerdinger et al.,
2018).

IIpenmnosaraercsi, 4TO TreHbl AbIXaTeJbHOM LIENU
MUTOXOHIPUIA CBSI3aHbI C TeHAMU OKPAaCKU U pa3zMepa
tena (Hill, Johnson, 2013). bosbIoii pa3mep Tena u
sIpKue NeKopaTMBHbIE YePThl TOMOTaMETHOIO TapT-
Hepa MOTYT CUTHAJIM3UPOBATh reTepOraMeTHOMY TO-
JIy O BBICOKOU 3((PEeKTUBHOCTU OKHUCIUTEIbHOIO
dochopunupoBanusi, XOpoLInX reHax, BbBKMBAEMO-
CTU U OOJIbllIe MTPOIOJKUTEIBHOCTH XKMU3HU (3aMa-
xaeB, 1959). CormacHO ruroTe3e sAepHO-LUTOILIA3-
MaTHUYeCKOH COBMECTUMOCTH TTOJIOBOT0 0TO60opa, OCT-
past MOTPpeOHOCTh UISI TeTepOTaMeTHOIo ToJjia, Kak
HauboJiee ysI3BUMOTO, COCTOUT B OLIEHKE COBMECTUMO-
ctr cobctBeHHbIX reHoB MTIAHK ¢ sinepHbiMM reHamu
MOTEHILIMAJILHOTO MapTHepa, OT 4ero OyldeT 3aBUCEeTb
KM3HECITOCOOHOCTh, a TakKe 3(h(HEKTUBHOCTH TTPOSIB-
JIEHUsI BUIOBBIX MPU3HAKOB B roTtoMcTBe. [TomoOHbIi
MPUHLIMIT TTOJIOBOTO OTOOpAa MOXET CIIOCOOCTBOBATh
9BOJIIOLIMU HE TOJIBKO 3TUX BHEIITHUX MPU3HAKOB, HO
U CJIYXXWUTb B KauecTBe JipaliBepa dBOJIIOLMUY KJIETOU -
HOTO JbIXaHUsI U (HOPMUPOBAHUS U30JUPYIOIIUX ME-
XaHU3MOB. TpaauLIMOHHO MpPennojaaraioch, 4YTo OT-
0Op IJIOAOBUTOCTU Y caMoK (eciu @ > &) u penpo-
IYKTUBHBINA ycriex y camioB (ecaiu @ < 3) — aT0o
OCHOBHbIE 3BOJIIOLIMOHHBIE CUJIbI JJIs YBEJIUYEHUS
pa3mepa Tena. OaHaKoO, Kak IOKa3bIBAalOT AaHHbIE,
pa3MepHBIN MOJOBOM TMMOPGhU3M MOXET UMETh Te-
HETUYECKOe MPOUCXOXIEHUE U caM Mo cebe BbI3bI-
BaThb 11o0Boii otoop (Lépez-Cortegano et al., 2020).

Llens pa®oTHI — HcCIea0BaTh BIUSTHYE U3MEHUM -
BOCTH (parmMeHTa I'eHa IIMTOXPOM c-OKcuaasbl |
(COX1) mtAHK Ha nuHYy Tejla y ABEHAAlIaTU BUIOB
KapIIOBbIX PBIO, MEXAY KOTOPHLIMU M3BECTHBI ITPU-
pOIHBIE TUOPHUABI, a TAKXKE Y PEHUIIPOKHBIX TMOPU-
noB (RA, AR) u annorniasmMaTuyecKux 03KKpOCCOB
(ARR, RAA) NIJIOTBHI U Jiellla B YCIOBUSIX SIAEPHO- 11U -
TOIIAa3MAaTUYECKOIl  COBMECTUMOCTH/HECOBMECTH -
MOCTH T€HOMOB.
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Ta6muna 1. JImvHa v BeIcoTa TeJia, psifi CUYETHBIX JUMaTHOCTUYECKUX MPU3HAKOB B BBIOOPKAX MpousBoauTeneit Rutilus ru-
tilus, Abramis brama, rn6punos F1 u ceronietkoB Rutilus rutilus, Abramis brama, rudbpunos F1 n 63KkpoccoB

Bribopka Ls H L1 Ab Vert
I1pousBoourenu
RR 192 +4.28 33.4+£0.89 43.1+0.18 10.3+0.12 409 +£0.14
152-250 26-32 4145 912 3942
RA 208.8 £7.76 33.1+£0.83 49.2 £ 0.46 15.6 £ 0.22 41.9 £0.27
165-263/8 28-40/6 46-53/53 14-17/34 40-43/30
AR 223.7 £4.67 35.1£0.50 49.6 £ 0.43 16.3+0.24 41.4£0.16
181-260/84 31-40/72 46-53/44 12-19/61 40-42/85
AA 403.4 £5.77 39.3+0.32 54.71+0.32 25.54+0.28 44.2+0.15
354463 3743 53-58 24-30 42-46
Ceronetku tudbpunoB R X Au A X R, A. brama (A X A), R. rutilus (R X R)
R X R 54.1+£0.51 24.8+0.18 429 £0.11 10.3+0.08 41.3+£0.13
49-60 2327 3944 911 3942
R x A 56.8 £0.54 26.0 £0.22 49.1+£0.36 16.2 £0.18 42.7+£0.10
49-63/11 23-30/15 47-53/48 15-18/38 41-43/63
A X R 69.8 + 0.56 27.9+0.17 46.5+0.23 14.8+0.12 41.31+0.11
61-78/51 27-34/61 44-52/71 13-17/71 40-43/98
Ax A 79.4 £ 0.59 33.0+0.19 55.6 £0.21 25.8+0.14 43.5+0.08
70-84 3135 50-56 2128 4345
Ceronetku 6akkpoccoB AR X R (,RR) 1 RA x A (rAA)
AR X R 76.2 £ 0.59 27.8+0.26 44.3+£0.25 12.6 £0.11 40.6 £0.15
64-87 24-34 4248 11-14 3742
RA X A 52.6 £ 0.66 27.3+0.25 47.5+0.29 18.0+0.16 43.1£0.10
44-64 24-34 4551 1521 4245

IIpumeuanue. Ab — yncio JIydeil B aHaJILHOM IUIaBHMKE, H — Hambosblag BeicoTa tena, %, Ls — navuHa tena, [. [ — 4ucio venryii B
OOKOBOI1 IMHUM, Vert — oOuiee unciio Mo3BoHKOB. Haz uepToit — cpeqHee 3HaYeHWe TpU3HaKa M CTaHIapTHasl olMoKa cpeaHero (M =
+ m), on YepToil — AMana3oH Bapualvy MpU3HaKa U rubpuaHblii uHaeke HI, % (BblaeneH KUPHBIM HIPUGTOM).

MATEPUAJI 1 METOIbI UCCIIEJOBAHUA

Metoauka IpoBeIeHUST MEXBUIOBBIX, BHYTPUBH-
JOBBIX Y BO3BPATHBIX CKPEIUBAHUI, BhIpalllUBaHUE
JIMYMHOK, CETOJICTKOB M TECTUPOBAaHUE TUOPUIOB
noapoOHO omucaHbl B padbore (CrondyHoBa, Koay-
xoBa, 2023). AHanu3 pa3MepoB Tejla 1 OCHOBHBIX M-
arHoctuueckux npusHakoB (ITpaBouH, 1966) npoBe-
JIeH JIJIsl: 9KCIepUMEHTANIbHBIX CEroNIeTKOB A. brama
(A X A,n=40); R. rutilus (R X R, n =40), peuuripok-
HbIx THOpunoB F1 (camka X camer: A X R, n =50 u
R X A, n=29); NOT0OBO3pEIBbIX SKCIIEPUMEHTATBHBIX
ruopunoB F1 BBospacte 4—8meT (AX R, n=23uR X A,
n = 16); mpupOIHBIX MpOM3BOaUTENEi Jema (n = 29,
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8—15+) 1 mnotBel (1 = 32, 4—10+); ceroyieTKOB 03K~
KpoccoB Fb, mojydeHHBIX B NOIIOTUTENBHBIX CKpe-
IIMBAHUSIX PEUMIIPOKHBIX rnopumoB F1 ¢ camiiamu
1oTBEI 1 Jieta (RRA X 3A, n =48u QAR X 3R, n=
= 48) (tab6x. 1). [1To cpeqHM 3HAYCHUSIM IIPU3HAKOB
y TMOPUIOB U POAUTEILCKMX BUIOB PACCUMTHIBAIU
ruopuaHblii mHAEKC o dopmyiie (Hubbs, Kuronu-
ma, 1942):
HI =100 x (Hi—Mil)/(Mi2—Mil),

rne Hi — cpenHee 3HadyeHue npu3Haka I mrs rubpm-
noB, Mil — cpenHee 3HaueHue mpusHaka I 1st skeH-
cKoro poauteisa, Mi2 — cpegHee 3HaYeHUE IpU3HaKa
I st MmyXcKoro ponutessi. 3aBUCUMOCTD JUTUHBI TE-
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Ja pennnpokHBIX tTmopunoB F1 m Fb Ha cragmsax ce-
rojieTKa M B3POCJbIX 0CO0eil OT BUAOBOI IPUHAI-
JIEXKHOCTM caMlla U CaMKHU ITPOTECTUPOBAHO C IIOMO-
mpio one-way ANOVA. TlomapHble cpaBHEHHS
OLIEHMBAJIU C TOMOIIIbIO post hoc Teioku HSD tecToB.
CraTUCTUYECKYI0 O0pabOTKY BBINOIHSUIA B IIPO-
rpamme STATISTICA v. 8.0 (StatSoft Inc., USA).

MoiekyasspHO-TeHETUUYECKUI aHaJIUM3 C UCTIOJb-
3oBaHueM Mapkepos siaepHoro (ITS1 pJIHK) u mu-
toxoHapuaiabHoro (cyt b MT/IHK) reHoMOB mmpoBO-
IVWau Ojis Ipou3Bomutelieil nema (AA), IUIOTBBI
(RR), peuunpokHbix ruopunos (RA, AR) u obpat-
HBIX 09KKpoccoB (RA X A u AR X R) (CronbyHoBa,
2017). IHK BbIOEISIIN U3 CKEJIETHBIX MBIIIILL IIPOM3-
BOJIUTEJIEN U CErOJIeTKOB TMOPUIOB C UCIOIb30BaAHM -
eMm Habopa Diatom Prep 100 (“M3oren”, Mocksa).
JocToBEpHOCTD pa3inuuit MeXay TEOPETUYECKUM U
SMIIUPUYECKUM pacripeaeeHUeM TeHOTUIIOB B BbI-
0opKax 09KKpPOCCOB OLIEHMBAIM MTPU TTOMOIIU KpPU-
tepust 2> (JKuoroBckwii, 1991).

st olleHKM BIMSIHUS HEpaBHOII CKOPOCTU Ha-
koruieHns 3aMeH B MTIHK Ha pa3mMep Tera pe1do nsy-
YyeHa U3MEHYMBOCTb HYKJICOTUAHOM MOC/Ie10BaTeIb-
HOCTH MIEPBOI CYyObETMHUIILI LIMTOXPOM C-OKCUOA3bI
(COX1) y 12 BugoB pri0 ceMm. Cyprinidae, mist KoTo-
PBIX U3BECTHHI pupoaHbie THopuasl. COX1 — onuH
M3 TpeX FeHOB KoMIuiekca IV cucTeMBbl OKHUCIUTEIb-
Horo ¢ochopunpoBaHus, KOTOpas KOITUPYETCS
saaepHBIMU-N-mt 1 MUTOXOHAPUATbHBIMU-mt TeHa-
MU, Y4aCTBYeT B CO3IaHUM IIPOTOHHOIO IpagucHTa
mist cuHreda AT® u cuutaercd 3¢EPEKTUBHBIM
MapKepoM BUAOBOI UAEHTU(hUKALIMU U OIpeaesie-
HUS TpaHuUL BUOOB. JlaHHBIC MO IJIMHE TeJla U IIPO-
JIOJDKUTEILHOCTH XKM3HM MCCIIEAYEMBIX BUIOB PBIO
B3aThI U3 pabot (Pemernukos, 2003; Kotellat, Frey-

hof, 2007).!

B pamkax maHHOI pa®oThl ucnojib3oBaHo 770 1o-
cirepoBatenbHOCTeit COX1, B3SITBHIX M3 0a3bl JaHHBIX

NCBI? (1a6m. 2). B aHanus 6paim cMKBeHCHI <566 IH,
He collepKalllie HeomnpeaeJeHHbIe HyKJIeOTUnbl. [a-
motunuueckoe (Hd) n HykneoTuaHoe (1T) pa3HO00-
pas3us I KaXXIOTo BUAA pACCYNTHIBAIN B IIPOTpaM-
me DnaSP 5.10 (Librado, Rozas, 2009). st ouileHKHU
BHYTPUBUIOBOM M MeXBUAOBOI nuddepeHInaum
YHCJIO OC/IeTOBATEIbHOCTE BHYTPY BUIOB PEIyIT-
POBaJIM 10 YKCJIa TalJIOTUIIOB U (DOPMUPOBAIN 00-
it paitn. Takum o6pa3oM, B aHAJIM3€ UCTIOIb30Ba-
Ho 97 raruioTUIIOB KapIOBBIX pbIO: Nieiia Abramis bra-
ma — Homepa mociegoBarteabHocTeit NCBI
HM391989 u KR477143; ykneiiku Alburnus alburnus
(L., 1758) — HM392004, HQ960435, HQ960491,
KC500134, KC500152, KT989763, MW473152,
MW473309, MW473323, MW473463, MW473465,
MW473469; cunua Ballerus ballerus (L., 1758) —
KM286462; rycrepnl Blicca bjoerkna (L., 1758) —

! FishBase https://www.fishbase.se.
2 http://www.ncbi.nlm.nih.gov/.

HM392045 nu HQ961074; nonycrta Chondrostoma cyri
(Kessler, 1877) — KU729242, MW564465; BepXOoBKHU
Leucaspius delineatus (Heckel, 1843) — HQ961053,
HQ961056, KP794942, KP794946—KP794948,
MW564322, ON097393; 13 Leuciscus idus (L., 1758) —
HQ960976, KM286735, KT989770, KT989771,
KX224112, MN342624, MW472976; enbua L. leucis-
cus (L., 1758) — HQ961024, KM286740, KM286752,

MF458578—MF458580, MW472996, MW473067,
MW473082, MW473216, MW473232, MW473259,
MW473295, MW473317, MW473336, MW473376,
MW473416, MW473439, MW473452, MW473453;
wiotBel Rutilus rutilus — HM392099, HM392103,
HQ600770—HQ600773, HQ600776, HQ960424,
HQ960521, HQ960800, HQ960907, HQ960966,
HQ961043, KM287058, KM287060, KM287067,

KT989765, MW473258; ronasns Squalius cephalus (L.,
1758) — HM392132, KC355003, KM287141, KU302617,
KU302618, MW472910, MW473239, MW473335; kpac-
Horepku Scardinius erythrophthalmus (L., 1758) —
HQ600782, HQ600785, KC501299, KC501304—
KC501306, KC501312, KR477118, KR477276; pei6iia
Vimba vimba (L., 1758) — HM392155, KC501872,
KM287175, MW473444, MW564513, MW564437.
st cpaBHEeHUSs1 B3dTa MOCIEA0BATEIbHOCTb OKYHSI
peuHoro Perca fluviatilis (L., 1758, Actinopterygii:
Percoidei) — MW564422. OLieHKY BHYTPU- U MEKBU-
JoBoI U hepeHIMALIMY C TOMOIIIBIO p-TUCTAHIINM,
a TaKkxe Moadop MOIENIU HYKJICOTUIHBIX 3aMEH IS
pacueta 3Toro nokazatesisi — K2 + G (Kimura, 1980)
npoBoauiu B nporpaMme MEGA7.0.26 (Kumar et al.,
2016). Mozaenb HYKJIEOTUAHBIX 3aMEH ISl TTOCTPOE-
HUSI (DUJIOTEHETUYECKOTO IpeBa OMpenessyii ¢ MoMO-
mpio rporpammebl PartitionFinder 2.1.1 (Lanfear et al.,
2012) Ha OCHOBAaHMU MUHUMAJILHOTO 3HAYCHUS Oali-
ecoBa nH@opmanuonHoro kpurepus (BIC) (Posada,
Buckley, 2004) ¢ y4yeToM KOAMPYIOIIMX TPUILIETOB.
st mepBoOi MO3ULIMM KOJOHA oTpelesieHa MOJENb
SYM + G, mns Bropoii — F81+I, mna Tperbeit —
GTR + G. st pustoreHeTUIEeCKON PeKOHCTPYKIINU
ncnojir3oBanu nporpammy MrBayes v.3.2.5 (Ron-
quist et al., 2012), pemakTupoBaHuEe ApeBa IIPOBOA-

v B iporpamme FigTree v. 1.4.2.3

PE3VJIBTATBI NCCIEAOBAHUA

AHaJIM3 pa3MepoB Tejla i IHATHOCTHYECKHX NMPH3HA -
KOB Ha CTaJMAX CEroJieTKOB M MOJIOBO3PEJIbIX 0CO0ei
ILUIOTBBI, Jiema, ruopuaos F1 u ceroieTkoB 63KKpoccoB
Fb. C momomipio BumocnenupUIECKUX MapKepoOB
ITS1 pAHK u cyt b MTAHK omnpeneieH reHOTUIT
IIPOM3BOAUTENCH MJIOTBHI, Jiellla, PELUITPOKHBIX T~
OpuImoB, a Takke cerojieTkoB ruopnaoB F1 n Fb. Ha-
pYIIeHYS HacJAeA0BaHUsI MapKePOB HEe YCTAHOBJICHO.
OIHako B MOTOMCTBAX ITOTJIOTUTEIBHBIX CKPEIINBa-
HUI BBISBIEHO OTKJIOHEHHE OT TEOPETUIECKOTO CO-

3 Rambaut A. 2008. FigTree v. 1.4: tree figure drawing tool
[http://tree.bio.ed.ac.uk/software/figtree/].
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Taomuna 2. [NapamienbHOE U3MEHEHUE OMOJOTMYECKUX XapaKTepUCTUK U BapruabenbHOCTH TocienoBarebHocT COX1

Y UCCICAYEMbIX BUOOB KapIiOBbIX pb16

Bun tRL’ rombi/ Low | ber ITokazarenu monmumopdpusma COX1
R> CM N [, IH S H! H Hg T
I'pymma I1
Abramis brama 3-5/25 | 35-45 | 23 52 609 5 4 2 0.5106 {0.00101
Blicca bjoerkna* 3—4/13 | 25-30 | 15 20 611 3 4 2 0.5526 0.00103
Vimba vimba 4-5/13 | 24-26 17 37 602 6 6 6 0.6291 | 0.00297
Leuciscus idus 3-5/25 | 30-50 | 20 13 606 7 8 7 0.865510.00301
['pymnmna |
Leuciscus leuciscus 2-3/12 | 20-25 10 118 624 32 28 20 0.8524 10.00670
Rutilus rutilus* 2-3/9 | 17-25 | 20 67 599 32 20 18 0.8851 {0.00859
Squalius cephalus* 2—-4/19 | 2740 | 16 223 584 53 11 8 0.2177 |0.00355
Chondrostoma cyri 3—4/15 21 15 2 652 3 2 2 1.0 0.00460
Scardinius erythrophthalmus* 3-4/8 16—19 10 66 596 21 9 9 0.6294|0.00431
Alburnus alburnus* 2/9 10—15 6 145 634 14 15 12 0.6189 [0.00130
Leucaspius delineatus 2/3(4) 6—8 34 23 636 40 8 8 0.8498 |0.01783
Ballerus ballerus 3—4/18 | 20-25 17 4 652 0 1 1 0 0

ITpumeuanue. * Bunbl, ¢ KOTOPIMU U3BECTHBI TMOPUIBI JIella; MJIOTBA CKPEIIMBAETCsI CO BCEMU BUAAMU, C CHHLIOM — B KOHTPOJIPY-
€MBIX YCIIOBUSIX. Ly — IUIMHA TeJ1a PY HACTYTUIEHUHU 3PEJIOCTH; fg — BPEMsI HACTYIUICHUSI ITOJIOBOM 3pesiocTy; L — [UInHa Tena; t — Mpo-
IOJDKUTEIBbHOCTD KM3HU;, N — 4KCII0 TTocaeaoBaTeabHoCcTel, B3IThIX 13 NCBI; / — mimuHa 1mmocinenoBaTeIbHOCTEi; S — YMCI0 Bapua-
OeIbHBIX CaiiTOB; /' — YMCIIO TAaIUTOTUIIOB TIPY pacyeTe raluloTUNUYeckoro (Hy) ¥ HyKJIeoTUIHOTO (1) pasHooOpasus; H~ — dncio
raruIoTUIIOB MPU aHAJIM3€ MEXBUAOBOM nuddepeHIMaly 1 peKOHCTPYKIUU (DUTOTeHETUYECKOTO ApeBa.

OTHOILIEHUSI TEHOTHMNHUYeCKuX KiaaccoB T1o ITSI1
pAHK (romosurorsl/rerepo3urorsi, 50/50), Korto-
poe B BeIOOpKe RA X A 65110 33/67 (p < 0.05), a B —
AR X R — 63/37 (p = 0.10). Mexay roMmo- 1 rerepo-
3UTOTaMu MOP(OJIOrMYECKUX Pa3IMIMNL HEe YCTaHOB-
JieHo. Hu3koe unciao roMo3urotr gAA B MOTOMCTBE
RA X A u Bpicokoe uncio romo3uroT ,RR B nmotom-
ctBe AR X R ykaspIBaeT Ha pa3IUu4yHYIO XKHU3HECIIO-
COOHOCTh aJUIoIUIa3MaTHYECKUX OB3KKPOCCOB, YTO
noapo0OHo obcyxknanock paHee (CronoyHoBa, 2017).

MexBunoBbie pasnuaust Rutilus rutilus i Abramis
brama no nnune (Ls), Beicote Tena (H), oO1ieMy ync-
JIy mo3BOHKOB ( Verf), unciy deiyii B OOKOBOI IMHUU
(1. 1) n yucny nydeil B aHaJILHOM IUIaBHUKE (Ab) ObI-
JIM CTaTUCTUYECKU 3HAUYMMBbI, 11 Ha CTAIMU CETOJIETKA,
U Mex1y Beioopkamu ripousBonuteneit (Tukey HSD,
p <0.05) (tabm. 1, puc. 1a). ITonoBo3peibie TMOPUIBI
A X R (R > &) umenu IMHY U BBICOTY TeJjia OTIIOB-
CKOTo BMJA, T.€. TIOTBbI. COIMIaCHO CPenHUM 3Have-
HUSIM Y TUOPUIHOMY MHIEKCY, CXOICTBO C ILUIOTBOM
Ha0I01aeTcs U 10 APYTMM TUAarHOCTUYECKUM TpU-
3HaKaM, YTO MOXKET yKa3blBaTb HA YCTOMYMBYIO Tpa-
eKTOPUIO pa3BUTHUS ruOpumoB. IIpoMexxyTouHoe 3Ha-
YyeHue ruOpuIHOTO MHIAEKca Mo Ls Ha CcTaauu Cero-
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snetka (HI = 51) moxeTt OBbITh CBSI3aHO C OOJBIIEH
CKOPOCTBIO pOCTa, HacJienyeMoii OT Jiela.

CeroJieTKy 1 IOJI0BO3pelibie TMOpUAbLI R X A, mo-
JIydeHHBI€ B cKpeliuBaHuu @ < &, o pasMepaM TeJia
Tak>Xe ObUIM CXOIHBI C TUIOTBOM, KOTOpast AJI HUX —
matepuHckuit Bun (Tukey HSD, p > 0.05) (puc. 1a).
ITo yucny yenryif B OOKOBOM JIMHUM HaAOIIIOIAIOTCS
npoMexXyTouHble 3HadyeHust HI, a B BeIOOpKe TIpou3s-
BOIMTEJICl He MOATBEPKAACTCS OTLHOBCKUIA 3 (PeKT
o Vert, KOTOpBII TIOKa3aH y CerojieTKoB (Tadi. 1).
CooTBeTCTBEHHO, 00a TMOPUIHBIX BapraHTa A X Ru
R X A umeror 6oibIIee CXOACTBO C MEHBIIIUM II0 pa3-
Mepy Tesia BUIoM 13 mapbl Rutilus rutilus, 970 yKa3bl-
BacT Ha HEPEUUIIPOKHBII XapakTep IPOSIBICHUSI
npu3HakoB. [InHa Teja OOJBIIErOo BUAa M3 IIapHl,
Abramis brama, He Hacnenyetcs B F1, uto cBumeTelns-
CTBYET O HapyllIeHUU OTIIOBCKOTro 3ddekTa y ruopu-
moB RA. HeycroiiumBasi TpaeKToOpUsI MX Pa3BUTUSI
MOXKET OBITh CBsI3aHA C HU3KOM COBMECTUMOCTBIO T'e-
HOMOB, KOTOpasi y O3KKpPOCCOB rAA TpPOSIBISIETCS
CHUXXEHUEM XKU3HECTTOCOOHOCTH.

HapyimeHnue HacinemoBaHMsI JUIMHBI Tela caMmla y

ruopunoB RA Benmer K AuMop@du3My HOJIOBBIX pa3Me-
POB B NOIJIOTUTENIBHOM cKpelunBaHuu RA X A (Q < &),
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(a) H, %Ls (6)

36

Ls, MM

600 - 34 |

»<0.05
500 | 32 F
400 - 30 +
p <0.05

300 li l’l.S." | li n.S.j 28 -

200 | —— %1

100 24 L

A. brama AR RA R. rutilus 40 50 60 70 80  Ls, MM

Puc. 1. CpaBHeHue muHbl (Ls) u BeicoThl Tena (H) Rutilus rutilus, Abramis brama, TuopunoB AR, RA u ajutoruiaaMaTuyecKux
69KKpoccoB RAA 1 ARR: a — pasnuuus 1o wiHe Tes1a Noj10Bo3peiblx ocobeil A. brama, R. rutilus 1 VX peLUNIPOKHBIX THOPUIOB
F1 (Tukey HSD, p <0.05, n.s. — HeT pa3znnuwii); 6 — cxoncTso rioTBbl RR ¢ 63kkpoccamu gAA 1 nenia AA ¢ 6akkpoccamu ARR.

TOIIa Kak B 00paTHOM HarlpaBJieHUW TMOpuAn3aliun
AR % R pasmepsl ponuTeIbCKIX 0CO0CI OMMHAKOBEI
(@ = &). Ilo cpenHUM 3HAYEHUSIM JUTMHBI Tejia 03K~
Kpocchl RA X A1 AR X R ObLIM CXOMHBI C MATEPUH-
ckuM BuaoM (Tukey HSD, p > 0.05). B o6eux BEIGOp-
Kax MoKa3aHo yBeJIMUYeHUE qMana3oHa Bapuaiu Bbl-
cothl Tema (24—34%), KOTOpBIA BKIIOYAeT BCe
3HauYe€HUs MpU3HAKa, XapaKTepHble ISl POAUTENb-
cKux BUIOB (puc. 16). OgHako IO CpeaHUM 3Haye-
HMSM BBICOTHI Tena 09KKpocchl RA X A 1 AR X R
OBLTN CXOITHBI MEXKITy COOOM 1 OJIM3KM K BRIOOpKE Ru-
tilus rutilus. OcTajibHbIe AUATHOCTUYECKUE TTPU3HAKK
03KKpocchl HacnegoBaiau ot cammna (tadi. 1). Coor-
BETCTBEHHO, aJlloIia3MaTuyeckue 63kkpocchl ,RR
(AR X R) ¢ BOCCTaHOBJICHHBIM SIIEPHBIM T'€HOMOM
mioTBel U MTIIHK nenia HacneayroT 60abIIyI0 TJTMHY
TeJa jiema (4to HapyuieHo B F1), a 6akkpocchl gRAA
(RA X A) c MTAHK 11710TBBI U sII€PHBIM T€HOMOM Jie-
I1a UMEIOT [UIMHY TeJia TJIOTBBI. DKCIIEPUMEHTAb-
Hbl€ JTaHHbIE TMOKa3bIBAIOT, YTO BKJIIOUEHUE UYyXKe-
ponHoit MTJIHK BNIMsieT Ha AJIMHY Tena.

HN3mMeHYHBOCTh MEPBOi CYObEeIMHMIbI TreHa IUTO-
xpom c-okcuaasbl (COX1). [Tpu cpaBHeHUM OCTIEI0-
BateiabHocTeit COX1 Bumbl cemeiicTBa KapIOBBIX
nuddepeHIMpPOBaHbI Ha 1BE TPYMITbl: BUIbI C BHICO-
KUM YPOBHEM BapuaOeIbHOCTU TOCIEI0BATEIbHO-
CTU Y OTHOCUTEJIbHO MEJIKUM pa3MepoM Teja — Leu-
ciscus leuciscus, Rutilus rutilus, Squalius cephalus,
Chondrostoma cyri, Scardinius erythrophthalmus, Al-
burnus alburnus, Leucaspius delineatus v BUnbl ¢ HU3-
KOl CKOPOCTbIO HAaKOTLJIEHUSI HYKJIEOTUIHBIX 3aMEH
U OTHOCUTEJBHO OOJBIIMMU pa3MepaMu Tejla —

Abramis brama, Leuciscus idus, Vimba vimba n Blicca
bjoerkna (puc. 2).

OOHapyXeHO, YTO CKOPOCTb HaKOIMJIEHUSI 3aMeH
COX1 cuibHO pa3anvaeTcst MeXAy BUIaMu rpymnnsl 1
C BBICOKO BapuabeIbHOCTHIO TTOCIENOBATEILHOCTH
¥ Buaamu rpynrisl I1 ¢ HU3KMM ypoBHEM pazHoobOpa-
3UsI M OTPUIIATEIBLHO CBsI3aHAa HE TOJIBKO C pa3MepoM
TeJia, HO U C TIPOAOJIKUTETbHOCTBIO KU3HU U TIEPHO-
JIOM MOJIOBOTro co3peBaHus (Tabi. 2). BeisgBieHo na-
paieTbHOE M3MEHEHHe IToKa3aTeneit HyKIeOTUIHO-
ro (1) 1 BHYyTPUBUAOBOIO (p-AUCTAHILIMSI) pa3HOO0-
pasust COXI1. Y BunoB rpynmnsl I (Taba. 2 u taba. 3),
XapakTepU3yIIINXCS 3HAUYUTEIbHBIMU PA3TUIUSIMU
MEXIy co00if Mo pa3zMepaM TeJla U TIPOIOJIKUTEb-
HOCTU XW3HU, HaOJrogaeTcsl ILIUpOKash Bapualuvs
BHYTpUBUIOBOTO (OT 0.2 M0 2.1%) 1 HYKJIEOTUIHOTO
(ot 0.0013 mo 0.01783) pa3HOOOpa3usl MmocieaoBa-
tenbHOCcTH COX1. ¥V BunoB rpynmsl 11 ¢ obiieii TeH-
MeHINel K BBICOKOM TPOMOJDKUTETBHOCTH KM3HU
9TU MoKa3aTeJ I BapbUPYIOT B Y3KUX Ipeaenax: ot 0.2
1o 0.4% u ot 0.00101 mo 0.00301 coOTBETCTBEHHO.
TuGpuan3anms TpONCXOIUT MEXIY BUIaMU BHYTPH
BBIIEJICHHBIX HAaMU TPYIIT U MEXKITy BUIaMU, TIPUHAI-
JIeXXalllMMU K pa3HbIM TPYIINaM; TJIOTBa CKPeluBaeTCs
CO BCEMM BHUIAMM, JIEIll — TOJIBKO C MISATHIO (TA0M. 2).
[NonydeHHBIE TAaHHBIE CBUACTEIBCTBYIOT, UYTO YPO-
BEHb MEXBUIOBBIX PA3IMYMil HE BCETaa CIYXKUT IO~
KazarejieM HeCOBMECTUMOCTH TeHOMOB TTpY OMHOHA-
MpaBjieHHOW rubpuamnzanuu. Tak, ypoBeHb paziv-
yuit Rutilus rutilus u Abramis brama cocrasinsieT 9.9%
(Tabn. 3), 9YTO HE SBISIETCI KPUTUYECKU BBICOKUM
IJ1T OOBbSICHEHUST HApYIIIEHUS COBMECTUMOCTU T€HO-
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0.999 4 Abramis brama

0.904 Leuctsgus idus,
L. leuciscus
0.999 L L. idus

0.949 '_—4<] L. leuciscus
Ballerus ballerus

Rutilus rutilus

Squalius cephalus 1
999 1 Chondrostoma cyri

Scardinius erythrophthalmus
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—— Perca fluviatilis

0.04

Puc. 2. @unoreHeTuecKOe APEBO HA OCHOBE MUTOXOHPUATIBLHBIX ITOcenoBareabHocTell parmerTa reHa COX1 y nBeHaaua-
™1 BUOoB pbIO ceM. Cyprinidae, 1j1s1 KOTOPBIX U3BECTHBI IPUPOMIHbIE THOPUABL. B KauecTBe BHEIIHEH IpyIINbI B3siTa MOCIEI0-
BaTEILHOCTh OKYHsI pedHoro Perca fluviatilis. B y3nax BeTBieHust ykaszana (bootstrap) nmonnep:xka Betseit. Ha macirabe nano
3HaYE€HUE HECKOPPEKTUPOBAHHO p-auctaHuuu. Lludpamu 1 1 2 0603HaYeHBI TPYTIbI BUAOB C BBICOKMM M HU3KHMM YPOBHEM

BapuabenbHocT COX1 COOTBETCTBEHHO.

MOB Yy THOpuIoB Rutilus rutilus X Abramis brama. B co-
MOCTaBMMOM MO pa3Mepam Tena nape Rutilus rutilus ¥
X Leuciscus idus (npu ypoBHe pasnuunii 10.2%) Ha-
pYIIEHUI B pa3BUTUU TMOPUIOB HE BBISIBICHO, TH-
Opunsl RL HaciemyroT OOJIbLIYIO UIMHY Teja s3s
(Kopiejewska, 2003) B ortamuue oT rmbOpuaoB RA
(puc. 1a). TubpuabI MJIOTBBI U MOAYCTa TaKXKe Hace-
IyIO0T pa3Mep TeJia 6obliero Buaa us napsl (Vetesnik
et al., 2009). Ilpu cpaBHeHuu nap @ Rutilus rutilus X
X & Leuciscus idus v @ Rutilus rutilus X 38 Abramis bra-
ma OTMEYEeHBl BBICOKMI YpOBE€Hb BapuaOEIbHOCTU
COX]1 caMK¥ TUIOTBHI ITO CPaBHEHUIO C caMIIaMU S35
u jema B 3 u 8 pa3 COOTBETCTBEHHO U OOJIbIlIee BHEIII -
Hee CXOICTBO IUIOTBHI U 51351. BeposTHO, simepHEbIe Te-
HBI 51351 B OTJIMYKE OT Jiellla, MeHee YyBCTBUTEIbHBI K
HakomjeHuo 3ameH B MT/IHK 1m1oTBEI, 4yTO 0Oecme-
YMBAaeT JIYYIIyI0 COBMECTUMOCTh T€HOMOB.
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Kpome Toro, 536 Leuciscus idus mMeeT BBICOKOE
CXOJICTBO MOCJIEIOBATENbHOCTU C eablioM L. leucis-
cus, BUIOM 13 IpyMIibl [, 0 YeM CBUAETENBLCTBYET HU3-
Kuit ypoBeHb pasznuunit — 1.4% (tabi. 3) 1 oobenu-
HEHUeE TarIoTUIIOB eJiblia U 1351 HAa (UJIOTeHEeTUYe-
CKOM JIP€BE C BBICOKOM TOMIEPKKOM K1acTepru3aluu
(0.904) (puc. 2). 1o cpaBHEHUIO C €bLIOM, Y 535 3a-
¢UKcupoBaHO CHIXeHHe pasHoooOpasusgs COX1 B
2 pa3a u napajijieJJbHOe yBeJIMUYeHUEe B 2 pa3a pa3me-
pOB Tejla U IIPOOOIKUTEIBHOCTY XU3HU. CHIDKEHE
HYKJICOTUIHOTO pa3HOOOpa3us ITOCIeI0BaTEIbHO-
ctu COX1 y sa3s u nanee y Blicca bjoerkna w Abramis
brama 110 cCpaBHEHMIO C SI3€M U PHIOIIOM MOXET ObITh
CJIe[ICTBMEM OTOOpA Ha CHUKEHUE CKOPOCTU HAKOII-
JIEHUsI 3aMeH y BUIOB rpyrisl 11, 4yTo, mo-Buaumomy,
“MeeT pa3Hoe 3HaUYeHMe 11 OTUX BUAOB. Tak, rycre-
pa ¥ pbIOel ¢ BLICOKOI MPOIOJLKUTEIILHOCTBIO K3~
HU pa3MHOXAIOTCI MPU MEHBIINUX pasMepax Teja
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BUOJIOTMA BHYTPEHHUX BOJ



BIVSAHUE CKOPOCTU 3AMEH B 'EHE COX1 HA PABMEP TEJIA U TTOJIOBOM OTEOP 861

(13 cM) 110 CpaBHEHMIO C JICIIOM U s13eM (25 cMm), 4TO
cOJIMKaeT UX ¢ BUAAMU IrpyIibl 1.

YV BunoB rpy1isl 1 oT6op HarrpaBiieH Ha HaKOTIIe -
Hue 3amMeH B COXI, omHako HaOJIOIAIOTCSI OTHACIb-
Hble clydyau CHUXXEHUSI YPOBHSI pa3HOOOpa3us, 4To
MMoKa3aHo y roiasis Squalius cephalus v ykneu Albur-
nus alburnus. Kak yBeanueHune, Tak 1 CHUKEHHE CKO-
poctu HakoruieHus 3ameH B COX1 comnpoBoxnaercst
YBEJIMUEHUEM pa3Mepa Tejla U TIPOIOIKUTEIbHOCTH
Xn3HU peIO rpynnsl I. B KopHe puioreHeTnyeckoro
npeBay A. alburnus o cpaBHEHMIO ¢ BEpXOBKOM Leu-
caspius delineatus Tipu CHUXEHUU HYKJIEOTUIHO-
ro/BHYTPUBUIOBOTO pa3HOOOPa3us 10 YPOBHS BUAOB
rpynnbl I1, mpoucxoauT yBeinueHue pa3Mepa Tejaa u
MPOAOJIKUTEIbHOCTU KU3HU JI0 IIECTU JIET, UTO IS
3TUX KOPOTKOLIMKIIOBBIX PhIO OOJBIION CPOK, IIO-
CKOJIbKY BEPXOBKa XXKMBET JIUIIb TPU—YEThIpe roja
(tadn. 2, 3). HecMoTpsa Ha CHMXKEHHUE CKOPOCTU 3a-
MEH, YKJIesl UMEET BbICOKUI YpOBEHb MEXBUIOBBIX
pasmuuuit ¢ yemomM (11.7%), caMbIM KpYITHBIM ITO
pa3Mepy Tena Bumom rpynmnsl 11. Kak pesynabrar city-
yaifHOM THMOpUIM3alMU MEXOY JaHHBIMU BUIAMU
OIMCaHbl PELMITPOKHbIE TMOpUIbI Alburnus alburnus %
X Abramis brama (Blachuta, Witkowski, 1984). Ila-
pajuieJibHOE YyBEJUYEHUE HYKJICOTUIHOTO/BHYTPU-
BUIOBOTO PazHOOOpa3usi U pa3MepoB Teja,/TpoaoJ-
JKUTEJbHOCTU XKM3HU OTMeUYaeTcsl y KpaCHOIEepKU T10
CpaBHEHUIO C YKJIee U y TUIOTBHI 10 CPABHEHUIO C
rojiaBieM. Takum oOpa3oMm, IMBEPreHIWs BUIOB Y
KaprnoBbIX PbIO MO pa3Mepy Tejila MOXKET ObITh CBsI3a-
Ha C HEpaBHOI CKOPOCTbIO HAKOIUICHUSI 3aMeH B
mT/IHK.

OBCYXIEHMUE PE3YJIILTATOB

DKcnepuMeHTaAIbHbIE JaHHbIE MMOKa3bIBAIOT, UTO
B HampaBJIEHUU CKpeIIMBaHUsI, KOTIa caMKa IMI0TBbI
MeHbIIIe camlia Jjela o padMepaM tena (R < dA),
HaOJII0JA0TCsl TIPU3HAKM HU3KOU COBMECTUMOCTU
Yy>XKEePOJHBIX TEHOMOB, YTO CBUIETEbCTBYET O HAJIN-
yue penpoayKTUBHON M30asauMu. B yactHOCTH, TH-
opunbl RA He HacieayloT IJIMHY Teja camlia Jella,
OoJIBIIIeTO BHUAA U3 Iapkl (pUcC. 1a), 4TO cunTaeTcs OT-
KJIOHEHHEM OT HOPMAaJIbHOM TPpaeKTOpUU Pa3BUTUSI,
W MOXET BJIWSITh Ha UX HU3KYID BCTPEYAEMOCTh B
npupoae (Hayden et al., 2011), a annomnnasmatuye-
cKue 09KKpocchl kAA UMEIOT HU3KYIO XKM3HECTIOCO0-
HOCTb. B peuurnpokHoMm HampapieHUU TMOpUAM3a-
uuu QA > 3R rubpuasl HacaeayeT IIMHY TeJla caMiia
IUIOTBBI, a aulomuia3matvyeckue O3kkpoccel ARR
MMEIOT BBICOKYIO >XM3HECIOCOOHOCTb, YTO CBUJE-
TEJIbCTBYET O XOPOIIIE COBMECTUMOCTU UYKEPOIHbBIX
reHOMOB. AHaJIOTMYHbIE Pe3yJibTaTbl B IMEPBOM IO-
KOJIEHUM TUOPUIOB MOJYyYEeHBbI B CEMEICTBE MPECHO-
BOmHbBIX pbi0O Centrarchidae, y XXUBOPOASIINX PHIO Uy
IUIOTOSIAHBIX MbIleit poga Onychomys (Bolnick et al.,
2008; Schrader et al., 2013; Shipley et al., 2016). Co-
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OTBETCTBEHHO, TMOJOBOI pa3MepHBI AUMOPGUIM
POOUTEILCKMX BUAOB OKAa3bIBacT BIMSHMUE Ha ajar-
tanuio TudbpuaoB (Runemark et al., 2018), a pa3mep
TeJla MOXET YKa3bIBaTh HallpaBJieHUE PEeNpOAyKTUB-
HOM M30JISIUU U TI0JIOBOTO OTOOpAa.

Cormacnao runorese (Hill, Johnson, 2013), mono-
BOI OTOOp HampaBJIEH Ha SIAePHO-IIMTOIIa3MaTude-
CKYI0O COBMECTUMOCTb T€HOB OKHCJIUTEIbHOTO (hoc-
dopunrpoBaHus C MOTEHIUATBHBIM MapTHEPOM, a
PEIIPOOYKTUBHAS M3OJISIIMS — CJIEACTBUE Hapylle-
HUSI (QYHKIIMOHAJIBHOM COBMECTUMOCTH IIPOAYKTOB
STUX T€HOB M3-3a BBICOKOIO YPOBHSI UX IUBEPreH-
LI, YTO BEJET K AbIXaTeIbHOI HETOCTaTOYHOCTHU U
norepe KusHecriocoObHocTtu O63kkpoccoB (Ellison,
Burton, 2006). Heo6xoqnMOCTb KOSBOJIIOLIMU MEXKIY
gaepHbIMU N-mt 1 MUTOXOHIPUATBHBEIMU Mt TeHa-
MU 3neKTpoH-TpaHcropTHoli nenu (ETC) mpu pas-
HOIi CKOPOCTU MYTallMii JIEKUT B OCHOBE 000MX MPO-
LIECCOB, YTO OCOOEHHO SIPKO MPOSIBJISIETCS MPU U3Y-
yeHun rudpumos, comepxamux sJIHK u mtIHK
pa3HbIX BUIOB. Hampumep, y IIpeCHOBOOHBIX PBIO
ceM. Centrarchidae HeCOBMECTUMOCTh T€HOMOB BO3-
HUKAaeT, €CJIM BUI C BBICOKOII CKOPOCTHIO 3aMEH B
MTIAHK — camka, B oGpaTHOM HaIpaBJI€HUUN FT€HOMBI
coBMmecTuMbl (Bolnick et al., 2008). AnepHbie cyOb-
ennHNIEI COX gyeoBeKa HECOBMECTHUMBI C CYyOBEIN -
Huuamu MTIHK opanryrana (Pongo), o6e3bsiHaMU
Craporo u HoBoro Ceta, HO COBMECTUMBI C OOBIK-
HOBEHHBIM IIMMITaH3€e, 00HO00 1 ropuuioi (Pierron
etal., 2012).

I1pu ananuse nocaenosarenbHocT COX1 y pheIO
ceM. Cyprinidae Buabsl nnddepeHIINpOBaHEl Ha IBE
rpynisl: I — ¢ BBICOKMMY 3HAaYeHUSIMU (TU/p-AUCTaH-
1I1s1) HYKJICOTUAHOTO/BHYTPUBUIOBOIO pa3HOOOpa-
31U 1 00Jiee MeTKUM pa3smepom teia u Il — co cHm-
KEHHBIMU 3HAYEHUSIMU 3THUX ITOKa3aTeleil y Kpym-
HBIX 10 pa3MepaMm Teja BuaoB (Tabma. 2, 3, puc. 2).
N3menenune ckopoctu HakoreHus 3aMeH B COX1
napajjieJbHO BIMSJIO HE TOJBKO Ha pasMep Teja
pBIO, HO ¥ Ha MIPOAOIKUTEIBHOCTh UX KU3HU. YBe-
JIMYEHNE BTUX XapaKTePUCTUK OTMEUYEHO IPH CHU-
XKEHUU HYKIEOTUOHOTO pasHoobpasust y Leuciscus
idus 1o cpaBHeHU1O ¢ L. leuciscus (B 2 paza) u'y Albur-
nus alburnus o cpaBHeHuto Leucaspius delineatus (B
10 pa3); 94TO, BEPOSITHO, SIBJISIETCSI CJIEACTBUEM OTOO-
pa Ha cHIKeHue KommdectBa mytauuii B COX1 u xa-
pakTepHO JJIs BceX BUIOB rpyniibl I1. Y BUIOB rpyTiimsl
I oTGOp MperMyIIeCTBEHHO HaMpaB/ieH Ha HAKOTUIEHUE
3aM€H, 4TO, MO-BUIUMOMY, CTaJI0 BO3MOXHBIM ITOCIIE
PE3KOro CHIDKEHUSI YPOBHS pa3HooOpasus y Alburnus
alburnus 1o 3HaYESHWI, XapaKTePHBIX JIST BUOOB TPYII-
el 11 (0.00101—0.00301). BenencrBue 3T0r0, v BUIOB
rpynnbl | HaGmomaeTcsl mMpoKasi Bapualusi YpOBHS
HykjieoTuaHoro pasHooopasus (ot 0.0013 go 0.01783),
pa3MepoB Teja Y MPOAOJKUTEILHOCTH XKU3HU, Y BU-
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noB rpyniibl 11 5TH TToKazaTenn BapbUPYIOT B Y3KUX
npeaenax.

ComracHo cBOOOTHOpPAINKAILHOM TEOPUHU CTape-
HUSI OKMCJIMTEJILHBIN CTpeCcC — OCHOBHAS IPUYMHA
myTtaumit B MTIHK 1 paznuuuii Mexmny uccienyembl-
MU rpynnaMu. Yem BhIlIE YpOBEHb METabOJM3MA,
TeM OBbICTpee MOTOK 3JICKTPOHOB M KMUCJIOPOAa, TEM
OoJIBllIe YTeUYKa pa3pylINTEIbHBIX CBOOOMHBIX pPama-
KaJIOB, KOTOPBIE MOTYT IIOKMAATh AbIXaTeIbHBIE LIEITN
1 pearupoBaTh C KHUCJIOPOIOM, CHMKAS IPOIOJIKI-
TeabHOCTh Xu3Hu (Harman, 1956). Ilockoibky
sHepreTruyeckasi GyHKIIMS MUTOXOHIPU obecTieur-
BaeTCs CKOOPAMHUPOBAHHBIMU B3aMMOAEUCTBUSIMU
C SIAEpHBIMH T€HaMU, JII000€ HECOOTBETCTBUE MEXKIY
HUMM 13-3a Pa3HBIX TEMIIOB 1 CIIOCOOOB 3BOJIIOLUNA
JIByX TE€HOMOB MpPOSIBJISIETCS M3MEHEHMEM IOTOKa
3JIEKTPOHOB, UTO HapylllaeT CONPSLKEHHOCTh OMOJI0-
T'MYECKOr0 OKUCJIEHUSI U OKUCIUTENbHOTO (ocdo-
pUWIMPOBaHUs, Bl Ha BIpaboTKy AT® u yreuky
CBOOOIHBIX pamuKaiioB. Takne gpakTopbl, KaK MUTa-
TeJIbHbIE BEIIeCTBa, TOPMOHBI, TeMIIeparypa, pu3u-
yecKasl Harpy3ka, TUITOKCHUSI TaKXKe MOTYT U3MEHSITh
MOTOK 3JIEKTPOHOB, YTO CJIYXXUT CUTHAJIOM IS 3a-
ITyCKa MPOaKTUBHOIO OMOTreHe3a MUTOXOHIPUii. BbI-
COKasl CKOPOCTb MyTallMi1 U yTeYKa CBOOOMHBIX paay-
KaJIOB BEIyT K OBICTPOM IIOTEpE SIACPHO-MHTOXOH-
JIpUaIbHOM KoadamnTalluM, yOalsisi OpPraHu3Mbl C
ioxo nomodpaHHbiMu reHoMamu (Lane, 2011).
CuuTaeTcs, UYTO, HECMOTPSI Ha YIpO3y CHUXEHUS 3(-
(EeKTUBHOCTHU JBbIXaHUS, BHICOKASI CKOPOCTb 3BOJIIO-
IIM1 CBsI3aHa C aAalTUBHOCTBIO OBICTPBIX MUTOXOH-
npuanbHbix mytanuii (Wallace, 2007), obecrieunBas
PEIPOAYKTUBHBIN yCIeX B U3MEHSIIOIIMXCS YCIOBUSIX
OKpYXalolleil cpeabl. YCTOMUMBEIC afalTallid BO3-
HUKAIOT B OTBET Ha YMEPEHHBI MUTOXOHAPHUAJIbHbII
CTpecCc MpU aKTUBALIMKU LIMTOMPOTEKTOPHBIX MeXa-
HU3MOB B ITPOIIeCCe 3aKaJIMBaHUSI MUTOXOHIPUMA WU
mutoropmesuca. 2KMBOTHBIE C HHU3KOW a’poOHOI
MMOTPEOHOCThIO M BBICOKO CKOPOCTHIO 3aMEH B
MTIHK MoryT nepeHoCUTh CyOOTITUMAIBHOE MUTO-
XOHAPUATBHO-SIIEPHOE COOTBETCTBUE NbIXaTEIbHBIX
KOMIIJIEKCOB U BBICOKYIO YTEUKY CBOOOIHBIX pPalNKa-
JIOB. YcTpaHEeHME Bpela OT OBICTPOTrO HAKOITJICHUSI B
TE€HOME TSDKEJIBIX MyTalliii IPOUCXOIUT 3a CUeT M30M-
paTeIbHOTO WX YHAJICHUSI M3 JXEHCKOI 3apOobIIIeBOM
JIMHUU, TEM CAMbIM CBOJISI K MUHUMYMY MX BIMSIHUE Ha
npucrocodieHHocTh nomyissunu (Fan et al., 2008; De
Paulaet al., 2013).

boiiee TouHOE COOTBETCTBME MUTOXOHIPUATBHO-
SIIEPHBIX JBIXaTEJIbHBIX KOMILUIEKCOB IOCTUIaeTCsl B
npoliecce 0Téopa Ha HU3KYI0 CKOPOCTh HAKOTUIEHUS
3ameH B MTJIHK u yTedky cBOOODHEIX pamguKajoB,
YyTO HabJIonaeTcs y pbid ¢ KPYITHBIM pa3MepoM Tesa
(Bolnick et al., 2008) u y ntuir (Nabholz et al., 2009).
VBenuueHre MpoaoKUTEIbHOCTA XU3HU U pa3Me-
POB TeJIa curuTaeTcs ToO0YHBIM 3(PPEKTOM OTOOpa Ha

CTOJIBYHOBA, BOPOBMKOBA

aspobOnyo npucnocodneHHocts (Lane, 2011). Ilo-
CKOJIbKY OTOOp Ha CHMXKEHME CKOPOCTU 3aMEH U U3-
MEHEHHe a3pOOHOIro MeTaboJIM3Ma COIIPOBOXKIACTCS
YBEJIUYEHUEM Pa3MEpPOB Teja, MPOAOIKUTETBHOCTA
>KM3HU U TIeprojia TI0JIOBOTO co3peBaHus (Tadid. 2),
BO3HUKAET MPEANOI0XKEHUE O CBSI3U MEXKIY MOJIEKY-
JIIpHON M (PeHOTUTTMYECKOI 3BOJIIOLIMEI ¥ IIPEeCHO-
BOMHBIX phIO. [Ipy 3TOM reHBI IMTOXPOM-C-OKCHUOA-
3bl, BEPOSITHO, SIBJISIIOTCSI OOLLIMMU MUIIICHSIMU a1all-
TUBHOW 3BOJTIOIIUY, TOCKOJIBKY 3aHUMAIOT KJTI0YEBOE
MMOJIOXKEHUEe, KOHTpoJupymoliee ckopocTtb B ETC
(Villani, Attardi, 1997).

B nienom, HanpaBjieHHYIO NapalieJIbHYIO0 U3MEH-
YUBOCTb pazMepa Teja U MPOJOJIKUTEIbHOCTH XK1 3-
HU Y UCCIEOyeMBIX pomoB pei0 ceM. Cyprinidae MoxX-
HO OOBSICHUTD C TTO3ULIMKM MUTOXOHAPUAILHON TEO-
pMU CTapeHUs] ¢ HEKOTOPbIMU UCKIIIOUEeHUSIMU. Tak,
0oJiee BbICOKasi CKOPOCTh MeTaboIM3Ma U HaKOTLIe-
Hus 3ameH B MTAHK Rutilus rutilus, no cpaBHEHUIO C
Abramis brama, He CHUKaeT MIPOJIOJKUTEIILHOCTD e
JKWU3HU, a CHUXXEHUEe pa3HooOpa3us nocjaeaoBaTelb-
Hoctu COXI1 y Alburnus alburnus 1o ypoBHsI BUIOB
rpynnbl I mporcxoauT naxe Mpu BbICOKOM CKOPOCTHU
MeTabon3Ma, YYUThIBask HEOOIbIIONH pa3mep Tesa.
Cyns no ¢unoreHeTMYeCKOMy ApeBy (puc. 2), Tpu
JIAaHHBIX BUMIA TIPEICTABJSIOT COOOM y37bl Hampas-
JIEHHOTO Mpoliecca, COCTOSIIETO U3 ABYX 3TAIOB, I
CTabMIbHOE COCTOSTHUE B KOpHE (A. alburnus) u Bep-
muHe (Abramis brama) npeBa IIPOXOOUT depe3 MUK
usMeH4YuBocTu y Rutilus rutilus. Tlo HaliemMy MHe-
HUIO, HepaBHasl CKOPOCTb HAKOTLICHUS HYKJICOTUI-
HBIX 3aM€H Ha 3TUX 3Tanax, COpoOBOXIAIoIIasCs U3-
MEHEHUSIMU B CKOPOCTU 3aM€H aMUHOKUCIIOT B OeJi-
kax (Hofmann, 2017) u B ypOBHSIX 3KCIIPECCUN ITUX
reHoB (Drummond et al., 2005), oTpaxaeT nBe cTpa-
TeTUU SBOJIOLUYU KJIETOUHOTO AbIXaHUS U BBIPabOT-
KU 3Hepruu. B kimacrepe, oopaszyeMoM Leuciscus idus
u L. leuciscus, IpoOXOAUT TpaHULIA MEXAY BblIEJIEH-
HBIMM TpYyNIlIaMM C Pa3HON CKOPOCThIO a3pOOHOTO
MeTabonusma. Haauume 61u3Kux nociaeaoBaTeIbHO-
cTeit Mexay JaHHBIMU BUIAMM, TPYTIIUPYIOLINXCS C
BBICOKOIT TTomamepxkkoii kimactepusauuu (0.904), mo-
>XKET CBUIETEILCTBOBATDH O TTOCTEIIEHHOM ITIepexoie K
0ojiee PKOHOMUYHOMY PEXUMY KJIETOUYHOIO JbIXa-
HHS, YTO, BEPOSITHO, XapakTepHo 1 mis Alburnus al-
burnus. TInmoTBa C BBICOKOM CKOPOCTBIO 3aMe€H B
MTAHK u nem ¢ caMbIM HU3KWM YPOBHEM pa3HO00-
pasusi — MpUMEpPhl YCMEIUIHOCTU O0euX CTpaTeruid,
YUUTBIBAsI BBICOKYIO MPOIOJIKUTEIbHOCTh UX XKU3HU.
OuyeBuaHO, 00 CTpaTETMU MOTYT BECTH K yBeJIMUe-
HUIO 3(@EKTUBHOCTH TIpoIecca OKHMCIUTEIHLHOTO
dochopunpoBaHusa, OOHAKO COAIAHCUPOBAHHOCTh
MUTOXOHIPUAJIbHO-SIIEPHBIX JIbIXaTeJIbHBIX KOMILIEK-
COB JIOCTUTAETCSl Pa3HbIMU CITIOCOOAMU, YTO OOYCIOB-
JgeHo MTIIHK, sinepHbIM reHeTUYeCKUM (hOHOM, B3ar-
moneiicteueM sinepHoit 1 MTJIHK (Rand et al., 2006)
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BIVSAHUE CKOPOCTU 3AMEH B 'EHE COX1 HA PABMEP TEJIA U TTOJIOBOM OTEOP

Ha OCHOBE OOIIIHOCTU MUTOXOHIPUATbHBIX OMODHEP-
reTUYEeCKUX MEXaHU3MOB, 00eCIeUMBaIOIINX CBSI3b
reHoMa C OKpYyXKarllei cpeioi.

BeposiTHO, paznuyuusi BUIOB MO CKOPOCTH 3aMEH B
ctpykrypHbIX reHax MTJIHK 1 pasmepaM Tesa cBsi3a-
HbI HE TOJILKO C aJaliTUBHOCTBIO OBICTPBIX MyTalluit
(Wallace, 2007) 1 yTeukoii CBOOOAHBIX PaaUKaJOB,
KOTOpasi UMEET CKOpee CUTHAJIbHYIO (PYHKIIWIO U Ha-
MpaBjieHa Ha ONTUMM3ALMIO BbIPAOOTKN PHEPTUH, a
TakXe aKTUBALIMIO 3alllMTHBIX MEXaHU3MOB B yCJIO-
BUSIX ObIXaTelbHOIT HemocTtaTouyHocTu (Lane, 2011).
OnHo#i 13 MPUYUH MOXKET ObITh HEpaBHOE KOJIMYe-
CTBO U CKOPOCTb 3BOJIIOLIMU HEKOIUPYIOLIEH TTOBTO-
psroieiicsa JIHK, koTopast rposiBisieTcst AByHaIrpaB-
JIEHHBIMU U3MEHEHUSIMU pa3Mepa reHoMa — ero yBe-
JIMYEHVWEM WM CXKaTueM. YBEJIWUYEeHUE KOJIMYecTBa
JIHK B saape, B oTiM4Me OT CXaTusl, JTMMUTUPYET Ba-
pUaLIMIO B OJIKOBBIX JIOKYCax U CIIOCOOCTBYET pa3HO-
obpaszuto Hekomupymwuleitr JHK (Pierce, Mitton,
1980). Tak, npu yBenMyeHUU pa3Mepa reHoma Abra-
mis brama B 1.3 pa3a ripu cpaBHeHWU ¢ Rutilus rutilus,
MPOMCXOAUT YBEJIMUEHE Ynciia KONt U Bapuadesb-
Hoctu ITS pernona MyJIbTUKOIUITHON pOOCOMHOI
OHK (pAHK) Ha 12.6% u cHUXKeHNEe CKOPOCTH MY-
tauuit B COX1 Ha 11.4, COX2 Ha 6.2 u B COX3 Ha
24.9% (Cronbynosa, Kogyxosa, 2021). CornacHo 6a-

3e maHHbIX,* Alburnus alburnus i Abramis brama nmeroT
CXOIHBIN pa3Mep reHOMa, YTO BO3MOXXHO, TIOBJTUSIIO Ha
CHIDXeHUe pazHooOpa3ust B COX1 (Tabd. 2).

VBenuueHue pasMepa IeHOMa IIPOMCXOIUT 3a
CUET CeTMEHTaPHBIX WJIM ITOJTHOT€HOMHBIX AyILJIMKA-
LU, YTO CTaJl0 BO3MOXHBIM Yy BYKAapMOT IOCJE
BKJIIOUEHWSI MUTOXOHIPHMIA B anIapaT KJIeTK1, KOTO-
pble CTUpPAIOT CUJIbHOE JaBjieHHWe OTOOpa, HallpaB-
JeHHoe Ha ynajieHue n3obirounort JHK (1 moTeHm-
anpHbIX OenkoB) (Lane, Martin, 2010), Tem cambiM
obecneyrBasi BOSMOXKHOCTD TSI PETYJISIIINI U3MEHYM -
BOCTU COOCTBEHHBIX MUTOXOHIPUAJIBHBIX TeHOB. I1o-
cJie OyTUIMKALMK 1J1s1 OOHOM U3 KOIWiA TeHa JaBJIEHHE
0oTOOpa CHUXKAETCSI, YTO YBEJIMUYMBAET CKOPOCTh pac-
XOXKIIEHUS MEXITy HUMU, a BBICOKAsI CKOPOCTh AUBEP-
TEHIIMM MOXET IIPUBECTU K CIeIUaIN3aly IBYyX KO-
MU 1711 ABYX WJIM 6oJiee pa3IMYHbIX (pyHKIMi. [Tpu-
cyTcTBUe Tpex n3odopm saepHoro COX y peid U B
JIMHUM TIPUMATOB OOYCJIOBJICHO Pa3JIUYHBIMU COObI-
tusmu agyrumkanuu (Little et al., 2010).

KpomMme yBennyeHust pazMepa siaep, KJIETOK, Kiie-
TOYHOTO LIUKJIAa U pa3Mepa Tejla, pPOCT BEJIMYUHbI T'e-
HOMa CHIXKaeT CKOPOCTh MeTaboIM3Ma (He3aBUCUMO
OT pa3Mepa Teja), YTO UMEeT aJallTUBHOE 3HAaUCHUE,
IMOCKOJIBKY TTO3BOJISIET XXMBOTHBIM 3aHUMATh 3KOJIO-
ruyeckye HUIU ¢ 00Jiee HU3KUMU SHEPreTUYECKU-
Mmu ypoBHsiMu (Olmo, 2003; Wyngaard et al., 2005;

4 http://www.genomesize.com
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Vinogradov, Anatskaya, 2006). [Tomumo 3TOTr0, Hapa-
muBaHue n3obiTouHoit JIHK obecneunBaeT momosn-
HUTEIBHYIO 3aIIUTY KOAUPYIOIINX T€HOB OT XUMUYE-
ckux mytareHoB (ITatpyures, Muukesuu, 2007), 4yTo
HapaBHE ¢ UBMEHEHMEM a3pOOHOIO IbIXaHUSI MOXET
CIIOCOOCTBOBATh YBEJIMUYECHUIO IIPOIOJIKUTEIbHOCTU
KM3HU U pa3MepoB Tena BUIoB peio rpynmsl 1. ITo-
BUIMMOMY, 3TO CIpPAaBEIJIMBO U IJISI YeJIOBEKa, I10-
CKOJIbKY, HecCMOTps Ha cxoacTtBo o MTAHK, ynusu-
TeabHO Oosbluas yacTh AyonupoBaHHoil JIHK y ye-
noBeka (32 MB) He nybmupyercs y mmmnanse Pan
troglodytes (Richard et al., 2008).

Hapamusanue n3owsirounoin JJTHK BegeT k Top-
MOXEHMWIO BPEMEHU Pa3BUTUSI U WHTEHCUBHOCTH
MPOLIECCOB, YTO UMEET IMPSIMOE OTHOIIIEHUE K MOJie-
KyJIIpHbIM yacaM. [ToBTOpbI NIPOSIBASIOT TEHAESHIIIO
MoJBepraThbcs IMpoleccaMm ObLICTPOOOPATUMBIX U Ha-
CJIeICTBEHHO-(UKCUPYEMBIX Mpeodpa3oBaHU, YTO
TMO3BOJISIET BEPHYTHCS K UCXOAHOMY (TIPOIIJIOMY) CO-
CTOSIHWIO, U3BMEHUTD €T0 WJIM CO31aTh HOBOE (10 CO-
craBy 1moBTOpOB M JiokKanm3auuu) (Gibbons et al.,
2014), a HepaBHasi CKOPOCTb MX 3BOJIOLIMN MOXKET
MPUBOAUTh K CHUXXEHUIO MPUCITOCOOJEHHOCTU TU-
opunoB (Flavell, 1982). IMoBTopstoliunecs: CTpyKTy-
pol, Takue Kak MTIHK, pubocomuas IHK (p/IHK)
U TEJIOMEPbl Ha KOHIIaX XPOMOCOM TECHO B3aMMOCBSI-
3aHbl APYT C IPYroM, pa3MepoM reHoMa U Bapuadesib-
HOCTBIO T€HOB, & U3MEHEHWE COOTHOIIIEHUS B UUCTIe
KOIUI MEXIy TOBTOpaMU BIUSIET HA YPOBEHb DKC-
npeccun reHoB. [log BAMSIHMEM OKCHIATUBHOTO
ctpecca pAHK u TeroMepHble MOBTOPHI MOABEPKE-
Hbl peKOMOUHAIIUM, JeNelMSIM U HEAOPETUTMKAIIUY,
YTO BBI3bIBA€T HECTAOMJIBHOCTb TE€HOMa, IOTEPIO
KJIETOYHO TNposindepalim, CTapeHue Wik arornTos.
Hapymienne tpanckpunumu p/IHK n Ttenomep aktu-
BUPYET BBIPAOOTKY P53, UTO CHMXKAET YMCIO MUTOXOH-
npuii 1 mpoaykumio sHepruu (Von Zglinicki et al., 2002;
Benuuko u ap., 2021), 3amyckass caMOyCUJIMBaIOIIM-
ecs nnkmaHbie moBpexaenust JHK. Jlanasie moka-
3bIBAIOT, YTO Ha MPOAOJIKUTEIbHOCTD XXWU3HU, MEpU-
OJ1 TOJIOBOTO CO3PEBaHMS 1 pa3Mep Tejla MOXKET OKa-
3bIBaTh BJIMSIHUE HE TOJIbKO CKOPOCTh 3aMeH B
MTIHK (Tab. 2), koTopasi ITMHEHO CBsI3aHa C YMC-
JIOM MUTOXOHJIPUI Ha KJIETKY, HO U pPAaCCTOSIHUE OT Te-
HOB cOMaTOTponHoi ocu 10 Tenomep (Romanov et al.,
2019). OyeBUIHO, CKOPOCTh BapUALIUM CTPYKTYPHBIX
reHoB u nostopstoweiica JJTHK ckoopanHupoBaHbI
MeXIy cOO0M C yyeToM crieiMpUIeCKUX IJIs1 KaxK10-
ro BUJa (OYHKIIMOHAJIbHBIX OTPaHUYEHUI B ITpoliecce
Mpeo0pa3oBaHUs UX TEHOMOB U, O-BUAMMOMY, MO-
JKET MEHSITbCS B CBSI3W C pa3HbIMU COOBITUSIMU Ay -
kaumu. [TosToMy /uisi KoamanTaiy MUTOXOHAPUATb-
HO-SIIEPHBIX JbIXaTeJIbHBIX KOMITJIEKCOB BaKHA COBME-
CTUMOCTh HE€ TOJILKO TI0 TeHaM 3HEpreTUYecKoro
oOMeHa, HO TakK:Ke ITO0 COOTHOIIEHUIO MEXIY KOAW-
pyroiieit n Hekogupytomei JJHK u mo ynciy konmit
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GC — oOorareix TaHmeMHBIX ITOBTOpOoB MTIHK,
pAHK u Tenomep. IloaTBepKaeHUEM 3TOMY MOTYT
CIY>KUTh BKCIIEPUMEHTAJIbHbIE JaHHbIE C YYETOM,
yto yucio nosropoB pAAHK y nema 6onbiie ynciaa
MUTOXOHAPUI Ha KJIETKY, a y IUIOTBBI HAa00OpOT
(CronbynoBa, Konmyxoma, 2023). Tak, mimHa Tena
MaTepUHCKOTO Buaa y 63kkpoccoB RAA 1 ,RR cBs3a-
Ha He TOJIbKO ¢ KoHTposieM reHoB MT/JIHK (puc. 10),
HO U ¢ U3BMEHEHMEM YKCiia U BapuabeIbHOCTU KOMUit
pAHK B 1oHOpHOM reHOME K YPOBHIO MaT€ pUHCKOTO
BUIAa y TMOpUIHBIX caMOK RA 1 AR, KoTophle yyacr-
BYIOT B IIOIJIOTUTEIBHBIX CKpeliuBaHUsIX (CToa0y-
HoBa, KomyxoBa, 2021). HeratuBHbie 3] exThl Ha-
oromatoTcs y ruOpunoB Ipu cokpaimenun pAHK,
YTO MOXKET YKa3blBaTh Ha BaXKHYIO POJIb TOBTOPOB B
CTPYKType TeHoMa W aJalTUBHOI sBoouuu. Ilpu
5TOM y BUJIOB C OOJIBIIMM pa3MepoM T€HOMa BO3-
MOXHOCTb cOpOCa WJIM peopraHu3aiui N30bITOYHOM
JHK yBenuumBaeT maHChl Ha BBLKMBAHUE B YCIIOBU -
sIX 9KoJiornueckoro crpecca (bepnHukos, 1991).

CoOTBETCTBEHHO, MapasjiebHast U3BMEHYMBOCTb B
CTOPOHY YBEJIWUYEHUS pa3Mepa Tejla B pojax KapIiio-
BBIX PBIO MOXET OTpaXkaThb HaIlpaBJICHHBII TTpOIIecC
TTOMCKa 1 KOPPEKTHUPOBKU Hanboee 3(pHeKTUBHOTO
BapMaHTa a3pOOHOTO KIIETOYHOTO IBIXaHUS W BBIpa-
GOTKU HEPTUU, YTO, B YACTHOCTHU, MOXKET JeXKaTh B
OCHOBE YBEJIUUECHUS pa3MepOB Tejla Y 3BOTIOLUOHHO
6osiee MOJIOIBIX BUIOB commacHO mpaBwiry Koyma
(McLain, 1993). JlaHHBIi1 IpoOIlIecC MOXHO IIpeIcTa-
BUTH B BHUJE JIorapudMUIecKoit (pacTyuieit) cnupa-
JIV, B KOTOPOW ee CeKIINM (BHUIBI) SKCITOHESHIINATBEHO
CTaHOBSTCS OOJIbIIIEe, IEpeMelasiCh U3 LIEHTpA.

Kak moka3mIBaloT 3KCIIEpUMEHTAaIbHbIC JaHHEIC,
M3MEHEHHE pa3Mepa Tejla BHUAAa MOXKET IIPOM30MTHU
JIOBOJIBHO OBICTPO, CTOUT TOJABKO MoMeHATh MTIHK
(puc. 16). ITpu 3TOM BBIOOP CAaMKU OIpPEaEIIsIeT Mo-
cinenctBus. Buael rpynnsl I — 310 noHopst MTIAHK
1 MOTYT 3(p(PEKTUBHO C COXpaHEHUEM BHIOBBIX Xa-
PaKTEepUCTUK WCIIONb30BaTh TobKO MTIHK BHmos
CBOCH IPYIIIbI, KaK I0Ka3aHo B ape Blicca bjoerkna %
X Abramis brama (Hayden et al., 2011). B mape mema
¢ 6oJiee MenKUMU BugamMu rpynnsbl I @ Rutilus rutilus X
X 3Abramis brama HabMOOAIOTCS TIPU3HAKU Pa3MBbI-
BaHMS TpaHWI BuUma, Tuopuabl RA He HaclemgyioT
IUIMHY Teja jiemna (puc. 1la), 9To MOXET OBITh CBSI3aHO
C HEOOCTAaTOYHBIM YPOBHEM TPaHCKPUIILINUA PHOO-
COMHBIX T€HOB I HU3KUM COOTBETCTBHUEM ObIXaTeIb-
HBIX KOMIIJIEKCOB TJIOTBBI, OJIOKUPYIOIIUM Pa3BUTHUE
6OJIBIIIOTO pa3Mepa TeJia 1o SHePTeTUISCKUM ITPUIK-
HaM. bakkpocchl RAA MMEIOT HM3KYIO KU3HECIO-
COOHOCTh ¥ THOPUIHBIIT MOP(MOTUIT U3-32 HECIIOCOO-
HOCTHU SIIEPHBIX TE€HOB JIellla HaXOIUTh OBICTPEIC
KOMITEHCATOPHbIE 3aMEHBI JJIs1 HUBEJIUPOBAHUS OT-
pUMIIATEJILHOTO BJIUSHUS MyTalMii BbICOKOIOJIM-
mopdHoit MTJITHK 1utoTBHI (Stolbunova et al., 2020).

CTOJIBYHOBA, BOPOBMKOBA

Bunsr pu16 ¢ MmeusmmM KosmmaectBoM JAHK B s-
pe, Kak R. rutilus, TMeI0T BBICOKYIO CKOPOCTb 3aMEH B
CTPYKTYPHBIX TeHaX, YTO IIO3BOJISIET SIMEPHBIM T'eHaM
SHEPreTUYecKoro ooMeHa HaxoAUTh KOMIIEHCATOp-
Hble KOMOMHAIMU IJISI MUTOXOHAPUAJIBHO-SIIEPHBIX
IIBIXaTeJIbHBIX KOMIUIEKCOB M mcnonb3oBaTh MTIHK
00erxX TpyII. DTUM OOCTOSITEITLCTBOM OOBICHSIETCS
IIOJIOBOI OTOOP IpU OMHOHAIIPABICHHOM TMOpUIM3a-
uu camua rpynnsl I 3 R. rutilus ¢ camkoii rpynmbl 11 @
Abramis brama. Bxmouyenue MmtIHK nemia BeirogHo
IS TUTOTBBI, TOCKOJIBKY OHA MCIIOJIb3YeT Majlou3Me-
HEHHYIO C MOMEHTA TUBEPreHIIMU U3-3a HU3KOM CKO-
POCTH MyTallyii IIPEIKOBYIO IIOCIEA0BATEIBHOCTD. DTO
OCTAHAB/IMBAET PEKOMOMHAIIUIO COOTBETCTBYIOIINX
SIIEPHBIX TEHOB 1 ITI03BOJISIET IIPUOOPECTH HOBYIO Ha-
MPaBJIEHHOCTb KO3BOJIIOLIMM Mt 1 N-mt reHOB 3Hep-
FeTUYECKOro OOMeHa; COOTBETCTBEHHO, MOXET YBe-
JIMYUTHCSA 3PPEKTUBHOCTD KJIETOYHOIO IbIXaHUS, O
YyeM CBUIETEJILCTBYET BBICOKAS KM3HECIIOCOOHOCTh
o6akkpoccoB ,RR (CronbyHoBa, 2017). bmaronaps
HapalliBaHUIO TTOBTOPOB B TOHOPHOM IeHOME Yy TH-
opuaoB AR 1 TOUHOMY COOTBETCTBUIO MUTOXOHIPH-
aJIbHO-SIIEPHBIX IbIXaTeJbHBIX KOMILIEKCOB, 03K-
kpoccaM ,RR ¢ BoccTaHOBJIEHHBIM TEHOMOM ILIOTBbI
MIPEOOCTAaBIISIETCS SHEPTUSI JISI IIPUOOPETEHUS OOJIb-
moro pasMmepa Tena Jjema (puc. 16). Bo3moxHo,
MUMEHHO THOpUAM3alus C MeHee TTOIUMOP(HBIMU T10
MTAHK BrgamMu criocoG¢cTBOBANIA TOJITOJIETHIO IIJTOT-
Bbl. YKJes, CHHU3UB CKOPOCTb HAKOIUICHMUS 3aMeH
(BO3MOXHO, 3a CUET YBEJIMYCHUSI pa3Mepa reHoMa) 1
nepeiias Ha 00j1ee SKOHOMUYHBII PEeXKUM KIETOUYHO-
ro JbIXaHUSI, OYEBUIHO, CTajla 0ojice MHTECPECHBIM
MapTHEepOM ISl cKpelBaHus (Scribner et al., 2001).
I1pu 3TOM 13-3a BBICOKOTO YPOBHS pa3nnuuii (Tabir. 3)
MPU3HAKY YKJIEW He MPOSIBISTIOTCS JaxKe IIPY THOpUIM-
3allMY C BUAAMHM CBOEI IPYIIIbI, IOCKOJIBKY IT0 MOP(O-
sorum tuopun Leuciscus leuciscus X Alburnus alburnus
omke K enblry (Witkowski et al., 2015), a peuMIIpoK-
Hble Tuopunbl A. alburnus * Leuciscus cephalus — K
ronasmo (Sori¢, 2004).

SAKJIFIOYEHUE

MN3meHeHue BapmabenbHOCTH (parMeHTa TeHa
COX1 oxaspIBaeT BAUSHNUE Ha IIMHY TeJa, ITIPOIOJI-
XKUTENBbHOCTD XN3HU U CPOKM II0JIOBOTO CO3PEBaAHUSI
pBIO ceMeicTBa KapHOBHIX, 4YTO IIOATBEPXKHOACTCS
SKCIEPUMEHTAIbHBIMUA JTAHHBIMU, TOCKOJIBKY BKJTIO-
yeHue yyxeponHoit MTIHK Bnusier Ha IIMHY Tena u
JKU3HECTIOCOOHOCTh 03KKpOCccoB RAA U ARR 110TBEI 1
nema. CortacHO CBOOOMHOPAIUKAIBHOM TEOPUH CTa-
peHMsI, yBeIMYEHE pa3Mepa Teaa U IIPOdOJLKUTEIBHO -
CTU XU3HU, KOTOPOE TOKa3aHO y pbIO rpymisl 11 —
Abramis brama, Leuciscus idus, Vimba vimba n Blicca
bjoerkna, cuutaercss moOOYHBIM 3hdekToM oTdbopa
Ha a3pOOHYIO ITPUCIOCOOJIEHHOCTh M HU3KYIO CKO-
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BIVSAHUE CKOPOCTU 3AMEH B 'EHE COX1 HA PABMEP TEJIA U TTOJIOBOM OTEOP

pocTth HakoruieHHs 3aMeH B COXI1, 4To CHIKaeT
YTEUKY CBOOOIHBLIX PAgUKaJIOB M BeIeT K TOYHOMY
COOTBETCTBUIO MUTOXOHIPUATBHO-SIIEPHBIX IbIXa-
TeJIbHBIX KOMILIEKCOB. BbIcOKasi CKOpOCTb HaKOILIE-
HUS HyKJIeOTHIHBIX 3aMeH B COX1 y BuaoB rpymiis! 1
C OTHOCHUTENIbHO HeOOJBIIMMHU pa3MepaMM Tela U
HU3KOM NPOJOIKUTEIBHOCTBIO XKU3HU Leuciscus leu-
ciscus, Rutilus rutilus, Squalius cephalus, Chondrosto-
ma cyri, Scardinius erythrophthalmus, Alburnus albur-
nus n Leucaspius delineatus (puc. 2) ykaspIBacT Ha
CyOOTITUMAJIbHOE COOTBETCTBUE MUTOXOHIPUATIBHO-
SIIEPHBIX ObIXaTeJIbHBIX KOMILIEKCOB M BBICOKYIO
YTEeUKy CBOOOMHBIX pamauKalioB. [1pemrmonoKuTenb-
HO, HepaBHasI CKOPOCTh HAKOIUIEHUSI HYKJIEOTUIHBIX
3ameH COXI1 y BUOOB IBYX I'PYIII OTPaAXKaeT IBE CTpa-
TeTUU DBOJIOLUMU KJIETOYHOTO NBIXaHUSI U MOXET
OBITH CBsI3aHA C M3MEHEHUEM O0beMa HEKOAUPYIO-
meit IHK, yTo oka3pIBaeT BIUSTHHAE HA BapUalnio B
oenkoBbIX Jokycax (Pierce, Mitton, 1980), pasmep
Tena U CKopocTh MeTabonusma (Vinogradov, Anats-
kaya, 2006). IlosoBoii oTGOp IIpU THOPHUIM3AIINU
KaproBbIX pbIO, KOTJAa caMKa KpyImHee caMlia o pas-
Mepy Tesla, MOXEeT CITOCOOCTBOBATH JIyUIlIeH SIIepHO-
LIMTOIUIa3MaTUYECKOI COBMECTUMOCTHU B THOPUIHOM
TeHoMe I (DYHKIMM OKMCIUTEIILHOro (pochopm-
JINPOBAHUSI.
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Influence of the Rate of Changes in the COX1 Gene on Body Size
and Sexual Selection in Carp Hybridization
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The influence of mtDNA cytochrome c-oxidase I gene fragment variability on body length was studied in
twelve species of cyprinids, which may have hybrids with Rutilus rutilus L. and Abramis brama L., and in re-
ciprocal hybrids (RA, AR) and alloplasmatic backcrosses (,RR, RAA) of roach (R) and bream (A). It has been
established that the rate of nucleotide substitutions in COX1 is negatively related not only to body size but also
to fish life span, which differentiates them into two groups: group I — species with a high rate of COX1 chang-
es and a relatively small body size and group II — species with low sequence variability and relatively large
body size. The boundary for the distinguished groups runs between species the same genus Leuciscus leuciscus
and L. idus: with a twofold decrease in the rate of substitutions in ide, a twofold increase in body size and lifes-
pan occurs, which indicates a decrease in the rate of cellular respiration and free radical leak, and the exact
mitonuclear match respiratory complexes. Presumably, the decrease in the rate of COX1 changes in species
of group II and in bleak A/burnus alburnus is associated with an increase in the size of genome, which provides
additional protection of genes from chemical mutagens and, regardless of body size, reduces the rate of aer-
obic metabolism. It has been experimentally shown that mtDNA affects body length. When bream mtDNA
isincluded in the roach nuclear genome, , RR backcrosses have the body length of a bream and high viability,
while R AA backcrosses with roach mtDNA and the bream nuclear genome inherit the roach body length and
reduce viability. Species of group II are not able to effectively use the highly polymorphic mtDNA of species
of group I, which is also manifested by a violation of the inheritance of a longer bream body length in RA hy-
brids and leads to reproductive isolation. Group I species, such as Rutilus rutilus, can include mtDNA of both
groups in their genome, which underlies sexual selection in hybridization. Accordingly, sexual size dimor-
phism has a genetic origin, and body size for a potential partner can be a signal for determining the mitonu-
clear compatibility of genomes in respiratory complexes.

Keywords: Cyprinidae, Rutilus rutilus, Abramis brama, distant hybridization, body size, lifespan, rate of ac-
cumulation of mtDNA substitutions
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