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PE3IOME

VceneoBat KapuoTHIT MAIOTBIYMHKOBOTO Mpoxo/Horo cura p.Ceeprast [[Brna. XpoMocOMHBIH Habop cHra cocTo-
ut u3 9 map aBymieynx (8 map meta- un 1 mapa cyomerarenTpruecknx) u 31 mapsl oHOIIEYHX XpoMocoM, 2n=80),
NF=98. O6HapyskeHa XpOMOCOMHAsT M3MEHYMBOCTD, CBS3aHHASI ¢ TeTePOMOPMOUIMOM METAIEHTPUIECKUX XPOMO-
COM MEPBOI TTAPBI U ¢ HATMYHEM J06aBOYHBIX XPOMOCOM.
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ABSTRACT

The karyotype of anadromous whitefish from the Northern Dvina River was examined. The chromosomal
complement consists of 9 pairs of biarmed chromosomes (8 pairs of meta- and 1 pair of submetacentrics) and 31 pairs
of uniarmed (subtelo- and acrocentric) chromosomes, 2n=80, NF=98. The variability in the length of metacentrics

of the first pair and the number of B-chromosomes was found.
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BBEJIEHUE

MaJloThIYMHKOBBIN JiefloBUuTOMOpcKuii cur Core-
gonus lavaretus pidschian (Gmelin, 1788)! umeer 06-
MIUPHBIHA apeast 1 06pasyeT P 9KOJOTHIECKIX (hOpM,
B ToM unciie B Gacceitte Besoro Mopst. TTOBBIIIEHHBIIT
uHTEpEC K OEJIOMOPCKOMY CUTY OOYCJIOBJIEH TeM,
YTO, BO-IIEPBBIX, JAHHBIH PETHOH 3aHUMAET KPAEBOE
MOJIOJKEHNE B apeajie MbIKbsIHA, U BO-BTOPBIX, 3/1€Ch

IIPOMCXOJUT [IepeKpbIBaHNe apeajoB Majlo- U MHOIO-
TBIYMHKOBBIX CUIOB, IIpUYeM B HEKOTOPLIX BOJ0EMax
ot (hopMBI  OOUTAIOT cuMmaTpudecku. IloMuMo
TPAJAUIIMOHHOTO  MOP(OIKOTOTUYECKOTO  [TO/IX0/IA
GoJIbIlIoe 3HAYEHWE TIPU U3YYEHUU BHYTPUBUAOBON
U3MEHYMBOCTY CUT'OB, UX IIPOMCXOXKACHUA U pacceie-
HUsl UMEIOT TakyKe KapUoJIOTMYeCKUil 1 Apyrue rete-
TIYeCKUe MeTo/ibl. Patee ObLIN U3Y4YeHbI KAPUOTHUIIBI
IIPOXO/THOTO  MaJIOTBIYMHKOBOrO cura pek Keperb

'HasBanue nonsuza npuseneno 1o kiaaccudukanun 10.C. Pemernukosa (1980, 1998). Cornacto apyrum B3risiam
CHUT-TIBLKBSIH paceMarpuBaetcs kak Bug Coregonus pidschian (Gmelin, 1789) (Kottelat 1997; Boryikas u Haceka 2004).
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(Kanganaxmickuii 3aimB) u Bapsyra 6acceiina Beio-
ro mops (Epmos 1990; Epmos u Jlatiyc 1993). [lenn
HACTOSIIEH PabOTHI 3aKJIF0UYATACHh B U3YUEHUH KapHO-
tuna cura u3 p. Cesepnag [Buna (/IBunCKOI 32711B).

MATEPUAJI 1 METO/IbI

Matrepuasom st paboThl TOCTYKUIN  COOPHI
CHUTOB, TIPOBEIEHHBIC B KOHIE aBrycTa—CEHTAOpEe
1988 u 1997 rr. B p. CeBepHas /|BuHa B paiioHe TI.
Bepxusist Toiima u r. Korsmac. Puib ornaBiuBaju
HeBoioM. Ilpemaparel XpOMOCOM TIPUTOTABIMBAIU
[0 MEeTONY KOJXUIMHOBBIX uHbekimii (Gold 1974;
[[lenenkosa 1986). /111 mpuUTrOTOBIEHUS TTPETTApaTOB
HCTIOJIB30BAJIN CYCIIEH3UIO KIETOK TOJIOBHOTO OTIEJIa
MOYKK PbIO. XPOMOCOMBI OKpaIiuBaiu 4% pacTBo-
pom kpacutensa Immsa B docdaraom Oydepe (pH
6.8). [Tomy4yennbie mpenapaTbl TPOCMATPUBAIN TIO]T
Mukpockornom Amplival. Ananusuposann He MeHee
5 metadasHbIX TUIACTHHOK Y Kajkmoil ocobu cwura.
VceneroBalbl KapUOTHUIIBI 27 TOJIOBO3PEJIBIX 0CO0Ei
MaJIOTBIYMHKOBOTO ITPOXO/THOTO CUTA.

PE3YJIBTATbI

VY Bcex MCCIEOBAHHBIX PBIO KAPUOTHIT COCTOUT
u3 9 map asymieunx (8 map mera- u 1 mapa cyOme-
TANeHTPUIECKUX ) 1 31 Tapbl OJTHOIIJIEYNX XPOMOCOM,
2n=80, NF=98. MerarenTpuyeckue XpOMOCOMBI
06pa3yioT psiji MIaBHO YMEHBIIAIONIUXCS 110 JITHHE
xpomocom.  CyOMeTareHTpUYecKue  XpPOMOCOMBI
0 pa3MepaM CXOJIHBI C XPOMOCOMaM¥ TIEPBbBIX TTap
MeTaleHTPUIecKoro psifa. Cpean OMHOTIIEYNX XPO-
MOCOM TIepBag Tiapa JIerkO WACHTU(DUIMPYETCS TI0
BesinurHe. XPOMOCOMBI 9TOU mapbl IpuMepHo B 1.5
pasa [IPeBOCXO/AT 110 JJIMHE XPOMOCOMBI CJie/lyIoleil
napbl. OcTasbHbIE OJHOIIEYNE XPOMOCOMBI MOKHO
TaK/Ke PACIOJIOKUTH B PsI/I MJIABHO YOBIBAOIINX 110
JUTHE XpoMOoCcOoM. Cpei OJTHOIIIICYNX XPOMOCOM BbI-
SIBJIIETCS HE MEHee JIBYX Map CyOTeNONeHTPUIECKIX
XPOMOCOM. Y HECKOJIBKHUX 0COOEH MOMIMO TUITHYHBIX
KaprOTHUIIOB OOHAPY/KEHbBI KJIETKH ¢ XPOMOCOMHBIM
Habopom 2n=79, NF= 98 (19 aBymieurx XxpoMocom),
YTO CBUIETETIBCTBYET O MEPECTPONKE POOEPTCOHOB-
CKOTO THTIA.

B kapuoruiie caMIioB U caMOK cUTa OOHApPYKEH
reTepoMopdu3M  MeTalleHTPUYECKUX  XPOMOCOM
nepBoii napol. ¥ 6 us 27 ucciaenoBanibix ocobeil B
XPOMOCOMHBIX Ha0OpaxX OTMEYEHA OJ[HA WJIU JBE

[1.H. Epmos

KpYITHbIE MeTalleHTprudyeckre Xxpomocombl (Puc. 1A).
XapakTepHo, 4TO U3MEHYNBOCTD JIJIMHDI I1JIeY 3aTpa-
rMBaeT B OCHOBHOM OJIHOTO U3 TOMOJIOroB. Kpyrnas
MeTalleHTPUYecKasd XpOMOCOMa TIIePBOM Mapbl 110
CBOMM pasmepam Tpubausuresnbio B 1.5 pasa mpe-
BBIIIAET JUIMHY TOMOJIOTUYHOI XPOMOCOMBI. Takue
KPYITHbIE XPOMOCOMbBI HABJIIOIAIICh HA MeTahasHbIX
MJIACTUHKAX € PA3JIMYHON CTETICHBIO CHUPATU3AIIT
XPOMOCOM.

Kpome xpomocom ocHOBHOTO Habopa y 15 u3 27
poi6 (7 caMoK 1 8 caMII0B) OGHAPY KEHBI I00aBOYHBIE
B-xpomocowmsr (Puc. 1B). 9t Mmesikue u, Kak mpaBu-
JIO, aKPOIEHTPUUYECKHE XPOMOCOMBI BCTPEYAINUCH B
KJIETKaX B KoJmdecTse oT 1 10 7 mT., 0fiHAKO ¥ 6OJIB-
MIUHCTBA 0COOEH UX YMCIIO B KAPHOTHUTIE COCTABIISLIO
1—2 mt. Y Bcex curoB ¢ 106aBOYHBIMEI XPOMOCOMAMU
B HabOpax BBISBJICH MO3AUIIU3M TI0 MX YKCITY. Y He-
KOTOPBIX PbI6 B KapUOTHNAX HAOJIIOIATNCH OTHOCH-
TEJIbHO KPYITHbIE J06ABOYHBIE XPOMOCOMBIL.

OBCYKAEHUE

Kapuotun cura p. CeBepuas [IBuna 1o auciy
XPOMOCOM, WX MOP(OJIOTUN W YUCTY XPOMOCOMHBIX
IJied He OTJIMYAeTCS OT OMMCAHHBIX paHee Kapuo-
TUTIOB cUTa JIpyrux pek benoro mopst — Kepern n
Bapayru (Epmos 1990; Epmos un Jlaityc 1993)
(Tabu. 1). BoJsiee Toro, BO BCeX TpeX MCCIEA0BAHHBIX
MO JISIISAX CUTa OTMEeYeHa CXO/IHAsT XPOMOCOMHasI
M3MEHYMBOCTH, CBsI3aHHAS C TeTepoMopdu3MoM
MePBOIl TTApbl METAIEHTPUIECKITX XPOMOCOM U C Ha-
suureM B-xpomocom. B orsinuue ot cura p. Kepers,
y cura pex Bapsyra u Cesepnas /Isuna He o6Hapy-
JKEeH BHYTPUIIONYJISLMOHHBIA  POOEPTCOHOBCKUIL
nosmMopdusm. OJHAKO y cUTa U3 3TUX PEK, TOMUMO
KJIETOK ¢ THITUYHBIM HAGOPOM, B HE3HAUUTEJIHLHOM
KOJINUeCTBe BCTpedenbl KaeTku ¢ 2n=79, NF=98 u
2n=81, NF=98, cBunerenncTByIoiue o mepecTpoii-
Kax pobeprcoHoBcKoTo Tuma. Clleyer 3aMeTHTb,
YTO CXOJICTBO B CTPYKTYPE KapUOTHUIIA U B XapaKTepe
XPOMOCOMHOI M3MEHYMBOCTH Y OEJIOMOPCKOTO CUTa
HaOJIfoaeTCss B MOMYJSANUSAX, YAAJEHHBIX APYT OT
IpyTa Ha 3HAYUTEJbHBIE PACCTOSHUS ¥ OTJIHYAIO-
IUXCST IO GUOJIOTHYECKUM MTOKA3aTESIM PBIO — CKO-
POCTH POCTa, BO3PACTY HACTYIJIIEHUS MOJOBO3PENIO-
ctu, mopdosorndeckum mpusnakam (Epmos 1989;
Epmo u Jupun 1995; Bimsies u [Iparanos 1987).
Jlanuoe 06CTOATENBCTBO TO3BOJISAET HAM TPE/IoJa-
raTh, YTO HA TOMYJISIIUOHHOM YPOBHE CUT-TTBIKbSH B
Gacceiine Besoro Mopst umeer cTabUIbHbII MOJAJIb-
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Puc. 1. Kpynnas meraiearpuueckas xpomocoma (A) n gobaBounbie xpomocoMbl (B) B kapuorune cura p. Cesepras /[Buna (ykasaHbt

CTpeJIKaMu ).

Fig. 1. Large metacentric chromosome (A) and B-chromosomes (B) in the karyotype of whitefish from the Northern Dvina River

(arrows).

ubiit kapuotun 2n=80, NF=98. B To xe Bpems man-
HbIC aHAJIN3a AJJIO3UMHON M3MEHYMBOCTH, a TaKKe
nanmble, mosgxydennbie B pesynaprate [II[P-IIJJPD
anasimsa ND1 ¢pparmenTa mutoxonapuanbaoii JJHK,
CBU/IETEJILCTBYIOT O HAJIUYMM TeHeTH4ecKoi aud-
dhepeHIanuy MaJTOTLIYMHKOBOTO cHUra B OacceiiHe
Besoro mops (peku Kepern, ¥Ymba, Ces. [/[BunHa u
1p.) (Iybun u ap. 1997; Boposukosa u ap. 2005;
Cenpex u ap. 2009).

B Tab6uuie 1 npuBeeHbl gaHHbIE IO CTPYKTYPE
KapUOTHIIA TIBIKbSHA U3 PA3HBIX MOITYJISAINN.

Buzno, uto cur us 6acceiina p. O6b CyIeCTBEHHO
OTJIMYAETCS OT JPYTMX MBIKbAHOB MO JAWIIOUIHO-
My YHCJIY XPOMOCOM U YHCJIY XPOMOCOMHBIX TITeY
(Kaitnanosa 1983). OnHolt 13 BO3MOKHBIX IIPUYNH
HAOJMIOIAEMBIX  PA3JUYUIl MOTYT SBJISTHCS METO-
JIMYecKue TIOTPelIHOCTH, MocKoJibKy Kalimanosa
(1983; 1988) ucnosbzoBasa st aHAIN3a XPOMOCOM
JlaBJIeHbIE TTperapaThl. Bo BCIkoM ciydae, s TPo-
SICHEHUS BOIIPOCA O CTPYKTYPe KapUOTUIla CUra us p.
O6b HEOOXOUMO TIPOBE/ICHHUE OTIOMHUTENHBIX HC-
caepoBanuii. Y cura pek Yayn, Enuceit u Ananpipb
(Bukroposckuit u Epmosnenko 1982; BukropoBckuii
u ap. 1983; @posos 1988, 2000) yncsio AByIIEIHX
xpomocoM (11 map) u, cooTBeTCTBEHHO, YUCIIO XPO-
MocoMubIX Tiied (2n=80, NF=102) okazasnocs Bbilire,
yeMm y Gesomopckoro (Taba. 1). Cpenu aBymiednx
XPOMOCOM aBTOPBI BBIJIEJISTIOT B XPOMOCOMHOM Ha00-

pe nbiKbaHa 13 pek Cubupu u JanpHero BocToka 10
5 map cyOMeTaleHTPUUECKUX XPOMOCOM, B TO BPEMst
KaK 110 HAIIUM JIaHHBIM B KAPUOTHIIE HEITOMOPCKOTO
cUTa MOKHO BBIIEJUTH TOJBKO OJHY IMapy cyOme-
tanenTpukoB (Epmos un Jlaityc 1993). Kpome Toro,
Cpely BBIIEJEHHBIX UMH  CyOMeTaleHTPIUYECKUX
(CM) xpoMocOM TPHUCYTCTBYIOT XPOMOCOMBI, IO
cBoeit Mopdosoruu 6JU3KHe K OMHOIIEYnM cyOTe-
gonentpudeckum (CT). Panee MbI TIPeITOTIOKNIIN,
YTO IMEHHO Pa3JIMYUsIMU B TPAKTOBKE MOPMOIOTNN
CM-CT xpomocoMm 00ycIOBJIeHbl HabJofaeMble
DPACXOXK/IEHUST B YKCJIe XPOMOCOMHBIX ILJIed y CHra-
TBIKBSTHA W3 3allaIHOW U BOCTOYHOHW YacTel apeaja
(Epimos u Jlaityc 1993). Heckombko moszxe Dposos
(2000), paccmaTprBas BblieJIeHHBIE MM IIAPBI CyOMe-
TAIEHTPUYECKIX XPOMOCOM Y CHTOBBIX PbIO, MOjIMe-
TUJI, YTO XPOMOCOMBI TIATON Tapbl «sBisiiores CM-
CT c o4eHb KOPOTKUMH BTOPBIMU TLIEYAMU Y BCEX
noasunos C. lavaretus ...» (c. 132) u npuses B Kade-
CTBe TIpuMepa KapruorpaMMy CHUTa-TIbLKbIHA . AHA-
IBIPb. B CBsI3M ¢ BBINIEN3I0KEHHBIM MBI T10JIaraeM,
YTO TOBOPUTD O CYIIECTBOBAHUU OTJIUYUI B CTPYKTY-
pe KaproTHIia y 1blKbsHa U3 Gacceiina besoro Mmops
u cura u3 pek Enuceii, Anazpipb u Yayn npexiespe-
MeHHO. OYeBHUIHO, YTO JIJISI KOPPEKTHOTO CPABHEHUS
XPOMOCOMHBIX HAGOPOB CHUTOB-TIBIKBSIHOB, a TAKKE
curoB apyrux moasunos C. lavaretus (Linnaeus,
1758), Bu3yaJIbHOTrO paccMOTpeHus: MopdOIOruu
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Ta6auna 1. [IpusHaKN KapUOTUIIA CUTA-TIBIKbSAHA U3 PA3INYHBIX TTOMYJISAIUIA.

Table 1. The karyotype characteristics of whitefish from different populations.

Yuicsio peib
[Momymamns Xpomocomuas Gopmyaa B-xpomocombr VlcTouHnK TaHHBIX
. 2n  NF (Number of
(Population) (Chromosome formulae)  (B-chromosomes) fishes) (Source of data)
p. Kepern 80 98 16m+2sm+62sta + 18 e
(Keret’ River) 79 98 17m+ 2sm+60sta + 3 Epmios u Jlaifyc 1993
p. Bapsyra . ot
(Varzuga River) 80 98 16m+2sm+62sta + 34 Epmros 1990
p. Cesepnast [lsuia 80 98 16m+2sm+62sta + 27 Hacrosias pabora (this paper)
(Northern Dvina River)
p. Yayn N B .
(Chaun River) 80 102 14m+8sm+58sta 1 Buxroposckuii 1 Epmoseriko 1982
p. Enmceit 7 .
(Enisey River) 80 102 22msm+58sta 4 Buxroposckuii u ip. 1983
p. AHazsbIpb B .
(Anadyr’ River) 80 102 22msm+58sta 8 Bukroposckwuii u sip. 1983
p- AHA/IBIPB B
(Anadyr’ River) 80 102 12m+10sm+58sta 10 Dpouos 1988, 2000
Bacceiirt p. OB 76 96 20msm+56sta - - Kaiizanosa 1983

(Ob’ River basin)

IIpumeuanue: m — METallEHTPUUECKUE; SM — CyOMETalleHTPUYECKUE; St — CyOTEI0IEeHTPUYECKIE; @ — AKPOLIEHTPHUYECKUE XPOMOCOMBI. 3HAK
wioc obo3HavaeT Haauune B-xpomocoM B Habope, a 3HaK MUHYC — UX OTCYTCTBHE.
Note: m — metacentric; sm — submetacentric; st — subtelocentric; a — acrocentric chromosomes. “+” indicates presence of the B-chromo-

“«_«

somes; — their absence.

XPOMOCOM TI0 KaproTpaMMaM, MPEACTABICHHBIM B
OMyGJIMKOBAHHBIX  paboTaX, SIBHO HEAOCTATOYHO.
Il oTUX 1eseil HeoOXOAUMO IPUBJIEYEHUE Pas-
JIMYHBIX METOJIOB TEHETUYECKOTO aHanusa u audde-
PEHIMANBHOTO OKPANIMBAHUS XPOMOCOM, HIMPOKO
U YCIIEITHO UCIOJIb3YEMBIX B MOCTEHIE TO/bI. Tax,
MU3MEHYMBOCTh Pa3MEPOB METANEHTPUYECKUX XPO-
MOCOM TIEPBOM TIapbl, OMUCAHHAA Y GETOMOPCKOTO
npoxojuHoro cura pek Keperb u Bapsyra (Epion
1990; Epiuos u Jlaityc 1993), nosaHee Gblia o6Hapy-
xena y curos C. lavaretus n3 pasubix yacreii apeasa
(Jankun et al. 1995b; Jankun and Rab 1997; Jankun
et al. 1998a; Jankun et al. 2007). ABTOpBI BBISIBUJIH
HAJIMYe BHYTPUIIOMYJIAIMOHHOTO MOJMMOP(U3Ma
10 pa3MepaM MeTalleHTPUKOB [IEPBOii Mapbl, HAEHTH-
dburpoBanu 3 BapuaHTa 1o JUTHHE KOPOTKOTO TIIeva
(KpyTHBII/ cpe/iHiT/ KOPOTKUIT) 1 OOBSICHUIIH TPH-
poy HabI0aeMOit H3MEHYNBOCTH BAPhUPOBAHUEM
PasMepoB reTepoXPOMaTUHOBBIX OJI0KOB. [Ipumene-
HEE JKe KOMIUIEKCa MeTOOB AnddepeHnanbHoro
OKpaNIMBaHUsL TO3BOJIIO HMCCJAEOBATENSAM TOUYHO

uneHTuGuIrpoBaTh 13 nap Hanbosee KPYITHBIX XPO-
MOCOM B KapuoTuile cura u3 Ilomepanckoro sainsa
(ITosbma) (Jankun et al. 1998a).

Cpenu curos C. lavaretus pidschian B-xpoMocoMbl
K HACTOSIIEMY BPEMEHU OOHAPY/KEHBI TOJBKO Y
MBUKbsTHA U3 peK Besioro Mopsi, T.e. B MOMYJISIIUSX
U3 3amajiHol yactu apeasa. Kpome Ttoro, mob6aBou-
HbIE XPOMOCOMBI ONUCAHbI B KapuoTumax cura C.
lavaretus n esporneiickoil panyiiku Coregonus albula
(Linnaeus, 1758) us Bogoemos Espors (Jankun et
al. 1991, Jankun et al. 1995a, b, Jankun et al. 1998a,
b, Jankun et al. 2007), uupa Coregonus nasus (Pallas,
1776) u cubupckoii psmyuku Coregonus sardinella
Valenciennes, 1848 us p. Anazupips (Dposos 19864,
6). MOKHO NPEIIoI0KNUTD, 4TO B-XpomMocombl pac-
MIPOCTPAHEHBI TOPA3IO TIUPE B KAPUOTHUITAX CUTOBBIX
pBI6, YeM 710 cux TIop usBecTHO. JlasmbHeiine uece-
noBaHKs Ha GoJiee MUPOKOM MaTepUase MO3BOJIST
6oJiee MOJIHO M3YYUTh ATOT BUJ XPOMOCOMHOW 13-
MEHYUBOCTH y PA3HbBIX (POPM U BUZIOB CUTOB.
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