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CpaBHuUTe/IbHAsi TEHOMHUKA TPeX BUAOB YTOK (IIWJI0XBOCTb,
KpsiKBa 1 00BIKHOBEHHBI FOFOJI])) H 3BOJIOUUA KAPHOTUIIOB
y npeacraButesieii cemeiicra Anatidae (Anseriformes, Aves)

[TpockypsikoBa A.**, Beknemumiesa B.Y, Tumaxosa K.!, Pomanenko C.1,
Anpperomxosa J1.%, FOxxun B.2 3, Unrepecosa E.2 4, SIur @.5, ®eprriocon-Cmur M.6,
I'padonmarckuii A.

L Uuemumym monexynspnoii u kiemounoti 6uonoeuu CO PAH, Hosocubupck, Poccus

2PIHcmumym cucmemamuxu u sxonoeuu sxrcusomuwvix CO PAH, Hosocubupck, Poccus

3 Hosocubupcruii 2ocyoapcmeennviii ynueepcumen, Hoeocubupck, Poccus

4 Tomckutl 2ocyoapcmeennniii ynugepcument, Tomck, Poccust

5 [Ixona meduyunsl u Hayk o orcusnu, Lllanoonckui mexnonoeuueckuil ynusepcumem, [[3v160, Kumaii
6 Kembpudorcckuil pecypchulii yenmp cpasnumensioti 2enomuxu, Kembpudcckuil ynusepcumenmn,
Kembpuoowc, Benuxobpumanus
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Kurouesnie cioBa: Anas acuta; Anas platyrhynchos; Bucephala clangula; Burhinus oedicnemus; aBmotka;
CPaBHUTEIBHBI XPOMOCOMHBII MYHHTUHT; KOHCTUTYTHBHBIA I€TEPOXPOMATHH; PHOOCOMHBIE
T'€HBI, TEJIOMEpa

Momusayus u yenv: Kypoobpasusie (Galliformes) u ryceoopasusie (Anseriformes) —
nee BetBH rpynbl Galloanserae, 6azanbHbie 10 OTHOMIEHHUIO K OCTATbHBIM HOBOHEOHBIM
ntuiam (Neognathae). B cpaBHeHMM ¢ KypoOOpa3HBIMH 3BOJIIOIHS KapHOTUIIOB
ryceoOpa3HbIX M3ydeHa HEZOCTATOYHO, B CPABHUTEIbHBIC TEHOMHBIC HCCIICIOBAHUS
BOBJIEYEHO HeOoIbIoe KoamdecTBO BuAOB [1]. IlosToMy menbro HacTosmieil paboTh
CTalll CpPaBHHUTEJIbHBIE TEHOMHBIE HCCIIEIOBAHUS KApUOTHUIIOB TpEX IPEICTaBUTEINEH
oTpsa ryceobpasubie u3 ceMeiicTa yrunsie (Anatidae): kpskser (Anas platyrhynchos),
mmtoxBocT (Anas acuta) u oGwikHOBeHHOTro rorosisi (Bucephala clangula) mpu
MOMOIIIY IUTOTEHETHYECKUX METOIOB.

Memoowt u ancopummut: J1Jis N3y4eHUs] KAPUOTHUIIOB TPEX BUIOB YTOK OBLITH MTOTYYCHEI
NEepPBUYHbBIE KIIETOYHBIE KYJIBTYphl (uOpOOIAcTOB W CyCHEH3UH (QHUKCUPOBAHHBIX
Metada3Helx Kietok [2]. Jlnsg mopcdera KoiaMdecTBa M BBIBICHHS MOpP(OIOTHU
XpOMOCOM KapUOTHUIBI OBUTM OKpallleHbl KpacuTenem [umza. Tarxke Ui onmcaHHS
KapUOTUIIOB OBbUIM  HKCIIOJB30BaHBl  pa3iMyHble METOJbl UG (GHEePeHIIUATBHOTO
okpammBanus (GTG-, CBG-, CDAG-) [3-5]. CpaBHeHHE KapHOTUIIOB TPEX BUIOB YTOK
OCYILIECTBIICHO C TIOMOIIBI0 MeToa (ayopectenTHoi in Situ rubpuausannu (FISH) ¢
Pa3IMYHBIMUA THIIAMHU 30HJOB [6]: colepkalux COPTUPOBAHHBIE XPOMOCOMBI aBIOTKH
[7], rensl pPHK [8] 1 TenoMepHbie mOBTOPEI [9].

Pesynomamur. ViccnenoBanne KapuOTHUIIOB TPEX BHIOB YTOK C IOMOIIbIO PYTHHHOW
okpacku 1 GTG-, CBG- u CDAG-MeTo/10B MOKa3ajo, YTO BCcE HMCCIEyeMbIe BHIIbI
UMEIOT OJIMHAKOBOE IHUIUIOMIHOE 4MCiIo XpomocoM (2n = 80). OmHako KapHOTHII
OOBIKHOBEHHOT'O TOTOJII OTJIMYAeTCsl OT KapHUOTHIIOB MpeJcTaBUTeNel poga Anas
VBEIUYEHHBIM ~ YHCIOM  MaKpOXpOMOCOM M  HallM4deM KPYIMHBIX  OJIOKOB
rerepoxpoMaTiHa Ha OOJBIIMHCTBE MAaKpOayTOCOM M Ha TOJOBBIX XPOMOCOMaX.
Hcnonb3oBanue 30HIOB, pa3pabOTaHHBIX Ha OCHOBE COPTHPOBAHHBIX XPOMOCOM
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ABIOTKH, BBISBWJIO pailOHBl TOMOJIOTHM Ha MAakpo- W MHKPOXPOMOCOMax YTOK.
OnucaHHble paHee pe3yJabTaThl CPaBHEHUS KapHOTUIIOB KYpHIBI M aBIOTKH [7]
MO3BOJIMJIA HaM yCTAHOBHUTH PAOHBI TOMOJIOTHHA MEXIYy XPOMOCOMaMH KYpPHIIHI,
pedepeHCHBIM TEHOMOM NTHII W TpeMms Buaamu yTok. Kiracteper renoB pPHK
JIOKaJIM30BaHbl Ha YETHIpeX Mapax MUKPOXPOMOCOM IIMJIOXBOCTH M Ha JABYX Mapax
MHKPOXPOMOCOM OOBIKHOBEHHOT'O Toroiisi. MblI Tokazanu, 4to y BHaoB Anatidae
CYIIECTBYIOT MHKPOXPOMOCOMBI, OOOTaIlleHHBIE TEIOMEPHBIMH IOCIIET0BATENb-
HOCTSIMH, YTO paHee ObLTO ONMMCAHO JUIsl KAPUOTHUIIOB MIPEACTABUTENICH IPYTUX CEMEHCTB
nrun [10, 11].

Buvisoowi: BrepBble MOIXy4eHBI MOAPOOHBIE XPOMOCOMHBIE KapThl IJISI TPEX BHUIOB
YTUHBIX, COIepKaIue HHPOPMAIHIO O TOMOJIOTHUH C XpPOMOCOMaMH aBIOTKH M KyPHIIbI,
pacrmpeneneHi KOHCTUTYTHBHOTO retepoxpomaruHa, reHoB pPHK u ammmudukanm
TEJIOMEPHBIX TIOBTOPOB. Pe3ymbTaTel MEXBUIOBBIX CpPaBHEHHWH ITOKA3alH, YTO
YBEJIMYEHHE YUCIIa MAKPOXPOMOCOM B KapHUOTHUIIE OOBIKHOBEHHOT'O TOTOJISI TIPOU3OIILIO
3a CYET pas3pblBOB JBYX IPCAKOBBIX 3JICMCHTOB. HoBrie JaHHbIC AOIIOJHHWIIN
HHPOPMALTHIO 0 TPe0OPa30BAHUIX MAKPO- M TIOJIOBBIX XPOMOCOM I'yceoOpa3HbIX B X0/
SBOITIOLINH.

Qunancuposanue: Viccnenosanue nopaepxano rpantom PH® (Ne 23-74-01016).
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Motivation and Aim: Galliformes and Anseriformes represent two branches of the
Galloanserae group, basal to other Neognathae. While Galliformes have been
extensively studied, the evolution of Anseriformes karyotypes remains relatively
understudied, with only a few species included in comparative genomic analyses [1].
Therefore, this study aims to conduct comparative genomic analyses of the karyotypes
of three representatives of the order Anseriformes from the Anatidae family: the mallard
(Anas platyrhynchos), pintail (Anas acuta), and common goldeneye (Bucephala
clangula) using cytogenetic methods.
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Methods and Algorithms: To study the karyotypes of the three duck species, primary cell
cultures of fibroblasts and suspensions of fixed metaphase cells were obtained [2].
Giemsa staining was employed to count the number and identify the morphology of
chromosomes. Additionally, various differential staining methods (GTG-, CBG-,
CDAG-) were utilized to characterize the karyotypes [3-5]. A comparison of the
karyotypes of three duck species was carried out using fluorescence in situ hybridization
(FISH) with different types of probes [6], including stone curlew sorted chromosomes
[7], rRNA genes [8], and telomeric repeats [9].

Results: Analysis of the karyotypes of the three duck species using routine staining and
GTG, CBG, and CDAG methods revealed that all studied species possess the same
diploid number of chromosomes (2n = 80). However, the karyotype of the common
goldeneye differs from those of representatives of the genus Anas due to an increased
number of macrochromosomes and the presence of large blocks of heterochromatin on
most macroautosomes and sex chromosomes. The utilization of stine curlew
chromosome specific probes revealed homologies on duck’s macro- and
microchromosomes. Previous studies comparing chicken and stone curlew karyotypes
[7] facilitated the identification of regions of homology between chicken chromosomes,
the reference genome of birds, and the karyotypes of the three duck species. Clusters of
rRNA genes were found on four pairs of pintail microchromosomes and on two pairs of
common goldeneye microchromosomes. Our study demonstrated that Anatidae species
possess microchromosomes enriched in telomeric sequences, a characteristic previously
described in the karyotypes of representatives of other avian families [10, 11].
Conclusion: This study represents the first comprehensive chromosomal mapping of
three duck species, providing homologies with stone surlew and chicken chromosomes,
the distribution of constitutive heterochromatin, rRNA genes, and the amplification of
telomeric repeats. Our interspecific comparisons revealed that the increase in
macrochromosome numbers in the common goldeneye karyotype is due to fissions in
two ancestral elements. These findings contribute to understanding of the evolutionary
transformations of macro- and sex chromosomes in Anseriformes.

Funding: This study is supported by the Russian Science Foundation (Grant No. 23-74-
01016).
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