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AKTYAJIBHBIE BOITPOCHI HUTOI'EHOMMUWKMU,
OPTAHM3AIIMH U 3BOJIOLIMUA TEHOMOB
N XPOMOCOM Y IITUILL

Pomanos M.H.,"? TpyxuHa AB.}

CmuphoB A.®.,° Tpudpun J.K.2
I®IBOY BO «MockoBckas rocyJapCTBEHHAs aKaje-
MHUS BETEPHHAPHON MEAUINHBI M OMOTEXHOJIOTHH —
MBA nmenun K.U. Ckpsouna», Mocksa, Poccust;
*Yungepenrer Kenra, KenrepGepn, BennkoGpuranus;
*OI'BOY BO «Cankr-IleTepbyprekuii rocyaapcTBeH-
HBII yHHBepcuTeT», CankT-IlerepOypr, Poccus
E-mail: m.romanov@kent.ac.uk

AHHOTAIUSA

B 0030pe ocBemieHs! OCHOBHBIE BOIPOCHI, KACAIOIIUECS IIUTOTe-
HOMUKH NTUI] (Kacc Aves), BKIIO4as 0COOYI0 OpraHU3aluio U 3BO-
JIOLHIO UX TEHOMa M XPOMOCOM.

KirroueBwie cimoBa: NTHIEI, Aves, IUTOTCHOMHKA, OpraHU3aIlns Te-
HOMa, XpOMOCOMBI, SBOJIIOLIMSI

BBenenue

[TpoGuiembl opranu3anuy, GYHKIMH U IBOJIIOLUHA I€HOMOB ITHIL
Ype3BBIYAHO aKTyalbHBI, U HE TOJIBKO MMOTOMY, YTO MTHIBI SIBISIOT-
csl, HapSAAy C MIIEKOITUTAIOIINMU, TETNTIOKPOBHBIMHU KUBOTHBIMH [ 14].
OnHM oTHOCATCA K Ki1accy Aves W XapaKTepHu3yloTCs OOJBIINM YHC-
siom BuoB (10500) — HauOOMBIIMIM Cpeau TETPANoA. DTH BHIBI 00-
Jafal0T OTHOCHTENIFHO HEOOJBIINM M MOCTOSHHBIM T€HOMOM C Ta-
KHM K€ MaJI0 M3MEHYMBHIM KapHOTHIIOM C Tpeo0ialaHueM MUKpPO-
XpOMOCOM.

Henp HacTosmero o63opa — gaTh KpaTKoe OMMCAHHWE T€HOMHOM
OpraHM3ali{ ¥ XPOMOCOM IITHII.

OO0uiast opranu3auusi F€HOMOB MTHIL

I'eHoM nTHIl XapaKTepu3yeTcsl CPaBHUTENBHO HEOONBIINM U J0-
BOJILHO MOCTOSIHHBIM pa3zmepoM B 1-2 Gb. Eme onna xapakrtepHast
0COOEHHOCTh NTHUYBUX '€HOMOB Mallasi U3MEHYMBOCTh KapUOTHUIIA C
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OOIIMM JUIUIOMIHBIM YHCIOM XpoMocoM 2n=7/0-78, OOJIbIIIyIO YacTh
KOTOPBIX COCTAaBIISIIOT KPOIIEYHBIE MHKPOXPOMOCOMBI Pa3MepoM
0,3-3 muxpona [19].

Kapuorun kypuust (Gallus gallus), kraccuyeckoro monenbHOro
o0bekTa B Ouosioruu [10], 3HaUUTEIbHO 00JIee KOHCEPBATUBEH, YEM,
HampuMep, MIIEKOMUTAIOMNX, U UMEET AWIJIONTHOE YHCIO XPOMO-
com 2n=78. TarIOMIHEIi FeHOM KyPHIBI COREepXKHT okomo 1,2 x 10°
. H. (mmn 1,2 Gb). Dto B 2,75 pa3za MeHblIe, YeM Y MIIEKOIIHUTAIO-
IUX, ¥ COOTBETCTBYET JIHIIb 39% YenoBeueckoro reHoma [19].

Kypuna no nenaBHero BpeMeHu Oblila €TWHCTBEHHBIM IpECTa-
BUTENIEM NTHL C CEKBEHHPOBAaHHBIM T'€HOMOM, ONMYOJIMKOBAHHBIM B
2004 rogy [18] u aensromumMcs pedepeHCHBIM B TeHOMHBIX Opayse-
pax u 6a3ax maHHBIX [46]. Ha ocHOBE TeéHOMa KYPHIIHI ONHUCAH PST
MIPUHINITHANBHBIX OCOOCHHOCTEH OpraHM3allii T€HETHYeCKOro ai-
napata ntul. YcraHoBieHo, yTo 10-20% ux reHoma COCTaBIISIFOT
moBTOpsl — B oTiuuue oT 30-50% y mnexonurarommx. Cpeau uH-
TEepPCIEPCHBIX MTOBTOPOB, KOTOPBIE cOCTaBIsOT 9-11% reHoma Ky-
putsl, orcyTcTBYOT Onoku SINE-knmacca — eIMHCTBEHHBIN cirydait
CpeaM MO3BOHOYHBIX. B TO ke BpeMms MPUCYTCTBYIOT TSDKENbIE H30-
xopel Tuna H4, He HaOmojaeMbie y Ipyrux OOBEKTOB HCCIENOBA-
HUI.

Ilo manHbpIM MeXAyHapOJHOTO KOHCOPLHMYMa IO CEKBEHHPOBA-
uuto kypuroro renoma (International Chicken Genome Sequencing
Consortium) [18], MuUKpoxpoMocoMbI cocTaBiisitoT 18% reHoma cam-
ku Gallus gallus u conepxar 31% renos storo Buaa. Beero y kypu-
uel uaeHtudunmpoano okono 18000 mpencka3aHHBIX TE€HOB IIO
cpaBuenuto ¢ 23000 y yenopeka. CreneHb PeKOMOUHAIIMKA B MUKPO-
xpomocomax paBHO 6,4 cM/Mb, a B makpoxpomocomax — 2,8
cM/Mb, B TO Bpemsl KaK y OOJBIIMHCTBA MIEKOTHTAIONINX ITOT II0-
Ka3arenb HaxomuTcsa Ha ypoBHe -2 cM/Mb. MukpoxpoMocoMEI
oboramieHbl CpG-0CTpOBKAMHM U TSKEIBIMH H30XOPaMHU, a TaKKe
PaHO PEIUTUINPYIOTCS B S-dhase.

VY KypHlbl ONHCAaHO TPHU KJlacca TeIOMEPHBIX MOBTOPOB. CaMmble
Oonpmre u3 HUX 10 2 Mb BecTpevaroTcest TONBKO y NTHIL (HAlpuMep,
[8,50]).

65



CeKBeHPlpDBaHHe I'€¢HOMOB IITHIL

[lo3gHee NOSBWIUCH JaHHBIE O CEKBCHHPOBAHMM TI'€HOMA HE
tonpko Gallus gallus, Ho u 3eOpoBoit amamuubl (Taeniopygia
guttata) u ummgeiiku (Meleagris gallopavo). ITomyduensr Taxke pe-
3yJIBTAThI YACTUYHON pacu(PpOBKY IeHETUYESCKOTO allapara TaKux
BUJIOB, KaK MyxosoBka-Oenomeiika (Ficedula albicollis), 6onpmioit
3eMiIsiHO#M BbrOpoK (Geospiza magnirostris), cpeaHuii 3eMIISTHON
Boiopok (Geospiza fortis), myspropukaHckuii amazon (Amazona
vittata), cusbiii romyos (Columba livia) u ap. (tabm. 1). Ilpu sTom
OBUTH TIPEIOKEHBI AP (EKTUBHBIC METOBI COOPKH HOBBIX TOCIEIO-
BaTEJIbHOCTEH T€HOMOB ITHII, WUCIOJb3Yysl IMUTOTCHETHYECKYI HH-
¢dopmanmuio [9,25].

[Tox srunoit renomuoro npoekra «Genome 10K» nepBoHayansHO
MPEIOoNarajJoch YBEJIWYUTh KOJHMYECTBO CEKBEHHPOBAHHBIX T'€HO-
moB 1run 1o 1000 [11,12]. OxHako, 04eHb CKOPO OBLIO OOBSIBIEHO O
IJIaHaX CEKBEHUPOBATh Bce cymecTByromue 10500 Bunos nun [54].
Ipoekt «Bird 10K» 0bu1 nHuImupoBad B 2015 roay Koncopiimymom
ntuubel punorenomuku (Avian Phylogenomics Consortium), KoTo-
pBIN 3alUTAHUPOBAJ CO3J[aHKE YSPHOBBIX IOCIIEAOBATEIBHOCTEH Te-
HOMOB B TEYEHHUE IATH JeT. [Ipn 3TOM naHHBIC IO CEKBEHUPOBAHUIO
U JIONOJHUTEbHBIE CBEACHUS O MOP(OJOTrHYeCKHx, (HU3HOIOrHUe-
CKUX, SKOJIOTHYECKUX U MOBEEHYECKHX XaPAKTEPUCTHKAX KaXKIOTO
BHJA TTHUI] OYIYT KCIOJB30BATHCS JUIS MCCIEIOBAHUIA 3BOJIOIUH,
9KOJIOTHH, TOMYJIAIUOHHON IeHETUKU, HEUPOOUOIOTHH, Pa3BUTHS H
coxpaneHus nruil. OHA TaKXKe MOTYT OBITh TOJIE3HBI JUIsI UCCIIENIO-
BaHUS WHQEKINH, TepearoIIuXCs OT XUBOTHBIX YENIOBEKY, TaKUX
Kak nTuuni rpunmn. Ha ocHoBe 3To# nH(pOpMaMu MOKHO OYJeT 1o-
CTPOUTh T'€HOMHOE JIPEBO JKU3HU COBPEMEHHBIX ITHII, a TAKXKE BbI-
SICHUTB CBSI3M MEXIY UX TeHOTUIAaMH B (PEHOTHIIAMH, TeHETHIECKHE,
ABOIIOLIMOHHBIE W Onoreorpaduyueckue B3aWMOCBSI3U MEXIy BHIA-
mu. [lpennonaraercss Takke OIEHHTh OWMOpazHOOOpaszue NTUI] H
BIIUSTHUE DKOJOTMYeCKUX (haKTOpOB (BKIIOYAs aHTPOIOTEHHBIE) HA
WX SBOJTIOIHIO.

Ha mepBoM aTtame 3Toro mpoekrta ObITN CeKBEHUPOBAHBI MIPEICTa-
Butenu 34 orpsaos ntuil [52]. Ha BropoM 3Tarme rmiaHHUpyeTCs: ocy-
LIECTBUTh CEKBEHHPOBAaHUE Ha YypoBHE Okojo 240 ceMmelcTB, Ha
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TpeTheit daze — mrst 2250 pogoB M HA YETBEPTOM dTarie — JJIT OCTaB-
mrmxcs 8000 BHIOB.

MO>XHO KOHCTaTHPOBAaTh, YTO MPOTPECC B CEKBEHUPOBAHUU, KJIO-
HUPOBAaHUU TCHOMOB W MOJICKYJSIPHO-IIUTOTEHETHUSCKUX TMPHEeMax
co3/an peanbHble MPEANOCBUIKHA JUIS TOCIEIYIOMEr0 Pa3BUTHS
CPaBHUTENBHOH W OJBOJIONMOHHONH  IIUTOICGHOMHKH  IITHII

[3,9,13,14,37,44,53].
Tabnuya 1

Hepeqeﬂb CEeKBCHUPOBAHHBIX T€CHOMOB IITHIY
B 6ase nanusix NCBI (110 coctosauto 09.08.2021 r.)

;h:)if:_ HUnentudu-
Ne P KaTop reHo- | I'enom
Jlatunckoe COM B
n/ Bun Otpsa Ma B 0a3e | MHTOXOH-
Ha3BaHWUe TeHOM-
n Hoii JaHHBIX Apun
NCBI
coopke
1 [Avepuxan- Ciconia Aucroobpasubie| 31 92799 COKBEHI-
CKUif ancT maguari poBan
. | Gymnogyps
2 Kanfl (bopHHIE- | o i orniany | AMEPHKAHCKIE | 3 730 -
CKUif KOHZIOP s rpudsl
3 AMepHKaH- Cer.thla Bopo6bun000- 24 103027 _
cKkasl MIIyxa | americana pasHble
4 Benas tpsico- | Motacilla | Bopo6sunoo6- 31 43097 CEKBEHH-
ryska alba pasHble poBaH
Bemorpynast  |Rhegmatorh
5 |romormasas ina BOpOg;{P;{:OG- 35 92741 -
MmypaBbsiaka | hoffmannsi P
6 Bosnbuias cu- Parus major Bopo6bnuH000- 31 12863 CeKBEHH-
HHLA pasHbIe poBaH
ByporonoBssiii
7 [koposuii Tpy- Molothrus | Bopo6buno06- 34 88920 B
ater pasHble
nma
8 IFamka Coloeus | Bopo6bun006- 29 93095 _
monedula pasHble
9 Jepesenckas | Hirundo | Bopo6srH006- 39 73420 _
1aCTOYKA rustica pasHble
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Yucao

Xpomo- Hnentudu-
Ne KaTop reto- | I'enom
Jlatunckoe COM B
n/ Bun Otpsag Ma B 6a3e | MHTOXOH-
Ha3BaHHe TeHOM-
1 . JTaHHBIX apuu
on NCBI
coopke
10 ﬂOMOBIiIIZ Passgr Bopo6buH000- 30 17653 CeKBEHH-
BOpOOGEi domesticus pasHbie poBan
11 Jpo3x Ceen- | Catharus | Bopo6srH006- 43 86530 CCKBECHH-
COHa ustulatus pa3Hbie poBaH
12 )Keinorop- Geo_thlypls Bopo6brH006- 34 86337 _
BN IEBYH trichas pasHbie
13[3apsmxa Erithacus | BopoObrHO06- 33 92589 _
rubecula pasHbie
14 3ebpoBast Taeniopygia| Bopo6bsrH006- M 367 CEKBCHHU-
aMa/vHa guttata pasHble poBaH
150356 Fringilla | Bopo6bsrH006- 30 34546 _
coelebs pasHbie
Mausiii gpe- | Camarhync
16|BecHbIi BbIO- hus Bopoorunoot- 31 84210 -
pasHeIe
pOK parvulus
17 MHpT(ijIPI Setophaga | Bopo6bnH006- 31 46404 CeKBEHH-
JIeCHO¥ meByH | coronata pasHbie poBan
18 MnyHOPKa- Flc_edul_a Bopo6brH006- 30 11872 CCKBECHH-
Genoreiika albicollis pasHble poBaH
HoBoxae- Corvus BopoGurioos cexne
19|noncknii Bo- | moneduloid | P PIHOO0™ | 36 85337 KBCHIH
pasHbIe poBaH
POH es
OctpoxBocTast
20[6ponsonas Lon(;hura Bopo6brH006- 31 43765 CEKBEHH-
striata pasHble poBaH
aMajiHa
OcTpoxBo-
01 |CTBIH KpacHo- Chiroxiphia| Bopo6bsuno06- 35 86579 B
Horuii Mana- | lanceolata pasHbIe
KHH
IIpexpacHslit
22|pacmmcnoii Malurus | Bopo6brH006- 25 86232 CCKBECHH-
cyaneus pasHbie poBan
MaIop
23| CHOB | gypia porin| BOPOORHIH00G- | g7 | gog9g -
ClIaBKa pasHeIe
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Yucao

Xpomo- Hnentudu-
Ne KaTop reto- | I'enom
Jlatunckoe COM B
n/ Bun Otpsag Ma B 6a3e | MHTOXOH-
Ha3BaHHe reHoM-
n . JAHHBIX JApHH
on NCBI
coopke
24|Cepas Bopona Corvys Bopo6buH000- 29 18230 CeKBEHH-
cornix pasHble poBaH
25|Crperox Acanth|§|tta Bopo6brH006- 38 32002 CCKBECHH-
chloris pasHbIe poBaH
2 YepHoroJo- S.yIVI.’.:l Bopo6brH006- 35 8421 _
Bast CJIaBKa atricapilla pasHbie
.| Diglossa
27 Heproroptbiit brunneivent Bopobemnoot- 31 103900 -
LIBETOKOJI ris pasHble
YepHoma- .
28| mouHas rami- P'0€C|'Ie Bopo6brH006- 19 33953 CEKBEHH-
@ atricapillus pasHbie poBaH
29 O6pikHOBeH- | Streptopelia| Tony6eobpas- 33 81804 B
Has ropiauua turtur HBIC
30 Cu3slii ro- Col_umba Tomy6eobpas- 29 10719 CEKBEHH-
1yOB livia HBIE poBaH
g[Avepukan- | Oxyura I'yceobpasupie | 34 87936 CCKBEHH-
CKas caBka | jamaicensis poBaH
Adpukan-
32|ckuii 61ecTs- Nettqpus I'yceoGpasusre 34 87938 CCKBCHI-
. auritus poBaH
U 9UPOK
33 Kpanuaras Stictonetta T'yceoGpasmbie 34 87939 CEKBEHU-
yTKa naevosa poBaH
KpsixBa (no Anas CEKBE
34| pAxea (1o- platyrhynch | T'yceobpasusie | 41 2793 KBeHi
MaIIHSAS YTKa) o5 poBaH
35| 1c0ee- Cygnus olor| Tyceobpassic | 36 3gp5 | coxmeHu-
[IUITYH poBaH
36 Myciycras Cairina I'yceobpasubie | 30 8552 -
yTKa moschata
37 Xoxuaras Ay_thya I'yceobpasnbie | 36 33654 CCKBEHH-
YEepHEeTb fuligula poBaH
38 Uepnoroio- Het_eron_etta T'yceoGpasmbie 34 87937 CEKBEHU-
Basi yTKa atricapilla poBaH

69




Yucao

Xpomo- Hnentudu-
Ne KaTop reto- | I'enom
Jlatunckoe COM B
n/ Bun Otpsag Ma B 6a3e | MHTOXOH-
Ha3BaHHe reHoM-
n Hoii JAHHBIX JApHH
NCBI
coopke
3onoToit mu- Colaptes
39|nmoxmoBsIit auratus Jsrnoo6pasusie| 12 96575 -
TsITeN
40 KpacHonoOsrit Pogomulus TimooGpasuue| 46 96564 CEKBCHU-
MEJTHHK pusillus poBaH
a1 IMymmcTsIit Picoides Jlrmnoobpasame| 46 32059 CCKBECHH-
TN pubescens poBaH
Bocrousiit Balearica |XKypasneoGpas- CEKBEHH-
42 |BEeHIIEHOCHBINH My P 37 17144
regulorum HBIC poBaH
KypaBIib
Dromaius Kaszyapoo6pa3 CEeKBE
43|29my novaehollan yapooobpas- ) g9 123 KBCHH=
diae HbIC poBaH
44 Xoxmaras Ca_rlama Kapnamoo6bpas- 52 31967 CEKBCHU-
Kapuama Cristata HEIE poBaH
45 I/ICHOIII{HCKPII/I Nyctlbl_us Ko3omoeobpas- 38 92333 CEKBCHU-
KO30710M grandis HbIC poBaH
6 O6I:IKHOB€H: Caprimulgu | Kozonoeo6pas- 37 101473 _
HBII KO30/101 | S europaeus HbIC
47 OOBIKHOBEH- Cuculus Kyxymrkoo6- M 32170 CEKBCHU-
Hasl KyKylIKa | Canorus pasHble poBaH
bankusckas
AUKYHITICBAs Gallus CEKBEHU-
48|xypuna (mo- gallus KypoobGpaszusie | 41 111 posas
MallHsA Ky-
puLa)
. Meleagris CEKBEHH-
49|Unpeiixa gallopavo KypoobGpasusie | 36 112 posas
Hewmoii nepe-
nen (AMmoH- Coturnix CEKBEHH-
50 CKHi miepe- japonica KypooGpasmbie | 29 113 poBaH
en)
OGBIKHOBEH- Numida CEKBEHU-
51 Hast mecapka | meleagris KypooGpasmbie | 30 14094 poBaH
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Yucao

Xpomo- Hnentudu-
Ne KaTop reto- | I'enom
Jlatunckoe COM B
n/ Bun Otpsag Ma B 6a3e | MHTOXOH-
Ha3BaHHe reHOM-
1 . JTaHHBIX apuu
on NCBI
coopke
52 BOJ‘[HI/ICVTLII\/'I Melopsittac | ITorryraco6pas- 32 10765 CEKBEHU-
nonyraitunk  |us undulatus HBIE poBaH
53|Kaxamo Strlgops IMonyraeobpas- o5 75115 CeKBEHH-
habroptila HBIE poBaH
54|Kamira Myiopsitta | ITonyraeo6pas- o5 40151 _
monachus HBIC
55 CunenoOblii Amaz'ona IMonyraeobpas- 29 40915 _
aMa30H aestiva HbIE
Abuccnrckuii Bucorvus Iruns-
56|porartslii Bo- L 5 41 86364 -
abyssinicus HOCOPOTH
poH
57|Hyouiickas Merops PaximeoGpasubie| 36 31978 CCKBCHH-
urypka nubicus poBaH
58|arapka Alca torda | P@uxoo0pas- | g 84534 CCKBCHH-
HbIE poBan
59 3onotucras PIu_VIall_S PxankooGpas- 38 100067 CCKBECHH-
pIKaHKa apricaria HbIE poBan
60 Peunas kpau- S_terna PrxankooOpas- 27 66333 CeKBEHH-
Ka hirundo HBIE poBaH
g1 |Kermorop- | Pterocles |, o o basie| 36 32063 | CoKBeHH-
JIBIA pPIOOK gutturalis poBaH
62|Kpever Fa_llco Cokos006paz- o4 43830 CCKBECHH-
rusticolus HBIE poBaH
63|Cancan Falc_o Cokos006paz- 19 132 CCKBECHH-
peregrinus HbIE poBan
64 CrenHas mmyc- Falco | Cokonoobpas- 27 44448 CCKBECHH-
Tenbra naumanni HbIE poBan
65 Kamunra An- | Calypte | Crpmkeobpas- 33 32060 CCKBECHH-
HBI anna HbIE poBan
Kpacuoxox- Tauraco Typakoo6pas-
66| P& erythroloph |~ YP#X0°%P 33 32247 -
JIBI TYpaKo us HbIE
67 KpacHsrit Phoenicopte| ®aamuuroo6- 33 31928 B
GbnamMuHTO rus ruber pasHbie
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Hucio Hnentudu-
XpoMmo-
Ne KaTop reto- | I'enom
JlaTuHCcKOE COM B
n/ Bun Otpsag Ma B 6a3e | MHTOXOH-
Ha3BaHHe TeHOM-
I Hoil JAHHBIX apun
NCBI
coopke
68|BepiyT Aquila | SIctpe6oobpas 28 32031 _
chrysaetos HBIE

JBojonus NTHYLUX TEHOMOB

B 2014 romy B paMkax MpoeKTa [0 aHAIM3y T'eHOMa MTHI] ObLTH
U3y4YCHbl B CPAaBHUTEIBHOM M IBOJIOLIMOHHOM acleKTaX I€HOMHbIE
nocieaoBaTeNbHOCTH 48 BHIOB. [losydeHHBIE NaHHBIE KacaTENbHO
SBOJIOIMHY NTUL OBLIM M3JI0KEHBI B CIIELMAIBHOM HOMEpE JKypHajia
“Science” [52,53] 1 cOnpOBOXKAABIICH 3TOT BBITYCK CEPHH APYTHX
nyOnukanuii (Hanpumep, [42]). OAMH U3 OCHOBHBIX PE3yJbTAaTOB
3THUX HUCCJICAOBAHUN 3aKIII0YAETCS B YTBEPIKIECHHUH, UTO, HECMOTPS Ha
BBICOKHI1 KOHCEpBATH3M B 3TOW TPYIIE BBICIINX MO3BOHOYHBIX JKH-
BOTHBIX, 00OHAPYKUBAETCSI MHOXKECTBO HEHEHTPAIIbHBIX YBOJIOIHOH-
HBIX U3MEHEHHH KaK B KOTUPYIOLIUX I'€HAX, TaK U HEKOAMPYIOIIHX
00JIaCTSIX, KOPPEIUPYIONIMX C Pa3HBIMH >KU3HEHHBIMH YCIIOBHSIMU
pa3IMYHBIX BUAOB ITHI [52,53].

OTTankuBasck OT IECTH HAHOOJIee XOPOILO U3YUYECHHBIX T€HOMOB,
YAAI0Ch BOCCO3AaTh MPEAINoIaraeMblii MPEAKOBBIH KapHOTHIl AUHO-
3aBpoB [15,30-32,42]. [Ipu 3ToM OBLJIO BO3MOXKHO TaKXe BOCCTaHO-
BUTH CTPYKTYpY KapuoTuia obmiero npeaka ntui [30,42,44]. Kpome
TOro, OBIIO MPOJEMOHCTPHUPOBAHO CYLIECTBOBAHUE MEXaHU3MOB CO-
XpaHEeHHs KapuOTHIIAa ¥ CTPYKTYphl TeHOMa B ITUYbeH JuHuA [42].

CreneHb SBOJIONMOHHON AMBEPreHIIMA MEXIy TEeHOMaMH OJU3-
KHX U YAAJCHHBIX BUJOB ITHUL MOKHO TaKXe OLIEHUBATH IOCPEACT-
BoM  JIHK-ruOpumusaimmu ¢ OpUMEHEHHEM  OVErgo-mpood
[26,35,36,38-40].

XpoMOcOMBI ITHII U UX IBOJTIOLHS

Nsyuenne  xpomocoM B HH(ppakimaccax — OECKHIICBBIX
(Palacognathae, ycrapesiiee Ratitac) u HOBOHEOHBIX (Neognathae)
ITHI] CBS3aHO, B IEPBYIO OYEPE/ib, C UCIOIb30BaHUEM MeTo1a (iryo-
pecuentHoit rubpuamsaiu in Situ (FISH), mukpoxpomMocomMHbIX
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Kpacok u crnenudpuueckux BAC-xmonos [1,2,4,5,20,37,45], uro mo-
3BOJIMIIO OOJiee JICTABHO OMUCATh MUKPOXPOMOCOMBI, TIOXO H3Y-
YCHHBIC IAXKE Y KYPHIIBL.

C nomomupto FISH nokazano Hanuuue 6onee peaKux MEXXpOMO-
COMHBIX TIEpECTPOCK, HAPUMED, Y CTpayca U HECKOJBKO OoJiee yac-
ThIe — B KypuHOU TuHUH [42]. CTOUT Takke OTMETUTH PaboTy, B KO-
TOpOM OMUCaH 0COOBIH MUKPOXPOMOCOMHBIH MYJT CIIEIMATIBHBIX Kpa-
COK, C TIOMOIIbI0 KOTOPOrO MPOAEMOHCTPUPOBAHO YETKOE
peodiiaiaHie UMEHHO MHUKPOXPOMOCOMHBIX IEPECTPOCK IO CpaB-
HEHHIO C MaKpPOXPOMOMHBIMH Yy psfa H3yYCHHBIX BHIOB IITHII
[23,24,41]. OgHako, ecau OpaTh OOJBIIMHCTBO NTHYBUX OTPSIOB, TO
MEXXPOMOCOMHBIE MEPECTPOUKH C YUACTHEM MHKPOXPOMOCOM B Iie-
JIOM peJKoe siBjieHue y mruir [21].

[Ipu wmccrnegoBaHMM KapuOTHUINAa OCCKWICBBIX (WM OETraroIinX)
MITUI, B YACTHOCTH, Y CTpayca U 3MY, HMEHHO JIJIs 3TOro WH(ppakKiac-
ca OIMCaHbl MUHMMaJIbHAs SBOJIIOIIMOHHAS H3MEHYHMBOCTH XPOMOCOM
WK JaKe ee oTCyTcTBHE [6,29,42].

PaccMoTpeHre XpoMOCOM HOBOHEOHBIX ITHUI] MOXKHO TPOBECTH
Ha mpuMepe u3ydeHust renoma roay6s (C. livia), a Takxe mpejacra-
BUTEINEH OTpsiia pKaHKoOOpasHbIX. J[iist TonyOst XapakTepeH TUITHY-
HBIH s nran kapuotun (2n=80). Dkcnepumentsl mo Zoo-FISH
(CpaBHUTEIILHOM THOPUIU3AIME MEXKIY XPOMOCOMAaMH YAaJCHHBIX
BuzioB) ¢ JIHK-npoGamu prkaHKOBBIX CBUCTEIBLCTBYIOT O KOHCEpPBa-
TUBHOCTH KPYIHBIX MakpoxpomocoM (1-4). Ilpu stoM obparaercs
BHUMaHUE Ha MPOMCXOXKACHUE CPEIHUX MAKPOXPOMOCOM B Pe3yJib-
TaTe TAaHJAEMHBIX CIMSHUN MHKpOXpoMocoM [17].

Jlnst mrun U3 oTpsima cokoioobpasubix (Falconiformes) xapak-
TEPHO TPEXKJEC BCEr0 YMEHBIICHHE YHCIAa XPOMOCOM, B YaCTHOCTH,
1o 2n=50 y cancana (Falco peregrinus). Takoe CHIKEHHE COMPOBO-
KJIAeTCS TAHJACMHBIMU CIUSHUSIMHA MUKPOXPOMOCOM C MakpOXpOMO-
comamu [28].

HccnenoBanus XpoMOCOM y TPEACTABUTEICH OTpsiia MUHTBUHO-
obpasueix (Sphenisciformes; paHee Takke H3BECTEH KakK HATOTPS
Impennes) xapakTepu3yIoTcs JOCTATOYHONW HOBHU3HOM BBHIY HEMHO-
TOYUCIICHHOCTH KJIACCHYECKUX IUTOICHETUYSCKUX paboT Ha MWH-
reuHax. Tak, mokasaHo, 4To y jxenroriazoro nuursuna (Megadyptes
antipodes) umerorcst 16 MaKpoOXpoMOCOM M MHOTOYHCIIEHHBIE MHK-
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poxpomMocombl. UTO KacaeTcsi OJIOBBIX XPOMOCOM, TO Z-XpoMOcoMa
y 3TOTO BHJAA YeTBepTas mo pasmepy, a W-XpoMocoMa HECKOJBKO
MeHbIe [47]. OnucaHo HECKOJBKO NMPUEMOB ONpEESCHUs IMoNa y
9TUX NTHIl ¢ ucmoab3oBanueM IILP m amreneii renoB CHD-Z u
CHD-W [34,55]. MoneKky/IspHO-IIUTOICHETUYCCKUE HCCIICI0BAHMUS
T€HOMOB IIMHTBUHOB ¢ ucnois3oBanueM BAC-kionoB u FISH eme
HE TPEJANPUHUMAITUCH B IIUPOKOM MaciiTade.

ITosn0oBBIE XpOMOCOMBI U Apyrue 0CO0EHHOCTH

Jnist ITUl XapakTepeH 0CcOoObId TeHEeTUUECKUi BapuaHT JeTEPMU-
Haimu nona (GSD), npruHIMIHATBHO OTIWYHBIA OT TAKOBOTO Y MIle-
KOIMTAIOIIUX, C OCOOBIM Z-XPOMOCOMHBIM I0JIOOIPEAEIISIOLIIM
resoM DMRTL u rereporameTHsM xeHCKUM 1oj0M [48]. Ponp W-
XpOMOCOMBI B 3TOM IIPOLIECCE OCTAETCsl HESICHOM, HANpUMep, Ipen-
[I0JIAraeTcsl €€ y4yacTHe B SIMIC€HETUYECKOM PEryisilud aKTUBHOCTH
rera DMRT1 [27]. Hy)xHO OTMETHTB, YTO y MHOTHX BHJIOB NTHI] U
npexze Bcero y nHdpaxiacca Palaeognathae mosioBeie XpoMocombl
rOMOMOpGHBI, a TreTepoMopPHu3M U TMOSBICHHE TeTepOMOPQHOI
MuKpoxpoMocombl W xapaktepubl st uH(ppakiaacca Neognathae
[49]. Unrepecen n ¢eHOMEH Hecnenu(puIecKoro CHHAICHUCa TOJIo-
BBIX XpOMOCOM B Meio3e y HOBOHEOHBIX [16]. Hammume B W-
XpOMOCOME T'€HOB, KOHTPOJHMPYIOLIUX II0JI, HOJpa3yMeBaceTcs, Ha-
npuUMep, UCXOoAs U3 oOHapykeHHs caMoKk ZZW y MOpPCKOro 3yika
(Charadrius alexandrinus) [22] u npeAmonoKeHus 0 HATHYUK TCH-
HOrO F-hakTOpa, KOHTPOIMPYIOMIETO PadOTy TMOJIOOIPEACIITIONINX
Z-xpoMocoMHBIX TeHOB [33]. O0rmmee gnciio W-XpoOMOCOMHBIX TEHOB
OLIEHMBAETCS Kak 28, a poJib STHX T'€HOB OCTAeTCS AMCKYCCHOHHOU
[7]1.

W-xpomMocoMHBIE POOBI MOTYT OBITH MCIIOB30BAHBI B KA4eCTBA
METYUKOB TU(PepeHInaui U reTepoXpoMaTH3alud 3TOH MHUKPO-
XPOMOCOMBI Y IITULI, BKIIIO4asi OECKUIEBBIX, 11 KOTOPBIX HA TaHHBIN
MOMEHT MMEIOTCS eAMHNYHEBIE paboTel [51]. EcTh manHbIC TIO TeHe-
tuke W-xpomocomsl Kypuisl [7]. IIpoOieMa 3BOJIIOIMOHHON CTPYK-
TypBl 3TOH MHUKPOXPOMOCOMBI, €€ T€HETHUYECKOro COJACpKaHUS U
y4acTus B OIMPEJIEIICHUH T0JIa OCTAE€TCSA OTKPBITOM.
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Abstract

This review highlights the main issues related to the cytogenomics of
birds (class Aves), including the special organization and evolution of their
genome and chromosomes.
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