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B-XpOMOCOMBI 10 HACTOAILETO BPEMEHH OCTAIOTCA OJHHMH H3 CAMbIX 3arajjO4HbIX 3IEMEHTOB FEHOMOB 3y-
KapHOT. [l/MTeNbHOe BpeMs HCCIIe0BaHHA B-XpOMOCOM GbUTH OrpaHHY€EHB! H3yYEHHEM UX MOP(OJIOrHH,
9acTOTBI BCTPEYAEMOCTH, BIIHSHHA HA (PEHOTHII HOCHTENA, IOBEICHHEM B MHTO3€e U Meito3e. Paspaborka
HOBBIX METOJI0B MOJICKYJIAPHO-LHTOreHETHYECKOr0 aHATH32 II03BOJIHIIA IPHCTYIHTD K H3yYEHHUIO OPraHH-
3alMH H CPAaBHEHHIO Pa3IM4YHbIX B-XpOMOCOM Ha ypOBHE BXOJALIMX B MX COCTAB HYKJIEOTHAHBIX MOCIIENO-
BaTeNbHOCTEN. B HacTOsuuei paboTe npefcTaBIeHb! Pe3yIbTaThl H3yYEHHS MONEKYJIAPHOH OpPraHH3aIH
B-xpoMocoM BOCTOYHOA3HATCKOM IECHOM MBI (Apodemus peninsulae) n iByX BUIOB capaH4OBbIX (Podis-
ma sapporensis u P. kanoi), nony4eHHsle ¢ HOMOLIBIO CO3MAHUA MHKpoaHcceKIHOHHBIX [THK-6n6mmoTex
H (pi1yOpeCUEeHTHO in situ THOPHM3AIEH C MHTOTHYECKMMH B MEHOTHYECKHMH XPOMOCOMAMH 3THX BHJOB.
ITpoBenen ananu3 pacnpeneneHus roMONOrHYHBIX HyKJIEOTHIHBIX MOCJIEA0BATENBHOCTEN B B-XpoMoco-
Max pa3IMiHbIX MOP(OTHIIOB, a TAKXKE B A-XPOMOCOMAX HCXOJHBIX H GIIH3KOPOACTBEHHBIX BUIOB. [Toy-
YEHHBIE IAHHBIE NMO3BOJIMIIH HA HOBOM YPOBHE PacCMOTPETh BONPOC O BO3MOXKHOI poiu B-xpoMocoMm B
3BOJIIOLHMH F€HOMA 3YKapHOT H NPEUIOKHUTh HOBbIH MEXaHH3M HX (popmupoBaHus. B pabore Takxke 06-

CYKIAI0TCsl OOLIHE BONPOCH! O MPOUCXOXKIEHHH H 3BOJIIOLMH B-XpOMOCOM 3yKapHOT.

KapuoTtun yacTo paccMaTpuBaroT KaK HEKYIO MO-
CTOSIHHYIO XapaKTePHCTHKY BHAa. OHaKO pa3sMepsl,
YHCIIO B MOP(OJIOrHsi XpOMOCOM OCHOBHOrO HaGopa
(A-XpOMOCOMBI) MOTYT 3Ha4YHTEILHO BADLHPOBATh HE
TOJIbKO HA YPOBHE HaJIBH/IOBbIX TAKCOHOB, HO H BHYT-
pH ogHOro BHpia. B pse ciyyaeB BHyTpHBHIOBOIA 1O-
JEMOP(H3M XPOMOCOM CBsi3aH C J0GaBOYHBIMH
(cBepxumciieHHbIMH, WM B) xpoMocomamu. B-xpomo-
COMBI, IOTIOJTHAIOLIME OCHOBHOH HabOp, mpeacTass-
10T COO0M OTMH U3 HAauOOJIEe 3arafoOyHbIX JIEMEHTOB
resoMa. B-XpoMOCOMBI pa3HbIX BHIOB OTJIMYAKOTCH
N0 NMPOHCXOXAECHHIO, CTPYKTYPHOH OpraHM3alH, a
TaKKe M0 MEXaHH3MaM MOJIEP>KAHHA B MOMYJISLIASX
Bufa [1]. O6b14HO B-XpOMOCOMBI HACBILIEHBI OBTO-
PEHHBIMH TOCJIEAOBATENLHOCTSIMH, NPEACTABIECHHbI-
MH JTM60 B BUJIE KJIaCTEPOB, THO0 NMPUCYTCTBYIOLMMHU
B B-xpoMocoMax B BbICOKO# KOHIeHTpaiuH. K Hacro-
AILEMY BpEMEHH B-XpOMOCOMBI BHISIBIIEHEI G0JTEee YeM
y 1300 BupoB pacrenmii 1 500 BuoB XuBOTHBIX [1, 2].
B03MO>KHO, OHH paclIPOCTPaHEHbl 3HAYHTEIBLHO 1IH-
P€, HO NpU aHaJH3€ HEOOBIIMX BLIGOPOK U3 MOIMyJIs-
LM TOrO WIH MHOTO BHJAA C HH3KOHM YaCTOTOH MX
BCTPEYAEMOCTH B-XpOMOCOMBI MOTTH OCTaThCA HE3a-
MeuyeHHbIMH. OLeHKa pacnipepenenust B-xpomocoM B
Pa3NMYHBIX TAKCOHAX NMPEJCTABIISET OTACIBLHYIO PO-
6aeMy, KoTOopasi HeflaBHO paccMoTpeHa Ilanectuc u
coaBT. [2]. OTMeTHM JINILB, YTO Ha BbIsiBIEHHE B-xpo-
MOCOM BJIMSIET HE TOJILKO HHTE€HCHBHOCTb LIATOJIOTH-
YECKHX HCCJIEOBAHHMIA (YHCIIO H3y4YEHHBbIX 0cobeil)

YacTOTa BCTPEYAEMOCTH B NMPHPOXHBIX MOMYJISILHSX,
HO H CTPYKTypa KapHOTHIa BHAa (O6LIee YHucio Xpo-
MOCOM, NOTHMOP®HU3M A-XpOMOCOM, HAJIMYHE MHMK-

POXPOMOCOM H T.J.).

HnurensHoe Bpemsi n3ydyenne B-xpoMocoM orpa-
HMYMBAJIOCh HCIONb30BAaHHEM HabOpa KIIaCCHYECKHX
LTOJIOTHYECKHX METOJOB XPOMOCOMHOI'O aHAJIH3a,
BKJIFOYAIOLIETO IJIaBHBIM 00pa3oM aHanmu3 Meracgas-
HBIX H MEHOTHYECKHX XPOMOCOM C IIOMOLL[bIO Pa3iIHy-
HBIX METOJIOB JH((PEPEHIMATBLHOTO OKPALINBAHHUS.
B nocnegnue ropsl Bce Gosiblliee pacpOCTPAHEHUE
NOJTy4YaloT TAaKHE METOAbI MOJIEKYJSIPHOTO aHAIM3a
B-xpomocoMm, kak co3ganne [JHK-6uGnuorex wu
IOHK-npo6, ¢nyopecuenTHass ruOpupu3auys in situ
(FISH), xnonupoBanue u cekBenuposanue [JHK. Pe-
3yJAbTAThl 3THX HCCIIEOBAHMIA NIPEACTaBIEHbI Ha BTo-
poii KoH(epeHImH no B-xpomMocoMawm, cocrosBLIeiCst
B By6uone (Mcnauns, urons 2004 r .).

B xope u3y4yeHHA MOJIEKYJISIPDHOH OpraHH3auuu
B-xpoMocoM BOCTOYHOA3HATCKO¥ JIECHOM MbILH (Apo-
demus peninsulae) 1 IByX BUIOB CapaH4YOBbIX (Podisma
sapporensis 1 P. kanoi) HaMu 1OTy4YeHbI JaHHbIE, YKa-
3bIBAIOLHE HA TO, YTO MEXaHU3M (popmupoBanus B-
XPOMOCOM B Pa3HbIX CJY4asX MOXKET MPHHIMITHAILHO
oTim4aThcst. OCHOBHOIT MOAXOA B NPOBEIEHHBIX HAMHA
HCCJIEOBAHUSIX COCTOSUT B MOJIYYEHHH IIHK-ﬁuﬁlnuo-
TEK HHTEPECYIOIUHX XPOMOCOM H XPOMOCOMHBIX paii-
OHOB, co3pianne Ha ix ocHose [JJHK-npo6 ans FISH n
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AHaJM3 PaClpefesIeHus] FOMOJIOTHYHbIX HYKJIEOTH]I-
HBIX NOCJIEOBATEILHOCTEH B A- B B-xpomocomax pas-
JIMYHBIX MOP(OTHIIOB U GIM3KOPOICTBEHHBIX BHJOB.
ITonyyenubie aHHbIE MO3BOMMIM Ha HOBOM YpOBHE
BEPHYTBCS K PACCMOTPEHHUIO BONPOCA O MIPOUCXOXKE-
HHH H 3BOIOLMH B-XpoMocoM aykapuoT.

9KCITEPUMEHTAJIBHAS YACTh

Bocmounoasuamckasn aecnan mouus (A. peninsu-
lae). XKuBOTHBIX OTNIABNHBANK W3 NPUPOIHBIX MOMY-
ssuni 3anapHoi Ca6upn (HoBocu6upckast 0671acTs),
Anras (Anraiickmii kpait, Pecniy6mika Asrrait) (mon-
BHA A.p. nigritalus), Llentpansroit Cubupu (Kpacho-
ApCKuii Kpaid, Pecrry6imaka Bypsitust) (mopsupn A.p. ma-
Jor) u lanbrero Bocroka (Xa6aposckuit kpait, [Tpu-
MOPCKHH Kpai) (moxBug A.p. praetor).

Kobbiaxa Kano (P. kanoi). CapaH4oBBIX 3TOrO BH-
/a coGupaH B IPHPOHBIX NOMYJISIHSIX OCTPOBa XOH-
c1o, SInoxus.

Cannopcxasn xobwiaxa (P. sapporensis). B pa6ote
HCCJIENOBAJIA NMPEACTABATENCH JBYX MOABHOB 3TOrO
noynaTAnAYeckoro supa. Ocobu P. sapporensis sappo-
rensis Shir. co6panbl Gonee Yem B 25 MOMyALMAIX
0. Xokkaiino (SInonmst). Oco6u P. sapporensis krylon-
ensis Storozh. OTJIOBNIEHBI B I0XHOWM 4acTH OCTPOBa
Caxanmn (nonmyocrpos Kpubom).

Memacpasnvie xpomocomot eocmounoazuamexoii

necHoll mouuu. XpoMOCOMBI Ui PYTHHHOTO IIHTOTe-
HeTmyeckoro aHanusa u FISH rorosmmm kak npsmbim
METOJIOM, TaK M M3 KPaTKOBPEMEHHBIX KYJIBTYP KJle-
TOK KOCTHOI'O MO3ra COTJIaCHO OOLIENPHHSTHIM METO-
ouxkaMm. Okpacky kpacurensma ['am3a, DAPI 1 a3or-
HOKHCJILIM CepeOpoM (Ag-OKpalllMBaHKE) NPOBOHIH
COrJIaCHO CTaHAapTHBIM NpoToKonaM [3]. Oyens Men-
KH€ TOYKONMOOOHbBIE B-XxpoMOCOMBI, B cOCTaBe KOTO-
JBbIX HE YAABAIOCH BHISBUTH ILIEYH faXKe B MeTadas-
iBbIX IUTACTHHKAX C XOPOIINM pacIUIaCThbIBaHHEM, OT-
iocwmH K MHKpO B-xpoMocomam. B-xpomocombl, B
“OCTaBe€ KOTOPBIX BBIIBJIEHO XOTS Gbl OJHO ILIEYO,
JbUTH OTHECEHBI K Makpo B-xpomocomam. ITpu o6o-
‘Ha4YeHHH B-XpomocoM mHcnonb3oBamm  cremyromryio
IOMEHKJIATypy: HOMEP 300JI0THYECKOro 06pasia, CHM-
on “B”, HoMep B-xpoMocoMbI faHHOTO obpasua (Ho-
1€pa NpHCBaUBAIMCh BCEM Makpo B-xpomocomam B no-
IIKE YMEHBILEHHS HX Pa3Mepa, 3aTeM MPOU3BONBHO
mKpo B-xpomocomam). Takum o6pazom, 9B3 — ato
‘PETBA 1O pa3smepy B-xpomocoma o6pa3ia Ne 9. Ipe-
lapaThbl I MPOBENEHHA MUKPOJMCCEKIIMH TOTOBHIN
'a NOKPOBHBIX CTEKJIaX pa3MepoM 60 X 24 mM.

Xpomocombt capanyoevwtx. [laBnennie npenapatsi
[EHOTHYECKHMX XPOMOCOM H3 CEMEHHHKOB CaMI[OB Ca-
aHYOBbIX FTOTOBHJIH CTAHJAPTHBIM CIOCOGOM. MuTO-
HYECKHE XPOMOCOMHBIE NpENapaThl FOTOBUIIH U3 Cy-
MEH3HH SMOPHOHAJILHBIX KJIETOK [4].

Ioay4enue paiiono- u xpomocomocneyugpuunsix
'HK-npo6. C60p B-XxpOMOCOM H XpPOMOCOMHBIX paii-
HOB NPOBOJIMJIM HA HHBEPTHPOBAHHOM MHKPOCKOIIE
N3
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Axiovert 10 (o6bexTnB 100x, okymsap x10, “Zeiss”,
®PT), HCMIONB3Ys OTTSHYTYIO CTEKJISTHHYEO MTJTY, KOH-
TPOJIHMPYEMYIO MHKpOMaHmmynstopoM MR (“Zeiss”,
@PI). Brigenenne, ammudukauuio 1 Mmeyenue JTHK
COOpaHHBIX XPOMOCOM H XPOMOCOMHBIX PAi{OHOB I1pO-
BOJIWJTH COTIACHO CTAHJapTHOMY NpoTokoiy [5]. B pa-
6oTe UCIONB30BANH KaK MoiyyeHHble panee [JHK-
npo6sI [4, 6], Tak M OJIyYEHHbIE B XO/I€ BLINOTHEHHS
HacTosIIEeH paboThl.

AHK-npobbi, ucnoab3oeannste 043 uy4enus op-
2anuzayuu B-xpomocom eocmounoasuamckoii nec-
Hoii mouuu. Mukpopuccekuponnsie JTHK-npo6s mmo-
syvama u3 THK nensix B-xpomocom: 9B8, 9B9, 11B1,
11B2, 11B3, 11B4, 11B5 (B-XxpOMOCOMBI >KHBOTHBIX
u3 nonynspi Cubupm), 1505B1, 1505B2, 1507B1,
1508B1, 1508B2 (B-XpOMOCOMBI KHBOTHBIX H3 NOMY-
Jipmi [ansHero Bocroka).

Muxpomacceximonnyio JHK-npo6y 11B2pq no-
JIy4aJd guccekumed xpomocoms! 11B2 u ammumnguxa-
mueit [THK ee ey,

Mukpomuccexuponnyio JHK -npo6y APOC nosmy-
yau u3 C-reTepoXpOMaTHHOBBIX IMPHLEHTPOMEPHBIX
PaliOHOB ayTOCOM BOCTOYHOA3HATCKOM JIECHOMH MBI

Beenenne 6uoTnHIIMpOoBanHoro dUTP (biotin-11-
dUTP) u purokcurerus-11-dUTP nposomuu B onos-
HATENBHBIX 15 IMKIaX MoMHMMepasHOi LENHOM peak-
I C YaCTHYHO BBIPOXJIEHHBIM NpaiiMepoM [5].

HOHK-npo6a pnsa BbisBiIeHHs Kiacrepos 185
pOHK (pOHK-npo6a) npexcrasiusier ¢pparment 18S
pAHK uyenoseka pasmepom 3200 1L.H., KIIOHHPOBaH-
Hb1d B pHrl3 [7]. BeneHne GHOTHHHIIMPOBaHHOTO
dUTP npoBomwiM C NOMOLUBIO CTAHJAPTHOH HMK-
TPaHCJISIHH.

HHK-npo6y (TTAGGG), (ten-HHK-npo6a) wuc-
TIOJIb30BAJH [IS1 BLIABJIEHHS KJIACTEPOB TEJIOMEPHBIX
noBTOpoB [8].

AHK-npo6bt, ucnoavzoeannsie 01 usy4enus op-
2anusayuu B-xpomocom Geckporavix Kob6bLaok poda
Podisma. MUKpOIUCCEKIMOHHBIE JTHK-npo6s1 nosny-
vama u3 [IHK nemoit B-xpoMocomsl P. s. sapporensis
Mopdoruna Bl (Bl-mpo6a), mieya B-xpomocomsi
P. kanoi (PkanB-npo6a), a Takxe 3yXpOMaTHHOBOIO
paiioHa O{HOH M3 MEJIKHX ayTOocoM P. s. sapporensis
(EURI1-npo6a).

FISH u muxpockonus xpomocomHuoix npenapa-
moe. ['uOpuaM3aLMIo in situ paiioH- © XPOMOCOMOCIIE-
unuynbx [THK-npo6 ¢ MeTachasHbiMu XpoMocoMa-
MH, feTeKuuio curHana (aBupuH-FITC/6uotHHmmpo-
BaHHbIN aHTHaBHIMH/aBUIHH-FITC M aHTHIUTOKCH-
rennH-Cy3) NpOBOWIN MO CTAHAAPTHBIM METONHKAM
[9]. Inst oxpaumBaHus XpOMOCOM MOC/IE THOpHIH3a-
LMH in situ UCNIONB30BATH Kpacuteas DAPI.

PesynbraTel gudepeHIHaNbHOr0 OKpaLHBaHHS
u FISH ananusupoBasu ¢ NOMOLIbI0 MHKPOCKONA
AXIOSKOP 2 Plus (“Zeiss”), qist perucrpauss u 06-
paboTKu MHKpom3o6paxkeHuii ucronb3osann CCD-
KaMepy, COOTBETCTBYIOLHE KOMIUIEKThI (DHILTPOB
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Puc. 1. FISH makponuccekunonasix JTHK-npo6 ¢ MeTaca3HbIMH XpOMOCOMaMH BocToYHOa3HaTcKo# MblH. FISH THK-npo6
#3 npuuenTpoMepHoro C-retepoxpoMaTHHOBOro paiiona ayrocom (JHK-npo6a APOC) m mwieu makpo B-xpomocoms!
(11B2pq) c MeTacha3HBIME XPOMOCOMaMH MbllIH B3 3ananHoii Cu6upn (psn a) u ¢ [{ansuero Bocroka (pan 6); FISH THK-npo6
MuKpo B-xpomocomb! (9B8) 1 Manenbkoit Makpo B-xpomocomsl (9B9) (psn 6).

B kaxx0M pATy cleBa npejcTaBnena MetadasHasi IU1aCTHHKA, okpawennast DAPI, nanee curnansi FISH coorsercrBytompx [THK-
npo6 ¢ xpomMocomamu MeTacha3HOl IIaCTHHKH (CepbM NokasaHa Jokanu3auust [THK xpomocom). Ctpenkn yka3sisaroT Ha B-xpo-
MOCOMBI, TOJIOBKH CTDEJIOK Ha IOJIOBbIE XPOMOCOMBI, PaCIIETUIEHHbIE MOJIOBKH CTPEJIOK — Ha (1260 KOHJIEHCHPOBAHHbIE PailOHbI

B-xpomocom.

¢upme1 “Chroma”, nporpammuoe obecneyeHue Axio
Vision (“Zeiss”) 1 nporpammHoe obecneyenne ISIS3
(METASystems “GmbH”, ®PI).

PE3YIIbTATBHI U UX OBCYXIEHHE

FISH muxpoouccexyuonnwvix JHK-npo6 ¢ mema-
¢asnbimu xpomocomamu 80cmo4HOA3UAMCKOLU AeC-
Holi mbuuu. Vicnonb3oBaHHBIE B pabOTE MHKPOJHC-

BHOJIOTMYECKHME MEMBPAHBI

cexuponHbie [JHK-npo6bl BOCTOYHOA3HATCKOM Jiec-
HO¥ MBI JaBAJIH NTh BAPHAHTOB OKPAIIHBaHHA A-
1 B-xpomocom npu nposeaexun FISH ¢ xpomocomamu
BOCTOYHOA3HATCKOM JIECHOH MBIILH:

1. THK-npo6a npuileHTPOMEPHBIX PaiOHOB ayTO-
coMm (HHK-npo6a APOC). FISH c aToii npo6oii npu-
BeJia K OKPAIUHBAHHIO NPHIIEHTPOMEPHBIX PaiiOHOB ay-
TOCOM, HHTEpKaIsApHoro C-610ka X-XpOMOCOMBI, TE-
nomepHoro C-61oka Y-XpOMOCOMBI, IPHLEHTPOMED-
2005
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