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WHTporpeccus 4yKepoaHOTro XpoMaTiHa B FeHOM MSITKOH MieHunpb! Triticum aestivum L. siBisiercst HauOosee
s dexTrBHBIM criIoco00M oboratieH s reHo(OH/1a 3TOH KyJABTYpbI. J{J1s1 HOBBIIIEHHS CEIEKIIMOHHO LIEHHBIX
CBOMCTB IIICHUIBI B KAYE€CTBE MCTOYHMKA IPU3HAKOB HCHONIB3YeTCs poxb Secale cereale L. Ilepenaua
TeHETUYECKOTo Marepualia p)ku UMeeT cBou 0cobeHHOCTH. OObEMHEHNE TEHOMOB JIBYX 3JIaKOB B OJTHOM
sJpe IPUBOIUT K nucOanaHcy B paboTe BceX reHeTHYeCKHX cucteM. DopMupoBaHue HOBBIX HHTPOTpEC-
CUBHBIX (DOPM HAUMHAETCSl C BOCCTAHOBIICHUSI (PEPTUIILHOCTH aM(UIaIION/I0B, a 3aT€M COIPOBOXKIACTCSI
peopranusanueit THOPUIHOTO FTeHOMa, BO BPeMsl KOTOPOI JJOCTUTAeTCs [IUTOJIOTMYeCcKasi M TeHeTHYecKast
CTaOMIILHOCTD y JIUIIJIOMIHBIX TOTOMKOB. B 1anHoit pabote coOpaHbl 1 MpoaHaIn3upOBaHbl PE3yIbTaThI,
MOJyYEeHHBIE MPH U3YYEHUHU JIBYX 3TAMOB PEOPraHU3AIMM MIIEHUYHO-PKAHOTO TeHoMa: 1) mpeonoieHue
CTEpUIILHOCTH TMOpUI0B F, (UMTOreHeTHUYeCKre MeXaHU3Mbl 00pa30BaHUs HEPELYLMPOBAHHLIX TaMET);
2) peopranu3anusi CyOreHoMOB IIIEHHIIbI TP HHTPOTPECCUH EANHUYHBIX XPOMOCOM PIKH.

KoaioueBble ciioBa: nueHnIHO-pxKaHble THOpHABL, uTorenerrnka, FISH, mmmynookpammsanue, C-okpa-

HIMBAHHUE, peopraHnu3alnus rcHoMos, MeHOTHYECKas pecTurynus, MOZ[I/I(I)I/IKaLII/IH XpOMOCOM.

BBEJIEHUWE

Hcropust HHTpOrpeccur reHEeTHYEeCKOro Mare-
pHuajia P>k B TeHOM MSTKOH IMIICHUIIbI HACUUThI-
Baet 6onee 100 ner. B 1891 1. Hemeukum cenek-
nuoHepoM Rimpau Obi10 onmcano 12 pacreHuid,
BBIPAIIEHHBIX M3 3aBs3aBIIUXCS 3€PHOBOK Ha
MOJIYy4EHHOM WM HIIEHUYHO-PKAHOM THOpHE,
KOTOpBIC MPHUHITO CUUTATh MEPBBIMH TPUTHKAJIEC
(x Triticosecale Wittmack) (Rimpau, 1891). Crion-
TaHHBIC TPUTHKAJIE C BBICOKOW ILJIOJJOBUTOCTHIO
Obutn oOHapyskeHbl B KoHIEe 1920-x rogoB B Ca-
paroBe B 00raToM MarepHalle MieHnIHO-PKaHbIX
rubpuaoB. PacteHuss UMenn «IIpoMeKyTOUHBIE)
npu3Haku 1 onucansl I'K. Meiictepom Kak HO-
BBl Oorannueckuil Bun «Iriticum Secalotriticum
saratoviense Meister» (Jlepurckwmii, 1978a). 1lu-

TOJIOTMYECKUH aHaJINW3 TPUTUKAJE, CO3JaHHBIX B
Poccun u I'epmannn, mokasas, 4To COMaTUUECKUAM
Ha0Op XPOMOCOM pacTeHul paBeH 56 (MIOHTIIUHT,
1963; JleButckwuii, 19786). Takum 00pazom, reHOM
HOBOM KyJbTYpbl 00bEINHII T€HOMBI MILIEHUIBI 1
pxu AABBDDRR.

Tpurukaie okazaauch IpUBIEKaTEIbHBIM 00b-
EKTOM JIJIs CEJIEKITMOHEPOB OIaroapst MOBBIIICHHO-
My HMMYHHTETY K UTONATOreHaM, YCTOHYMBOCTH
K HEOJIaronpusTHBIM (aKTOpaM cpeibl ¥ O0JIee BbI-
COKHM NPOAYKTHBHBIM KauecTBaM. OTHaKO HOBast
KyJBTYpa ObLiTa HECOBEPIIICHHA M3-32 CBOCH HIU3KOM
03€PHEHHOCTH U ()EHOTUIIMYECKON HEOZHOPOI-
noctH (ITucapes, 1964). boun npennpuHATHI 1MO-
IIBITKY B IIOJTyYEHUH OOJIee epCIeKTUBHBIX HOpM,
KOTOPBIMH OKa3aJIMCh FeKCAIIONAHBIE TPUTHKAIE,
B pe3yJbTare 4ero JOCTUTHYTHI ONpeiesICHHbIC
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ycnexu. [lepBruuHbIC TeKCAIUIONTHBIC TPUTHKAJIE C
reHoMHbIM coctaBoM AABBRR co3naBanuics my-
TEM CKpeIIMBaHHS TETPAIJIONIHBIX BUIOB IIIICHHUI]
(T turgidum L., T. durum) c poxsto S. cereale L.
OnHaKO OHH XapaKTEePU30BAINCH HU3KON 03epHEH-
HOCTBIO, IIYIUIOCTBIO 3€peH, TIO3AHUMH CPOKaMHU
cozpeBanusl. JJ1s yimy e Hus STHX arpOHOMHYECKH
BaYKHBIX MTPU3HAKOB ISl 36PHOBOM KYIIBTYPBI pac-
MHPsIICS TeHO(OHT TPUTHKAJIE: B CKPEITUBAHUS
BOBJICKQTMCh OKTOIUIOUHBIE (OpMBI U copTa
MSTKOM MIeHUIbl. BTOpUUHbBIE TeKCAIIOWIHbIE
(GhopMBI UMEJN YIIYUIIEHHBIC arPOHOMHUYECKHUE
XapaKTEPUCTUKU U TIOMYUYWINA [TUPOKOE HCIOIb-
30BaHHE B Ka4€CTBE HOBOW CEIbCKOXO3HCTBEH-
HOM KyJabTypbl. UMEHHO 3TOT THUII IJIOUIHOCTH
UMEIOT BCE CO3/IaHHBbIC K HACTOSINEMY BPEMCHU
KOMMEpYeCKHe copTa, Bo3/esbiBaeMblie B [1omb-
e, benapycu, I'epmannn, @pannuu, ABCTpanui,
Kurae (Mergoum et al., 2009). 'eHOMHBII cocTaB
tputHKane xapakrepusyercs D(A), D(B) u D(R)
3aMeIIeHUsIMHU JTH00 TPAHCIOKAIMSIMH, KOTOPHIE
BIIMSIIOT Ha MOBBIIICHHE Ka4eCTBA XO3HCTBEHHO
LeHHbIX npu3HakoB (JyOosen u ap., 1995; Jleo-
HOBa u Jip., 2005; Mergoum et al., 2009; Zhou et
al.,2012).

[Tonck mMpuYMH MOHMKEHHOH IIOAOBUTOCTH
MEPBUYHBIX OKTOIIOUIAHBIX M T'eKCAIUIOWHBIX
TPUTUKAJIC U (EHOTHITUIECKONH HEOJHOPOTHOCTH
WX MOMYJSIHMNA CIIOCOOCTBOBAN HAYaTy W3yUCHHUS
IUTOTEHETUKH TIIICHUYHO-PKAHBIX THOPUJIOB B
pas3HbIX cTpanax (XBocToBa u Ap., 1972; Weimarck,
1974; llxytuna, 1977; Shchapova et al., 1984;
[I{arroBa, Kpasmosa, 1990). LluTonorndeckue mc-
CJICZIOBAHMS TIOKA3aJIM, YTO PACTEHUSI, UMCIOIIHE
oTIuYHs 10 (EHOTHITY, Yalle BCEro SBISIOTCS
aHeyIJouIaMu. B monynsinmusx TpUTUKAIE C
HU3KOH O3€pHEHHOCTBHIO TaKKe OOHAPYKEHBI
AHEYIUIOUIBI C YUCIOM XPOMOCOM OT 54 1o 58,
YTO MOTJIO OBITH BBI3BAHO MEHOTHYECKOW HecTa-
OmIbHOCTHIO. PaHee MUTONOTHYECKHE UCCIEO-
BaHWus, mpoBoauMbIie B Caparose B 1930-x romax,
MOKa3aJi HapyLICHUSI MeH03a y BCeX MMEBLIMXCS
B TO BpeMsI KOHCTAHTHBIX TpUTHKaje (JIeBUTCKUA,
19786). B madoparopuu rurorenetrku Ulul" CO
AH CCCP (1963—1975) 011 IpOBEICH ACTATBHBIN
aHanu3 meiosa y Triticale (2n = 42 u 2n = 56)
(IlxyTtuna, 1977) 1 HENONMHBIX MIIIEHUYHO-TIBIPEH-
HBIX aMmuIumionaoB (2n = 56) (XBocrtosa u ap.,
1972). V Bcex u3y4yeHHBIX (GopM Oblila HapylIeHa
KOHBIOTAINS XPOMOCOM. YHHBAJICHTHI SBISIIHCH

pe3yaBTaTOM JIECHHAIICHCA, YTO OBLIO BBIICHEHO
MpU U3YYEHUU NHAaKWHE3a, BO BPEMs KOTOPOTO
MIPOUCXOIMIIO TIPEXKIEBPEMEHHOE HCUC3HOBEHHE
XHMa3M MEX1y OWBaJeHTaMHU.

Takum 00pa3oM, IIpy BBEJICHUH F€HETHYECKOTO
MaTepHuaia p>Kd B KyJIbTypHBIC COPTa MIICHUIIBI
IyTeM J00aBJICHUS IIEJIBIX TECHOMOB K TIOJTHOMY
XPOMOCOMHOMY Ha0Opy He OBLIH TIOITYYEeHBI 0XKH-
JaeMble pe3yibTrarbl. OTCYTCTBUE TE€HETHUECKON
1 IUTOJIOTHUECKON CTAOMIBHOCTH Y TIEPBUYHBIX
OKTOIUIOMJIHBIX M T€KCAIUIOMIHBIX aM(UIUILION-
JIOB U CBSI3aHHAs C 3TUM HEBO3MOXKHOCTH TOJY-
YUTh O’KUJIAEMbIC PE3yIbTaThl OT HOBOM 3€PHOBOM
KYJBTYPBI BRI3BAIIN PAa3BUTHE HOBOTO HAIIPABICHUS
B XPOMOCOMHOM MHKEHEPHUH MIIEHUIIbI. BbLT B3SIT
Kypc Ha ToiTydeHue (popM MIIeHUITB! C HEOOTBITUM
KOJJUYECTBOM T'€HETHYECKOTO MaTepHaja pKu:
MIICHUYHO-PKAHBIX TOMOTHEHHBIX, 3aMEIICHHBIX,
TpaHciounpoBanHbIX TuHKH (T'omyOoBekas, 1971;
[lamoBa, KpaBmosa, 1990; Ilepmuna, 2014).
OtH pabOTHl BHECIH OONBIION BKJIaa B TEHETHKY
TIIIICHUITBI ¥ B pa3pabOTKy eAMHON HOMEHKJIIATYPBI
xpomocoM B moarpube Triticeae (Sears, 1952,
1954), oqHako TUHUU HE HCTIOIB30BAINCH HETO-
CPEIICTBEHHO B CEJICKIUU MO TEM XK€ MPUYUHAM,
Y9TO ¥ aM(pUIUTUIONBI. YCIIeX MHOTOYHCIIEHHBIX
COpPTOB CO CTIIOHTAHHO BKJIFOUEHHBIMH TPaHCIIO-
karmsimu 1RS.1BL u 1RS.1AL (Lukaszewski,
1990; Villareal et al., 1998; Mater et al., 2004) ne
ObLT IOBTOPEH. JIMHUU MINCHMIIBI C YYKEPOIHOM
WHTPOTPECCUCH B BHJIE 3aMEIICHUHN 1 MOTU(UKA-
LIUH XPOMOCOM CTaJI BKJIIOUATh B CENIEKIINOHHEIE
MIPOTPaMMBI B Ka4€CTBE IPOMEKYTOUHBIX (POPM.

Panee Ha ocHOBe OONBIIOTO KOJIMUECTBA JaH-
HBIX, NTOJIy4eHHbIX B 3kcnepumenrtax [.JI. Kap-
IIEYCHKO OBLIO MOKA3aHO, YTO IS TOTO, YTOOBI
rameTa ObUIa CIIOCOOHOM K Y4acTHIO BOCIIPOM3-
BEJICHUS TIOTOMCTBA, WJIA 3UroTa Obljla ClIOCOOHa
K Pa3BUTHIO, OHU JOJDKHBI 00J7a/aTh HE TOIBKO
OTIPEACIICHHON IMUTOJOTUYCCKONW, HO U TCHETHU-
yeckoil koHcTUTynuei» (Kapmeuenko, 1971.
C. 82). OTu BBIBOJBI BIOCIEACTBUU MOTYUUIH
noaTeepxkacHue. C MOSIBICHUEM HOBBIX METO-
JIOB ¥ TIOAXOZIOB B U3yUYEHUU T€HOMOB PACTEHHM
TPUTHKAJIE KaK DBOJIOIMOHHO «MOJOAA» KYyJb-
Typa, POOUTEIHCKUE (POPMBI KOTOPOH MMEIOTCS
B JJOCTYITHOM TIOJIb30BAHUH, SIBJISICTCS 3HAYUMBIM
00BEKTOM HCCIIC/IOBAHHS 3BOJIOIMOHHBIX MeXa-
HU3MOB BH1000pa3oBanus (Voylokov, Tikhenko,
2002). Cranmu qOCTYIHBI 3HAHUS O MEXaHHU3Max
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peopraHu3anuu U CTa0UIN3aNU THOPUIHBIX
reHomoB (/lybosen u ap., 2008; Ma, Gustafson,
2008). Iloce oObeAMHEHUS B OTHOM SIIPE TEHO-
MOB TIIEHHUIIBI U PIKU TPOUCXOISIT FTEHETHUCCKHE
U dIHUTeHEeTHYeCKue n3MeHeHus. OqHaKko OHU
UJyT UHTCHCUBHEE U OBICTpEe, YeM y JPYTrHuX
aJIJIOTIOJIUIIIONIOB, B OCHOBHOM 3TO Kacaercs
TeHOMa PKH, YTO, B TMIEPBYIO OUEPE/Ih, IPUBOIUT
K DJIIMMHHAITMY TTocienoBareapHocTeit JJHK (Ma
et al., 2004; Ma, Gustafson, 2006). CymecTByeT
HEMHOT0 MH(pOpMaKMK O MPUPOJE U3MEHEHUU
FeHOMa, KOTOpbIe TPeOYyITCS ISl YCIECIIHOTO
BHJI000pa30BaHUs MOCPECTBOM aJLIOMOJIUILIO-
uanu. B 0cOOGHHOCTH ATO KacaeTcs MEXaHH3-
MOB, C TIOMOIIBI0 KOTOPBIX HECKOJBKO TEHOMOB
JIOOWBAIOTCS TAPMOHUYHOTO COCYIIIECTBOBAHUS B
OITHOM H TOM XK€ siipe (TeHeTHYeCKas TUTIIIOU TN~
3a1us), ¥ MEXaHU3MOB, BBI3BIBAIOLIUX OBICTPYIO
nuddepeHnanu TOMEOIOTHYHBIX XPOMOCOM,
MpUA KOTOPOH OTCYTCTBYET BO3MOXKHOCTH IS
CITApUBaHUSA B MEHO3¢ W PEKOMOMHAITUN (IIHTO-
JIOTHYECKAs TUTLTONAN3AIN ). MeXaHu3MbI TeHe-
TUYECKOU JIUIIJIOUIU3ALIUN CIIOCOOHBI 3aITyCKaTh
TE€HHbI CalJIEHCUHT B OCHOBHOM 4Y€pe3 METHJIH-
poBanue JIHK, snumuHanuio yaBOCHHBIX T€HOB
WM aKTHBAIMIO T€HOB, KOTOPbIE OOBIYHO MOJI-
YyaT Ha JWIUIONTHOM ypPOBHE, a IUTOJOTHYECKas
TUTITIONIU3AINS MOKET BKITIOYATh DITUMHUHAIIIIO
nocnenoparensHoctedl JJHK, koTopasi, BO3MOX-
HO, BOBJICUCHA B TOMCK TOMOJIOTOB M MHUIIUAIINIO
cnapuBanus B Meiiose (Feldman, Levy, 2005; Ma,
Gustafson, 2005).

Hecmotps Ha TpyiHOCTH B TIepeiade XpoMOCOoM
PKU B I'€HOM IIICHUIIBI, OOJBIION MOTCHIIHAT
TCHETUYECKON M3MEHYMBOCTH TOTO BHIA OCTa-
ercs BocTpeOoBaHHBIM. Ha ceropHsimHuii J1eHb
HaKOIUICH 3HAYUTEJBHBIH OMBIT MO CO3/[aHUIO
Pa3HOOOpPAa3HBIX IO TEHOMHOMY COCTaBYy WHTPO-
TPECCHUBHBIX IMIIIEHHYHO-PKAHBIX (POPM, OITHAKO
JUTSI TIOJTYY€HUST HOBBIX LIEHHBIX (DOPM IIIICHULIBI C
9yKEPOIHBIM XPOMATHHOM HEOOXOIUMO TPOJI0JI-
’KEHUE UCCIIECIOBAaHUN 0 U3YyUYEHUIO MEXaHU3MOB
peopranuzanuu ruOpUIHOTO reHoMma. B HacTos-
e paboTe MpeICcTaBICHBI U IPOaHAIN3UPOBAHBI
JTaHHBIE, KacaIOIIHeCs peOPTaHN3aINN THOPHITHBIX
TEHOMOB Ha TICPBOM M TOCIICTHEM JTamax HWHT-
pOTPECCUU XPOMOCOM P3KH B TEHOM MIICHUIIBL:
1) BoccTaHOBIeHUE (EPTUIBLHOCTH THOPUIIOB
TIEPBOTO IMOKOJICHUS (aHAIN3 MEHOTHYECKHIX MeXa-
HU3MOB 00pa30BaHUs HEPEAYIIUPOBAHHBIX TAMET)

u 2) peopranuzanusi cyOreHOMOB MIIEHHUIBI MTPH
WHTPOTPECCUH €ANHUYHBIX XPOMOCOM PXKH.

BOCCTAHOBJIEHUE ®EPTUJIBHOCTHU
Y NIHEHNUYHO-PKAHBIX
AMOUTAIIVIONIOB:
MEMOTHUYECKAS PECTUTYLIAA

[Tpeononenue crepunbHOCTH THOPHIOB F | siB-
JISIETCSI TTIABHBIM OapbepOM BKJITFOUEHHUS XPOMOCOM
KU B TCHOM IIIICHUITHI HA HaYalbHOM dTarne. J{is
0€301IMO0YHOTO PACTIPE/ICIICHUS XPOMOCOM B MEHi-
03¢ HEOOXOMMO HAJIMYKME TIapbl TOMOJIOTOB, B TO
BpeMs KaK y THOPHJIOB TIEPBOTO MTOKOJICHHSI, TEHOM
KOTOPBIX 00pa3yeTcs N3 HECKOIBKHX TalIONTHBIX
TCHOMOB, MEH03 TIPOXOIUT C MHOTOYHCIICHHBIMHU
HapyHIICHUSIMHU, YTO U BBI3BIBACT CTEPUIHHOCTD.
Hecmortpst Ha 3T0 y aM(UrarionioB (MexXpoI0BOi
rubpun F,, 4x = 28, renomuas ¢opmyna ABDR)
WHOT/Ia 3aBSI3BIBAIOTCS 3€pHA MPU CaMOOIIbLIe-
HuH. XKu3HecrnocoOHOCTh rameTaM 00ecrieunBaeT
OITHOKPATHOE JCJICHNE YHUBAJICHTHBIX XPOMOCOM
Ha CECTPUHCKHUE XPOMATU/IBI B TIEPBOM M BTOPOM
nenennn Meinosza (Cunkosa u ap., 2011). Takue
ramMeThl 00ECIICYMBAIOT YACTHUHYIO PePTUIHHOCTD
1 00pa3oBaHKE TOJUILTIONTHOTO OPraHW3Ma, aM-
dbumumionna (2x = 56, AABBDDRR). Ilporecc,
KOTOPBIH MPUBOIUT K (HOPMUPOBAHUIO HEPEIY-
LIMPOBAHHBIX TaMET, HAa3bIBAETCS MEHOTUUYECKOU
pectutryuueit. IToT (PEHOMEH BbI3BaJI MHTEPEC
HCCIe0BaTeNeH K N3yUYEHUIO MEXaHU3MOB Meio3a,
MPUBOSIINX K HEPETYKIIUH YHCIa XPOMOCOM B
ramerax.

PA3JIMYHBIE TUITHI IOBEJIEHUS
XPOMOCOM B MEHOIIMTAX
MIIEHAYHO-PXKAHBIX
AMO®UTAILIOUIOB

Panee mpoBe/ieHHBIC MCCIICOBAHMUS BBISBUIIN
aHOMAJIMHM MeHo03a, CBSI3aHHBIC ¢ MECHOTHUYECKOM
pectutynueit y amQpuraniouoB B moarpuoe
Triticeae. OHM BBI3BIBAIN OJOKMpOBaHUE JTHOO
MIEPBOTO, JTHOO BTOPOTO MEHOTHYECKOTO JETICHHS
(CurnxoBa u gmp., 2011). B mepBom cimydae B MI
CECTPUHCKHE KHHETOXOPbI OPUEHTUPYIOTCSI OUIIO-
JIIPHO, HO KOT€3HsI MEXKY CECTPUHCKUMHU IICHTPO-
Mepamu coxpansiercs 10 All (Cai et al., 2010), aTo
SIBIISICTCS IPUYMHON HEPACXOKICHUS XPOMOCOM B
Al u oOpa3oBaHus auaj B KOHIE Meiio3a. Takoii
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THUII TIOBEJICHUSI XPOMOCOM OBIJI HA3BaH PECTUTY-
el B mepBom nenenui (first-division restitution,
FDR) (Xu, Joppa, 1995), 3aremM enTMHCTBEHHBIM
neneHueM Metiosa (single division meiosis, SDM)
(Matsuoka, Nasuda, 2004) u HeaBHO OnHcCaH
KaK HepeAyKIIMOHHOE MEHOTUYECKOE JCJCHUE
(unreductional meiotic cell division, UMCD) (Cai
et al., 2010). Bo BropoMm ciry4ae ceCTpHHCKHE
XPOMaTH/Ibl YHUBAIEHTHBIX XPOMOCOM PaCXOMISATCS
B Al, BTOpOE neneHme OIOKUPYETCs, TUAIBI 00-
pa3yroTcs Kak KOHEUHBIM IPOayKT Meiio3a (Aase,
1930; Maan, Sasakuma, 1977; lllarioBa u ip., 1987;
CunkoBa u 1ip., 2003; Zhang et al., 2007; Zhang et
al., 2008; Olesczuk, Lukaszewski, 2014).

Onnako ¢ 1968 1. coxpaHseTcs MPHOPHUTET
32 OJHMM IIMTOJIOTHYCCKUM MEXaHH3MOM MeEHo-
tnaeckoi pecrutynuu — FDR, SDM, UMCD
(Wagenaar, 1968; Islam, Shepherd, 1980; Xu,
Joppa, 1995; Matsuoka, Nasuda, 2004; Cai et al.,
2010; Matsuoka et al., 2013). IloBenenne xpomo-
COM OTIMCBHIBAETCS KaK «aHOMAIJIbHAS TIPOJIOHTAITHS
Metadassl [», B TeueHne KOTOPOi yHHBAJICHTHI,
MepBOHAYaIbHO pa30pOCaHHbIE MO KIETKE, IO-
CTETICHHO MCHSIsS OPUCHTALIUIO C YHUIIOJISIPHOW Ha
OUTONSIPHYI0, COOMPAIOTCS HA 3KBaTOpe. 3areM
TIEPBOE JIENIEHIE OJIOKUPYETCS, 2 BTOPOE MPOTEKAET
HOPMAaJIBHO, B 3aBEPIIICHIE €r0 00pa3yroTCs AUA/IbI.
[Ipenmonaraercs, 4TO MPUYNHON OIOKMPOBAHUS
MEePBOIo JICJICHUS SBJISCTCS KOJUIANC BepeTeHa
nenenus (Cai et al., 2010; Matsuoka et al., 2013).
[Tpu ucronp30BaHUY B KAY€CTBE MapKepa aHTUTEI
phSer10H3 (pochopunuposanne ructona H3 Ha
ocratkax Serl0), KOTOpble UMEIOT Pa3TNIHYIO JIO-
KaJIM3al[ui0 Ha XpOMOCOMaX B [IEPBOM U BTOPOM Jic-
JICHUSIX MEH03a, ObLIO ITOKAa3aHO, YTO PACXOXKICHHUE
YHHUBAJICHTOB Ha XPOMATH/IbI IIPOUCXOIUT UMCHHO
B All (Matsuoka et al., 2013). Takum oOpazom,
IO CUX TIOp Tpeo0IiaaeT MHEHHE O HEBO3MOXKHO-
cté 00pa3oBaHMUS PECTUTYIHOHHBIX SAEp IMOCIHe
SKBAllMOHHOTO JIEJIEHUs] YHUBAJEHTOB B Al, Tak
KaK 10CJie OUIOJISIPHON OPUEHTAI[MH XPOMOCOM
MIPOMCXOUT KOJUIANC C(hOPMUPOBAHHOTO BEPETCHA,
CJICIOBATEIIbHO, JICIICHHE W PACXOXKJICHUE CECT-
PUHCKUX XPOMATH]T BO3MOXKHBI TOJIBKO BO BTOPOM
JIeJICHUH Meio3a.

O06pa3oBaHHUE TAMET C COMATHICCKUM YHCIIOM
XPOMOCOM Y MEKBHJIOBBIX U MEXKPOIOBBIX THOPH-
noB B Tpube Triticeae — He CITy4JaitHBIN MpoIlecc,
OH KOHTPOJIUPYETCS JICHCTBUEM W/WIU B3aUMO-
JIECTBUEM T'€HOB POIUTENhCKHX BHIOB (Wagenaar,

1968; lllanosa u ap., 1987; Xu, Joppa, 1995;
CunxoBa u 1ip., 2003; Zhang et al., 2007; Zhang et
al., 2008). C menpro onpeaeaeHus XpOMOCOMHOTO
koHTposisi FDR ObuTH moiTydeHbl THOPUIBL B pe-
3yIbTaTe CKPEIUBaHus 14 TMHUN TETPaIIONIHON
neHuLs! copra Langdon, B reHOMe KOTOPHIX mapa
XxpomocoM D-reHoMa 3aMelrana roMeoIoTH A HITH
B renomos, ¢ poxxsto copra Gazelle u Ae. squarro-
sa L. (Xu, Joppa, 2000). Ha ocHOBaHuY [1OTy4EH-
HBIX PE3yJIbTaToB OBLIO MMOKa3aHO, YTO XPOMOCOMa
4AT. durum copra Langdon, BeposTHO, HECET I'eH,
PETyIUPYIOIINI BBICOKYIO YacTOTy 0Opa3oBaHHS
FDR, a xpomocomsl 3A u 6A MOryT HECTH TEHHI,
KOHTPOJUPYIOIIHE TPOXOKICHUE BTOPOTO ICIICHHUS
nocie FDR y rubpuioB, HoIydeHHBIX OT CKpPEIIH-
BaHUs ¢ poxbio. [lokazano Takxke, 4To y THOpHIa
nuaun 1D(1A) ¢ Ae. squarrosa L. B iepBoM niene-
HUM Mei03a HaOII0AAI0Ch SKBALUOHHOE JICJICHHE
XPOMOCOM C BBICOKOH 4acTOTOM.

Y oTnaieHHBIX THOPHUIOB OKa3aHa BHICOKAs Ba-
pUadeTbHOCTH B MTOBEJICHUT XPOMOCOM. BEIsIBIICHBI
pazINyms 10 XapaKTepUCTUKAM MUKPOCTIOpOTeHe-
3a Mexy pacterusmu (Islam, Shepherd, 1980; Xu,
Joppa, 1995, 2000; CunkoBa u ap., 2003), a Takke
VHIMBHTy aIbHBIMHU KOJIOChSIMU OJTHOTO PACTEHHUS,
Y TIBUTBHUKAM B ITpeziesiax oxHoro konoca (CrmkoBa
u 1p., 2003). B cBsA3H ¢ 3TUM MHOTOYHCIICHHOCTh
Pa3HOOOpPa3HBIX aHOMAIUI BBI3BIBACT TPYJHOCTH
B MMOHUMaHWH PETYJSIMA MEHO03a W BBISBICHUU
3aKOHOMEPHOCTEH B MOBEJIEHUH XPOMOCOM y aM-
(uraronos.

Pesynbrars! paboThI 110 U3YYEHUIO Mei03a y aM-
(buTarIon 0B, MOTYYEHHBIX ITyTeM CKPEITHBAHUS
C POYKBIO MSITKOM IMIIICHUIIBI U MIIIEHUYHO-PXKAHBIX
3amenieHHbIX JuHUA 1R(1A), IRv(1A), 2R(2D),,
2R(2D),, 2R(2D);, 5SR(5D), 5R(5A), 6R(6A)
(Idanoa, Kpasnosa, 1990; Cunkosa u zip., 2006;
CunkoBa u ap., 2007), mokazanu, 4to 00beHEHIE
YyeThIpex rariouIHbIx reHoMoB ABDR nipuBouT k
JIByM THIIaM MeioTraeckoro rukia (Silkova et al.,
2011) —9T0 ABYXCTYyIIEHYATOE JIeJIeHHE, TO00HO0e
MeH03y, U OHOCTyNeHYaToe, ¢ OJOKHPOBaHUEM
MepBOT0 WM BTOporo aeneHuil (puc. 1). B pe-
3yabTaTe MOCIEAHETO TUTIA JIEICHUs 00pa3yroTCs
(hyHKITMOHAIbHBIE HEPEAYIIMPOBAHHBIE TaMETHI.
OTH NaHHbBIE BBISBHIIN 3aBUCHMOCTH TaTTepHA
MEHOTHYECKOTO IUKJIA OT TUIAa PACXOKICHUS
YHHUBAJIEHTHBIX XpoMocoM. ClieZicTBHEM ClTydyai-
HOTO pacrpenesieHusi XpOMOCOM K TOoJItocaM (Iap
CECTPHHCKHX XPOMAaTH]I, COeTUHCHHBIX B pallOHE
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Puc. 1. Turms! neneHns XpoMOCOM B MEHOIIUTAX MIIIEHUYHO-PyKaHBIX THOPHUIOB C MOJHUTaIUIOnJHEIM reHoMoM ABDR.

a— KoJIoC m6pm{a Fl; 06— pe,[[yKLlI/lOHHLIﬁ TUIl ACJICHUA, B — 9KBALIMOHHBIHN THIT JCICHUA, T — 6J'IOKI/IpOBaHI/Ie TIEPBOI'O ACJICHUS;

I — (hepTHIIBbHAS TBUIBIA; K — THOPUIHBIE 3epHA.

HEHTPOMEPBI, PEIYKIIMOHHBIH THIT PACXOMKICHHS)
SIBJISIFOTCSI TIPOXOXKJICHUE BTOPOTO JICNICHHs U 00pa-
30BaHUE CTEPHIILHOU MBLIBIBI (pUC. 1, 0).
Pazznenenne yHUBaIEHTHBIX XPOMOCOM HA CECT-
PHUHCKHE XPOMATH/IBI ¥ PACTIPEICIICHUE TOCIICTHUX
K ITOJIFOCAM B TIEPBOM JICIICHUH Meii03a (9KBaI[OH-
HBIM THIT pacxokjeHus) (puc. 1, B) OJIOKHPYIOT
BTOpOE JICTICHNE, U 00pa3yloTcst Auajpl (Hepemy-
LUPOBAaHHBIE MUKPOCIIOPHI), KOTOPbIe HOPMHUPYIOT
¢deprunpHyto meubLY (puc. 1, 1). brokupoBanue
MEPBOTO JICJICHHUS C XapaKTEPHBIM PaHallbHbIM
pacrojioKeHHeM XpoMocoM (puc. 1, T) 3aBepima-
€TCsI BTOPBIM JICJICHHEM, B PE3YyJIbTATE Yero TaKKe

00pa3yloTcs HepeayLUpOBaHHbBIE MUKPOCIIOPHIL.
BcenencrBue 31oro y 4acTuuHO (epTHILHBIX THO-
punoB Ha craauy Tenodassl [ mpeobnanarot auaapt
(puc. 1, B, T).

PacxoxieHue xpoMocoM B MeHonuTax, (heHo-
TUTIIMYECKU CXOXKHUX C «TIPOJIOHTHpYIOIei MeTada-
301 I», KnaccnuuupoBaHoO Kak CaMOCTOATENbHBIN
THII IJICHNS — YKBAIIMOHHO-PETyKIIMOHHBIH (puC. 2).
Takoll TUII MOBEAEHUSI XPOMOCOM 3aBeplIAJICS
BTOPBIM JIEJICHUEM MeH03a ¢ MHOIOYUCIIEHHBIMU
HapyIIEHUSIMHU.

BrlsiBlIeHHBIC TaTTEPHBI MEH03a y aM(HTrario-
nnos ABDR renetnuecku perynupyrorcs. 3ame-

&

L5

Puc. 2. DxBalMOHHO+PEAYKIIUOHHBIN THII I€IEHUS XPOMOCOM.

a—metadaza I (C-09HIUHT); 6 — MUKPOCTIOPBI C MUKPOSIIPAMH (alleTOKApMHH).
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nienne 2R/2D xoHTponupyeT nenenue, mogo0Hoe
Meio3y, a 3amemenus SR/5D, 6R/6A u 1Rv/1A —
OJHOCTYIIEHYATOE JICJICHHUE  00pa30BaHUE HEPEY-
nupoBaHHbIX ramer (Silkova et al., 2011).

OCOBEHHOCTHU INOBEJEHUS
XPOMOCOM, ITIOJOBHOI'O MHUTO3Y,
B MEMOIIUTAX TMBPUIOB:
CITAPUBAHUE XPOMOCOM
U CTPYKTYPA
HEHTPOMEPHOI'O PAHIOHA

CriapuBaHue XpoMocoM B mpoaze Meio3a siB-
JSIeTCS KITIOUEBBIM COOBITHEM ISl UX PEKOMOMHA-
LIMH U TTOCIIEIYIOILEr0 IPaBUIbHOTO PACXOXKICHHS.
BosmoxHOCTH 00pa3oBaHus OMBAJIEHTOB B MeiH03€e
NIIEeHUYHO-PKaHbIX THOpuaoB F, nckirodaercs
M3-32 OTCYTCTBHS TOMOJIOTOB U CYTIPECCUU CIIapH-
BaHMS MEKAY HETOMOJIOTaMU CUCTEMOH reHoB Ph
(pairing homoeologous) (Sears, 1976), onnako B
HEKOTOPBIX ClIydyasix (JOPMHUPYIOTCSI TOMEOIOTnY-
HBIE U reTeponornanbie ouBanenTs! (Miller et al.,
1994; Benavente et al., 1996).

Panee mccnenoBarensiMu OTMEUYanoch, 4TO
OJTHOW M3 O0COOCHHOCTEH peryisinuu menosa,

61,24 6553

50

MeroTtnyeckuin

OJI00HOTO MUTO3Y (IKBAIIMOHHBIA TUM JCICHHUS
U pacxXoKJIeHUs XpoMocoM B aHadaze [, 6moxu-
pOBaHHE BTOPOTO JIeJIeHusI ¥ (popMHUpOBaHUE He-
PEIYLMPOBAHHBIX TAMET), SIBJISIETCS IOYTH MOJTHOE
OTCyTCTBUE oOpa3oBaHus OuBajeHTOB (Maan,
Sasakuma, 1977; llanoBa u ap., 1987; Xu, Joppa,
1995, 2000). Hamu uzyuen xapaxrep oOpa3oBaHus
OMBaJICHTOB B MEUOIMTAX C Pa3IMYHBIM TOBEIe-
HreM xpoMocoM (Silkova et al., 2013). ['enoMHBII
coctaB ruOpuoB F, (3aMelieHHbIE TUHUHT X POXKb
S. cereale L..) rapaHTHpYET MPUCYTCTBUE TTAPHI PrKa-
HBIX TOMOJIOTOB B TE€HOME KaXJIOTO U3 THMOPU/IOB
1 00pa3oBaHHE UMU OHMBAJICHTA; B TEHOTHUIIE THO-
PHUIHOTO MaTepuaa MpUCyTCTBOBAIH JIOKYCHI Ph.
Paznenenne yHHBaI€HTOB IO IEHTPOMEPAM HUMEITO
MECTO B MEHOIIUTAX JBYX THIIOB: C SKBallHOHHBIM
U DKBAaI[MOHHO+PEAYKIIMOHHBIM J[CJICHUECM, a
(hopMupoBaHue OUBaJICHTOB B MEHOIIUTAX OJIHOTO
Y TOTO K€ T'CHOTHIIA 3aBHCENIO0 OT THUIA JCICHUSI
YHHUBAJIEHTHBIX XpoMOocoM (puc. 3).

B meiioniutax ¢ jeneHueM 1o TUIYy Meilo3a
OMBaJICHTH 00PA30BHIBAIICH 3HAYUTEIHLHO YaIlle,
B TO BpeMs KakK B MEHOLUTAaX C JICJICHUEM II0
TUITy MUTO3a OWBAJICHTHI OBLIM CAMHUYHBI WU
orcyTcTBOBaiu (puc. 3, a). Cpenu mocieaHux

7,03
I

1,05 3,66

MuToTHYeckunii

Bl C29xR (koHTponb); HE 1R(1A)xR; mm 6R(6A)xR

b

Puc. 3. Xapakrep criapuBaHusi XpOMOCOM B MeH03¢ aM()UTaILUIOHIOB.

A — TIPOIIEHT KJIETOK ¢ OMBAJICHTAMHU CPEIN MEHOIMTOB ¢ MEHOTHYECKUM M MHTOTHYECKUM TATTePHAMH Mel03a y THOPHIOB
F, C29xR, IRv(1A)*R u 6R(6A)xR. b — moenenme xpoMocoM B MeTadase I B MeHoluTax ¢ ieIeHNEM M0 THITy Meio3a (a) 1
muTO3a (0): a — 0OpasoBaHHe OHBAJICHTOB XPOMOCOMAaMH IMILICHHIIBI M P3KH (OMBAJICHTHI yKa3aHbI CTpelikaMu); 6 — 8 yHUBaJICH-
THBIX XPOMOCOM P3KH, BKJTIOYast romosiord 1R1R. TeHomuast in situ ruOpuamu3arust (XpoOMOCOMBI PiKH OKPAIIEHB! KPACHBIM).
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oOHapyxeHo Oonee 90 % meiiouToB Oe3 OuBa-
JeHTOB. ['OMOIOTH PXKU B 3TOM Ciydae Takke He
dbopmupoBam 6uBaneHTs (puc. 3, b, 0).

Tak Kak HEHTPOMEPHBIN palioH UTPAET KItoUe-
BYIO pOJIb B OPMEHTAILINH, ACJCHUHU U PacXOoXK[e-
HUHM XPOMOCOM, HaAMHU ObLIa W3ydeHa CTPYKTypa
HEHTPOMEPHI B MeH03e YaCTUYHO (DepTHIIBHBIX
MIIeHUYHO-PKaHBIX aMmduramaongos ABDR
(4x = 28) ¢ ucnonp30BaHUEM IICHTPOMEPOCITCIIN-
¢uanbx pod pAWRC] u Ae. tauschii pAet 6-09
(JIorunoBa, CunkoBa, 2014). CpaBHUTENbHBIN
aHaJM3 MaTTEePHOB JIOKAIM3AIMK P00 B MHUTO3E,
HOpMaJIbHOM Meiio3e y mieHunsl 1. aestivum L.
u pxu S.cereale L. n B Meiio3e amurarionjoB
BBISIBIJI Pa3JIMUUsl B CTPYKType LIEHTPOMEpP Y
MOHOIIOJIIPHO ¥ OHUMOJISIPHO OPUEHTHPOBAHHBIX
xpomocoM (puc. 4).

B niepBoM jiesieHum Meto3a ruOpuIn3aliMOHHbIC
caiiTbl HaOMIONANKCh B BUJAE MJIOTHBIX TOYEK Ha
NEPBUYHBIX MEPETHKKAX XPOMOCOM B JTUIJIOTEHE
u Metadase (puc. 4, A, a), a B MUTO3€ ¥ BTOPOM
JIEJICHUU MeH03a CAThI BBIIVISACIU KaK HATSHYThIE
09H11b1 ¢ T DY3HOH CTPYKTYPOI, paclioIoKEHHBIE
NoTepeK eHTPOMEPHOTO paiioHa (puc. 4, A, 0).

OTH JaHHBIE OBIIM 3KCTPANOIUPOBaHbBl Ha
XapakTep Jiokaiau3zauuu noBtopa pAet6-09 B
Mel03€e MIIEHUYHO-PKaHbIX aM(UranjiouoB.
BbII0 BBISIBIEHO TpHU THIIA MEHOLMTOB, OTJIMYA-
IOIIUXCS TT0 XapaKTepy paclpeielieHns] CUTHAJIOB
rubpuau3anuu Ha neHTpomepax (puc. 4, b, B):
1) B MI caiiTel ruOpuan3auyd Ha BCEX XPOMO-
coMax MMENHU BHJ MJIOTHBIX TOYEYHBIX CUI'HAJIOB
(puc. 4, b, 06).Takas opraHu3amus ICHTPOMEP
OTpakaeT MOHOTIOJISIPHYIO OPUEHTAIINIO CECTPUH-
CKHX KHHETOXOPOB B MEHOIIUTAX C PEAYKIIMOHHBIM
TUTIOM JieneHus; 2) B MI ojHr XpoMOCOMBI UIMENTH
TOYEYHbIE, a IPyTUe — pacTAHyTble Tu(y3HbIe
curHaibl ruOpuam3anuu (puc. 4, b, a). Meiioru-
Tl JaHHOTO THIIA COOTBETCTBOBAIM MEHOLUTAM
C DKBAIlMOHHOTPETYKIIMOHHBIM THUIIOM JICJIICHUS;
3) ouTH BCE XpPOMOCOMBI, 3a UCKITFOUeHHeM 1-3, pac-
T0J1arasch B 9KBaIlMOHHON IJIOCKOCTH, UMEJIH HaTs-
HyTbIe T y3HbIE CUTHATBI THOPUI3ALIY B MEHO-
LUTax 3KBaLlMOHHOTO THIIA AeneHus (puc. 4, B, a).
XpomocomMsl B Al menmmianch Ha CECTPUHCKHE
XPOMAaTH/IbI, KOTOPBIE PACXOANIIICH K TIPOTHBOTIO-
JOXKHBIM TotocaM (puc. 4, B). CnenoBarensHO,
naTTepHsl Jokann3anuu pAet6-09 npeanonararor
CTPYKTYpHBIC M (PYHKIMOHAJIbHBIE 0COOCHHOCTH
LEHTPOMEPHBIX PallOHOB B MeH03€ MIICHUYHO-

PKaHBIX aM(UTaruIon10B, 3TO OTPaXKaeT 0COOYIO
PETYIALMIO MOBEACHUS XPOMOCOM BO BpEeMsI SKBa-
LIUOHHOT'O JEJICHUS.

[Toxoxkue pe3yynbTaThl MOJYYCHBI MIPH CPAaB-
HUTEJHHOM aHaJIn3e MOBEACHUsI XpoMocoM B Al
Meii03a MIIEHUYHO-PKAHBIX THOPUIOB C HCIIOJb-
30BaHMeM MyTaHToB mureHunbsl Chinese spring
o sokycam Phl w Ph2 (Aragon-Alcaide et al.,
1997). Iuddy3asie curHanpl THOPUIN3AIAHT
neaTpomepocnernupuaHoi mpoosr CCS1 obHapy-
YKEHBI Y XpPOMOCOM C OHITOJISIPHON OpUEHTAIeN 1
MOCIEeTYIOLINM JIeJICHueM UX Ha XpoMmaTu sl Of-
HaKO TaKHUE XPOMOCOMBI PHCYTCTBOBAJIHM TOJIBKO B
MeHonuTax rHOpUIOB ¢ BBICOKMM yPOBHEM CHIApH-
BaHus (oTCyTCTBUE JIOKyca Phl). [lomaraercs, 4ro
muddysnbie curnais ruopuanzannu CCS1 orpa-
KaroT 0COOCHHOCTH B CTPYKTYpPE IIEHTPOMEPHOTO
XpOMaTrHa B TEHOTHUIIAX ¢ OTcyTcTBUEeM Phl. Hamm
JaHHBIC HE TIOATBEPKIAIOT STH BHIBOABI. BinsiHue
Ha 4acToTy (popMHUpOBaHUs OMBAJICHTOB OKa3bIBaJI
THIT PACXOXKICHUS XPOMOCOM TIpH Hamuawu Phl,
TaK e, KaK ¥ Ha XapakTep JIOKaTU3alui CUTHAIIOB
rudpuanzannu npoost pAet6-09 (mmoTHbIe TOUEY-
Hble 1100 A Py3HbIe HaTsIHYTHIC). ClienoBaTeNb-
HO, POPMUPOBAaHUE CTPYKTYPHI LEHTPOMEPHOTO
paiioHa — 3TO CIOXKHO PEryJupyeMblil mpolecc,
0CcO0EHHO B Mei03¢e aM(UTATION 0B, Ha KOTOPBIH
HE MOKET BIIHSITH TOJIBKO JIOKYC Phl.

Takum 00pa3oM, HAMH TIONYYEHBI JOMOTHH-
TeJbHBIE J0Ka3aTelbCcTBa TOTO, YTO B apXecro-
pHANBHBIX KJIETKaX MbUIbHUKA aM(UTanjona0B
BO3MO)KHA MOIU(HUKALNS PErySILUN KICTOYHOTO
LIMKJIA [IPU 3aIlyCKE WIH BO BPeMsl MEHOTHYECKOTO
JIeTICHHUs1, B KOTOPOM MBI HAOJTIO/IaJ i XapaKTepPHbIC
JUISt MHTO3a TIPU3HAKH: OTCYTCTBHE OWBAJICHTOB H
0c00yI0 CTPYKTYpY LICHTPOMEPHOTO paliOHa.

OOPMHUPOBAHUE
BEPETEHA JIEJJEHUS B MEMOITATAX
C PA3JIMYHBIMHU THITAMMU
PECTUTYLIHUH

B nacrosiee BpeMsi HET OKOHYATENBHO chop-
MUPOBAaHHOTO MPEACTaBICHUs 00 00pa3oBaHUU
BEpeTeHa JeNIieHus B MeHo3e, Koraa o0pasyrorcs
HEpEAYLMPOBAHHBIE MUKPOCIOpPBL. bunoiaspHoe
BEPETEHO B MEHOLUTAX C 3KBALMOHHBIM Jeie-
HHUEM YHHBAJCHTHBIX XpOoMOcOM B aHadaze |
OIIMCAHO, OAHAKO aBTOPBI I10JIAralT, YTO TAKOE
BEpETEeHO HE(PYHKIHMOHAILHO, BIOCIEIACTBUHU B
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MI-AI npeTeprieBaeT KOJUTAIIC, B pE3yJIbTaTe Yero  C JIJICHHEM, MTOJJOOHBIM MUTO3Y, 00pPa30BEIBAIOCH
onmoxupyercs iepBoe aeneHue meiosa (Cai ef al., IUBEPreHTHOE BEPETEHO, & YHUBAJIICHTHBIE XPOMO-
2010; Matsuoka et al., 2013). [IpuauHbBI 3TOTO HE  COMBI pacIoiaraJIuCh Ha 9KBATOPE, OPUEHTUPYSICH
HaleHbl. B HameM 3KCTIepUMEHTE B MEHOIIUTAax  OWIOISAPHO (pHC. 5, a).

Puc. 4. Jlokanuzarus neHTpoMepocnernupuaHoi mpoost pAet6-09.

A — Melio3 pku, HOpMa: a — IIepBoOe JelieHne; 0 — BTopoe jaeieHne; b — Mei03 y cTepuiIbHBIX aM(UTaIUIONIOB: a —
SKBALOHHOTPETyKIIHOHHBII THIT JeTCHHS; 0 — PeXyKIMOHHBIHN THIT JeJeHus; B — Meiio3 y yacTnaHO (GepTHIbHBIX aMmduran-
JIOU/I0B: a — 3KBALIMOHHBIH TUII 1esIeHNs; O — OJI0KMpOBaHue IEPBOTo AeieHus. LleHTpoMeps! OKpaleHbI 3eJIeHbIM, XPOMOCOMBI
PKH — KpacHBIM. b, 6 — XpOMOCOMBI pyk1 OKpaIIeHb! 3eJICHBIM, IIEHTPOMEPHI — KPAaCHBIM.

Puc. 5. O6pa3zoBaHne BepeTeHA ICICHUS B MUKPOCIIOPOTEHE3E C MEHOTHYECKOM PECTUTYLIHEH.

a — OunossipHOE TUBEpreHTHOE BepeTeHo B MI, XpoMOCOMBI pacmoniokeHbl Ha 3KBaTope; 6 — oOpa3oBaHue ¢parmoruiacta B
Tenodase [; paBHbIC TPYIIITBI XPOMOCOM Y MOJIKOCOB; B — MOHOIIOJSIPHOE BepeTeHO B MI, XpOMOCOMBI OpPHEHTHPOBAHBI IICHTPO-
MepaMH K OJHOMY TOJfocy. IMMyHOOKpammBaHie, CHHIM OKPAIIeHBI XPOMOCOMBI, 3€JICHBIM — BEPETEHO.
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[epBoe nenenue npoxoauso 63 aHOMaJHA, Be-
PETEeHO MepeMeIano K IOJI0CaM CECTPUHCKHUE XPO-
MaTHu/bl, B PE3yJIbTaTe 4ero 00pa3oBbIBAINCH PAB-
HBIC TI0 BeTTHYHHE TeJo(a3HbIie rpynms (puc. 5, 6).
Y yacTu4HO (HePTHIBLHBIX THOPHUIOB IPUCYTCTBO-
BaJIM TAK)KE MEHOLIUTHI C PaJIaibHBIM PaCIIOIOKe-
HHEM XPOMOCOM (puc. 1, T), 4To OJI0KUPOBAIO Iep-
BOE AieieHHe. IMMyHOOKpalnBaHue Ha o-TyOyInH
[I0Ka3aJI0, YTO B TAKUX CIy4asX MUKPOTPYOOUKH
(bOpPMUPYIOT MOHOTIOJISIPHOE BEPETEHO C ITOIFOCOM
B LIEHTPE TPyNIBI XPOMOCOM (MOHOACTpPajbHOE
BepereHo) (puc. 5, B). Toueunsle curHambsl THO-
PUIM3AIMH LEHTPOMEPOCTIEHU(UIHOTO TOBTOPA
pAet6-09 Ha XxpoMOCOMax, PaCONIMKEHHBIX TAKUM
obpaszoMm (puc. 4, B, 0), Tar0T TOTOJHUTEIHLHOE
JIOKa3aTeIbCTBO MX MOHOIIOJISIPHOW OpUEHTAIUH.
OnHako oOmEenpu3HaHO, YTO MOHOIOJSPHBIE
BEpETeHa HE XapaKTEPHBI AJIsl PACTCHUH, a TaKue
KapTUHBI BO3MOXKHBI M3-32 pa3/laBiIMBaHUS Mei-
OLIMTa MO HANPABJICHUIO OT MOJIOCOB K IKBATOPY
kieTkd. CylecTByeT 1 MHEHHUE, UYTO BCIICICTBHE
KoJITarca OUIOJISIPHOTO BEPETEHA TaKUM 00pa3oM
onokupyercs nepsoe aenenue (Cai et al., 2010;
Matsuoka et al., 2013).

PacnionoxeHne XxpoMOCOM 110 KpyTY, TOJ00HOE
TAKOBOMY Yy MIIEHUYHO-P)KAaHBIX THOPUIOB, OIH-
CaHO Yy MYTaHTOB JIpo30dwIbl mgr, polo, aurora.
[TokaszaHo, 4TO Takoe MOBEJACHUE XPOMOCOM BO3-
MOXKHO Onaroziapst 00pa30BaHHIO UMEHHO MOHOIIO-
nsipHoro BepereHa (Gonzalez ef al., 1998).

Takum 00pa3oM, MbI IpeIIOIaraeM, 4To SKCTpe-
MaJIbHbIE YCJIOBHSI THOPUAHOTO MOIUTAIUIOUHOTO
TEHOMa BCKPBIBAIOT BO3MOKHOCTB JUISI IPOXOXKIe-
HUSI PA3JIMYHBIX CIIOCOOOB JICJICHHS KIICTKH, alpo-
OMPOBAHHBIX HA Pa3HbBIX dTanax BoJronuu. Tak, B
NPOLIECCE IBOJIONUU PACTUTEIBHBIX OPraHU3MOB
MOT'YT OBITH OTOOPaHBI M 3aKPETUICHBI MEXaHU3MBbI
OIHOCTYTIEHYATOTO JCTICHHS B MEHO03€ MEKPOIOBBIX
ruOpua0B, 00ECIICUNBAIOLINE UM BbDKUBAHHUE.

HUHTPOI'PECCHUSA XPOMOCOMBI 1R:
N3MEHEHMUS CTPYKTYPbI
XPOMOCOM CYBI'EHOMOB INIIEHUIIbI

HcTouHnkoM XpoMaTHHA P)KH B CEIEKIMH Ha
YCTOWUHBOCTH SIBISIOTCS MIICHUYHO-PKAHBIC
3aMEIICHHbIC TUHUY U JINHUU C TPAHCIIOIUPOBaH-
HbIMU XpoMocoMamu. K HacTosiiieMy BpeMeHH IIu-
POKOE pacnpoCcTpaHEHUE COXPAHSETCA 3a COPTaMU
MSITKOU TIIIEHHIIBI, HECYIIIUMH MTIIEHUYHO-PKaHYTO

TpaHcinokanuo 1RS.1BL u B MeHb111€l cTEeneHn —
Tpanciokauoo 1RS. 1AL u nmeHuyHO-pkaHOE
3amermienre 1R(1B) (Landjeva et al., 2006; Shlegel,
2010; Yediay et al., 2010; TpyOaueesa u zp., 2011).
BosnbIras yacts uccae10BaHMiA 110 UCTIOIB30BAaHHIO
Yy»EepOJHONH M3MEHUYMBOCTH IOCBSIIEHA TTOUCKY
HOBBIX HCTOUYHHKOB XpomocoMbl 1R (Ren ef al.,
2009) u momyueHuro GOopM IMIISHUIIBI C HEOOIBIIH-
MU CETMEHTaMH 3TOH XpPOMOCOMBI BO M30€KaHHE
nepeaayn HeXKelaTeNbHBIX PU3HAKoB. B TexHo-
JIOTUH (parMeHTalud XPOMOCOMBI PXKU HAIILITH
npuMeHeHue ramerounanbie rensl (Tsuchida et
al., 2008).

Bo BpeMs TpaHCMHCCHUH XPOMOCOM DPXXH B
TEHOM IIICHUIbI IPOMCXOOUT UX MOAN(UKALMS
(Badaeva et al., 1986; Alkhimova et al., 1999;
Bento et al., 2010). Oguako undopmaius 00
W3MEHEHUHU CTPYKTYpPHl XPOMOCOM CyOTr€HOMOB
MHTPOTPECCUBHON MIIEHUIIBI OYEHb OTPAHUYEHA
(Bolsheva et al., 1986; Cunxosa u ap., 2006; Fu
etal.,2013).

B xone xapmoTunupoBaHus NOTOMCTBA F,
KOMOWHAIIMK CKPEIIUBAHMS MIIEHUYHO-PKAHOM
3amenieHHol muHuKM 1RV(1A) ¢ coprom Caparos-
ckast 29 ObLIM BBISBJICHBI pa3IMyHbIe adeppanun
XPOMOCOM MILEHHLIBI U p3ku. Kpome TenoueHTpu-
yeckoir xpoMocoMbl 1RS, y nByx pactenmii 01T
oOHapy»XeH BTOPOH MPOAYKT MOMEPEYHOr0 pas-
pBIBa YHUBAJIEHTHOM XpoMocoMbl 1R — Tenorent-
puk 1RL (puc. 6, a). Kapuotun ogHoro pacreHus
coJieprKal TeNOeHTpUIecKyo xpomocomy 1DL
(puc. 6, B). Momudukaiyu Takoro THITa BO3HUKIA
13-3a IIOIEPEYHOI0 pa3ieeHus B palloHe LIEHTPO-
MepbI (misdivision) yHIBaJIEHTHBIX XPOMOCOM PXKH
B Meifo3e rubpunos F, (Cunkoa u zip., 2014).

B npoananu3upoBaHHOM IOTOMCTBE OTMEYa-
JUCH Takxke adeppaluu XpOMOCOM MIICHUIBI B
BUJE JeNelMid KPyHHbIX ()parMeHTOB OAHOTO U3
ey (puc. 6, r). [losBiaeHe XpOMOCOMHEIX abep-
pamuii moJ00HOTO THTIA, TO-BUAMMOMY, CBA3aHO
C TIPUCYTCTBHUEM YYXKEPOJIHOTO XpOMAaTHHA PXKH,
BBI3BIBAIOIIETO Y MIICHUYHO-PIKaHBIX THOPUIOB
pasiauyuHble HapYLUICHUS MEHOTHYECKOrO LUKJIA.
B yactHOCTH, 00pa3oBaHNe ONMCAHHBIX JEJICLHH
MOXXET OBITh PE3y/IbTaTOM HE3aBEPIIEHHOCTH
TpoIiecca CriaprBaHus TOMEOJIOTOB, KOTOPBIH OCTa-
HABJIMBAETCSl Ha dTare 00pa3oBaHMs KOHTAKTOB
B pe3yJibTaTe ABYLENOUYEYHBIX pa3pbIBOB. Ilpu
9TOM pemnapainuy pa3pblBOB HE MPOUCXOIUT, YTO
MPUBOAMUT K OTHEJICHUIO TEPMHHAJIBHOTO (par-
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Puc. 6. Kapuotune! pacrenuii F, nsoiinoro monocomuka 1R-1A.

a— TEeJIOLEHTPUK JUTMHHOTO rieda XxpoMocombl 1R (1RL); 6 — qBa TenoueHTpuka XpoMOCOM IMIIEHUIIbI; B — TEJIOUEHTPUK UTHH-
Horo 1ieda xpomocombl 1D (1DL); r — nBe MomuduunpoBaHHbIe XpPOMOCOMBI HIICHUIB 1A 1 5D (aeixenuy TepMUHAIBHBIX
paifonoB 1ured). a, 6 — FISH u GISH (a, 6 — kpacHBIM OKpaIeHbl XpOMOCOMBI PkH, 3es1eHbIM — pSc 119.1 (a); nenTpomepocme-
1muyaHbi moTop pAet06-09 (6); B, r — C-okpammBanue. Monudukanuu XpoMoCoM yKa3aHbl CTPEIIKAMH.

MeHTa XpoMocoMklI (Bai et al., 1999). BoamoxHO,
MEXaHU3Mbl Pa3pbIBOB XPOMOCOM aHAJIOTHYHBI
JICHCTBUIO TAMETOIUIHBIX TEHOB B MUTO3€ IbLIb-
ueBbix 3epeH (Nasuda et al., 1998).

Oco00 ciemyer OTMETHTh TOT (DaKT, 9TO WHT-
porpeccus XxpoMocoMbl 1R BbI3Baia y OT/IeIbHBIX
pacTeHnii MOHOCOMUIO TI0 XpoMocoMam 3D, 4A,
6A, a y AByX pacT€HUH — TPUCOMHMIO IO XPOMO-
coMe 7D. Bo3MOXHON NPUYMHON SIMMUHALMU
XPOMOCOM MOXKET OBbITh aciHaricuc. OTHAKO TUHHS
1Rv(1A) murtonornyeckn crabmiabHa (CuiakoBa
u 1p., 2007), 9TO CBUAETEIHCTBYET O KOMIICH-
CAIlMOHHON CIMOCOOHOCTH XPOMOCOMBI PXKH, a B
Melio3e nuMoHOCOMHKOB 1Rv-1A cpegnee uucio
YHHBAJICHTOB Ha KJICTKY HE ITPEBBIIIANIO 3HAUCHUH
2,01-2,05 (CunkoBa u 1p., 2014). B nemom u3 28
WIeHTH(OUIMPOBAHHBIX KAPHOTHUTIOB 12 comeprkanu
abeppaHTHBIE XPOMOCOMBI THOO OBIITH HECTAOMITb-
HBI TT0 XPOMOCOMHOMY COCTaBY.

Pa3pbiBbI ¥ SIMMUHALIMS XPOMOCOM TIIIICHUI[BI

TaKk)Ke ObLTM OOHAPYKEHBI y MIIICHUYHO-PIKAHBIX
MOHOCOMHO JIONIOJTHeHHBIX JinHui (Fu ef al., 2013).
B xapuoTtunax caMmoonsuieHHOr0 MOTOMCTBA JIMHUU
¢ xpoMmocoMoi 7R mpucyTCTBOBaJIM TPU XPOMO-
combl 4A u abeppanTHas 2D, ¢ xpomocomoit 6R —
abeppantHas 3D, a xpomocoMmsl 1A u 4B amumu-
HUPOBAJIH.

Takum 00pa3oM, MPUCYTCTBHE JIUIIb OJHOU
XPOMOCOMBI P>KU B TCHOME MIIICHUILIBI BEI3BIBACT Pa3-
JIMYHBIE CTPYKTYPHbBIE U3MEHEHUS B KAPUOTHUIIE.

PaGoTa BrIMoONIHEHA MTpU (PUHAHCOBOHW TOJ-
neprkke OrompxeTHoro npoekra VI.53.1.5, rpanTa
PODU (13-04-00679), nHTErpalluOHHOTO MTPOEKTA
CO PAH Ne 2 u B12CO-018.
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Summary

Alien chromatin introgression into the genome of common wheat 7riticum aestivum L. is the most efficient
way to enrich the gene pool of this crop. To improve the breeding value of wheat accessions, rye Secale
cereale L is used as a donor of characters. Transfer of rye genetic material has certain specific features.
The combination of the two cereal genomes in a single nucleus results in imbalance in all genetic systems.
Fertility restoration in amphihaploids is the first step in the formation of introgression accessions. It is
followed by the hybrid genome reorganization, which leads to cytological and genetic stability in the diploid
progeny. In this paper, we present and analyze results that were obtained in the study of the two steps of
wheat-rye hybrid genome reorganization: (1) breaching of F, hybrid sterility (cytogenetic mechanisms
of unreduced gamete formation) and (2) reorganization of wheat subgenomes during the introgression of
single rye chromosomes.

Key words: wheat-rye hybrids, cytogenetics, FISH, immunostaining, C banding, genome reorganization,
meiotic restitution, chromosome modification.



