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0O030p MOCBSIIECH XapaKTEPUCTUKE OCHOBHBIX KIJIACCOB MOBTOpSIOIIMXCS mocienoBarenbHocTeil JTHK,
BKJII0uas koaupyrommue (reasl pPHK) n Hexopupytomue nociae1oBaTenbHOCTH (TaHAEMHBIE U JUCTIEPTUPO-
BaHHbIE NOBTOPHI). O0Cyx1aeTcst 0cobast posib ITUX KOMIIOHEHTOB B (JOPMUPOBAHHUHU CTPYKTYPHO-(PYHKIIU-
OHAJILHOW OpTraHU3alMK F'eHOMa BBICIINX PACTEHUH, a TaK)Ke B 00eCIICYSHUH TIOBBILICHHOM 110 CPAaBHEHHIO
C TEHOMOM JKUBOTHBIX I'€HETHUYECKON M3MEHYMBOCTH Ha YPOBHE KaK OTAEIbHBIX MOCIEI0BATENbHOCTEN,

TakK U reHoma.

KuitoueBble cioBa: Bbicuive pacteHus, nopropstouuecs nociuenosarensuocty JHK, renst pPHK, Tan-

Z[eMHBIﬁ IMOBTOD, MOOUJIBHBIHA JIEMEHT.

JHK simepHoro reHoma pacTeHHH COAEPKUT
YHUKAJIbHbIE WM HU3KOKOIUIHBIE KOAMPYIOIINE
nocaenoarenbHoctu JJHK, HenocpencTBeHHO
CBSI3aHHBIE C HUMH PETYISTOPHBIE IEMEHTHI,
a TaK)Xe pa3IuYHbIe KJIACCHl TOBTOPSIOMIUXCA
nocinenoBarenpHocter (I111) JTHK (Schmidt,
Heslop-Harrison, 1998). Yacts I1I1 JIHK moxet
UMETh KOAUPYIONIYIO (PYHKIIUIO KaK, HarpuMmep,
renbl pubocomansHoli PHK (pPHK). [Ipyras wacts
3THX IOCIE0BATENILHOCTEH HE HECEeT (PYHKINIO
KOJAMPOBaHUS OEIKOB, HEOOXOAMMBIX sl (DYHK-
LMOHUPOBAHUS U BOCIPOM3BOJICTBA OpPTaHU3MA.
OpHaKoO OHM MOTYT KOAMPOBATh OCJIKM, BaKHBIC
IUIs. UX COOCTBEHHOTO Pa3MHOXEHHUsS B T€HOME
(MOOMITEHBIC TEHETHYECKUE DJIEMEHTHI).

[T IHK siBIsit0TCS OCHOBHBIM KOMITOHEHTOM
reHoMa pacteHuid. I1o pasHeIM 1aHHBIM, Y 3JIaKOB
K HUM MOXXET OTHOCUThCS 10 90-95 % simepHoit
JHK (Flavell et al., 1974; Paux et al., 2006).
[IT mpencraBisitoT co0O0i BHICOKOTETEPOTEHHYIO
TPYIITy, TPEACTABICHHYIO THICSYaMH WIIH JTa)Ke
JIECATKAMHU THICSY CEMEWCTB, OTIINYAIOIINXCS 10
JUTMHE MOTHBA, YPOBHIO KOITMIHOCTH U OpraHu3a-
uuu B renome (Flavell, 1986; Kubis et al., 1998;
Heslop-Harrison, 2000). [Ipuuuns! nogaepxanus
cronb 3HaunTenpHoro koamdecrna II1T JIHK, a Tak-

K€ BBICOKOTO pa3HO00pasus UX cOCTaBa 0 KOHIIA
He u3y4eHsbl. [Ipeamnonaraior, 4To OHU UTPAIOT
Ba)XXKHYIO POJIb B CTAOMJIM3aLUHN U MOIAEPIKAHUU
CTPYKTYPBI XPOMOCOM, YYACTBYIOT B «y3HABAHUH
Y IPaBUIIEHOM PACXOXKJICHHN XPOMOCOM BO BpEeMsI
MuTOo3a U Meio3a (Vershinin ef al., 1995; Kubis et
al., 1998). Jlokycbl HEKOTOPBIX CEMEHCTB caTel-
muTHBIX JIHK BRICTYMarOT Kak TOYKH peKOMOMHA-
nuu XpomocoM B Mero3se (Vershinin ef al., 1995;
Linares et al., 1998). Temomepo-accoruupoBaHHbIE
MTOBTOPBI BBITOJTHSIOT (DYHKIIUIO 3aIIATHI TEIIOMED
1 YYacTBYIOT B PETYJISILIMH T'€HOB, JIOKAIM30BAaHHBIX
B cyOTenoMepHbIX paiioHax (Sykorova et al., 2003).
[TokazaHo, 4TO BHA00Opa30BaHUE Y PACTCHUH
9acTO CBS3aHO C OBICTPHIMU M3MEHEHHSIMHU (hpaK-
uuu [T JIHK (Flavell, 1982; Dvorak et al., 1998;
Cuadrado, Jouve, 2002).

I'EHbI pPHK

Hapsny ¢ nmepBu9HO# mepeTsHKkol B 00JIacTu
IIEHTPOMEPHI y MeTa(a3zHOU XPOMOCOMBI CYIIECT-
BYET BTOpHYHAs IEPETSDKKA B PallOHE OpraHU3aIiH
sapeiimka (NOR — nucleolar organizer region).
OTOT paiioH COOTBETCTBYET CaiiTaM JIOKaIH3aluu
re”oB, kogupytonmx pPHK, kotopas cuuteiBaeTcst
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B BHJIE CIMHOTO TPAHCKPHIITA C KOAPPHUIUECHTOM
cequmenTauuu 45S. Tannas PHK 3arem monsep-
raetcs mporieccuHry ¢ oopasosanuem 18S, 5,85 u
26S cyosenunun pPHK. TannemMao opraHu3oBan-
Hble nosropsiromuecs eauaunsl p/IHK, Hapsny
¢ nuctponoM 18S-5,85-26S pPHK, comepxat
MEXTE€HHBIN ClelcepHBIil palioH, B KOTOPOM
JIOKAJIU3YIOTCSl CAalT MHULMALUK TPAHCKPUIILIUH
st PHK-nonumepassl I, cadThl HHUIMALMU U
TepMuHanuu TpaHckpunuuu pPHK u apyrue pery-
nsiTopHbIe anemMenTs (puc. 1.) (Gerlach, Bedbrook,
1979; Reeder, 1984; Vincentz, Flavell, 1989). He-
TPaHCKPHOMPYEMBIH CTieiicep CONEPKUT TaKXKe P
MOBTOPSIOIIMXCS HYKJICOTHHBIX ITOCIIEIOBATENBHO-
CTei, Tak Ha3bpIBaeMbIX cyomoBTOpoB A, B, Cu D,
MPOTSKEHHOCTh ¥ YHCIIO KOTOPBIX BaphUPYIOT Y
Pa3HBIX BUJIOB PACTEHHUI; ITPH 3TOM BHYTPH OT/IEITb-
HBIX KJIACTEPOB JUTMHA IOBTOPSIOIIECHCS €AMHUIIBL,
Kak IpaBmIio, onuHakoBas (Appels, Dvorak, 1982a,
b). ¥ 3nmakoB (Triticeae) nMeeTcss HECKOIBKO JIHC-
KkpeTHbIX JIokycoB pJAHK, pacnonoxeHHbIX Ha
KOPOTKHX TUIeUax XpoMocoM 1, 5 u 6, KaKIbrit
U3 KOTOPBIX COmMepkuT ~ 1200 mOBTOPSIOMIUXCS
SAVHMUII TUHOHU ~ 9 THIC. Tap HYKJICOTUAOB (T.IT.H.)
(Flavell, O’Dell, 1976; Gerlach, Bedbrook, 1979).
VY apabunoncuca mokyce p/IHK pacronoxens: Ha
JIBYX XpOMOCOMaX C YrciioM Komnuit ~360 equHUIy/
JIOKYC, 4TO B CyMME COCTaBJIsieT oKoio 5 % Bcero
renoma (Copenhaver, Pikaard, 1996).

I'ensl, kopupytomue 5S cyosequaniy pPHK,
JIOKau30BaHbl oTAenbHO oT 455 pPHK reHos, HO
MMEIOT TOT K€ MPUHILMIT OpraHu3aluH. Y 3J1aKOB JI0-
kycol 5S pPHK pacnonoxxensl Ha xpomocomax 1 u 5
Y COJIEPIKAT 10 HECKOJIBKHX THICSY IUHHUIY, KKIast
13 KOTOPBIX COCTOUT M3 KOHCEPBAaTUBHOW KOAUPY-
rouied yactu JumHoH 120 map HykJIeoTHI0B (11.H.)
1 BapruaOeJIbHOTO HETPaHCKPHOMPYyeMOoro crielicepa
(puc. 1) (Appels et al., 1980). B renome Triti-
ceae MPHUCYTCTBYIOT [Ba mozacemerictea: 5SDna-1
n 5SDna2 ¢ qmuHoit cneticepoB 200-349 u 350—
380 m.H. cootBercTBeHHO (Gerlach, Dyer, 1980).
Paznnuus B pazmepe enunnn 5SS pIHK o6yciosmne-
HBI HHCEPLMSIMU/ JIETICUSIMH B CPEITHEH MTOIUMOp)-
HOU YacTH crieiicepa, Torja kKak 5'- u 3'-raankupy-
IOIIME PaliOHBI T€HOB SIBJISIFOTCSI KOHCEPBATHBHBIMU
u copeprkar caiT csasbiBanusg PHK-nonrmepasst 111
Y CaliT TePMUHALIMU COOTBETCTBeHHO (Appels et al.,
1992). V Hekotopbix BUNOB Brachypodium Obun
OOHapy>KeHbl OYEHb KOPOTKHE CHeWcephl ATHMHON
30 m.H., TOTOMY MOYKHO IpeJirioararh, 4To y pac-

MoeTopstowasics eguHmua 45S pAHK

B-noBTopbl  A-noBTOpPbI
P « v
--[26s HUILII1]] 18s Hs8sH 26s
MexxreHHbI cnercep len
4-5 T.N.H. 5 T.N.H.

MosTopsitowascs eguumua 5S pAHK
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leH MexreHHbI cnencep leH

120 n.H. 200-400 n.H. 120 n.H.

Puc. 1. Opranuzaiust pub0CcoMaIbHBIX TEHOB, KOTHPY-
romux 45S u 5S pPHK.

TEHUM YacTh CHEHCEPHBIX MOCIEI0BaTeIbHOCTEN
suineHa kakoi-mu6o ¢yukiuu (Cox et al., 1992).

Kax 45S pPHK, Tak u 5S pPHK noxycsI yacto
MOABEPTAIOTCS PEOPraHU3aLUH B XO/I€ IBOJIOLIH.
Tak, y aByx sxkotunos A.thaliana (Landsberg u
Columbia) noxycer 5S pPHK pacnionosxeHs! Ha pa3-
HBIX XpomocoMax (Murata et al., 1997). Y 3makoB
Kak pasmep snokycoB pPHK, tak u ux pacroinoxe-
HUE Ha XPOMOCOMAax CHJIBHO OTJIMYAIOTCS JIaXKe
Mexay OnnszkopoactBeHHbiMU Bunamu (Castilho,
Heslop-Harrison, 1995).

TAHAEMHO OPITAHU30BAHHBIE
HOCJEJOBATEJBHOCTHU JHK

[TepBbIie mpeacTaBieHus 0 TAHAEMHO OpraHu-
3oBanHbIX [II1 OBUTH TONYYEeHBI TIPU M3yYCHHH
care;mmutHo [IHK. CHavana 3TuM TE€pMUHOM
0003HaYaJH Ty 9aCTh TeHOMa, KOTOpast OTAEIsIach
[pU TPAIUCHTHOM YJIbTpaleHTPU(YyrupOBaHIHT
(Kit, 1961) u, cnemoBarebHO, 10 TUIOTHOCTH H CO-
nepxxanuio AT/GC nap goymkHa Oblila OTINYaThCS
ot ocHoBHOM Maccel JIHK. B Hacrosiiiee BpeMst oz
STHUM TEPMHHOM IIO/Ipa3yMeBaeTCs XapaKTePHBII
KOMITOHEHT JyKapHOTHYECKOTO Te€HOMa, COCTOS-
Ui U3 TaHAEMHO OPTaHU30BAHHBIX MOBTOPOB.
Caremumntaas [IHK He xomupyeT Oenku u JIoKa-
JIM30BaHa B KOHCTUTYTHUBHOM TETEPOXPOMATHHE
xpomocoM (cM. 0030p: XemiiebeH6 u ap., 2003).
CaremurHas JIHK cocTout u3 psoB HASHTUYHBIX
TTOBTOPSIONIUXCS €AUHUI (MOHOMEPOB), YUCIIO
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KOTOPBIX MOKET BapPbHPOBATh OT HECKOJIIBKUX COT
10 Ooree MIJUTHOHA. B 3aBUCHMOCTH OT pa3Mepa
MOBTOPSIONIUXCS SAMHUIL PA3INYaloT MUKPO- U
MuHucaresuutHyro JIHK. MukpocarenianTsl
(SSR — simple sequence repeats) UMEIOT IJIUHY
MoHOMepa He Oosee 10 I1.H., TorJa Kak y MUHUCA-
TEJUTUTOB OHa Kostebercs B npenenax 10—-100 m.H.
(Sharma, Raina, 2005). OcTtansHBIE TIOBTOPHI C
JUIMHOM MoHomepa Bbiiie 100 m.H. oTHOCATCS K
careutHOM JIHK. B reHOMaXx MIeHUITBI ¥ TIMEHS
mukpocaremumTHas JJHK cocrapmser 1,2 % 1 3,8 %
COOTBETCTBEHHO W B OCHOBHOM IIpe/ICTaBIICHA
KOPOTKUMH BBICOKOIIOBTOPSIIOIIUMHCS TOCTE0-
BarenpHOCTIMU (GAA),(GAG),, (Mitra, Bhatia,
1986). beutn BBIZCICHBI U OXapaKTEPHU30BAHBI
JIMHYKIICOTHTHBIE MUKPOCATEIUTUTHBIE TIOCIIE/IOBA-
TEeTBLHOCTH Ae. tauschii, noHopa reaoma D mMsrkoi
nmienuisl (Pestsova et al., 2000a). Mukpocares-
JUTHBIC TOBTOPHI UMEIOT, INIABHBIM 00pa3oM, WH-
TEPCTUIHATIBHOE PACTIONIOKEHHE HA XPOMOCOMAX U
HIMPOKO MCIOJIB3YIOTCS B KAY€CTBE MAPKEPOB LIS
MOCTPOCHUSI MOJICKYISIPHO-TEHETHIECKUX KapT,
B YacTHOCTH MsATkou menunsl (Pestsova et al.,
2000a; Paillard ef al., 2003; Somers et al., 2004).
Jns munucarennutHoi u careutHoit JJHK xa-
paKkTepHO OoJiee TOKATM30BAHHOE PACTIPE/ICIICHUE
Ha KOHIIaX XPOMOCOM HITH B IICHTPOMEPHBIX Panio-
Hax. Tak, Hampumep, MPOTSKEHHBIE TaHJCMHBIC
MOBTOPSIIOIIMECS] €NUHUIIBI BXOAST B COCTaB Te-
JIOMEpPHOT0 reTepoxpoMaTHa pxu Secale cereale,
3aanMast 8—12 % renoma (Bedbrook et al., 1980).
BbuTH 1eTanbHO UCCIIEIOBAHBI Y€THIPE CeMEHCTBA
TEJIOMEPHBIX TOBTOPOB PIKH, UMEIOIIUX CIOKHYIO
UEePapXHUYECKYI0 CTPYKTYpY. OCHOBHBIM SIBIISICTCS
cemeiictBo 120 m.H. (pSc119.2), mepBoHa4YaIBHO
KIIOHUPOBaHHOE U3 Secale cereale v BIIOCIIEICTBUH
oOHapyXeHHOE y MHOTUX BHJ0B TpHOBI Triticeae
u cecTpuHcKoi TpuObl Avenae (Bedbrook et al.,
1980; Mclntyre et al., 1990; Vershinin et al., 1995;
Salina et al., 1998). [ToBTOpsirOIIUECs SIUHHUIIBI
OCTaJIbHBIX CEMEWCTB COIepKaT MPOCThIe CyOITo-
BTOPBI JUTMHOM 120 I.H. B COYETaHUU C APYTHUMHU
nocienoBarenbHOCTIMU (Bedbrook ef al., 1980).

U3 Aegilops speltoides Ob110 BBIACIECHO BH-
JocrenduIHoe TEIOMEPHOE CEMEHCTBO ITOBTOPOB
Speltl, cocrapmnstomee okomo 2 % snepuoit JJHK
nmanHoro Buna (Salina ef al., 1998). YkazaHHble 10~
BTOPHI TUHOM 178 1.H. BXOJST B COCTaB TEIOMEpP-
HBIX pailOoHOB XpOMOCOM Hapsiny ¢ Oojee oOmmM
IUTsl 371aKOB cemeiicTBoM Spelt52, mpu sTom Speltl

MOBTOPBI PacIoioXkKeHbl AucTanbHo (Salina et al.,
2006). CemeiictBo Spelt52 copepkuT MOHOMEPHI
nByx TUnoB: Spelt52.1 u Spelt52.2, koToprie nme-
10T OIMHAKOBYIO KOHCEPBATUBHYIO YaCTh JTMHOMN
283 11.H. ¥ HeTOMOJIOTMYHBIE YYaCTKH JITHHOM 92 1
106 .H. cootBeTcTBeHHO (Salina et al., 2004).

[TomuMO yrKe yKa3aHHBIX CEMEHCTB TaHIEMHBIX
MIOBTOPOB, y NpezcTaBuTenei Tpuos Triticeae OpLI
HaNJICH psII APYTUX CEMEICTB, UMEIOIINX TEI0MEp-
HYI0 (TICHTPOMEPHYIO) JIOKAITH3AITHIO:

a) Afa (pAsl)-cemeiiCTBO OBTOPOB JIMHOU
340 1.H., KOTOpBIE JIOKAJIN30BaHbl B TEIOMEPHBIX
U MHTEPCTUIHATIBHBIX XPOMOCOMHBIX paiioHax
Ae. tauschii, T. aestivum, BunoB Hordeum, Elymus
trachycaulus (Rayburn, Gill, 1986; Nagaki et al.,
1995, 1998). K 3710i1 ke TpyIe MOKHO OTHECTH
CEeMEHCTBO TaHJAEMHO OPTaHH30BAHHBIX ITOCIIENO-
BarenbHOCTel pAesKB52, pacriono)keHHBIX B TeJ0-
MEpHBIX pailoHax XpOMOCOM y HEKOTOPBIX BHIOB
Triticeae, oTHOCSIUXCS K S-TeHOMY (Ae. speltoides,
Ae. sharonensis n Ae. longissima) (Anamthawat-
Josson, Heslop-Harrison, 1993; Zhang et al., 2002;
Salina et al., 2004);

0) cemeticTBo 7ail, cocrosiee U3 TaHASMHBIX
MOBTOPOB JMHOM 570 11.H., 00HApYKESHHBIX B Te-
JIOMEPHBIX paiioHax OoNbIIMHCTBA BUIOB Triticeae,
3a UCKJIIOYEeHUEM BUIOB Triticum n Aegilops, y
KOTOPBIX BBISIBIIEHO [IEHTPOMEPHOE PACIIONOKEHHE
ykazaHHbIX MoBTOpoB (Kishii, Tsujimoto, 2002);

B) cnenu(UUHBIN ISl LEHTPOMEp TaHIEeM-
Hbli oBTOp CentC KyKypy3bl Zea mays JIMHON
156 m.H. (Ananiev et al., 1998);

r) HvRT-tenomepusie moBTOPEI Hordeum
vulgare ¢ mmuHONW MOHOMepa 118 1.H., uMeronTie
CIIOKHYO uepapxuueckyto opranusaruio (Kilian,
Kleinhofs, 1992).

TannemHbIe TOBTOPHI MOTYT PACIIPOCTPAHATHCS
[0 TEHOMY TTOCPEICTBOM HEPaBHOTO KPOCCHHIO-
Bepa MeX/Ty IapamMu CECTPHHCKHIX XPOMATH]] HITH
roMolorHIHBIX XpoMmocoM (Charlesworth et al.,
1994), a Taxke ¢ TOMOIIBIO PETUTUKAIINH dKCTPa-
xpomocomuoii JIHK mo momenu «katsmerocs
koneca» (Navratilova et al., 2008).

JUCIIEPTUPOBAHHBIE
HOCJIEJOBATEJBHOCTHU JHK

N3BecTHO, UTO OCHOBHAs Macca AUCIEPTH-
posannbix IIIT IHK Bo3HMKIa B pe3ynbTare ak-
TUBHOCTH MOOMJIBHBIX 3J€MEHTOB. MOOMIIbHEIC
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sneMeHTsl (MD) reHoMa Moapas3lessiioT Ha J1Ba
KJlacca: 3JIEMEHTHI kiiacca | (peTpoTpaHcno30Hbl),
KOTOpBIE EPEMEIIAIOTCA € TIOMOIIBI0 MEXaHU3Ma
«KOTIMPOBAHNS—BCTPAUBAHMS» C UCTIOIb30BaHUEM
PHK-nocpeannkos; n anements knacca I (JIHK-
TPaHCIO30HbBI), KOTOPBIE UCIOIB3YIOT MEXaHU3M
«BBIPE3aHUS—BCTPANBAHMUS, C 00pa30BaHUEM JIOO
OITHO-, 100 NIByXIlenouedHbx pa3pbeiBoB JJHK
(Wicker et al., 2007) (puc. 2).

Kuacc I, peTpoTpaHcnio3oHbl

CoritacHO OOIIENPUHATON KiIacCU(DHUKAIINH,
M0 HAJINYUIO—OTCYTCTBHUIO JAJMHHBIX KOHLIEBBIX
moBTOpoB (LTR) peTpoTpaHCITO30HBI IeIsITCS Ha
LTR-conepxxamue (LTR peTpoTpaHCIIO30HEI) H
HecoJIepIKalllie peTpoTpancio3onsl. [locinenHue
B CBOIO OYEPEAb JENISATCS Ha JUIMHHBIC AUCTICPTH-
poBanHsble (LINE) 1 KOpOTKHE AUCTIEPTUPOBAHHbIC
(SINE) snements! (puc. 2). Kpome 3THX OCHOBHBIX
TPYII, BBIAEIAIOT JOIOJHUTENIbHBIE I'PYIIIbL:
DIRS- n Penelope-ionoOHbBIE IEMEHTHI, a TAKKE
HeaBTOHOMHBIE BapuaHTel LTR-peTporpancno-
30HOB: TRIM- (Terminal-Repeat Retrotranspo-
sons In Miniature) u LARD-3nementh (Large
Retrotransposon Derivatives) (cm. 0630p Cepreesa,
Cainnna, 2011).

Bhiensior iBa OCHOBHBIX CylepceMencTBa
LTR-perporpancno3onoB: Gypsy u Copia, pas3-
JUYAIOMIMXCS TIOPSIKOM PacIloNOKECHHs TCHOB

Knacc 1. PeTpoTpaHCno30HbI
LTR-copepxalyme peTpoTpaHCno30HbI
Copia-nogobHble >
5
Gypsy-nofo6Hble >
5

LTR-Hecogepalume peTpoTpaHCno30Hb!

LINE > >
5
> B3>

SINE
5 3

Knacc 2. JHK-TpaHCno30HbI

TIR
ABTOHOMHbIE€ 3JIEMEHTbI >

5

TIR
HEaBTOHOMHbIE 3NTIEMEHTbLI -

5

B> [oag] PR |

00paTHON TPaHCKPUINTA3bl U UHTErpasbl APYyT
OTHOCHUTEIILHO APYra, HO UMEIOLINX OAWHAKOBBIN
MexaHu3M Tpancrnosunuu (Wicker et al., 2007).
V¥ pacrennii LTR-peTpoTpaHCO30Hb! SBISIOTCS
npeobnaaatonieit rpymnmnoii MD. OHU COCTaBISIOT
ot 15 % renoma y Arabidopsis thaliana v 1o 90 %
y HEKOTOphIX npencraButeneit Liliaceae (Flavell
et al., 1992; Voytas et al., 1992; Bennetzen, 1996;
SanMiguel et al., 1996; Suoniemi et al., 1998;
Kumar, Bennetzen, 1999; Vicient et al., 2001;
Vitte, Panaud, 2005; Sabot, Schulman, 2006; Vitte,
Bennetzen, 2006). JIniHa 5THX 3JIEMEHTOB BapbH-
PYET OT HECKOJIBKHX T.ILH. 10 25 T.I.H., a pa3Mep
LTR — OT HECKOJIBKUX COTEH II.H. JI0 HECKOIBKHUX
T.I.H. LTR orpann4YeHsl HHBEPTHPOBAHHBIMHU Y-
aykineornnamMu TG/CA u comepskaT mpoMOTop C
9HXAHCEPOM, & TAKXKE CANT MOTNAICHIITUPOBAHHS.
[Tpu unTerpamuu LTR perpoTpaHcmo3onsl oOpa-
3YIOT AyIUIMKaIuio caiita-mutienn (TSD) muHO#M
4-6 n.H. Buytpennss obnacts LTR perporpanc-
II030HOB COJEPKHUT 2 OTKPBITbIE PAMKU CUMTHI-
Banusi (ORF): GAG nmns cTpykrypHOro Oeinka
BHUpYCOMon00HbIX yactull 1 POL, xoaupyromryro
acnaparuHoByto npoteuHasy (PR), obpatayio
tpanckpunrasy (RT), PHKazy H (RH) u uaterpazy
(INT) (puc. 2). LTR peTpoTpaHCIIO30HBI TaKXe
COZIeprKaT CIielMajIbHbIe CUTHAJbBI AJIS1 YIIAKOBKH,
JMMEpH3aIIH, 00pPaTHOM TPAHCKPHITIIMK U NHTETpa-
un. PacTeHus ¢ 60MbIIMMI TeHOMaMH, TAKHE KaK
KyKypy3a, NIIEHHUIA, SYMEHb, MOTYT COJEPKaTh

| 5> >
"

T pol 1
pol 1

BEy [gag| | DL rREg

3

3

TIR

TIR

Puc. 2. OcHoBHbIE IpyIITBI MOOHIIBHBIX An1eMeHToB (1o: Wicker et al., 2007).
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Teicaun cemeiicTB LTR-peTpoTpaHCcmo30HOB.
OpHako B KaKJIOM T€HOME OCHOBHYIO MacCy JTUC-
neprupoBaHHbIX TOBTOpoB JIHK cocTaBiisitoT, kak
MPaBHJIIO, HECKOJBKO WIIM JIa)Ke OJTHO CEMEHCTBO
PETPOTPaHCIIO30HOB, HantpuMep BARE ] y sumens
(Vicient et al., 1999), Opie y kyxypy3bl (SanMiguel
etal., 1998).

B Hacrosiuiit MOMEHT HET TOYHBIX JaHHBIX O
conepxkanuu LINE >11eMeHTOB B TEHOMAaX PacTeHU
M3-32 CIIOKHOCTH MX UICHTH(HUKAIINH, OTHAKO, TT0-
BUJIUMOMY, OHU COCTAaBIISIOT TOpa3io MEHBIIYIO
yacTh reHoMa B cpaBHeHuU ¢ LTR perporpancmo-
3onamu (CepreeBa, Canuna, 2011). ABTOHOMHBIE
LINE »neMeHTbl KOAUPYIOT IO MEHbILIEH Mepe
RT u snnonykineasy (EN) B onHOH paMKe CUUTHI-
Banus (POL), HeoOXoauMble ISl TPAHCTIO3UITIH
(Ostertag, Kazazian, 2005) (puc. 2). Y HEKOTOPBIX
npencrasurencit LINE oisiBnena GAG-niogo0Has
OREF ¢ 5'-xonma ot POL, ograko ee QyHKIHS erme
He sicHa. Xots LINE u o6pazytotr TSD B pesynbrare
TPAHCIO3ULUH, PELYLUPOBAHHBIE 5'-KOHLIBI JeJIa-
0T UX CIOKHBIMH JUISl OTpenesieHus. Pemykims,
BO3MOXKHO, SIBJISIETCA PE3yJbTaToM IpexkaeBpe-
MEHHOW TepMHHALUU OOpaTHOW TPaHCKPHUIIIHH
(Petrov, Hartl, 1998). Ha 3'-konne L/INE moryT
coiepkath moyr(A)-XBOCT, TaHIEMHBIH TTOBTOP
nnu A-6oraterii pation. Takum obpazom, LINE
AIIEMEHTHI OoJiee pa3sHOOOpa3HBI MO CBOEH CTPYK-
Type, yeM LTR perporpancno3onsl. K Hanbomee
U3BECTHBIM PAaCTUTENbHBIM LINE 3neMeHTam
OTHOCSITCSI IPEACTABUTENN cynepceMeicTB L1 u
RTE (Zupunski et al., 2001).

SINE snemeHTH! (hOpMaTbHO OTHECEHBI K KJTac-
cy 1, XOoTS UMEIOT Apyroe MpPOUCXOXKACHHUE. JTO
HEAaBTOHOMHBIE 3JIEMEHTHI, HO OHU HE SBIISIOTCA
JIeJeIIMOHHBIMU MTPOU3BOJHBIMU JPYTUX PETPO-
TPaHCNO30HOB. B oTimumne ot perponpoueccupo-
BaHHBIX TICEBJIOT€HOB, OHH COZAEP)KAT BHYTPEH-
HUM ipoMoTop. SINE s1eMeHTbI NepeMelaroTcs
MTACCHUBHO, TOJT JCHCTBHEM OEITKOBBIX (haKTOPOB,
kopupyembix LINE snementamu (RT) (Kajikawa,
Okada, 2002; Kramerov, Vassetzky, 2005). JliuHa
SINE snementoB coctaBisier 80—500 .H. OHu 00-
pasyrot TSD (5-15 n.1.). «['onoBa» unm nepeaHss
gacTh SINE comepxut npomorop st PHK monm-
mepassl 11l u onpenensier cynepcemeiictso SINE
3JIEMEHTAa B 3aBUCUMOCTH OT €T0 IPOUCXOKICHHS:
TPHK, 7SL PHK u 5S PHK. Buytpenuue paitoHbl
SINE snementoB (50-200 1.H.) crienuu9HbI 1715
CeMEeHCTBa U UMEIOT Pa3IMdyHOe MTPOUCXOXKICHHE,

WHOTJA MOTYT OBITh PE3ylIbTaTOM TUMEPHU3ALIH
umu TpuMmepusatuu SINE snemeHnToB. McTounuk
3'-paifoHa 0OBIYHO HESICEH (MHOTHA — 3TO YKOPO-
yeHHsld LINE snement). On moxkeT ObiTh AT-60Ta-
TBIM, COZIepKaTh 3—5 T1.H. TaH/IeMHbIE IOBTOPHI WITH
nonu(T)-xBocT, curnan tepmuHanuu (Kramerov,
Vassetzky, 2005).

Kuacc II, THK Tpancno3onsl

JHK TpaHCno30HBI, Kak U pEeTPOTPAHCIIO30-
HBI, OOHAPYKEHBI MOYTH y BCEX dyKapHOT. OHH
0OBIYHO TPEICTaBICHBl B HEOOIBIIOM KOJHYE-
CTBE, TEM HE MEHEee HEKOTOpbIe, KaK, HalmpuMmep,
Pogo-Fotl (Daboussi, Capy, 2003) y rpuboB miun
CACTA y mmenntst (Wicker et al., 2003), pactpo-
cTpanuuchk Oosee yenenno. Kiace 11 cogepxur
JIBa TOJKJIacca: MEPBbId OObEANHSET IEMEHTHI,
KOTOpBIE MEPEMELIAIOTCS ¢ MOMOIIBIO KilacCHye-
CKOTO MEXaHHM3Ma «BBIPE3aHUS—BCTPAUBAHUI» C
oOpa3oBaHueM JByX1iernodedHoro paspsiea JJHK,
a BTOPOM TOJKIIACC MCTIONB3YET /IS MepemMerie-
HUS MEXaHU3M «Karsierocs koisiay (Cepreesa,
Canuna, 2011).

[Moaxnacc 1 coaepkKuT KiIaccuuecKue MOOHIIb-
HBIE 3JIEMEHTHI, XapaKTepPHU3YIOUIHeCs HAIHIHeM
KOHIIEBBIX MHBEPTUPOBAaHHBIX MOBTOpPOB (TIR)
BapuabenbpHOW AnuHbl (puc. 2). Tpancno3unus
OCYIIIECTBIISIETCS C TIOMOIIBIO OeJIKa TPaHCII03a3bl,
KOTOpBIN y3HAeT KOHIIEBblE MHBEPTHUPOBAHHBIC
MOBTOPHI U pa3pe3aeT o0e Lenu Ha 000MX KOHLAX
anemenra. TIR-cogepxkamue JJTHK Tpancno3onsl
TIpencTaBiIeHbl HajceMelictBamu hAT, Te-Mariner,
Mutator (MULU), P, PIF-Harbinger u CACTA
(Wicker et al., 2007). Haubonee moxpoOHO u3y-
4yeHbl hAT-cemeiicTBa: Ac-Ds-31eMEHTBI KyKypy-
36l U Tam3 meBUHOTO 3¢Ba (Rubin et al., 2001).
CynepcemetictBo PIF-Harbinger mpeamodTUTeh-
HO BcTpauBaeTcs psajgoM ¢ TAA-MoTuBoMm. OTH
MOOWIIBHBIC AIeMeHTHI comepkar nBe ORF: omna
komupyetr JIHK-cBsizpiBaromuii Oenok, apyras —
TpaHncno3asy (Jurka, Kapitonov, 2001).

CACTA »neMeHTHl UMECIOT XapaKTEePHYIO
CTPYKTYPHYIO 4epTy: Ha BHemHUX KoHuax TIR
npucytcTByeT koHcepBatuBHbli MOTUB CACTA.
Hawnb6omee xopormo uzydeHHbM siisiercss CACTA-
TPaHCIIO30H ceMelcTBa Spm (Suppressor-Mutator)
kykypy3bl (Frey et al., 1990). Unensr cymnepce-
MmelictBa CACTA xonupytoT TpaHcnosasy u ORF
C HEM3BECTHOU (yHKIMEH. Y pacTeHH KOPOTKHE
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TIR orpanu4eHbl BEICOKOKOHCEPBATUBHBIMHU
CACTA (unorga CACTG) motuBamu U (priaHKH-
poBansl 3 m.H. TSD (ta6im.). TIR o6srau0 duraH-
KHPYIOT CIIOKHBIE MAaCCHBBI CyOTepMUHAIBHBIX
noeropoB (Wicker et al., 2003).

K nonknaccy 1 npuHauie kUt MHOrOYMCICHHAS
Y TeTepOreHHas IPyIina HEaBTOHOMHBIX 3JIEMEHTOB
MITE (Miniature Inverted-Repeat Transposable
Element) (Cepreesa, Canuna, 2011). OTu sme-
MEHTBI UMEIOT pa3Mep OT HECKOJNBKHX JECATKOB
JI0 HECKOJIBKUX cOTeH IL.H.. Pasmep TIR BecbMa
BapualelieH U COCTABIISIET OT HECKOJIBKUX JIECST-
KOB 0 HECKOJILKUX COTeH I.H. MITE 3neMeHThI
obpazyror TSD mmmno# 9-11 m.H. OCHOBBIBasICh
Ha HyKJIeoTUIHOH nocnengopareabHocTu TIR,
MITE pa3nensroT Ha 1Ba OONBIIHNX HaICEMEHCTBA:
Stowaway-niono0Hbie U Tourist-nogo0OHbIC 3Je-
MEHTBI. B reHoMax pacTeHuil 3TH AJIEMEHTHI YaCTO
pacronoxeHsl psijioMm ¢ reHamu (Bureau, Wessler,
1992, 1994).

[Tonxitace 2 comep>KUT MOOMIIBHBIC JIEMEHTHI,
MPOIIECC TPAHCTIO3UIINU KOTOPHIX BIICUET 32 COOOM
peruKanuio 0e3 TByHUTEBBIX pa3pbIBOB, YEM pPe3-
KO OTJIMYaeTcs OT mojakiacca 1. DT MoOUIIbHBIE
JIEMEHTHI NepEeMENIaloTCA MYTEeM PEMIMKALNH,
MPUBOJAILEH K MEPEeHOCY TOJBKO OAHOM Liemu.
C noakiaccoM | HX CBSI3BIBAECT TOJNBKO NMPU3HAK
orcyrctBuss PHK-nmocpeaHukoB, HO HE Hamuyue
o0mux npenkos (Wicker et al., 2007). I[Togknace
2 B reHoMax pacTeHUIl MpeJCTaBIEeH 3JIeMeHTa-
MU cynepcemeiictBa Helitron, KOTOpble XOpOLIO
ommcaHbl B TeHoMe KyKypy3bl (Kapitonov, Jurka,
2001). KoHmp! 31X 31eMeHTOB He comepikar TIR,
Ho mMeroT TC i CTRR motuss (rae R — mypun).
ABTOHOMHBIE AJIeMeHTHl Helitron KOnupyroT TH-
PO3MHOBYIO pekoMOnHa3y Y 2-THIIa C TeTTMKa3HbIM
JIOMEHOM M CITIOCOOHOCTBIO K MHUIIMALUH PEIlIU-
Kanuu. Takke OHE MOTYT KOIUPOBATh OEJKH, CBSI-
3pIBatomue opHouenoveunyro IHK, nnu npyrue
oenku (Kapitonov, Jurka, 2001). JIroGombITHO,
yTO MHOTHE Helitron-3meMeHThl HeCyT CITydaiiHO
3axBayeHHbIC (PParMEHTHI TCHOB XO35IMHA. XOTSI 9TH
MOOMJIbHBIE 3IEMEHTHI ObLIN OMTHCAHBI B OCHOBHOM
JUISL PACTEHMM, OHU TAaK)K€ HAMJIEHBI Y )KUBOTHBIX
u rpudoB (Poulter, Goodwin, 2005).

Hexotopseie rpynns!l JJHK-Tpancno3oHoB oc-
TalTCAd HEKIaCCH(PHUIIMPOBAHHBIMU, MOCKOIBKY
JUISL HUX M3BECTHBI MOCIIE0BATEIbHOCTH TOIBKO
HEaBTOHOMHBIX BapuaHTOB. Takyro rpynmy Mma-
nousy4eHHbIX MO nipeacrasnsitotr Foldback-(FB)

9JIEMEHTBI, CXOIHBIE C OJHOMMEHHBIM 3JIEMEH-
toM Drosophila melanogaster. 9Tu 3IEMEHTHI
MPEICTABICHBl B ITUPOKOM PSAY OPTaHU3MOB,
B TOM 4YHCIie M pacTeHuit: y puca Oryza sativa,
Arabidopsis thaliana, pxu Secale cereale, nacne-
HOBBIX Solanaceae (Feschotte, Pritham, 2007).

N3MEHYUBOCTDB PASMEPA
AJEPHOI'O TEHOMA
Y BBICHINX PACTEHUM

Pa3mep snepHOro reHoma y BbICHIMX (TTOKPBITO-
CEMEHHBIX) PACTeHUH BapbUPYET B MIMPOKHX IPE-
JIeNIax, XOTs ISl KaXKI0TO BUAa OH OOBIYHO UMEET
Ooree WM MeHee TIOCTOSTHHOE 3HaueHue. Pa3zmep
reHoMa, u3MepsieMbrit B konmmuectse JJHK (B muma
nap HyKJI€OTH/IOB, M.II.H.) Ha TaluIONIHBIH T€HOM
(1C), BappupyeT 0oT 63 M.IL.H. Y IIOTOSTHOTO pac-
tenus Genlisea aurea (2n=52) no 149 000 m.11.H.
y Buna i Paris japonica (2n=40), T. e. pa3mudaust
moryT gocturats 2 300 pa3 (Bennett, Leitch, 2011).
Pacrenns ¢ manenskum renomoM (< 200 M.1.H.)
BKJIIOYAIOT OJTHO CEMEMCTBO OTHOMOMBHBIX U 13 ce-
MEUCTB JBYI0JIbHBIX. PacTeHuUs C OrpOMHBIM I€HO-
MOM 4acTO BCTPEYAOTCS CPEAH BUJIOB OTHOJIOIb-
HBIX, 0COOEHHO OTHOCAIIMXCS K opsaky Liliales,
TOI/IA KaK TOJIBKO 9 CeMEUCTB ABYI0JIbHBIX UMEIOT
BBl ¢ reHOMOM Ooitee 15 000 m.m.H. (Leitch et
al.,2007; Bennett, Leitch, 2011). Cpenauii pazmep
reHoMa MOKPBITOCEMEHHBIX PACTEHUH COCTABISAET
5 800 m.1.H. (y ogHO#OabHBIX — 10 200 M.IL.H.; ¥
IBynoiabHBIX — 2 800 M.11.H.) (puc. 3).

CpenHsis JuiHA TeHa (32 HCKIIIOYEHUEM HHTPO-
HOB) y dyKapuoT paBHa 1 346 m.H. (¢ HEOOTBIION
Bapualeil Mexy Takconamu) (Xu et al., 2006),
TOTJIa KaK YMCIIO T€HOB Y JIUIUIOUIHBIX BBICIIAX
pactenuii — okono 30 000 (Ming et al., 2008),
yTo cocTanisieT B cymme 40 m.n.H.. Ecnu crona
00aBUTH CTPYKTYPHBIE pailOHBI XpOMOCOM (IIEHT-
pomepsl u Tenomepsl), p AHK, perynstopasie mo-
CJIeIOBATEIbHOCTH M HHTPOHBI, TO ITOTYYUM OLIEHKY
~ 60 M.I.H., COOCTaBUMYIO C MHHHUMAaJbHBIM
pa3MepoM reHoma. bombIIMHCTBO U3BECTHBIX pPac-
TUTENLHBIX BUIOB UMEIOT pa3Mep TeHOMa, 3HAuH-
TEJBHO MPEBBIIAIONINNA MUHIMAaJILHOE 3HAUCHHE.
YBenuueHue pasMepa SIEpHOTO TeHOMa MOXKET
JOCTUTAThCA 33 CUET MYJIBTHIUTMKALIUH JINOO 4acTH
reHOMa, JIMOO TeHoMa B 1IeJIoM (TIOMUILION/I13a-
uust). [lonurionans poucxouia MHOTOKPATHO
B XOJI€ ABOJIOIUU PACTUTEIHHBIX BUIOB U ObLIA
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Tabauua
Krnaccuduxkariust MOOUIBHBIX AJIEMEHTOB U MX PaclpOCTPAHEHHOCTh
y pasHbIX TpyIm opranusmos (mo: Wicker et al., 2007)
Knaccuduxanys Crpyxiypa TSD PacrpocTpa-
IMopsinox | CynepceMelicTBO HCHHOCTD
Kunacc 1 — perpoTpaHcno3oHbl
LTR Copia —>{ GAG AP INT RT RH}|—> 4-6 PT,M, O
Gypsy —»[GAG AP RT RH INT}—» 46 | PILM,O
Bel-Pao —>»[ GAG AP RT RH INT}—» 4-6 M
Retrovirus —>»[ GAG AP RT RH INT ENV}—» 4-6 M
ERV —»[GAG AP RT RH INT ENV}—» 4-6 M
DIRS DIRS >—{GAG AP RT RH YR} 0 P, I,M, O
Ngaro —>| GAG AP RT RH YR |—>—>—> 0 M, T
VIPER —»[GAG AP RT RH YR} »» » 0 0
PLE Penelope <«—>—] RT EN |—» Bap. PI,M, O
LINE R2 — RT EN | Bap. M
RTE —{  APE RT | Bap. M
Jockey — ORFI [ APE RT | Bap. M
L1 —| ORFI }{ APE RT |- Bap. | P,ILM,0
I —{  ORF1 | APE RT RH |— Bap. P,T,M
SINE tRNA _ w0000 Bap. PILM
7SL I Bap. PILM
58S _mm om0 Bap. M, O
Kiacc 2 — JIHK-Tpancmo3onsr. [Togknace 1
TIR Tc1-Mariner TA PT,M, O
hAT 8 P,ILM, O
Mutator 9-11 | RPILM, O
Merlin 8-9 M, O
Transib 5 M, T
P 8 | nwM
PiggyBac TTA M, O
PIF-Harbinder >— Tase’ | ORF2 |} 3 PI,M,O
CACTA << Tase |{ ORF2 p—eo—< 2-3 PI,M
Crypton | Crypton 0 r
Kunacc 2 — IHK-tpancno3onsr. [Togknacc 2
Helitron | Helitron —  RPA |+/{ Y2HEL | == 0 P,I,M
Maverick | Maverick > CiINT H ATP |4 CYP H POLB < 6 LM, 0O
IIpumeuanusa. —» — LTR, 1n1HHBINA KOHIEBOH TOBTOP; |:| — KoAupymouias o01acTb; —— — HEKOAUPYIOMas 001acTb;

>— ——=< —TIR, KOHIIEBbIC HHBEPTHPOBAHHBIC TIOBTOPHI; MMl — THAarHOCTHYECKHE 0COOCHHOCTH B HEKOJMPYIONIEH 001acTH;
—//~ — paifoH, comepkaryii onHy mwiu 6oiee gononHuTebHEIX OFR.
AP — acmaparunoBas npoteasa; ENV — 6enok o6omoukn; POL B — JIHK-momumepasa B; Tase — tpancmosasa (" — ¢ DDE-
motuBoM); APE — amypuHoBas sHnonykieasa; GAG — kancuanbiii 6enok; RH — PHKaza H; ATP — ynakoBounas ATdaza;
HEL —renmxkasza; RPA — permkaruBHbIH 010K A (TOIBKO y pacTeHuit); YR — tuposunoBas pexkombunaza; C-INT — C-unrerpasa;
CYP — mucrennoBas nporeasa; PFR — oTkpbITas pamka canThIBaHHA ¢ Hem3BecTHOU (pyHKImeit; RT — oOparHas Tpanckpunrasa;
Y2 — YR ¢ YY-motuBom; EN — sHnonykneasa; P — pactenus; I' — rpudsr; M — Metazoa; O — ocTanbHble OpraHU3MBI.
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Puc. 3. Pa3zmep reHoMa y NOKpBITOCEMEHHBIX PACTEHUI.

a—n0 10 000 m.i.H.; 6 — ot 15 000 10 150 000 M.11.1. TTo ocu X — pa3mep reHoma (1C B M.I.H.); 110 ocu Y —gactoTa. JlaHHbIe
B3sThI u3: http://data.kew.org/cvalues/cvalOrigReference.html (no: Bennett, Leitch, 2011).

yCTaHOBJICHA B HEIAaBHEM DBOJIIOLIMOHHOM TIPO-
[IJIOM y TIPUMEPHO TOJIOBHHBI H3YUYEHHBIX BHUIOB
pacrenuii (Schranz et al., 2012). Bropoii ucrou-
HUK BapHalliyi pa3mMepa reHoMa — aMIuinpuKaus
nocneaoBareabHocTel reHomuor JIHK. TTomumo
aMIUTH(HUKAIIIH, B TCHOME MOTYT TPOUCXO/UTh JIe-
JIEIIH KaK TeHOB (0COOEHHO TyTTUIIUPOBAHHBIX),
TaK U MOBTOPSIOIIMXCS HEKOJUPYIOIIMX MOCIIEI0-
BaTEIBHOCTEH, YTO MOXKET OTPAXKATHCS Ha pa3Mepe
renoma. Hanpuwmep, renom Arabidopsis thaliana
Ha npumepHo 50 % MeHble reHoMa OIU3KOPOJI-
CTBEHHOTO BHIa A. lyrata, XOTsl 3TH BUJIbI Pa30-
IITUCH OT OOIIET0 MPEe/IKa CPABHUTETBHO HETABHO —
oxosto 10 mutH siet Hazan (Hu et al., 2011). B atom
clly4ae pa3In4ue B pa3Mepe reHomMa 00yCIIOBICHO
MHO)KECTBCHHBIMH JICJICHUSAMH B HEKOJUPYIOIIUX
MEKICHHBIX paiiOHAX, HACBIIICHHBIX MOOUITLHBIMU
arieMeHTaMu. MeXBUI0Basi THOPHIH3AIINS TOBOJTb-
HO YacTo conpoBoxaaercs nenenusmu JJHK (Ma,
Gustafson, 2008). M3yuas 3BOJIOIUIO pa3Mepa
reHoma B cemelictTBe Brassicaceae, yaeHbie 0OHa-

pyxunu 16-kpaTHbIe pa3muuus cpeau 185 BumoB
(Lysak et al., 2009). [TonoBrHa 3TUX BUI0B UMEIH
YMEHBIICHHBIH pa3Mep TeHOMa [0 CPaBHEHHUIO
C O0INMM TIPEIKOM, HECMOTPS Ha JUHAMUYHbBIC
IIPOIIECCHI, HAITPABJICHHBIE HA YBEITMYCHUE pa3Mepa
reHoMa (TPaHCMO3UIIMA MOOUJIHHBIX 3JIEMEHTOB
W nojurionan3aius). Jlo cux mop He YCTaHOB-
JICHBI O0IIMEe 3aKOHOMEPHOCTH U CElICKIMOHHBIE
MCXaHHU3MbI, KOTOPBIC JIC’)KAT B OCHOBC Bapualiu
pasMepa reHoma B Ty WIH IPYTYI0 CTOPOHY B XOJ€
ABOIIOIUU PACTHTEIHHBIX BUJIOB.

BoNbIIMHCTBO MEKBHIOBBIX Pa3iniuil B pa3-
Mepe reHoma cBsizanbl ¢ cogepkanuem [T JTHK,
KOTOPOE IMOABEPIKEHO OBICTPHIM HM3MEHCHUSIM.
VY KyKypy3bl CYIIECTBYIOT OOJIBIINE pa3IHuus
[0 pa3Mepy TePMHUHAIBHOIO TeTepOXPOMATUHA
XPOMOCOM, COCTOSIILIETO U3 TAHJEMHBIX IOBTOPOB
(Laurie, Bennett, 1985). Bonpmas Bapuanus mo
COJICP’KAHHIO TeTEPOXPOMATHHA, OTPAKAIOIIASICS
Ha pasMepe TeHoMa, HAOMIOaeTCs TaKKE Y PKH
Secale cereale (2n = 14), npuuemM noIuMoppu3M



626

A.B. Uepbanb

3aTparuBaeT Ja)ke TOMOJIOTHYHBIE XPOMOCOMBI
(Alkhimova et al., 2004). IIpu HEKOTOPBIX yCIO-
BUSIX MIOBTOPsitolecs nocienoBaresnbHocT JTHK
TEPMHUHAIBHBIX PalOHOB XPOMOCOM TEPSIOTCS
B XOIc MHUTO3a. bblja moka3zaHa orpaHUYeHHas
BapuabeNbHOCTh Pa3Mepa TeHOMa Y TUTUIOHTHBIX
Y TETPAIJIOUIHBIX BUIOB MILICHULBI, 00YCIIOBIICH-
Hasi aKTUBHOCTBIO peTposnieMenToB (Ozkan et al.,
2010). Y npHa 00HapYKEHBI N3MEHEHHSI 9MCITa KO-
nuii reHoB pPHK B pe3ynbrare pa3inyHbIX cTpec-
coBbix Bosneiictuii (Cullis, 2005). YV Kykypy3sl
KOJIMYECCTBECHHBIC M3MEHEHHS 3aTparuBaroT BCE
KOHIIEBBIE PafOHBI XPOMOCOM, B KOTOPBIX ITPOHC-
XONIAT MHTEHCUBHBIE PEOPTaHM3alnU (MHCEPIIUH,
TYTUTUKAIAY ¥ JIETIeIINH) OTJENbHBIX CErMEHTOB
pasmepom Oosiee 1 T.i.H. (Belo et al., 2010). Ta-
KO MomUMop(du3M, 1o BUANMOMY, UMEET BaKHOE
3HAYEHUE J1sl NOMYJISILUI BUIOB PACTEHUH, JJ1 UX
a/IanTallu, yCTOWIMBOCTH K CTPECCY U TeTepo3uca
(Biemont, 2008; Belo et al., 2010).

3AK/IIOYEHUE

CTpyKTypHOE pa3HOOOpa3re MOBTOPSFOIIUXCS
AJIEMEHTOB PACTUTEIBHOIO F€HOMA OTPAXKAET €ro
YCKOPEHHYIO 3BOJIFOLMIO, B XO/1€ KOTOPOU ITPOUCXO-
JIWITA MHOTOKpATHBIE payH bl MTOJUTUIONIN3ALINH,
a TaK)Ke IPOLECCHl MacCCOBOM peopraHu3aluu
reromHoi JIHK, BKITrOUaromyie aMrinuKaiimo u
3aMeleHrne MOOMIIBHBIX IIEMEHTOB, PEKOMOWHA-
LU0 TAHJIEMHBIX IIOBTOPOB TEJIOMEPHOI'O T€TEPO-
XpoMarrHa, ObICTpBIE KOJTMYECTBEHHbIE N3MEHEHUS
reHoB pPHK u n1p. I XxoTs aganTuBHas 3HAUMMOCTb
OOJILIIMHCTBA MEXaHM3MOB T'€HETHUECKOM peopra-
Huzauu, cBszanubix ¢ [T JIHK, octaercs neBbi-
SICHEHHOM, TEM HE MEHEE PAJl JaHHBIX YKa3bIBA€T
Ha CEJIEKUOHHOE MPEUMYIIECTBO T€HOTHUIIOB,
TeHEepHPYIOUIHNX OOIbIIIee Pa3HOOOpa3re B COCTaBE
paznnunbix (paxmumii [T THK.

Paborta BeITIONTHEHA B paMKaX IpOeKTa 1o QyH-
JIAMEHTAJILHBIM HAYYHBIM HCCIICIOBAHUAM (Tema
Ne VI.53.1.5.) npu mognepxke rpanta PODOU
(Ne 14-04-00297).
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Summary

The main classes of repetitive DNA sequences, including coding (rRNA genes) and non-coding sequences
(tandem and dispersed repeats) are characterized. Emphasis is placed on their special role in the formation
of the structural and functional organization of the genomes of higher plants and in the support of their
higher genetic variation, as compared to animal genomes, at the levels of individual sequences and of the
whole genome.
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