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dochopunmuposaHme rucrtoHa H3Ser10
B JeJIEHVV PaCTUTEIbHOI KJIEeTKI
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[MCTOHbI, OCHOBHbIE 6EMKOBbIE KOMMOHEHTbI XPOMaTUHa,
NoABepPraloTCA NOCTTPAHCAALUMOHHBIM MOANGUKALMAM, KOTOPble
BANAT Ha 0COBEHHOCTY CTPYKTYPHO-GYHKLMOHANbHOW OpraHu3aumm
xpomocom. CaMbIMK pacnpoCTPaHEeHHbIMY MOCTTPAHCIALNOHHBIMU
MogudrKauuamu asnsatotca GochopunmnpoBaHne, METUIMPOBaHME,
aueTunMpoBaHve 1 youksutnHmposaHve. DocopunnposaHmne
FMCTOHOB MPONCXOANT B OCHOBHOM Ha N-KOHLIeBbIX JOMeHax
cepurHOB (Ser) n TpeoHnHOB (Thr) 1 3agelicTBOBaHO B perynauum
PasnnYHbIX NPOLECCOB B MUTOTUYECKOM M MENOTUYECKOM LeNeHUsX.
Ha ceropHAWHNI feHb NOKa3aHo, YTo AaHHbI BUA MoanduKaumnm
HeoOXOoAMM ANA aKTUBALMMN TPAHCKPUMNLMK, penapaummn pa3pbiBoB
OHK, pekombuHaumu, a Takke Ans KOHAEHCALVM U pacxoXKaeHNs
xpomocom. Cpefn YeTblpex OCHOBHbIX MTMCTOHOB AnA rmcToHa H3
XapaKkTepHO Hannume 6onbLLero Yncna canto moandukaumm. ¥
pacTeHuii Hanbosnee XxopoLwo n3yyeHo dochoprnrpoBaHe rMCTOHA
H3 no cepuHy B 10-M 11 28-M NONOXKEHNAX U TPEOHNHY B 3, 11, 32

1 133-m nonoxeHusax. B o63ope cobpaHbl N3BECTHbIE HA HACTOALLMIA
MOMEHT flaHHble O MPOCTPAHCTBEHHO-BPEMEHHOM pacnpeeneHnm
docdopunuposaHna H3 no cepuHy B 10-m nonoxkeHum (phH3Ser10)
B MUTO3€e 1 Melo3e Y pa3HblX BUAOB pacTeHun. [1na 60nblUnHCTBA
BM[OB XapaKTepHO pochopunmpoBaHme TONbKO NPULEHTPOMEPHbIX
pPanoHOB B MMTO3€ 11 BO BTOPOM [ie/leH1 Mel0o3a, 1 No BCel JJInHe
XPOMOCOM — B NepBOM AiefieHn Meio3a. OfHaKo CyLIecTBYIOT
ncknioyeHusa B pacnpepeneHny phH3Ser10 y MxoB 1 B pofe LiecTpym
(Cestrum), a TakXe Y BULOB C rOfIOLEHTPUYECKMU XPOMOCOMaMMU.
BcTpeuatoTca npoTrBopeurBble JaHHbIe MO pacnpeneneHmnio
phH3Ser10 B MnTO3€ 11 Meli03e y OfHVIX 1 TEX XKe BUAOB.
®yHKUMOoHanbHoe 3HaueHre phH3Ser10 B KneTouHOM AeneHunn

Y pacTeHWn CBA3bIBAIOT C aKTUBHOCTbIO LIEHTPOMEPDI, Kore3unen
LIeHTPOMEP 1 CECTPUHCKMNX XPOMATUA U cerperaymein XpoMoCoM.
O6cyxpaaeTca yyacTe U3BECTHbIX Ha JaHHbIi MOMEHT KaHAUAATOB
KMHa3 1 pocdatas B guHaMuke pochopunmpoanms H3Ser10. 063op
[aeT obLlee npefcTaBneHve o ponan moandukaumm phH3Ser10

B leIeHNIN N PaCcXOXKAEHMN XPOMOCOM B MUTO3€ 1 Melio3e.
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KAK UUTUPOBATb 3TY CTATbIO:
NoruHosa [1.6., Cunkosa O.. ®ocpopunvposaHme riuctoHa H3Ser10 B ge-

NEeHNN PacTUTESIbHON KNeTKW. BaBUNOBCKNI XKypHan reHeTUKN 1 CeNneKkLni.
2016;20(1):87-95. DOI 10.18699/VJ16.132

HOW TO CITE THIS ARTICLE:

Loginova D.B,, Silkova O.G. Phosphorylation of histone H3Ser10 in plant cell
division. Vavilovskii Zhurnal Genetiki i Selektsii=Vavilov Journal of Genetics
and Breeding. 2016;20(1):87-95. DOI 10.18699/VJ16.132

YK 582.3/99:577.112.823:576.35
MocTtynuna B pepakumio 16.07.2015 .
MpuHAaTa K nybnukauum 25.09.2015 .
© ABTOPbI, 2016

@ e-mail: loginova@bionet.nsc.ru

Phosphorylation of histone
H3Ser10 in plant cell division

D.B. Loginova, O.G. Silkova

Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia

Histones, the major protein components of chromatin,
undergo post-translational modifications, which
particularly affect the structural and functional
organization of chromosomes. The most common
post-translational modifications are phosphorylation,
methylation, acetylation and ubiquitination. Histone
phosphorylation occurs mainly at N-terminal tails

of serines (Ser) and threonines (Thr), and coordinates
various processes of mitotic and meiotic division. It has
been shown that this type of modification is required
for activation of transcription, DNA damage repair,
recombination and also for chromosome condensation
and segregation. Histone H3 is characterised by

the presence of a large number of modification sites
among the four core histones. In plants, phospho-
rylation of histone H3 at serine positions 10 and

28 and at threonine positions 3, 11,32 and 133 is

the most well studied. This review contains the most
complete data on the spatial and temporal distribution
of H3 phosphorylation of serine at position 10
(phH3Ser10) in mitosis and meiosis in different

plant species. Most species are characterised by
phosphorylation of the centromeric region in mitosis
and second meiotic division, and by phosphorylation
throughout the chromosomes in the first

meiotic division. However, there are exceptions

to the phH3Ser10 distribution in mosses and cestrum,
as well as in species with holocentric chromosomes.
There are contradictory data on the phH3Ser10
distribution in mitosis and meiosis in the same
species. The functional significance of phH3Ser10

in cell division in plants is associated with the activity
of the centromere, centromere cohesion and

sister chromatid and chromosome segregation.

We discuss the participation of currently known
candidate kinases and phosphatases in the dynamics
of H3Ser10 phosphorylation. The review provides

an overview of the role of phH3Ser10 modification

in the chromosome division and segregation in mitosis
and meiosis.

Key words: higher plants; phosphorylation of histone
H3 at Ser10; mitosis; meiosis.



POMaTHH 9yKapuOT OPraHW30BaH B OCHOBHbIE €IMHUIIbI,
HYKJIEOCOMBI, COCTOSIIIE IpuMepHo U3 147 map ocHo-
Bauuii (1.0.) JIHK, obepHyTO# BOKpYr rMCTOHOBOTO

OKTaMepa, BKJIFOYAOIIETo MO IB€ MOJIEKY/IbI THCTOHOB H2A,

H2B, H3 u H4. I'nctoHOBBIE OETTKH COCTOSIT M3 KOPOBOTO J10-

MEHa, KOTOPBII OCYIIECTBISIET B3aNMOICHCTBIE MEXTy pas-

JIMYHBIMU THCTOHAMU B TIpeJieiax OKTamepa, 1 N-KOHIIEBOTO

(hparmenTa, mocTTpaHCIInIHOHHBIe Monupukanuu (ITTM)

KOTOPOTO BIIUSIIOT Ha CTPYKTYpy M (YHKIHIO XpOMaTHHA

(Wang, Higgins, 2013). Cy1iecTByeT 110 KpaiiHei Mepe BOCEMb

Pa3IUYHBIX TUIIOB MOAU(UKANI THCTOHOB, CPEIU KOTOPBIX

HanOoJiee M3yYCHHBIMH SIBIISIFOTCS] alleTHIIMPOBAHUE, METH-

nupoBanue u docdopmimposanue (Fuchs et al., 2006; Ito,

2007; Wang, Higgins, 2013; Zhang et al., 2014). HanGonpmree

YHCIIO CAWTOB MOIM(HUKAIIUH U3 YETBIPEX OCHOBHBIX THCTOHOB

onucano Juis rucrona H3, u 9Tu MonuduKanuy y4acTByOT

B PETYIISIINN TeHOB 1 cOopke xpomaruHa (Ito, 2007).

VY pacrenuii usyueHo gochopunnpoBanue ructonos H2A
n H3 no ocrarkam TpeoHuHa u cepuHa: ructona H2A — no
TpeornHy B 120-m u 133-m monoxennax (phH2AThr120
n phH2AThr133), rucrona H3 — o tpeonnny B 3, 11 u 32-m
nonoxenusx (phH3Thr3, phH3Thrllu phH3Thr32) u ce-
pury B 10-M 1 28-M monoxenusx (phH3Ser10 u phH3Ser28)
(Gernand et al., 2003; Houben et al., 2005; Caperta et al.,
2008; Dong, Han, 2012; Demidov et al., 2014; Zhang et al.,
2014). Bce >ti MopudUKaK TUHAMAYHBI U UMEIOT He-
MOCPE/ICTBEHHOE OTHOIICHHE K PACXOKICHHUIO XPOMOCOM,
3arycKasich Ha cTajuu npodassl U 3aBepluasich B MO3HEH
aHagaze niau tenodaze. Pocpopunmmpoanne H2AThr133
n H2AThr120 nabironaercst B IEHTPOMEPHBIX ¥ IIPHIIEHTPO-
MEpHBIX pailloHaX KaKk B MUTO3€, TaK U B MEH03€, U, 110 JaHHbIM
aBTOPOB, CBSA3aHO C aKTUBHOCTHIO IeHTpoMepsl (Dong, Han,
2012; Demidov et al., 2014). ®ocdopunuposanne H3Thr3,
H3Thr11 u H3Thr32 npoucxonut Baoiib Bceld XpOMOCOMBI
B MHTO3€ U [IEPBOM JIEIIEHUH Meil03a, HO BO BTOPOM JIEIICHUHT
meiio3a phH3Thr3 orpannumBaeTcst TONBKO IEHTPOMEPHOI
obnacteto, a phH3Thrl1l u phH3Thr32 pacnipocrpansercs
BHosb xpomocoM (Houben et al., 2005, 2007; Caperta et al.,
2008). [Ipearonaratot, 4T0 JTaHHBIC MOAH(UKAIINH BOBICICHBI
B KOMITAaKTH3AI[HI0 XPOMOCOM.

DochopunmupoBarre H3Ser10 m3BecTHO M1 BCeX BBIC-
IIUX PAacTEHWH, OJHAKO XapaKTep JIOKAJIN3ANUH JTaHHOH
IITM BapbupyeT B 3aBUCUMOCTH OT THUIIA ACICHUS KIETKU
(muTo3 mnm Meto3) u Buaa pactenuit (Houben et al., 1999;
Kaszas, Cande, 2000; Manzanero et al., 2000; Pedrosa et al.,
2001; Fernandes et al., 2008; Marcon-Tavares et al., 2014).
Dochopumuposanue H3Serl0 B mpurieHTpoMepHOH 00-
JIACTH XPOMOCOM CBSI3BIBAIOT C aKTHBHOCTBIO LIEHTPOMEPHI
(Han et al., 2006; 2009; Gao et al., 2011). CornacHo npyrum
naHHBIM, (pocdopunupoBanue H3Serl0 urpaer BaxkHyIO
poxnb B aktuBanuu Tpanckpunuuu (Ito, 2007). Aunamuxa
dhochopunuposanus ructona H3 o ocrarkam Ser28 u Ser10
B MHUTO3€ U MeH03€ MPAaKTHYECKH HE Pa3INdaeTcs, OJHAKO
phH3Ser28 noxannsyercs B OCHOBHOM B KOPOBOH 4acTH
LEHTPOMEPHI (HETTOCPEICTBEHHO Ha IIEPBUYHOM MEPETIKKE),
a phH3Ser10 — B mpunieaTpomMepHOM paiione (Gernand et al.,
2003). Ha ocHOBaHMM Pa3JIMYHOTO MATTEPHA JIOKATH3AINN
phH3Ser10 u phH3Ser28 na xpomocomax B MHTO3€ M MEHO-
3¢ Y pacTeHHUH W KUBOTHBIX ITOJIATAIOT, YTO Y pacTeHUH obe
MOAM(UKAIIMHA HEOOXOIUMBI JUIS OCYIIECTBICHHS KOTE3UH
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cectpunckux xpomaru (Kaszas, Cande, 2000; Manzanero et
al., 2000; Gernand et al., 2003; Houben et al., 2007), a y xu-
BOTHBIX — TS KoHIeHcarmu xpomatuHa (Hendzel et al., 1997).

Hamuue phH3Ser10 y 60b1110r0 4nciia TakCOHOB: HH)Y-
3opwuii (Tetrahymena thermophile) (Wei et al., 1998), mpoxokeit
(Saccharomyces cerevisiae), mnexormratomux (Hendzel et al.,
1997), a Tarxke rpudoB (Aspergillus nidulans) n HACEKOMBIX
(Drosophila melanogaster) (Wei et al., 1998) cBuneTenscTBy-
€T 0 BBICOKOM KOHCEPBATUBHOCTH JAaHHOH MOTU(HUKAIINH CPE-
JIM 3yKapHOT U €€ BaKHOU poJin B iesieHnu Kiietku. Hecmorps
Ha O0JIBIIIOE KOTMIECTBO PadoT, CBA3aHHBIX C UCCIICJOBAHUEM
tochopumposanns H3Ser10, pynkuns atoit Mmogudrkannm
B KJIETOYHOM JICJICHHHU elle He MOJHOCThIO OIpejesieHa.
B 0030pe mpencraBieHbl M3BECTHBIE HA CETOMHAIIHNN ICHD
JAHHBIC O MPOCTPAHCTBEHHO-BPEMEHHOM marTepHe (ocdo-
punupoBanusg H3Serl0 Ha xpomMocoMax pacTeHH B MUTO3€
1 Meio3e, 00Cy)KIaeTcs poslb JTaHHOW MOTU(HKAIINN B KJle-
TOYHOM ITUKJIC PACTCHUH, 8 TAK)KE PACCMOTPCHBI KaHIUIATHI
KMHa3, yyacTByronmx B auHamuke phH3Ser10.

®docdopunuposanue ructoHa H3 B mutose

®ocdopunnposaHue ructoHa H3 y Bugos
C MOHOLIEHTPUYECKNMUN XPOMOCOMaMu
Jlyist GONBIIMHCTBA HUCCIIEIOBAHHBIX COCYMCTBIX PaCTCHUH
C MOHOIICHTPHYECKIMHU XPOMOCOMAaMH TIOKa3aHO, YTO B MUTO-
3e pochopunupoBanue ructona H3 mo cepuny B 10-M moo-
YKCHUHU HAOJTFOAeTCs B IPUIICHTPOMEPHON 001aCTH HAYMHAS
¢ mpoasbl 1 ucyezaer B Tenodase (puc. 1, a—6). bonpmas
4acTh MCCIICAOBAaHUN BEICTCS HA OMHOJOJBHBIX (3JaKax):
pxu (Secale cereale) (Houben et al., 1999; Manzanero et al.,
2000; Manzanero et al., 2002; Gernand et al., 2003; Oliver et
al., 2013); stamene (Hordeum vulgare) (Houben et al., 1999;
Manzanero et al., 2002; Gernand et al., 2003); kykypy3e (Zea
mays) (Kaszas, Cande, 2000); mmenwne (7riticum aestivum)
(Gernand et al., 2003), a Taxxe Ha ABY/IOJIBHBIX PACTCHHSX:
600ax (Vicia faba) (Houben et al., 1999; Manzanero et al.,
2002) u apabunoncuce (Arabidopsis thaliana) (Gernand et
al., 2003; Oliver et al., 2013).

IlepBast paboTa no ananusy pacnpeznencHuss phH3Ser10
B MuTO3e pXku (S. cereale), sumens (H. vulgare) u 60608
(V. faba) Obina cnenana B 1999 r. MeTo0M HEMPsIMON MM-
MYHO(IIIOOpECHEHIIMU (MMMYHO(IIOOPECIICHTHBIN aHalu3,
H®A) ¢ ucronp30BaHHEM aHTUTEN, PACTIO3HAIONINX THCTOH
H3, dochopunupoBannsiii mo cepuny B 10-M MOIOKCHUN
(Houben et al., 1999). Curaan iMMyHOJIOKAJIU3AI[HH CTCK-
THPOBAJIN TIPEUMYIIECTBEHHO B IPUILICHTPOMEPHOH 00JIaCTH
XpOMOCOMBI. OTHOTHITHBIC PE3YJTBTAThI OBLTH ITOTYYCHBI Y KY-
Kypy3sl (Z. mays) (Kaszas, Cande, 2000). ®ochopunupoBanue
H3Ser10 nanmnupoBanock B mpodase B MPUIICHTPOMEPHOIH
o0JacTH HEKOTOPBIX XpOMOCOM, B MeTadase U anadase y Bcex
XPOMOCOM HaOMIONaNK SPKUH CHUTHAN B IPUIICHTPOMEPHON
o0macTy, KOTOpHIi rcuesan B Tenodase (Kaszas, Cande, 2000).

LenTpomepHyto okanu3anuio curaaioB phH3Ser10 nm-
MYHO(ITYOPECICHIIMH Takxke Habroanm y nimenus (7. aes-
tivum), apabunoncuca (A. thaliana) n savens (H. vulgare)
(Gernand et al., 2003). Oxnaxo, o ganabM Oliver ¢ Koi-
neramiu (2013), docopunuposanue H3Serl0 y A. thaliana
B MeTadasze—aHadase MPOUCXOIUIIO IO BCEH IITHHE XPOMOCOM
(Oliver et al., 2013). Habmromaemplie pa3indus MOTIHA OBITh
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CBSI3aHBI CO CIIOKHOCTBIO MHTEpIIpETa-
MM JaHHBIX Ha XPOMOCOMAax HEOOIb-
mroro pasmepa. C 1pyroil CTOpOHHI,
pactipocTpaHeHue pochHopUInpOBaHUS
Ha BCIO JUIMHY XpOMOCOM B aHadasze
MHUTO3a OBUIO JIETEKTHPOBAHO TAKXKE
B pemsuxcst BY-2 kierkax (Kawabe et
al., 2005; Kurihara et al., 2006) u mpo-
TOIIJIACTAX, BBIJCICHHBIX U3 JHCTHEB
tabaka (Nicotiana tabacum) (Li et al.,
2005). Kak u B gpyrux ciay4ax, pocdo-
PUIMpOBaHNE HAYMHAJIOCH B mpodase,
Ha craausx meradasbl U paHHEH aHa-
(ha3pl OHO HAOIIOMAIOCH TONBKO B 00-
JIaCTH HEHTPOMEPBI, OTHAKO B TTO3THEH
aHagaze pacnpocCTpaHsIoCch Ha BCIO
JUITMHY XPOMOCOM U TIOCTETICHHO HCUe-
3arno B Tenodase (Kawabe et al., 2005;
Li et al., 2005; Kurihara et al., 2006).
Bocnpoun3BoagnuMocTs pe3yabpTaToB
N A B HeckonbKuX paboTax Ha Tabake
UCKJIIOYaeT oImuoKy meroza. Bo3moxk-
HO, TaKOH maTrTepH GochopHuInpoBaHUI
BUIOCTICIIM(DMYCH, KPOME TOTO, BCE TPH
paboThl MPOBOAMIUCH HE Ha KIIETKAX
anMKalIbHONH MEpPHCTEMBbI KOPHS (Kak
B OONBIIMHCTBE JAPYTrUX paboT), a Ha
ImpoToIiacTax Win OTACJIbHBIX KJICTOY-
HBIX KyJIBTypax, 4TO TAKKe MOIJIO ObITh
MPUYMHON TaKUX OTIMYUH.

YV BUJIOB € KPYIIHBIMU XPOMOCOMAMHU
MHOTHE aBTOPHI OTMEYAIN HAJIU4YNe
CUTHajla UMMYHOJIOKAJIU3allui aHTH-
Tell K (pochOpUIMPOBAaHHOMY THCTOHY
H3Ser10 B mputieHTpOMepHOI 061aCcTH
M €ro OTCYTCTBUE HEIMOCPEICTBECHHO
B MECTEC HepBH'{HOﬁ MEPETAKKA B MU-
to3e (Houben et al., 1999; Fernandes et
al., 2008; Marcon-Tavares et al., 2014).

OrcyrctBue phH3Serl0 B kopoBoMm
palioHe IEHTPOMEpPHI XOPOIIO MPO-
UIITIOCTPUPOBAHO HA XPOMOCOMAax
AYMEHA NpU NMMOMOIIU MMMYHOOKpa-
MUBaHUSA C HAHOYACTHUIIAMHU 30JI0Ta
Y CKaHMPYIOILEH EeKTPOHHON MUKPO-
ckornu (Schroeder-Reiter et al., 2003).
JlanHass 0COOEHHOCTh MOXKET OBITh
CBsI3aHa ¢ 3aMeHOU ructoHa H3 B 00-
JIaCTH LEHTPOMEPHI Ha €ro IeHTpoMe-
pocrnenupuunsi Bapuant, CENH3,
a OTCYTCTBHE TAKOTO IPOMEXKYTKa
B jokanu3anuu anturen Kk phH3Serl0
y BHJIOB ¢ 00Jiee MEITKUMH XPOMOCO-
MaMH — C MEHBIIIUM Pa3MepOoM LIEHTPO-
MepHoii odactu (Houben et al., 1999;
Marcon-Tavares et al., 2014).

Cpenu coCyauCTBIX pacTeHUH Hpu-
neHTpomepHblil narrepH phH3Serl0
00HapyXKEeH Takke y OPYTuX Ipes-
craButeneld oxHomonbHEIX (Pedrosa et
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Puc. 1. ®ocoopunuposarue H3Ser10 B mmuTo3e (a-8) n meino3se (2-u) Triticum aestivum.

a - npodasa; 6 - meTadasa; 8 — No3aHAA aHadasa; 2 — npodasa |; 0 — meTadasa |; e - Tenodasa I; x - npo-
dasza ll; 3 - meTadasa Il; u — aHadasa Il, xpomocombl okpatueHbl DAPI - cuHWi1 LBET; MMMyHOoopec-
LIeHTHOe OKpallVBaH1e MUKPOTPYOOUeK Ha a-TyOYNINH — 3eNeHbI; MMMYHOBI0OPECLIEHTHOE OKpaLumnBa-
Hue H3Ser10 - KpacHbI; MaclTabHbIn oTpe3ok — 10 MKM.

al., 2001; Manzanero et al., 2002; Feitoza, Guerra, 2011; Marcon-Tavares et al.,
2014) n nBymompHBIX pacteHmii (Fernandes et al., 2008; Marcon-Tavares et al.,
2014), a Takxe y ManopoTHUKOOOPA3HBIX, IUIAYHOBH/IHBIX U TOJIOCEMEHHBIX pac-
ternit (Marcon-Tavares et al., 2014). OtMeTum, 4TO Yy paCTEHHH NTUIIEMIICUHHKA
(Ornithogalum longibracteatum) cemeiictBa CriapkeBsle (Asparagaceae) 6b11a mo-
kazana koppessinust phH3Ser10 ¢ HanmuneM HEHTPOMEPHOTO TaHIEMHOTO TIOBTOPA
Satl, npuCyTCTBYIOLIETO Kak B LIEHTPOMEpE, TaK U B 00JACTH MHTEPKAISIPHOTO
rerepoxpomatiHa (B MeHbIIeM Konndectse) (Pedrosa et al., 2001).

®ochopunnposaHue y BUAOB C FONIOLIEHTPUYECKMMI XPOMOCOMaMM 11 MXOB
Cpeau BRICIINX PACTeHUH PEICTABUTENN BUIOB: XHOHOTpaduc smorckuit (Chion-
ographis japonica Maxim.) u3 cemeticrsa Jluneitabie (Lilidceae) n MycKaTHBII opex
(Myristica fragrans Houtt.) u3 cemeiicrea MyckarnukoBble (Myristicaceae); 0JHOTO
3 noaponoB ITosmnmka (Cuscuta) cemeiictBa BrionkoBeie (Convolvulaceae);
pona Pocsiaka (Drosera) (Ho He npyrux POCSHKOBBIX), a TaKkKe MPEACTaBUTEIH
nByx cemeiictB, CutHukoBbie (Juncaceae) u Ocoxosie (Cyperaceae), UMEIOT
royiorieHTprueckrne xpomocoMmsl (Guerra et al., 2000), moBeneHne u CTpyKTypa
KOTOPBIX B MUTO3€ CYLIECTBEHHO OTIMYACTCS OT MOHOLICHTPHYECKUX. OCHOBHBIMU
0COOEHHOCTSIMH FOJIOLIEHTPUYECKUX XPOMOCOM SIBJISIFOTCS: OTCYTCTBHE IIEPBUYHON
MIePETSHKKY B poMeTadase u MeTadase, MPUKPEIUIEHHE MEKPOTPYOOUeK BepeTeHa
JIeJICHHS TI0 BCEH JUTMHE XPOMOCOM M MapalieNIbHOE PACXOXKICHHE CECTPUHCKUX
xpomatun B aHadase (Germand et al., 2003; Guerra et al., 2006).

Ommuus B CTPYKTYpe MUTOTHYECKHUX XPOMOCOM ITOBJIEKIIM 32 COOOH OTianYne
B arrepue pochoprmposanmst H3Ser10 (Germand et al. 2003; Guerra et al., 2006).
VY oxuku (Luzula luzuloides) (cem. CuTHHKOBBIC, Juncaceae) CUrHaIbl KMMYHO-
¢moopectiennny phH3Ser10 craHOBHINCH BUANMBIMHU C Ha49ajIOM KOHICHCAITHH
XPOMOCOM Ha paHHHUX cTaausaX npodasel. CTaOUIBHBIA CHTHA HAOMIOAANH 110 BCEH
JUIMHE XPOMOCOMBI B MeTa- 1 aHagaze. DiyopecueHIuys ucuesaia ¢ JeKOH/IeH Ca-
et xpomocoM B Tenodasze (Germand et al., 2003). CxomHbIe pe3ynbTaThl OBIITH
TIOJTY4EHBI JUISl pacTeHui ouepeTHuKa (Rhynchospora tenuis) (cem. OcokoBble,
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Cyperaceae) (Guerra et al., 2006). Marcon-Tavares ¢ coaBTo-
pamu (2014) mabmroganu pochopuapoBaHIE METOTHYECKUX
XPOMOCOM I10 BCEH JUTMHE TAKXKE U Y IPYTHX MTPEICTABUTENICH
cemeiicrBa OCOKOBBIE, 2 IMEHHO: €Ille OJHOr0 BHUJA Oue-
petauka (Rhynchospora pubera), 6onotannst (Eleocharis
geniculata), umbpuctunnca (Fimbristylis miliacea).

HenaBuue ncciienoBanys B JaHHOM 001aCTH IIOKA3aJIx, YTO
Cpelu BBICIIUX PACTEHUH, KpOME PACTEHUH C FOJI0OLEHTpUYE-
CKUMH XpOMOcCOMaMH, (ochOpHIMpOBaHNE IO BCEH JITHHE
XPOMOCOMBI B MUTO3€ HaOJIIO[aeTCs Takxke y MX0B (Oprodu-
ToB) (Marcon-Tavares et al., 2014). V pacTtennii HOTOTHIaca
(Notothylas vitalii) (cem. Hototmmacosie) u puaani (Riccia
plano-biconvexa) (ceM. PuauneBbie) GioopecleHTHBIH cur-
HaJI CTaHOBWJICS BHAWMBIM B mpodase muddy3Ho 1o Beei
XpOMOCOMeE, AOCTHTrall MakcuMyMa K Mmeradase M ucues3al
B panHeit Tenodase. Y N. vitalii u R. plano-biconvexa niep-
BUYHBIX MEpeTsDKeK He HaOmomanu, Ho V- min [-o06pasHas
(opma xpoMocoM B aHadaze MO3BOIAIA MPEAIOIOKHUTD,
YTO OHH SIBJISIIOTCSI THIIMYHBIMU MOHOLICHTPUKaMHU. ABTODBI
TIPEITOJIOKIIIN, YTO XapakTep GocHOopUInpPOBaHUSI XPOMO-
COM B MHUTO3€¢ MOX000pa3HbIX Oonee Omu30k Kk (ochopu-
JIMPOBAHHUIO XPOMOCOM JKHBOTHBIX, YeM (HUIOreHETHUECKU
M30JMPOBAHHBIX TOJOIEHTPUYECKHX XPOMOCOM PACTECHUI.
Takxe B paboTe OTMEYaIH, YTO BO3MOXKHOM MPUYMHOHN OT-
cyrcrBusi phH3Ser10 Ha muieyax XpoMOCOM Y COCYIUCTBIX
pacTeHH ¢ MOHOIIEHTPHUYECKUMH XPOMOCOMaMH MOCITYKHIIO0
IpHoOpeTeHNEe KOMIIEHCUPYIOMINX MOTU(HUKAINN BBHY He-
00X0AMMOCTH ITpHCIIOCaINBAThCs K OKpYIKAIOLIeH cpeje
(Marcon-Tavares et al., 2014).

Ddocdopunuposanue ructoHa H3 B meiiose

DocdopunupoBaHue ructoHa H3 B Hopme y pacteHuin

dochopunmposanue rucroHa H3Ser10 B meitosze pacrenuit
3HAUYUTEIFHO OTIMYACTCS OT TAKOBOTO B MEHO03€ JKHMBOTHBIX
WJIN B MATO3€ pacTeHHi (B ciryuae mepBoro nenenns) (Man-
zanero et al., 2000). Y pxwu (S. cereale) v nmenuns! (1. aes-
tivum) nepBeie nuddy3ubie curHansl phH3Ser10 madmonanm
IpH NEepexoje OT JICNITOTeHbl K 3uroreHe. B auaknuese
uMMyHoJokanu3anuio anturen k phH3Serl0 nabmronanu
0 BCEH JITMHE XPOMOCOM, HO 00JIee MHTEHCUBHBINA CHTHAI
OTMedeH B o0iacTu neHTpoMepsl. [Tuk dochoprnmpoBanus
BJI0JIb XPOMOCOMBI IPUX0uiIcs Ha MeTadasy I, B Tenodase |
(hochopumupoBaHre MOCTEIICHHO HcYe3ano. B Hawane mpo-
(assl I KoHIEHCAIIHS XPOMOCOM COBITA/IaJ1a C HOBBIM ATAIIOM
hochopummposanust H3Ser10, HaunHAIOIIET0OCS B OTACIBHBIX
obmactsx. B konme mpodassr 11 u B meradase II B meHTpo-
MEpHOI 00acTH HaOIIOANN SIPKUE CUTHAIIBI HMMYHOJIOKa-
JIU3aIUH, B TO BPeMs KaK TUICYH XpOoMaTHu I ObUTA 04eHb CI1a00
nomedeHbl. DocopunupoBanue B pailoHe HEHTPOMEPHI
COXPaHSUIOCh MOCJIE pa3feiieHHs] CECTPUHCKAX XPOMATH]
B anadasze 11, B renodase Il oHO mocTeneHHo ucyesano, co-
BITIAJ1as1 C HAYAJIOM JIeKOHIeHcanu XxpoMocoM (Manzanero et
al., 2000). CxonHbIC JaHHBIC OBLIH MOJTYYCHBI HA KyKypy3e
(Z. mays) (Kaszas, Cande, 2000). Oitiuust ot pxxi (S. cereale)
u mmeHus! (70 aestivum) 3aKTIOYATUCh B TOM, YTO Y KYKY-
py3slI B ipodase | Ha cTagusx JeNTOTEHbl U INaKHHEe3a IPH-
CYTCTBOBAJIO JIBa CUTHAJIA Ha S/IPBILIKO0OPa3yOIINX paiioHax,
a B ITAXUTEHE — TOJIFKO OMH CUTHAJI, KOTZIa XPOMOCOMBI OBLITH
MOJTHOCTBIO CrapeHbl. PacnpocTpaHeHne curHajga Ha BCIO
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JUIMHY XPOMOCOM B TipoMeTadase COBIa a0 ¢ pa3pyluieHHeM
sepHoi 000m0uKku. Bo BTopom peneHnu y KyKypy3bl, B OT-
JIMYHE OT P>KH U MIISHUIIB], (hochOopHIINpOBaHIE MOTHOCTHIO
ucue3aso K Hayaiay Tenodassr 1.

®ocdopunnpoBaHue ructoHa H3 y pacreHuia

C YHUBAJIEHTHbIMU XPOMOCOMaMu

Xapaktep ¢ochopumuposannss H3Ser10 Ha yHHBaNeHT-
HBIX XpOMOCOMax ObUI M3y4eH Ha NpUMepe Meio3a pKu
(S. cereale), reHOM KOTOPOH COAECPKUT NO0OaBOUHBIE B-xpo-
MOCOMBI; rarmtouaHoi nmeHnnsl (7. aestivum), a Takxke
MOHOCOMHOH JOIOJHEHHON JMHHUM IIICHHUIBI, K TCHOMY
KOTOpOM J100aBJICHO JJIMHHOE ILIeU0 XPOMOCOMBI pku SRL
(Manzanero et al., 2000). O0mras xkapTrHa pacHpeneIeHus
curnana phH3Serl0 B nepBom genennn meio3a cooTBET-
cTBoBasa GpochopunupoBanuto ructona H3 y pacrenuii pxu
6e3 B-xpomocom (Manzanero et al., 2000). B meracdaze |
n anagasze [ B-XpoMocoMBI pXH M yHUBAJICHTHI MIICHHUIIBI
ObuTH hoCHOPUITMPOBAHEI 10 BCEH ITMHE XPOMOCOM HapaBHE
¢ OuBanenTtamu. Pasnmuns B xapTuHe (HOCHOPHINPOBAHUSI
CTaHOBWJINCH OYEBHIHBIMH B MeTadasze—aHadase BTOPOTo
nenenusi. OQMHOYHBIE XPOMAaTH/IbI, pacrojaraliuuecs
OTAETBHO OT OCTaJBHBIX XpoMocoM B MeTadase I mmm 3a-
JIep KMBAIOIIMECs] B 9KBAIMOHHOI TutockocTH B aHadasze I,
He uMeln (uroopecteHTHbIX currainoB phH3Serl0 B mpu-
HIEHTPOMEPHOM 00J1IacTH, HO OBITH MPHUKPEIUIEHB! K MUKPO-
TpyOOYKaM BepeTeHA JICIICHHS.

Ocob6eHHOCTU pochopunupoBaHusa ructoHa H3

y Cestrum strigilatum, Hecywero ogHy B-xpomocomy

K HaCTOAIEMY MOMCHTY TOJIBKO JIJI1 OAHOT'O BHUJ1a paCTeHHﬁ,
nectpyma (Cestrum strigilatum), Opla Moka3aHa IPUIIEHTPO-
MepHas (B ommune oT (pochoprmmpoBaHust 0 BCEH JUTHHE
XPOMOCOM Y JIpyrux BuioB) jJokanu3anus phH3Ser10 B niep-
BOM JienieHnu Meio3a. C. strigilatum — NByIOIBHOE pacTEHHE,
oTHocsiieecs k cemercty Ilacnenossie (Solanaceae), xapax-
Tepu3yeTcs HaumyreM B reHoMme B-xpomocom (Fernandes et
al., 2008). ¥V ucnenoBaHHBIX pacTeHHH B 23 % MeHoIUTOB
HaOJII0aI0Ch HAJIMYMe YHUBAJICHTHOH B-XxpoMocoMmbl, Beerna
PacMoyIOKEHHON OTNeNnbHO OT A-xpoMocoM. B-xpomocoma
3aJep>KUBaiach Ha HKBATOPE B IEPBOM JICJIEHUN U JEIUIACh
Ha XpOMaTH/Ibl BO BTOPOM JIeIeHHH Melio3a. U B mepBom, 1 BO
BTOPOM JICJICHUsIX Meiio3a pochopunpoBanue A-XpoMocoM
MIPOXOIMIIO TOJBKO B MPHUIIEHTPOMEPHOI 00nacTu M JeTeK-
THUPOBAJIOCh HAUYMHASL C MAXUTEHBI 10 MMO31HEeH aHadassl I,
MOJIHOCTBIO Hcue3as B Tenodase 1. 3arem netekiyst curuaia
BOCTIPOM3BOAMIACE HAYMHAA ¢ Tpodassl 11 1o panae Temo-
¢azer 1. Bpemennoe pacnpenenenue (GochopuiIrnpoBaHus
Ha B-XxpomMocomax B MEpBOM JEJICHUU HE OTIMYAJIOCh OT
TaKOBOTO y A-XpPOMOCOM, OJHAKO IPOHMCXOANJIO IO BCEH
JUINHE, 32 UCKII0YEHHEM TEPMUHAIIBHOTO paiioHa JUTMHHOTO
rieda. Bo BropoM neneHnn (uoOpecleHTHBI CUrHall Ha
pazomenmuxcs B-xpomarnnax He HabOmomamu. ABTOPHI
OOBSICHWIIN OTIIMYHE MEHOTHYECKOTo (hOCHOPHIMPOBAHUS
H3Ser10 C. strigilatum ot Apyrux BUIOB, OIMCAHHBIX B JIH-
Teparype, BUIOBBIMH OCOOCHHOCTSIMH M IIPEATIONOKIIIN,
YTO OHO MOJKET OBITH CBSI3aHO C «JABMXeHHeM» (motility)
XpOMOCOM, HO He ¢ KoHieHcauen mwin koresuel (Fernandes
et al., 2008). XoTs aBTOPHI CAENANN BBIBOJ O Pa3InuUU
nartepHa pochopunrposanns y A- n B-xpomocom, pazmep
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calToB JIOKAJIN3alli aHTUTEJ NPAKTUYCCKU HE OTINYaJICA.
BosmoxHO, dpochopummpyemas IpUIIeHTpOMepHast 00JIacTh
B-XpoMOcOMBI 3aHMMAET MOYTH BCIO €€ JUIMHY, TeM Oosee
YTO Y COCYJHMCTBIX pacTeHHH pa3mep OJIOKOB MMMYHOJIOKa-
mu3zannn antuted K phH3Ser10 otHOCHTENBHO cTaOMIICH
MEKy XpOMOCOMaMH B ITPEEIax KapUOTHIIA JaKe y BU/IOB
CO 3HAYMTENILHO pa3iinyaroleiicss Mop(hosIoruei XxpoMocom,
HarpuMep TENOLUEHTPUIECKUX W METAllEHTPHUECKUX Y HO-
tockopayma (Nothoscordum pulchellum), nnu ¢ G0nbIION
pasHuliel B pazMmepe XxpoMocoM, kak y nunypsl (Cipura
paludosa) (Marcon-Tavares et al., 2014). V sneyrepuHsl
(Eleutherine bulbosa) xpynHe#inas XpoMocoMa B IISITh pa3
Ooutbllle, YeM MEITKUE, HO BCE OHM MTOKA3aJIM aHAJIOTUYHBIE 110
pa3mMepy NMPUILIEHTPOMEpPHBIE (ITIOOPECLEHTHO OKpAIICHHBIE
6noku phH3Ser10 (Feitoza, Guerra, 2011).

Cnyqam npoTuBopeYnBbIX AaHHbIX
no ¢ocdopunupoBaHmio ructoHa H3
B MUTO3€ N Melo3e
JLnist pacTenHnii ¢ HeOONBITMM TeHOMOM HMMYHO(ITIOOPECIICHT-
HBIH aHAJIN3 3aTPY/JHEH, TIOCKOJIBKY CJIOXKHO MOIYYHTh YETKYFO
KapTHHY pacipeiesieHHsi CUTHAJIOB [IPU MaJIOM pa3Mepe Xpo-
mocoM (Gernand et al., 2003; Oliver et al., 2013; Paula et al.,
2013). Kak pesynbrar — pa3Hsmuecs JaHHBIC 110 MaTTEPHY
dhochopuupoBanus y oOaHUX U TeX ke 00bekToB (Gernand
et al., 2003; Oliver et al., 2013) unu TpyaHO COMOCTaBUMBIE
JTaHHBIE WIITIOCTPAUH M TEKCTOBOTO COIPOBOMKACHUS Ma-
tepuaina (Paula et al., 2013). Tak, B MuTo3e apadbuioncuca
(A. thaliana) niepBbIe pa3TUYUMBIE CUTHAJBI JIOKAIA3AIIAN
aaTHTen K phH3Ser10 mosBismch ¢ Ha9amoM KOHICHCAIHA
XpOMOCOM B paHHei nipodaze. B meradase u anadase sipkue
CUTHAJIBI OBITM XOPOILIO Pa3lIWYMMBl B IPUIIEHTPOMEPHOH
0051acT XpOMOCOM M MCYE3AJIN C HaYaJoOM MX JICKOHJICHCa-
un B Tenodase (Gernand et al., 2003). OnHako, 10 JaHHBIM
Oliver ¢ xomeramu (2013), pochopunupoBanue HATUHATIOCH
HE ¢ Ha9aJIOM KOHJICHCAIINK XPOMOCOM, a B CEpPEANHE —KOHIIE
npodassl. K MeTadaze oHO pacmpoCTpaHsIIOCh Ha ILUICYU
XPOMOCOM M Hcue3allo B KoHIe Tenodasel. Kpome Toro,
B MeHo3e A. thaliana HabMIONAIN OTINYHNS OT YK€ U3BECTHBIX
JAHHBIX 0 ApyruM pactenusMm (Manzanero et al., 2000).
®Dochopunuposarne H3Serl0 HaumHanmoche B TUIIOTEHE
B TIPHIIEHTPOMEPHOM 001aCTH (@ HE IPHU Iepexo/ie OT JIETTO-
TEHbI K 3UTOTEHE, KaK y KyKypy3bl, Manzanero et al., 2000).
Crenyrolieit HeOXKHIaHHOCTBIO 0Ka3aJ10Ch PACTIPOCTPAHEHUE
phH3Ser10 Ha nyieur XpoMocoM BO BTOPOM JICJICHUHU MeH03a,
T.¢. KapTuHa (pochopunrpoBaHus Oblia aHAJIOTHMYHA Ha-
6momaemoii B mepBoM Aenernu meiiosa (Oliver et al., 2013).
B metioze Opaxuapuu (Brachiaria ruziziensis, B. decumbens
u B. brizantha) (cem. 3nakoBbie, Gramineae) onucaHa HHast
kaptuHa Gochopummposanus (Paula et al., 2013). V Bcex uc-
CJICIOBAaHHBIX PACTEHHUIT BO BpeMs IIepBOTO JiesieHns pocdo-
punupoBanne H3 pacnpocTpaHsiioch Ha 11eJIble XPOMOCOMBI
u ucuesaino B Tenodase I. HecmoTps Ha TO 9TO camMu aBTOPHI
ornucany narrepH GocopmInpoBaHKs BO BTOPOM JIEIICHUH
Meii03a KaKk MPUIEHTPOMEPHBIN, Ha UIUTIOCTPALUAX K CTaThe
pacmpenenenne (UIIOOPECIEHTHOIO CHTHAJIa COBHANAacT
¢ koHTypamMu DAPI-okpaleHHbIX XpOMOCOM, T.€. HJIET O
Becel muHe xpomocoM (Paula et al., 2013). Omwubka uHTEp-
MPeTaluy BO3MOXKHA BCIIEACTBHE MaJoOro pa3mMepa KOMIIak-
THU30BAaHHBIX MEHOTHYECKUX XPOMOCOM BO BTOPOM JICIICHHH.
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HecoorBercTBust B kapTuHe (HochOpHIMPOBAHHS MOKHO
OTMETHUTh U B paboTax ¢ pacTEHUsIMHU, UMEIOLIMMHU KPYII-
HBIE XpPOMOCOMBI, Hanpumep ¢ 6o6amu (V. faba) (Houben
et al., 1999; Demidov et al., 2005). Tak, B pabore Houben
C KoJuIeraMu ObUTM OTMEYEHBI CJ1ab0oe OKpallMBaHUE IJIEd
XPOMOCOM M SPKHH CHUTHAJ B NPHUIEHTPOMEPHOH 00JacTh
B MeTtadaze—anadaze muroza (Houben et al., 1999). B 6oiee
mo3nHe paboTte, BHIOJHEHHONW Ha TOM e 00BeKTe, Oblia
MOKa3aHa CTporasi MPULEHTPOMEPHAs JIOKAIU3aus (iIroo-
PECIICHTHOTO CUTHAJIa Ha aKPOLEHTPUYECKOH XpOMOCOMe
M OTCYTCTBHE TAaKOBOTO Ha Imuiedax xpomocombl (Demidov
et al., 2005). Habiromaemoe oTimdue MOTIIO OBITH CBSI3aHO
C 0COOEHHOCTSIMH HCHOJIB3yeMoro meroza. Jist HenpsiMoro
M ®A B TOM 1 ApYroM cirydasix UCIOIb30BAJIN TOJIUKIOHAIb-
HBIC AaHTHTEIIA, a JICTEKIHIO (IF0OPECIEHTHOTO CUT'HAIA BEITH
¢ oMouibto snudurroopectenTHoit Mukpockonuu (EfM, Epi-
fuorescence Microscopy). Oba 3Tux pakTopa UMEIOT HEKYIO
MOTPEITHOCTh, CBS3aHHYIO CO CHENM()UIHOCTHIO CHUTHAJA
W ONTHYECKHUM pazperieHreM. [lonukioHalbHbIe aHTUTeNna
UMEIOT pAJ 0COOCHHOCTEH, CITOCOOCTBYIOIINX ITOSBICHUIO
«(poHOBOTO» (HEeCTeNU(UIHOTO) CUTHAIA, CICIYIOIINX U3
cnocoba nonyueHus. CbIBOPOTKA MOJMKIOHATIBHBIX aHTH-
TEJI COCTOUT M3 MPOAYKTOB CEKPEIMN HECKOJIBKHX KJIOHOB
B-nmum@ornuTos, KOTOpble HMEIOT Pa3HYIO CIEIH(UIHOCTD
(aHTHTENA K OTIIMYAIOIIMMCS y4acTKaM CBSI3bIBAHHUS C aHTHU-
TEHOM U TaXKe K pa3HbIM aHTHUTeHaM ), ahPMHHOCTH (CPOACTBO
K CBSI3bIBAEMOMY aHTUTEHY) U Ap. (CBenrHukoB u ap., 2006).
Kpome Toro, 13-3a 00beMHOCTH KJIETOUHBIX IIPENapaToB OITH-
YeCKOE Pa3pelIeHne XpOMOCOM, aHATU3UPYEMBIX C TOMOIIBIO
o6brynoi EfM MHKpOocKonHH, OrpaHHYeHO.

Ornnuust B kaptuHe Gocdopunupoanust H3Serl10 6bun
OTMEUEHBI IIPH aHAIN3€ XPOMOCOM MUTOTHYECKHUX Tperapa-
ToB pxH (S. cereale) (Houben et al., 1999). Paznuuus B pac-
npeesieHuu (IIF0OPECLIEHTHOTO CUTHAJIA ABTOPBI CBSI3bIBAIIH
C WCIOJB30BAHUEM Pa3HBIX CIOCO00B (pUKcanum JaHHBIX,
a UMEHHO: OOBIYHOW 3MHUQII00PECIIEHTHON MHUKPOCKOIHH
(EfM) 1 BBIYMCIANTENBHOI JEKOHBOIIOIIMOHHONW MUKPOCKOITUH
(CDM, Computational Deconvolution Microscopy). B ciyuae
ucrionb3oBanust EfM nabmionasncs crnaOblii CHTHA Ha TIIeYax
XPOMOCOM U 0oJiee SIpKUil CUTHAJI B IPUIICHTPOMEPHOM 00-
mactu. C Ipyroi CTOPOHBI, TpH Hcnoiap3oBaHuu CDM sipkue
CUTHAJIBI HAOJNIONAJIN B TIPULICHTPOMEPHON 00IacTH, ¢ eau-
HUYHBIMHU TOUYEYHBIMHU CUTHAJIAMH B 00JIACTH ILJIEY XPOMOCOM.
OnHaKo aBTOPHI OTMETHIIH, YTO JEKOHBOJIIOIIMOHHAS MUKPO-
CKOTIHSI IMEET TEHJICHIIMIO K TIOBBIIICHHIO SIPKUX CHUTHAJIOB
NP TIOHMKEHUU WITH Jlaske ycTpaHeHuH cinadbix (Houben et
al., 1999; Wallace et al., 2012).

OyHKUMOHanbHoe 3HaueHue pochopunmpoBaHus
B AieNIeHNU PacTUTENbHON KNeTKN

®ocdopunnposaHue ructoHa H3Ser10 Koppenupyet

C Kore3uem cecTpMHCKUX XpomaTtug

Xors pochopunuposanne H3Ser10 koppenupyer ¢ koHieHCa-
Iuel XxpoMocoM B MuTO3¢ y )KUBOTHEIX (Hendzel et al., 1997),
a TaKke B MUTO3€ M Mel03e HHU3IIMX dYKapHOT, Halpumep,
undyzopuii (Wei et al., 1999), mpuunHHO-CII€ACTBEHHAS CBSI3b
MEX/y HUMH JI0 CHX IOp He sicHa. [Ipeamnonaranock, 4to
y KHMBOTHBIX (pocopunmpoBanHblii ructoH H3 npusnexaer
K xpomocome Toriousomepasy 2 (Hendzel etal., 1997). Oqnaxo
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JUTSl MEM03a 9TO OKa3alloch He Tak. B Melio3e Mbllel JTIoKaIu-
3aIysl TOMOM30MEepasbl 2 Ha XPOMOCOMAaX U MX KOH/ICHCALHS
HAYMHAJIUCh B paHHEH npodase, a GochopunupoBaHme Ha-
omomanocs B mo3nHeit mpogasze I (Cobb et al., 1999).

o aHayoruu ¢ )KUBOTHBIMH B MIEPBBIX PabOTax Ha pacTe-
HUSX TaKKe BBICKA3BIBAIINCH MPEATIONIOKECHUS O BO3MOKHOM
ygacTuu (pochHOopHINpOBaHHS B KOHICHCAIUH XPOMOCOM
(Houben et al., 1999), nockonbky Hadano (hochopuiaupo-
BaHUS COBIAJAJIO C HAYaJOM KOHJCHCAIMU U HCYE3aJ0 C
neKoHaeHcamed xpomocoM. OmHaKko B Ooree TMO3IHUX pa-
0oTax mokasaHo, 4to ¢pochopuIMpoBaHHUE CBS3aHO CKOpEE C
KOT€3Uel CECTPUHCKUX XPOMATH/] B MUTO3€ U MeH03¢e, a HE CO
crenenbro nx kKouaeHcanuu (Kaszas, Cande 2000; Manzanero
et al., 2000; Manzanero et al., 2002; Brasileiro-Vidal et al.,
2005; Feitoza, Guerra, 2011). B monb3y 3T0T0 MpeAmnmonoke-
HUS CBHJCTEIBCTBYET PSJI JaHHBIX. BO-TIepBEIX, OTCyTCTBHE
CUTHAJIOB MMMYHOJOKaiu3auuu anturen Kk phH3Ser10 nHa
HOPMaJbHO KOHICHCHPOBAHHBIX 3aJ€P’KUBAIOIINXCS XPO-
MaTHIax U pparMeHTaX XPOMOCOM B MHUTO3E THOPHIIOB C
HecTaObmwibHBIM TeHOMOM (Brasileiro-Vidal et al., 2005), a
Tak)Ke Ha OJMHOYHBIX XPOMATHIAaX BO BTOPOM JICIICHUH MEHi-
03a TrarIONIHBIX PACTCHAHN MIICHAUIIB U B-XpomaTumax pxu
(Manzanero et al., 2000). Bo-BTopbIX, y pacTeHHI 1€y TepUHBI
(E. bulbosa), nist KOTOPBIX W3BECTHA YETKO OIpenessemMas
paHHSSI KOHJICHCAITUS TIEPBO MTaphl XpOMOCOM B Tipodase, He
HaOJTIOaJIM HY TTPEXKIEBPEMEHHOT0, HU 00JIee HHTEHCHBHOTO
dbochopunupoBanus ganasix xpomocoMm (Feitoza, Guerra,
2011). B-tpersux, Havamo GpocHOpHIUPOBAHAST XPOMOCOM
HE COBMAJaeT C HaYaJoM MX KOHJCHCAIH B IIEPBOM MeHo-
THUUYECKOM JICJICHNH Y KyKypy3bl. UeTkue curnaisl phH3Ser10
Ha BCEX XpPOMOCOMax HaOIIOMAIH JUIIb MPH TEpexone OT
JMaKuHe3a K mpomeTadase, Korjaa XpoMOCOMBI OBLITH YKe
MOJHOCTHIO KoHIeHcupoBanbl (Kaszas, Cande 2000).

OtcytcrBue cBs3u phH3Ser10 ¢ kormeHCanuei XxpoMocoM
OBLIO yCTaHOBJIECHO Yy stuMeHs U pxu (Manzanero et al., 2002).
Hcnonb30Banne MHrHOUTOPOB (ocdarassl (KaHTaApUIHHA
W OKaJaeBOI KWCIOTBHI) HE UMENO CIJIBHOTO BIHSHUS Ha
(hochopumposanue rucrona H3 1 He TpHBOIHIIO K TIpEKIe-
BPEMCHHOM KOHICHCAIIUH XPOMOCOM B HHTEepdaze (Manzanero
et al., 2002). HabnromaemMoe B MHTO3¢ yMEHBIIICHUE IITHHBI
KOHJICHCUPOBAHHBIX XPOMOCOM, THIEP(OCHOPHUITNPOBAHHBIX
o BCeHl anmuHe, OBTIO COMOCTABHMO C YKOPOUEHHEM XPO-
MOCOM, BBI3BaHHBIM XOJIOIOBOH 00paOOTKOM, MpH KOTOPOH
JIOTIOJTHUTEIIbHBIE CalThl (hocOPHIINPOBAHUS TIOSBISUINCH
JUIIB B HEKOTOPBIX yYacTKax IUIEY, HO HE IO BCEH JIMHE
xpomocoM (Manzanero et al., 2002). DTu JaHHBIC OTINYAIOTCS
OT pe3yJIbTaToB, MOJTYyYeHHBIX Ha )KUBOTHBIX (Guo et al., 1995).
[Tpn 06paboTKe KyTbTYphI PAKOBBIX KJIETOK MBIIIH OKa/1aBOM
KHCIOTOH 1 pocTpelitmaom (nHTHONTOpamu (ocdaras PP1
u PP2A) ¢ocdopunuporanue rucrona H3 v nosiHyroo KoH-
JIEHCAIUIO0 XpoMOCcoM Habmronanu yxxe Ha craaun G2 (Guo
etal., 1995).

Kpowme Toro, pochopunmuposanue H3Serl0, HaunHaromie-
ecs B MPHUIICHTPOMEPHBIX pallOHAX, pacIpOCTpaHSIIOIIEecs
HA TIIeYn XpoMocoM B Meradase | u HabmomaeMoe TOIBKO
B IIPULEHTPOMEPHBIX pailoHax B Metadase II meiionuTos,
COTJIaCyeTCsl C U3MEHEHHSIMH KOT€3WH CECTPHHCKUX XPO-
MaTHII, a He ¢ KoHaeHcanuei xpomocoM (Kaszas, Cande,
2000; Manzanero et al., 2000). Ognako pocopuiarpoBanue
ructoHa H3 He MOXKET B TIOJTHOM Mepe OTBEYATh 32 KOTE3HIO0
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XpoMarua, NOCKOJIbKY B3aUMOCBA3b MCK/Y HUMH HE ABJISICTCA
COBEPIIEHHOI: 00a IpoIecca HAYWHAIOTCS ¥ 3aKaHUIUBAIOTCST
He OJHOBpEeMEHHO. Hampumep, cecTprHCKHEe XpOMaTH/IbI pas-
JIEISIOTCS B aHadaze MUTO3a, a (hocHopruIInpoBaHUE HCUE3acT
TOJBKO B Teno(aze. Takke B IEpBOM JICIIEHHN Meli03a KOTe3Hs
CECTPHHCKUX XPOMATH/] HaOJIOaeTCsl B JIENTOTEHE, O/THAKO
MOXET UBMCHATHCA B 3UTOTCHE U K HaYaJTy aHa(ba3b1 I moutu
nmonHOCTRIO oTcyTcTBYeT (Cai et al., 2003). ITo 3Toii sxe mpu-
yrHe GochopHITPOBAHUE HE MOXKET OTBEYATH 32 MHUIIMAIINIO
kore3un (Kaszas, Cande, 2000).

Cormacuo Kaszas u Cande (2000), docdopunupoBanme
MOXKET y4acTBOBATh B PETYIISIIMN W TTOJ|/ICPKaHIN KOTE3UH
B LICHTPOMEPHBIX paiioHax. [Ipu n3yyeHun MyTaHTOB KyKy-
py36l afdl (absence of first division 1 — TeH, KOTUPYIOITHA
Meiio3-ciennuuHbIi Kore3nH Rec8), B mepBoM JieseHUH
Meiio3a KoTopbix oOpa3syercst 20 yHHBAJICHTOB, aBTOPhI OT-
MeJalll pasJieJIeHne CECTPUHCKUX XpomaTuj] B aHadasze I,
TaK K€ KaK IPU MUTOTHYECKOM JienieHnH. Koraa XpoMocombl
o0OpasyrT mMeTadasHyo IUIACTHHKY, (ochopunupoBanue
HaOJIIO1aeTCs TONBKO B NMPHIEHTPOMEPHBIX paiOHaX, B TO
BpeMsI Kak BO BTOPOM JICJICHNH Mel03a Ha MHANBUTYaIbHBIX
CECTPUHCKUX XpoMaThJaax CUTHAJl UMMYHOJIOKaJIU3aluuunu
anTHTeN K QochopunmmpoBanHOMy THcTOHY H3 OTCYyTCTBY-
et (Kaszas, Cande, 2000). Yuactue dochopunnpoBaHus
B KOT€3UH LIEHTPOMEPHBIX PaiiOHOB MOJATBEPIKAACTCS TAKKE
paboroii Ha C. strigilatum, s KOTOPOTO aBTOPHI TOKA3AJIH
MIPUIIEHTPOMEPHYIO JOKAJIM3ALII0 UMMYHO]II00PECIIEHTHO-
ro curnana aututea Kk phH3Ser10 kak B MuTO3€, Tak U B ABYX
nenernsx meiiosa (Fernandes et al., 2008).

phH3Ser10 - anureHeTMYeCKNin MapKep
aKTUBHOW LleHTpoMepbI
Cas13p hocoprmpoBannst H3Serl0 ¢ akTHBHOCTBIO IIE€H-
TpoMep OblIa OTMEUEHA B HECKOJIBKUX Pad0Tax 110 H3yUeHHUIO
nonynunentprueckux (Houben et al., 1999) n nunentpude-
ckux xpomocoM (Han et al., 2006; 2009; Gao et al., 2011;
Zhang et al., 2013). B uccnenyeMbIx MOIYIUIICHTPUYCSCKUX
U ULEHTPUIECKUX XPOMOCOMAX IIPUCYTCTBYET TOIBKO OJTHA
aKTUBHAS ICHTPOMEPA, HECMOTPS Ha HAJIMYNE TPAJAUIIMOHHBIX
nocnenoBareiabHocteil rearpomeproit JJHK B obeux 1eH-
Tpomepax (Ty/gypsy peTpoaneMeHToB suMeHs win 156 1. o.
CaTeJUTUTHBIX TAaH/IEMHBIX ITOBTOPOB U PETPOTPAHCIO30HOB
CRM xykypys3bl). [lonyaunenTpuaeckue XpoMOCOMBl 53
s;aMeHs THHAN T3-5u OpiTr 06pa30BaHbI TP PEIUITPOKHON
TPAHCIIOKAIINY C TOYKAaMH pa3pbiBa B 00IACTH LIEHTPOMEPHI
XPOMOCOMBI 3 1 JUIMHHOTO I1e4a XpOMOCOMBI 5. OTCyTCTBHE
HapyImIeHHH B MHUTO3€ yKa3blBAJI0O Ha AKTUBHOCTH TOJIBKO
OIIHOM M3 meHTpomep. TOIBKO LEHTpOMEpa XPOMOCOMEI 5,
oOpasytormasi 6osiee YeTKyI0 MEPBUYHYIO MEPETSIKKY, YeM
JacTUYHAA (C HU3KUM YHCIOM KOTHI IIEHTPOMEPHBIX MOCTe-
JIOBaTEJILHOCTEN ) IIEHTpOMEpa XPOMOCOMBI 3, UMeJa YeTKU I
CHUTHAJI JIOKAJIN3AIMY aHTHTeN K (GochHOPHIMPOBAaHHOMY TH-
crony H3. Kpome Toro, B mpocaze MUTO3a HACIUTHIBAIOCH
TOJBKO 14 CHTHAJIOB, COOTBETCTBYIONINX KOJINYECTBY AKTHB-
HBIX HIeHTpoMep B kiietke (Houben et al., 1999).
JumeHTprUUecKre XPOMOCOMBI KYKYpY3Hl (Z. mays)
T1-5 ObIIM MOMYYECHBI B PE3yAbTaTe TPAHCIOKAIMH MEXKITY
A-xpomocomamu | u 5, ¢ 3aXBaTOM LIEHTPOMEPBI MEXKIY
Toukamu paspsiBa (Gao et al., 2011). ABTopsI MOKa3aH, 9TO
TOJIBKO B MECTE NEPBUYHOTO CYXEHHsI, COOTBETCTBYIOIIETO
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AKTUBHOM LEHTpoMepe, HaOJI01aa0Ch HaJIMYUe CUIHAJIOB
CENP-C u phH3Ser10. Btopoii kx1acTep HEHTPOMEPHBIX
TIOCJIE/IOBATEIBHOCTEH HE MMEJT CUTHAJIOB JIOKAJTM3AI[MN aHTH-
test K CENP-C u phH3Ser10 (Gao et al., 2011). Xpomocombl
KyKypy3bI Dic-15 (Han et al., 2006, 2009) u sDic-15 (Zhang
etal., 2013) coneprkar JBe eHTpoMepsl B XpoMocoM, ¥ TOJTb-
KO OJIHa U3 HUX aKTHBHA W (ocopuimpoBaHa 1o TUCTOHY
H3Ser10. AKTHBHOCTB JaHHOH LIEHTPOMEPHI TOATBEPIKIaTIach
HaJIMyueM curHaia gokanuzanuu antutena kK CENH3, a takke
JIPYTUX, CBOWCTBEHHBIX JUIsl aKTUBHOW LIEHTPOMEPBI, MOAN(DH-
karuii, Taknx kak phH2AThr133 u phH3Thr3 (Zhang et al.,
2013). He3aBucuMo OT TOTO, MPOUCXOIMIIN JIN HEAKTUBHBIC
LEeHTpoMephI OT A- i B-xpomocom, docdopunnpoBanue
THCTOHOB HPOUCXO/IHIIO TOJIBKO 10 aKTUBHBIM LIEHTPOMEPAM.

C npyroii cropoHsl, B aHadasze BTOporo JeieHus: Meiosa
y ramjaouiHo U1 SRL MOHOCOMHO JAONOMHEHHOW JUHUH
nmennnsl (7 aestivum) Manzanero ¢ coasropamu (2000)
HaOJIIO1a)TN HAJTMYHE OTCTAIOIIMX OIMHOYHBIX XpoMaTH 6e3
ummyHoduroopectienTHoro curnana phH3Serl0 B obnacru
LIEHTPOMEPBI, KOTOPbIE OBUIH CBSI3aHBI ¢ MUKPOTPYOOUKaMHU
BepeTeHa. CXOHbIe pe3yNbTaThl ObIIH MOMYYEHBI U IS 3a-
JIep )KUBAIOLIMXCSl B-XxpomaTu BO BTOpPOM JIelIeHnH Meio3a
y pactenuii pxxu (Manzanero et al., 2000). CorracHo BIBoZaM
aBTOPOB, (POCHOPHINPOBAHNE HE OMPEIEIISIIO CIIOCOOHOCTD
KHHETOXOP CBSI3bIBATHCSI C MUKPOTPYOOUYKaMH BEpeTeHa.

W xoresus, u (yHKIMOHANbHAs aKTUBHOCTH LIEHTPOMEP-
HBIX PallOHOB HaNpaBJICHBI HA OCYIIECTBICHUE CErperann
XPOMOCOM B [1€PBOM JICJICHUH MeH03a M CECTPUHCKHX XPO-
Matua B mMuto3e u meiiose II. Csa3p pocdopunnpoBanus
C cerperamnuell EHTpOMEpP B MHUTO3€ Obla IOKa3zaHa IpH
aHaJIM3€ MEXKPOJOBBIX IMUICHUYHO-TIBIPEHHBIX T'HOPUIOB
(Brasileiro-Vidal et al., 2005). ¥ moToMkoB 5-ro u 7-r0 mMO0-
KOJIGHHH OT CaMOOIBIICHNUS JABAX/(bl OEKKPOCCHPOBAHHBIX
MIIEHUYHO-TIBIPSHHBIX THOPpHUIOB (7. aestivum X Thinopyrum
ponticum) Brasileiro-Vidal ¢ coaBropamu (2005) HaOmromamm
otkionenue B hochopunmposannu H3Ser10 B kietkax ¢ pas-
anuHbIME aHoManusimu. PocdopunmpoBanue ructona H3
B MuTO03€e ruOpunoB 7. aestivum % Th. ponticum HaYNHAIOCH
B Ipohase, B MeTaaze CUrHaI ObUT BUIECH HAa BCEX XPOMOCO-
Max 1 LIEHTPUYECKUX (hparMeHTax XpoMOCOM B 00JIACTH ITpHU-
LIEHTPOMEPHOTO XpoMaTnHa. B aHadase mpurieHTpoMepHbIe
PpalioHBI MO-NIPEXXHEMY OBUTH CHIIBHO (OCHOPHIMPOBAHEI IO
ructony H3, oqHako B HEKOTOPBIX KJIETKax Ha XpOMaTH/Iax,
3aJIep>)KUBAOINXCS B SKBAI[MOHHON INIOCKOCTH, CHTHAJ HE
HaOmonaincs. B Tenodase pocdopunmpoBanmne moIHOCTHIO
ucyezano. VMcxous U3 MoiydeHHbIX JAaHHbBIX, aBTOPBI Hpel-
TIOJIO’KUIIN, 9TO OTCYTCTBHE (hochopummpoBanms ructona H3
CBS13aHO ¢ ()yHKIIMOHAIBHBIMH HAPYIICHHUSIMHU [IEHTPOMEPHOTO
paiioHa, 4TO OTpa)kaeTcsl Ha Cerperayn XxpomMarua B aHadasze
(Brasileiro-Vidal et al., 2005).

Ponb KnHas B perynauun

dochopunnpoBaHusa ructoHa H3

ITo cpaBHEHMIO C AETaJFHBIM aHAIM30M KaHIAWIATOB KHHA3
U JIpyrux OENKOB, CBS3aHHBIX C MOAM(DUKALMSIMH IMCTOHA
H3 y *UBOTHBIX, CYIIECTBYET MaJI0 COOOIICHNH KacaTeTbHO
pacrenuii. K HacTosmieMy MOMEHTY y pacTeHHUH OBIIH KIIO-
HUPOBAHBI TOJBKO TPU KOHCEPBAaTHBHbIE KUHAa3bl, Haspin,
Aurora (Bxmouast AtAuroral, 2 u 3) m BRK1 (Wang et al.,
2012; Zhang et al., 2014). Oxnako cBs3b ¢ phH3Ser10 no-
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kaszaHa Toyibko Juist Aurora u BRK1 kuna3. Haspin-kuna3za
apabunoricuca (4. thaliana) hocopumupyer ructon H3 mo
Thr3 u Thrll (Kurihara et al., 2011).

Huist A. thaliana B mateparype onucanbl Tpu rena Ser/ Thr-
MpOTEeMHKNHA3 cemeiicTBa Aurora: AtAuroral, AtAurora?
u AtAurora3, KOTOpbIE aKTUBHO TPAHCKPUOMPYIOTCS B TKAHSIX,
COZIepIKAIINX MHOXKECTBO Jesuxcs kietok (Demidov et al,
2005, Kawabe et al., 2005). CrneruduyaHyIO JTOKATH3aIUIO
pPEeKOMOMHAHTHBIX OelKoB AtAurora, MEU4eHHBIX (IrOOpO-
xpomom GFP, HaOmronanu Ha JMHAMUYHBIX MHUTOTHYECKHX
CTPYKTYypax, MUKpOTPYOOUKax BepeTeHa U IIEHTPOMEpax,
a TakXke Ha (POPMUPYIOIIEHCS KIETOYHOH INTaCTHHKE B JIEJIs-
mmxest BY-2 kietkax tabaka (N. tabacum) (Demidov et al.,
2005). C momompio UDA ObUT0 YCTAHOBIEHO COBIAJCHHE
CUTHAJIOB JOKanm3anuu antuten Kk AtAuroral ¢ phH3Ser10
B LIEHTpOMEepax MeradasHbIX XpoOMOCOM pactenuit V. faba
(c 6ompmMu XpoMocomamn). CHTHAJ pacrosaraics B MpH-
LIEHTPOMEPHON 00JIaCTH MEXy KHHETOXOPAMH TOMOJIOTHY-
HBIX XPOMOCOM, OIHAKO (HOCHOPHIUPOBAHUEC 3aXBATHIBAJIO
HEOOJIBIION YJacTOK ILIed XPOMOCOM, TZie HE IEeTEKTHPOBa-
nack knHa3za Auroral (Demidov et al., 2005). dius AtAUR3
OblI1a MOKa3aHa EHTPOMepHast JIOKAIN3aIHsl HAYHHAs C IIPO-
(hazer MUTO3a U 10 paHHeH aHadassl B BY-2 kieTkax Tabaka.
B mo3nueit anadaze curaan mokaamamun anTutell K AtAUR3
HaOJII0/1aJTH 110 BCEH JITTMHE XPOMOCOM, YTO COOTBETCTBOBAJIO
MHUTOTHYECKOH KapTHHE pactipeneneHns GochopruiipoBaHus
H3Ser10 (Kawabe et al., 2005).

Jaist pactenuii cBsi3b knHa3 Aurora ¢ hocopuarpoBaHreM
H3Ser10 nokasana kak in vitro (Demidov et al, 2005; Kawabe
etal., 2005), Tax u in vivo (Kurihara et al., 2006). [1pu ananuze
akTUBHOCTH AtAuroral kuHa3bl in vitro JIeMHI0B C KoJIJIeraMu
(Demidov et al., 2005) nabmromanu nmpenMyIecTBeHHoe (hoc-
(opummpoBanne rucrona H3 mo Serl0, no He mo Ser28 wiu
Thr3, 11 wu 32. Y pacrenuii apabunoncuca, kpome AtAURI,
KMHA3HYI0 aKTUBHOCTH B OTHOIIEHHHU (hocdopmimpoBaHus
H3Serl0 in vitro npossnsanu taxxke AtAUR2 u AtAUR3
(Kawabe et al., 2005). ITpu ob6pabotke kierok BY-2 Tabaka
recriepanuHoM (hesperadin), koTopsrit nHTHOMpyeT Aurora-
kuHazy 3 4. thaliana (AtAUR3), Obut 0OHapy KeHBI CHIXKE-
Hue yposHs phH3Ser10 u phH3Ser28, a raxxe aHomanbHast
cerperanus MUTOTHIecKHX XxpomocoM (Kurihara et al., 2006).
¥ pacrenwnii puca (Oryza sativa) U1t HOpMAJIEHOH JIOKaJIM3a-
LMK Aurora-KrHa3bl 710 Hadajia Mmetadassbl | mpeanonoxuTes-
Ho HeoOxonmma knHa3a BRK1 (Bubl-related kinase 1) (Wang
et al., 2012). DTOT BBIBOI aBTOPHI CACIANA HCXOIS U3 JIByX
XapaKTePUCTHK MEi03a y MyTaHTOB puca brk-1: Bo BpeMs
muakuae3a phH3Ser10 B o6macTn meHTpOMEpHI OTCYTCTBYET,
a B Meragase | 3HaUNTEIBHO CHIPKAECTCSl OMIIONISIPHOE HATS-
JKEHHE MEX]ly KHHETOXOpaMH rOMOJIOT MYHBIX XpOMOCOM. Tak
Kak B TIEPBOM M BTOPOM CIydasiXx HEOOXOJMMO HOPMalIbHOE
(DyHKIIMOHNPOBaHUE AUrora-KHHA3bl, TO MHAKTUBALIMS KIHA-
361 BRK1, BeposiTHO, BBI3bIBAET aHOMAJIbHYIO JIOKATH3AIUIO
Aurora-knHa3sl 10 Hadaixa MeTadassl 1.

Hedochopunmposanne, Tak xe Kak 1 pochOopruInpoBaHue,
urpaet OOJIBIIYIO POJIb B KJIeTOYHOM Iukie. dedochopu-
nupoBaHue TuctoHa H3 pacTeHmil cBA3aHO C aHAJIOTaMu
tocdarasz PP2A (nedochopunmpyer Kore3ut, 00beTHUHAACH
B koMmmiekc SGO—-PP2A) u PP1 xuBoTHeIX. ¥V pacTeHuit
samens (H. vulgare), 60608 (V. faba) n pxu (S. cereale)
BbICOKHH ypoBeHb phH3Ser10 Boib miied XpoMocoM BBISIB-
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®ocdopunuposaHume ructoHa H3Ser10
B A€NIEHUV PACTUTESIbHON KNETKM

JSUTA B MUTO3€ TIOcie 00pabOTKH pacTeHUH KaHTAPHUIIHHOM,
KOTOPBIH siBIIsieTCsl crienrdruieckuM HHrnontopom docdaras,
takux kak PP2A u PP1 (Manzanero et al., 2002). Pacmipene-
nerne curHana phH3Serl0 mpu 06paboTke KaHTapUAMHOM
OBUIO aHAJIOTHMYHO KapTHHE (OCHOPUIMPOBAHUS XPOMOCOM
B IIEPBOM JICJICHUM MeH03a Y paCTEHUM, OIHAKO OTCYTCTBUE
nedochOopIITUPOBaHAS HE TPUBOIMIO K CEPhe3HBIM Hapy-
IICHUSIM KJIETOYHOTO JICJICHUS], MOCKOJIBKY CPEAN aHaJn3H-
PYeMBIX HAOMIOMATUCh KIIETKH ¢ HOPMaJbHBIMH aHa(a3aMu
u tenodazamu (Manzanero et al., 2002).

Hnst A. thaliana 6b1710 TOKa3aHO CYIICCTBOBAHUE CBS3H
PP2A ¢ neochopunuposarnem phH3Ser10. Kpome Toro, st
pacTeHH TaHHOTO BHIa OBLIO YCTaHOBIIECHO, uTo Oemkn NRPs
(NAP-pozcTBeHHBIE O€JIKH) SIBIISIOTCS TTOTEHIMAIBHBIMH Pe-
ryasitopamu edochopunuposanus phH3Serl0 (Bird et al.,
2012). NRPg — pactutenbHbie opronoru Genka SET/I,PP2A,
KOTOPBIN siBisieTcst nHruouTopom PP2A-omocpenoBanHoro
nedochopunuposanust phH3Ser10 B kieTkax >KMBOTHBIX.
Bbrino mokazano, uto NRP1 apabumomncuca mHTHOUpPyeT
AaKTUBHOCTh MMMYHOIIpenunuTupoBanHoro PP2A in vitro
Y B3aMMOJICHCTBYET C KaTATMTHIECKOH cyObequHuiet PP2A
in vivo (Bir¢ et al., 2012). Mcxons U3 3TUX JaHHBIX, MOXKHO
MIPEJIIONIOKHUTD, 4TO THamMuKa (ocdopumrpoanust H3Ser10
B MUTO3€ pacTeHui cBs3ana ¢ BRK1-omocpenoBanHoi akTHB-
HOCTBIO KuHa3bl Aurora 1 NRP-koHTpoaupyeMoi akKTUBHO-
cTbio ocaraszsr PP2A.

dochopunupoBanue rucrona H3Serl0 y pactenuit cBsi-
3aHO HEMOCPEICTBEHHO C MPOIECCAMU NENCHUS KICTKH,
TaKk Kak OHO He HaOmomaercst B MHTepdase, a HaYMHACTCS
B mpo(aze, mocturaer MakcuMyma B MeTadaze W ucye3aeT
B Ternodase Kak B MUTO3€, TaK U B 000UX JICTCHUIX MeHo3a.
HeGomnbive oTimamst MOTyT HaOMIOIaThCsl BO BpEMEHM Hayasia
hochoprmpoBanms (paHHss WK O3MHS Tpodasa), a TakKe
B aKTHUBHOCTH Ae(ochoprmmpoBanus (anadaza—renodasa).
JIyist MUTO3a M BTOPOTO JICIICHUS Meiio3a xapakTepHo (ocdo-
PUINPOBaHKE MPUIICHTPOMEPHBIX PAallOHOB, a I IEPBOTO
JIelIeHHsI Meil03a — 110 Bcel JuIMHE XpoMocoM. OHAKO y ATOH
3aKOHOMEPHOCTH CYIIECTBYET HECKOJIbKO UCKItoueHnH. Taxk,
Y pacTeHU# C TONOIECHTPHYECKUMH XPOMOCOMAaMH U MXOB,
a Takke B HEKOTOPHIX paboTax Ha apaOuporicuce M Tabake
orMevanu pacrnpocrpanenue dpochopumposanus H3Serl0
Ha BCio JUMHY XpoMocoM. Kpome toro, y C. strigilatum
phH3Ser10 rabmromanu TONEKO B IPUIICHTPOMEPHOH 00IacTH
Kak B [IEPBOM, TaK M BO BTOPOM JICJICHUX MekHo3a.

Hecmotpst Ha cymiecTBeHHBIEC pa3INyus B KapTHHE U He-
3HAYUTEIHHBIC OTINYHSA B AWHAMHKE (POCOPHINPOBAHHUS
XPOMOCOM, MOKHO IPEIOJIOKHUTh, 9T (ochopuinposa-
Hue H3Ser10 s GonbIIMHCTBA pacTEHUI TECHO CBSI3aHO C
Kore3uel M (yHKINOHATHHONH aKTHBHOCTBIO IIEHTPOMEPHI,
KOTOpBIC B KOMIUIEKCE HEOOXOIMUMBI JUIsl NMPaBHILHON ce-
rperaiuy XpoMocoM B MUTO3€ M Meio3e. HakomienHsie B
HACTOSIIIIEe BPeMsI JAaHHBIC MO3BOJISIFOT MPEAIIONIOKHITE, YTO
dhochopunuporanre H3Serl0 cpsizano ¢ cerperanucii 1ieH-
TPOMEp FOMOJIOTOB B TIEPBOM JICJICHUN MEH03a M CECTPHHCKUX
IIEHTPOMEP B MUTO3€¢ M BO BTOPOM JeJCHHUH Meio3a. OT-
cyrctBue curnasioB phH3Ser10 Bo BropoM aeneHnn meiiosa
Ha 3aJepKuBafoNuxcs B-xpomatugax pKu ¥ OZMHOYHBIX
XpOMaTHIaX TaTTOUTHOHN IIICHUIIB! TOATBEPIKIACT JaHHOE
MIPE/ONIOKEHHE, TTOCKOJIBKY Pa3/ieieHHe XPOMOCOM ITPOH30-
nwio ewe B Merose 1. Kpome Toro, nis pacteHuil ycTaHoB-
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JICHA CBSI3b CErperalyu CeCTPUHCKHUX LEHTPOMEP B MUTO3E
¢ Aurora-3aBucuMBIM (ochoprmupoBanrem H3Ser10.

Harmime pa3HAIXcs JaHHBIX OTHOCHTENBHO (hOCHOpHITH-
posanus H3Ser10 Ha mieuax XxpoMoCOM MO3BOJISET CeNaTh
MPEITONOKEHUE, UTO (PyHKIHS TAHHON MOAM(PHUKAIINT MOXKET
OTJIMYATHCS Y Pa3HBIX BUIOB pacTeHnil. PochopunmrpoBanne
IUIeY XPOMOCOM B Meii03€e, BEpOsITHEE BCETO, CBS3aHO C KOTe3H-
el CEeCTPUHCKHUX XPOMAaTH[, HEOOXOIMMOM JUIs TPABUIIEHOTO
pasJienieHns TOMOJIOTMYHBIX XpoMocoM. Habmonaemoe y Bu-
JIOB C TOJIOLIEHTPUYECKUMH XPOMOCOMaMH PaciipoCTpaHeHNe
phH3Ser10 Ha rreun XpoMOCOM CBA3aHO € X MOpP(hoTIoTHYe-
CKUMH OCOOGHHOCTSIMH M OTHOCHTCS K (hocoprimpoBaHuio
MIPULIEHTPOMEPHBIX oOnacTeil. Bo3MOXKHO, Yy MXOB M HEKO-
TOPBIX BHJIOB COCYAUCTBIX PacTeHHUH (ocopunnpoBanne
H3Ser10 coxpanuio cBs3b ¢ KOHJEHCAUEH XPOMOCOM, KaK
Y )KUBOTHBIX ¥ MH(]Yy30puii. OgHAKO YIS TONTBEPIKACHUS
3TOTO HPEIOIIOKEHHUSI HEOOXOAUMBI JabHEHIINE nccIeno-
BaHU B JaHHOI oOnacti. Kpome Toro, HecMoTpst Ha 60b1I0e
KOJIMYECTBO padoT, CBI3aHHBIX C UcciieoBaHneM (ocdopu-
mposanus H3Serl0, eme ogeHb Mano M3BECTHO O Oenkax,
OTBEYAIOIIHX 33 PETYJISLHUIO €r0 JUHAMHUKH Y PaCTEHHH, YTO
TaKXke TpeOyeT NalbHEeNUIIero n3yYeHus..
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