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Puc. 9. YabTpacTpyKTypa HIOIIa3MaTUYECKOTO PETUKYJIyMa U TUKTHOCOM Ha CTaanuu IuddepeHIIMPOBKU KIETOK aHTUITO-
aJIbHOTO KOMILIEKCa. a, 06 — MHOTOC/IOHbIE KOHIIEHTPUYECKHE LIMCTEPHBI TPAHY/ISIPHOIO PETUKY/IyMa (3I1p) HA CpemHel 1
no3aHei ctanuu quddepeHInpoBku. OTaeabHbIE TMKTUOCOMBI anrapara ['onbmku (ar). [racTumst (1) 1 MUTOXOHAPUHA (M).
XpoMocoma (xc), simepHasi 060109Ka (s10). MacinrabHast IMHeiiKa — 3 MKM.

KJIETOK allMKaJIbHOIO SIpyca AaHTUIIONAJIBbHBIX KOM-
IUIEKCOB. B cocTaBe TMraHTCKUX XpPOMOCOM BBISIBIISI-
JOTCSI OTHENbHBIC (PUOPWILISIPHBIE CTPYKTYPHI — XpO-
MOHEMBI, pa3MePhI SAPIIICK YBETMINBAIOTCS, KJICTKU
ymmHsores (Yabax u ap., 2011).

B nHameii paboTe MBI M3y4Yajlud KJIETKU aHTUIIO-
JaJIbHBIX KOMIUIEKCOB Ha pa3HBIX cTagusx mudde-
PEHILIMPOBKM IIOCJIE OIUIONOTBOPEHUS M ITOKAa3alu,
YTO B S1IpaX aHTUTIONAJIbHBIX KJIETOK IIIeHULbI TFiticum
aestivum L. OTOeIbHBIE TUTAHTCKUE TIOJIMTEHHBIE XPO-
MOCOMBI BBISIBJISIIOTCSI HA CpeIHEN U MO3MHEN CTaauu
auddepeHIMpoBKU (puc. 20, 2B, 3a, 30, 3e). LleH-
TpaJabHbIE 00JIACTU ITOJIUTEHHBIX XpOMOCOM KOHICH-
CHPOBaHBI, B 00JIACTH TEJIOMEP XPOMATHIBI XPOMO-
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COM HE KOHBIOTMPOBaHbI, Pa300IIeHbl U KOHTAKTH-
pYIOT C smepHOI obojioukoii (puc. 3a, 30, 3e). B
KaxXIoM siipe Ha cTaguu 1ud@epeHIIMPOBKU BEHISIB-
JISIIOTCSI OMHO—TPU KPYITHBIX siApbIIIKa (puc. 30, 3B, 31).
SAnepHast 060j109Ka ¢ MHOTOUYMCICHHBIMH TOpaMK
oOpasyet nHBarnHauuu (puc. 5 u 100).

IletpoBa ¢ coaBTOpamMu HCCIEAOBAIU CTPYKTYpPY
sIep aHTUIION B 3apOAbIIIeBOM MeliKke Hordeum vul-
gare L. n HaOmonan aHajornuyHblie KapTuHbl (I1et-
poBa u ap., 1985).

AHTUDNIONAIBHBIE KOMIUIEKCH KJIETOK Triticum
aestivum L. ¢ ssapaMu pa3HO MOP(HOTOTUU OITMCAaHBI
paHee B pabote JlazapeBoit 1 UeHioBa. Ha paHHeit
CTaIM OHTOTEHEe3a B SJpax aHTUIOA KPOME KpyIl-
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Puc. 10. YabTpacTpyKTypa MUTOXOHIPUIA U IUIACTULL KJIETOK aHTUIIOJAIBHOTO KOMIUIEKCa Ha cTaauu AuddepeHIIMPOBKU. a —
YaleBUIHbIE MUTOXOHJIPUU (M), LIMCTEPHBI TPAHYJISIPHOTO PETUKYTyMa (31p). 6 — IMKTUOCOMBI arnmnapara ['onbmxu (ar), mia-
cTuabl (1), TUMUMAHBIE Karui (J1), TOpOBble KOMIUIEKCHI (1K) aHTUTIOAJIbHOM KIIETKU. SnepHast oboouka (s10) 1 00J1acThb Te-
JIOMEPBI MOJIUTEHHOM XPOMOCOMBI (XC) siipa aHTUITOAAIBHOM KJIeTKW. MaciutabHast InHelKa: a — 6 MKM; 6 — 3 MKM.

HBIX SIAPHIIIEK OHY BBISIBIISIIM MUHU-SIAPBIIIKHY C I10-
Molblo Ag-Nor oKpalluBaHUSI 1 UMMYHOLIUTOXU-
MUYECKOIo BhIsIBIIeHUSI (pubpuiniapuHa (Jlazapesa,
Yenuos, 2004). Hamu naHHbBIe TTOATBEPXKAAIOT MO-
JIydeHHBbIe MU (DaKThI (pucC. 3B).

beHHeTr ¢ coaBTOpamMu HU3MEPSUIM KOJUYECTBO
JAHK B simpax aHTUTIOA Pa3HBIX 3aPOBIIIEBBIX MEIIT-
KoB Triticum aestivum L., (DUKCUPOBAHHBIX Yepe3
OIpeNeieHHbIe BPEMEHHBIE OTPE3KHU TOCJie 1IBETe-
HUS, ¥ BBISBWIM CPENW aHTUIIOJAJIbHBIX SAEp KaxX-
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JIOTO KOMIUIEKCA SIpa ¢ HU3KMM 1 BBICOKMM COAEP-
xkaHueM JIHK (Bennett et al., 1973). B Haeit padote
MBI BIiepBbie cBs3anu coaepxanue JJHK saep antu-
MOITaNbHBIX KJIETOK Triticum aestivum L. ¢ mx Mmopdo-
JIOTHEN 1 TOIIOJOTUEM, TT0OKAa3aB, YTO OHU OTJINYaAIOT-
Cs TI0 TUIOUITHOCTH, CTPYKTYpE SIIep U pacIoIoxKe-
HUI0O B aHTUNOHAJBLHOM KoMIUIeKce. B Kkaxmom
KOMILIEKCe KJIETKHU C siApaMu, COIepKaIllMMU OT 5 10
24 C pacrnoyiarajiuch B 6a3ajIbHOM sIpyce U IMOYTHU He
MEHSUIA MOP(OJIOTHIO SIIep. AHTUIIONBI CO CPEIHUM
(ot 30 1o 63 C) u BeicokuM (0T 63 1o 215 C) comep-
xaHueM JIHK pacrionaraiucek B cpegHeM 1 allMKajlb-
HOM $Ipycax KOMIUIEKCA M CTPYKTypa MX SIIep 3HAYM-
TEeJILHO U3MEHSIIACh B Xoae TuddepeHIINPOBKH, siapa
KJIETOK YBEJIMYMBAJIUCH B pa3Mepe, B HUX BBISIBIISUIMCH
OTHENIbHBIE MOJIMTEHHBbIE XpoMOCcOMBI. KiteTku amm-
KaJIbHOTO sipyca KOMILJIeKca Bceraa ObUIM IUIOTHO ac-
COLIMMPOBAaHbI C KJIETKaMM 3HIOOCIEpMa, WM UX sSapa
MIPOXOIMJIN HAaOOJIbIIIEe YMCIO0 PAayHIOB SHIOPEIY-
iMKamnuu reHoma (o 215 C).

Bo Bcex siapax aHTUNOAATBHBIX KJIETOK HA CTaAUU
I EepeHINPOBKY MBI OOHApPYXKWIU CTPYKTYPHI,
CBsSI3aHHBIE C pPa3IMYHBIMU YJ9aCTKaMU XPOMOCOM
(puc. 6a—6B), U C IIOMOILBIO PEFPECCUBHOIO KOHTpPA-
ctupoBanuss PHK mo metony bepHapa BbeIIBUIIM B
HIX 1 Ha moBepxHocTtn xpomocoM PHK u PHII.

C TTOMOIIIBIO TPEXMEPHOI PEKOHCTPYKIIMM M300-
paxe}mﬁ KJIIETOK IIOCJIE MMMYHOLUMTOXUMHNYECKOTO
OKpallIMBaHUSI, MBI TI0Ka3aJI1, YTO JOKaJIM3allys Ipa-
HYJISIPHOTO PETUKYJIyMa M IUKTUOCOM, YYACTBYIOLINX
B CEKPETOPHOII aKTMBHOCTU KJIETOK, MEHSIETCS Ha
pa3HBIX cTagusIxX AUpdepeHINPOBKIA aHTUIOAAIBHO-
ro komriekca. Ha paHHux aramax oHM paBHOMEPHO
pacriojlaratorcsl Mo oObeMy IIMTOIUIa3Mbl, ITO3THEE
0oJIbIIast YacTh OpraHesUI BBISIBISICTCS BOJIM3M ILIa3-
MaTHU4YeCKOM MeMOpaHBI 1 B MHBAaTMHAIIUSX SIIEPHOMN
000JIOUKHU.

CXOJHYIO YIBTPacTPYKTypy OpraHesul LUTOIIa3-
MBI AHTUITOJATBHBIX KJIETOK 3JIaKOB HaOIIOmaIn y
Zea mays L. (Diboll, Larson, 1966; Diboll, 1968),
Oryza sativa L. (Maeda, Miyake, 1996, 1997) u Horde-
um vulgare L. (Engell, 1994). Mbl 0OHapyXWin, 4TO
ITUKTUOCOMBI aHTUTIONTBHBIX KIIETOK TFriticum aes-
tivum L. cocTosaT u3 4—10 mucrepH. Y suMeHs, puca,
KYKYPY3Bl TUKTHOCOMBI UMEIOT CXOITHYIO CTPYKTYPY
(3—6 uwucrtepH). I'paHYyIIpHBI PETUKYIYM B BHIE
MPOTSKEHHBIX LIUCTEPH U KOHILIEHTPUUECKUX KOJIell
BBISIBIISUTM B aHTUITOHAIbHBIX KiIeTKax Triticum aes-
tivum L. (You, Jensen, 1985), Hordeum vulgare L.
(Engell, 1994), Oryza sativa L. (Maeda, Miyake,
1996, 1997) u Zea mays L. (Diboll, Larson, 1966). B
aHTUNOHANBHBIX KieTKax Hordeum vulgare L. tnan-
KU PEeTUKYIYM MMeJ BUA KOHUEHTPUUYECKUX KO-
JIell, a TPaHyJSIpHBIA — IIPOTSDKEHHBIX IIMCTEPH
(Engell, 1994). ¥V anTunoganbHbix KJIETOK Triticum
aestivum L. MbI 3TOr0 HEe oOHapyxuiau. U rpanysip-
HBII, ¥ TIAIKUI PETUKYIIYM UMETN PopMy KaK KOH-
LIEHTPUUYECKUX KOJIEIl, TaK U MPOTSIKEHHBIX [IICTEPH.
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MBpI moKa3ajiv, 9TO MUCTePHBI TPAHYISIPHOTO PETH-
KyJIyMa aHTUIOAANbHbBIX KJIeTOK Triticum aestivum L.
yaile MMEIOT BUJ KOHLEHTPUUYECKUX KOoJiell, U Ha
MMO3MHMX 3TaIax TudhepeHIINPOBKN YBETNINBACTCS
KOJIMYECTBO KOHIICHTPUYECKUX IIUCTEPH, BCTaBICH-
HBIX APYT B Apyra. Takasi CTpyKTypa peTUuKyJiymMa Ha-
OomaeTcs B 3apOABIIIEBBIX MeIlIKax Triticum aes-
tivum L., B CHUHIIMTUAJIBHOM B3HAOCIIEPME KOTOPBIX
BBISIBJISIIOTCSI BOJTHA MUTO30B. B 1MTOMIa3Me aHTU-
MMOJATbHBIX KJIETOK IPYTUX 3J1aKOB 3Ta 3aKOHOMEp-
HOCTb He OblJTa OOHapy:KeHa.

B aHTHMNOmaNBHBIX KJIeTKaX MIICHUIIbI BBISIBIISI-
JINCh MHOTOYMCJIEHHBIC ITOJIMMOPGHEIE TUIACTUIEI,
CXOXXWeE TT0 MOP(DOJIOTUH C MUTOXOHIpUSIMU. [Tomo6-
HYIO CTPYKTYpPY IJIacTUA HaGII0IaJIu Y aHTUTIOAAb-
HEIX KieToK Triticum aestivum L. (You, Jensen, 1984)
u Hordeum vulgare L. (Engell, 1994). Ha pazHooOpa3ue
CTPYKTYPbl MUTOXOHIPHWIT aHTUTIOAATBHBIX KJIETOK 00-
pamany BauManue y Triticum aestivum L. (You, Jensen,
1985), Hordeum vulgare L. (Engell, 1994), Oryza sa-
tiva L. (Maeda, Miyake, 1996, 1997) u Zea mays L.
(Diboll, Larson, 1966). B n3y4eHHBIX HAMH aHTHIIO-
JaJIbHBIX KJIETKaX IMIIEHU LBl TAKXE BCTPEYAIUCH I10-
JIMMOp(MHbIE MUTOXOHAPUU. MBI OOHAPYKUJIU, UTO
Ha MO3IHUX CTaausIX TudhepeHIUPOBKU KOMILIEK-
ca B IIMTOIUIa3Me aHTUIOAATBbHBIX KJIETOK ITOSIBIISI -
I0TCSI YallleBUIHbIE MUTOXOHAPUN U MHOTOYHMCIICH-
Hble JUNUAHBbIE Karuiv. [IpucyTcTBUE JUMUIHBIX
Karejab IT0Ka3aHo paHee B IUTOIIa3Me aHTUTION Zea
mays L. (Diboll, Larson, 1966). [1macTuabl CHHTE31-
PYIOT aMUHOKUCJIOTBI, XKUPHBIE KUCIOThI, HYKJI€O-
THIBI, MUTOXOHIPHWY YIACTBYIOT B CHHTE3€ aMHUHO-
KUCJIOT U TIPOM3BOIHBIX HYKJICOTUAOB, YBeJIUYEHUE
pa3Mepa M HU3MEHEHHE CTPYKTYphl 3TUX OpraHeul
MOXXET CBUAECTEIILCTBOBATh O BO3pACTAHUU NX (DYHK-
LIMOHAJIbHOW Harpy3ku B Ipolecce auddepeHmn-
POBKM KOMILIEKCA.

Heo6xoaumMo OTMETUTh, YTO BCe KJIETKU aHTHUIIO-
JaJIbHBIX KOMILIEKCOB MMEIOT KPYITHbIC BAKYOJIH, Ya-
11e oGpalleHHbIe B CTOPOHY DHIOCIIEpMA.

ITonyyeHHble MaHHBIE MO3BOJISIOT MPEHNOJIO-
KHWTb, YTO KJIETKU 623aJIbHOTO 1 alTUKAJTbHOTO SIpY-
COB HE TOJIbKO OTJIMYAIOTCS IO CTPYKTYpe, HO U
BBITTOJTHSIIOT pa3inuHble (PyHKIIMU Ha dTarnax nud-
depenuupoBku. Ha cragum panHeit nuddepeHIN-
POBKM BC€ aHTUIMO/Ibl BBIMOJIHSIIOT OCMOPETYJIUPY-
OIIyI0 (QYHKIMIO, YTO MOATBEPXKIAETCS MPUCYT-
CTBMEM B KJETKax KpPYIHbIX BaKyoJjieil Mo oGeum
cTopoHaM oT sgapa. Ha cpemHeit m mo3mHel cTtagum
Pa3BUTHS B KJIETKaX BBISIBIISIIOTCSI 000COOJIEHHBIE T -
TFaHTCKUE TTOJIUTEHHbIE XPOMOCOMBbI, YTO CBUAETEb-
CTBYEeT O BBICOKOM METa0OJIMYECKON aKTWBHOCTH
3THUX KJIETOK. BeposITHO, KJIETKM CpPEeIHEro W amu-
KaJIbHOTO sipyca ¢ HauOOJbllleil CTeNeHbIO MOJIUTe-
HU3alUU OCYLIECTBJISIOT TPAHCKPUIILIUIO pa3HOOO-
pazubix PHK, kogupymomux 6e1ku, KoTopble odec-
MeYrBalT pa3BUTHUE W 3alIUTY (HOPMUPYIOIIETOCS
CUHILIUTHUS SHIOCIEPMA.



268

CIINCOK JIMTEPATYPbI

bamvieuna T.b. Xne6Hoe 3epHo. JI.: Hayka, 1987. 103 c.

3vibuna E.B. Lntonorus tpogodbimacra. JI.: M3n. Hayka,
1986. 121 c.

Kumynee H.D. Xpomocombl. CtpyKkTypa 1 ¢pyHkiuu. Ho-
Bocubupck. M3n. CO PAH, 2009. 258 c.

Jlazapesa E.M., Yenyos FO.C. OcOOGEHHOCTH JIOKIU3ALIUU
dubpwiapuHa, 6ejKa ¢ Moyl. Maccoii 53 xlla u Ag-
Nor 6eJIKOB B TMTAHTCKMX siApax aHTUITOM MIEeHUIbI //
IuTonorus. 2004. T. 46. C. 125—135.

Ilemposa T.D., Coaosvsnoéa O.b., Henyoe FO.C. Yib-
TPACTPYKTypa TMTaHTCKUX MOJMTEHHBIX XPOMOCOM B
aHtunonax sumens // Lutonorus. 1985.T. 17. C. 499—
503.

Ilododybnas-Aproasou B.A. L1utosMOpHONOTUST TIOKPBITO-
CeMEeHHBIX pacTeHMil. OCHOBBI U TEePCHEKTUBBI. M.:
Hayka, 1976. 507 c.

Pueun b.B., Opaosa HU.H. ITmeHnaHoO-pxaHble aMOUIN-
rrounsl. JI.: Koioc, 1974. 206 c.

Yaban U .A., Jlazapesa E.M., Kononenxo H.B., Iloaskoe B.1O.
PasBuTne aHTHIIODATPHOTO KOMIIJIEKCA 3apOIbIIIe-
Boro meinka nmeHuubl // OutoreHes. 2011. T. 42.
C. 101-115.

An L.-H., You R. Studies on nuclear degeneration during
programmed cell death of synergid and antipodal cells in
Triticum aestivum // Sex Plant Reproduction. 2004.
V. 17. P. 195-201.

Brink R.A., Cooper D.C. The antipodals in relation to abnor-
mal endosperm behaviour in Hordeum jubatum X Secale
cereale hybrid // Genetics. 1944. V. 29. P. 391—-406.

Diboll A.G., Larson D.A. An electron microscopic study of
the mature megagametophyte in Zea mays // American
Journal of Botany. 1966. V. 53. P. 391—402.

Diboll A.G. Fine structural development of the megagame-
tophyte of Zea mays following fertilization // American
Journal of Botany. 1968. V. 55. P. 797—806.

Engell K. Embryology of barley. IV. Ultrastructure of the
antipodal cells of Hordeum vulgare L. cv. Bomi before

JOPOHHWHA u np.

and after fertilization of the egg cell // Sex Plant Repro-
duction. 1994. V. 7. P. 333—346.

Jensen G.H. Studies on the morphology of wheat // Wash-
ington 110 University Agricultural Experimet Station
Bulleten. 1918. V. 150. P. 3—30.

Kaltsikes PJ. Early seed development in hexaploid triticale //
Canadian Journal of Botany. 1973. V. 51. P. 2291—-2300.

Maeda E., Miyake H. Ultrastructure of antipodal cells of
rise (Orysa sativa) after anthesis, as related to nutrient
transport in embryo sac // Japanese J. Crop Science.
1996. V. 65. P. 340—351.

Maeda E., Miyake H. Ultrastructure of antipodal cells of
rise (Orysa sativa) before anthesis with special reference
to concentric configuration of endoplasmic reticula //
Japanese J. Crop Science. 1997. V. 66. P. 488—496.

Monneron A., Bernhard W. Fine structural organization of
the interphase nucleus in some mammalian cells //
J. Ultrastructure Research. 1969. V. 27. P. 266—288.

Morrison J.W. Fertilization and postfertilization develop-
ment in wheat // Canadian Journal of Botany. 1954.
V. 33. P. 168—176.

Reynolds E.S. The use of lead citrate at high pH as an elec-
tron-opaque stain in electron microscopy // The J. Cell
Biology. 1963. V. 17(1). P. 208.

Terada S. Embryological studies of Oryza sativa L. // Jour-
nal of College of Agriculture Hokkaido. 1928. V. 9.
P. 245-260.

You R., Jensen W. Ultrastructural observations of the mature
megagametophyte and the fertilization in wheat ( 7Fiti-
cum aestivum) // Canadian J. Botany. 1985. V. 63.
P. 163—178.

Zhang W.C., Yan W.M., Lou C.H. The structural changes
during the degeneration process of antipodal complex
and its function to endosperm formation in wheat
caryopsis // Acta Biologica Cracoviensia. Series Botan-
ica. 1988. V. 30. P. 457—462.

Zhimulev I. F. Morphology and structure of polytene chromo-
somes // Advances in Genetics. 1996. V. 34. P. 1—359.

Structural and Functional Features of the Antipodal Cells
of Wheat Embryo Sac during the Differentiation

T. V. Doronina® *, I. A. Chaban?, and E. M. Lazareva'-?

!Biology Faculty, Moscow State University, Leninskiye gory, 1/12, Moscow, 119992 Russia
2All-Russia Research Institute for Agricultural Biotechnology, Timiryazevskaya, 42, Moscow, 127550 Russia
*e-mail: matveevatatiana. 94@yandex.ru
Received January 11, 2019; revised March 20, 2019; accepted March 29, 2019

The detailed study of the structural features of the multilevel antipodal complex of wheat Triticum aestivum L.
embryo sac was performed at different stages of the differentiation of the complex after double fertilization.
The heterogeneity of the ploidy of the nuclei of individual antipodal complexes, due to the asynchrony of the
endoreduplication rounds of the DNA of the nuclei, was revealed. The ploidy of the nuclei of basal, middle,
and apical layers of the complexes was measured at the early, middle, and late stages of differentiation. At the
early stage of differentiation, the ploidy of the nuclei of the basal layer of the antipodal complex, adjacent to
the chalasal region of the nucellus, reaches 13 C, the nuclei of the cells of the apical layer, which contacts with
the endosperm syncytium, reaches 63 C, and the nuclei of the middle layer, located between the basal and
apical layers, reaches 30 C. At the middle stage of differentiation, the ploidy of the nuclei of the basal layer
increases to 17 C, the nuclei of the cells of the apical layer increases to 95 C, and the nucleus of the middle
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layer increases to 45 C. At the stage of late differentiation, the ploidy of nuclei the basal layer increases to 24 C;
the apical layer increases to 215 C; the middle layer increases to 63 C. Changes in the shape and structure of
the nuclei during differentiation were revealed, which is manifested in their heterogeneity in shape, size and
structure of chromatin, the formation of individual polytene chromosomes, nuclear membrane invaginations
and the variation in the number of nucleoli. The data about the distribution and structure of cytoplasmic or-
ganelles of the antipodal cells, endoplasmic reticulum, dictyosomes, mitochondria and microtubules, at dif-
ferent stages of differentiation of the antipodal complexes are fundamentally new. The number of cytoplasmic
organelles increased during the differentiation. During the differentiation, prolong cisterns of the granular re-
ticulum are replaced by concentric rings, extended and cupped shape mitochondria and plastids appear, and
the microtubule network is rebuilt. The features of the antipodal cell structure may reflect changes in the
functions of the antipodal complex during the differentiation. At the early stage all cells of the complex per-
form an osmoregulatory function, at the middle stage of differentiation cells of different layers of the complex
specialize. The level of ploidy of cell nuclei with polytene chromosomes reflects their functional significance
in the formation of the endosperm at the nuclear stage of development, and, subsequently, of normal full-
fledged grain.

Keywords: antipodal cells, embryo sac, plant polytene chromosomes, Triticum aestivum L.
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