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B crathe npencTaBiaeHbl pe3yabTaThl UCCIENOBAHUS Pa3BUTHUsS ceMsi3avyaTka 1 XKeHCKOro rametoduTa
y Paeonia anomala. TloaTBepkaeHa BO3MOXHOCTb 00pa30BaHUsI HECKOJIbKUX 3aPOAbIIIEBbIX MELLIKOB B
OIHOM ceMsI3ayaTKe 3a CYET Pa3BUTHSI HECKOJBKMX METraclopolMTOB MHOTOKJIETOUYHOTO CIIOPOreHHO-
I'o KOMILJIEKCa W BCTYIUIEHUS UX B MEi03. YCTaHOBJIEHO, YTO B CeMsI3ayaTKe B ME03 MOTYT BCTYIATh OT

1 10 4 MeracrmopouuToB, y KOTOPbIX (hopMUpyeTcs Kajllo3Hast obosouka. Hanbonee yacto odbpasyrorcst

2—3 TeTpajabl Meracrop, XoTs JajbHelliee pa3BUTHE MPOUCXOIUT OOBIYHO B OJHOI TeTpajie; OCTaIbHbIE
MOTYT COXPAHSThCSI B UHTAKTHOM COCTOSIHUY 110 TTO3[IHETO 4-SIIe€pHOTO0 3apobiiieBoro Meika. Oocyx-
JIEHbI BO3MOXKHBIE MPUUMHBI Pa3BUTUS €IMHCTBEHHOT'O 3aPOABIIIEBOTO MEIIKa: KOHKYPEHIIUS MEXITY Te-
TpanaMu, HapyIllIeHUs B Meii03e, MEXaHU3MbI, PETYJIMPYIOIIUE CyIb0y KJIETOK U MPOrpaMMy MX pa3BUTHS.
BrisiBiieHbI HEKOTOpbIe MOP(MOTreHETUYECKUE KOPPEISLIMY B Pa3BUTHUM 3apOIBIIIEBOIO MEIlIKa U OKPY-
JKAIOIIMX CTPYKTYpP ceMsizauaTka. B yacTHOCTH, moKa3aHo, YTO pa3BUTHE IBYX 3apOMAbIIIEBbIX MEIIIKOB Ha

MOo3AHEeN 4-s11epHOI CTaAUU MPUBOAUT K YACTUYHOM UM MOJTHOM AECTPYKLUMU HYLIEJIIPHOTO KOJIIMaykKa,
TOrJa Kak IMpu pa3BUTUM OJHOI0 raMeToduTa OH I0Jaro coxpaHsercs. OTMeyeHa TMHAMKUKa Kpaxmaia B

TKaHSIX HylleJuTyca B IIepuo] pa3BUTUsS raMeToduTa: ero HakoIlJIeHUe CIiepBa B KJIeTKax 06a3aibHOoi ya-
CTH, TJe MPOUCXOIUT (DOPMUPOBAHUE TETPa U 2-SIAEPHOIO 3apOIbIIIEBOIO MEIIKa, a 3aTeéM Hau0oJIb-
11asi KOHLIEHTpAlYs B JIaTepabHbIX YACTSX MapUeTaJbHOM TKAaHU, OKPYKAIOIIUX PACTyIIMI raMeTOdUT.

Karouesnte caosa: Paeonia, Paconiaceae, cemMsizayaTok, 3apOAbIlleBblii MEIIIOK, METracIioporeHes
DOI: 10.31857/S0006813625020041, EDN: DNELVA

Ycnex penponyKiuy pacTeHUsI BO MHOTOM 3aBU-
CHUT OT HOPMAJILHOTO Pa3BUTHUS PEIIPOIYKTUBHBIX
cTpykTyp. KpoMme Toro, y MHOrMx pacTeHUIt B Ipo-
1iecce DBOJIIOLIMU BhIPAOOTAIMCh MEXaHU3MbI, CIIO-
COOCTBYIOIIIME MOAAEPKAHUIO CUCTEMBI PETTPOAYK-
MK 0e3 yiepoa BOCIIPOU3BEACHIIO M PA3MHOKEHUIO.
ITo muenuto T.B. bareirnHoii (Batygina, 1993, 1999,
2002), K yMcay TaKuX MEXaHM3MOB OTHOCSITCS TaK
Ha3bIBaeMbI€ PE3ePBbl PEMPOAYKIIMU, CO3IaBaeMble
dopMupoBaHUEM TyOIUPYIOIINX CTPYKTYP, HAIIpH-
Mep, JOIOJHUTEIbHBIX CIIOPOT€HHBIX KJIETOK (MHO-
JKECTBEHHBII apXecCITopuii), 3apOIbIIIEBBIX MEIIIKOB,
3apoabllIei (MoJu3aMOpHUoHUs), GYHKIMEH KOTOPBIX
SIBJISIETCSI TIOA/Iep>KaHUe PEIPOAYKLIMY B Clydae TH-
0eJI1 OCHOBHOM CTPYKTYPHI B CHITY HIOTEHHBIX WA
9K30TE€HHBIX (PAKTOPOB.

O06pa3oBaHUE TOMOJTHUTEIBLHBIX 3apOIBIIIEBBIX
MEIIIKOB Y TOKPHITOCEMEHHBIX PACTEHUI CBSI3aHO

¢ peanu3alueil MoTeHIUiA HECKOIBKUX CIIOPOTeHHBIX
KJIETOK (MHOXECTBEHHOTO apxecrnopusi), GopMu-
pYyIOIIMXCS Y HEKOTOPBIX pacTeHMit ponoB Casuarina
J.R. Forst. & G. Forst. (Treub, 1891; Swamy, 1948;
Flores, Moseley, 1982; Sogo et al., 2004), Corylus L.
(Schnarf, 1929), Bunium L., Muretia Boiss., Malabaila
Hoffm. (Kordyum, 1967); Potentilla L. (Mandrik,
Mentkovskaya, 1977; Eriksen, Fredkinson, 2000;
Dobes et al., 2015), Euphorbia L. (Modilewski, 1909,
1911; D’Amato, 1946; Vinogradova, 2017; Titova
et al., 2018; Titova, Nyukalova, 2021) n ap. B atux
cliydasiX JOITOJIHUTEbHbBIE 3apOAbIIIEBbIe MELIKHN
pa3BUBAIOTCY 3a CUET BCTYIUIEHUS B Mei103 HECKOJIb-
KHMX MEracropoLYTOB U NapaJijieIbHOTO pa3BUTHSI
MeTacIIop 13 pa3HbIX TeTpan. HeckollbKo 3apopliie-
BBIX MCIIKOB B OOHOM ceMs3a4yaTKe MOTYT 00pa30-
BaThCsl IIPY Pa3BUTUU HECKOIbKUX METACIIOP OTHOM
TETpaIbl IPU MOHOCIIOPUYECKOM THUIIE Pa3BUTUSI, HA-
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npumep, y Oenothera L. (Renner, 1921; Rodkiewicz
et al., 1971; Noher de Halac, Harte, 1977, 1985;
Sniezko, Harte, 1984), Taraxacum L. (Musiat et al.,
2015), nnu guagsl — MpyU OUCHOPUYECKOM, HAIpU-
mep, v Allium L. (Vinogradova, 2013). Takke K gan-
HOMY SIBJICHHMIO MOXHO OTHECTHU CJIydJad aIlloCIO-
puu y psaa BUIoB ceMeilcTB Poaceae, Asteraceae
U HEKOTOPBIX IPYIUX, KOraa B OAHOM ceMs3adaT-
Ke (hOpMUPYIOTCS 1B 3apOIbIIIEBbIX MEIIIKA, OAUH
U3 KOTOPBIX TI0JIOBOI pUPOAbI, GOPMUPYIOIIUIACS
U3 MEracIopoIUTa ITOCPEACTBOM MeracoporeHe-
3a, Ipyroil — alilOMUKTUYHOU, (POPMUPYIOITUII-
Csl U3 COMATUYECKON KJIETKU HYIeIyca IMOCPeacT-
BOM MUTOTHUYecKoTo geneHus (Muntzing, 1938;
Chen, Kozono, 1994; Carman, 1997; Shishkinskaya
et al., 2004; Voronova, Gavrilova, 2007; Carman
et al., 2011; Yudakova, Kaybeleva, 2014; Kaybeleva,
Yudakova, 2022).

HecmoTtpst Ha pazHOOOpa3ue criocod6oB GopMUpo-
BaHUSI TOITOJIHUTEIBHBIX 3aPOIBIIIEBBIX MEIIIKOB, UX
pa3BUTHE B OMHOM CeMsI3a4aTKe IIPOMCXOIUT B YCIIO-
BUsiX KoHkypeHluu (Noher de Halac, Harte, 1977,
1985; Batygina, 1999, 2002; Vinogradova, 2013), mios-
HOE CO3peBaHNe 3JICMEHTOB B 000MX 3apOJIBIIIEBBIX
MeIIKaxX MPOUCXOIUT peaKo. Yale Bcero TOMOIHM-
TeJIbHBIE 3apOAbIIIEeBhie MEIIKU MPEeKpallaloT CBOe
pa3BUTHE HAa PAaHHUX LIEHOUUTHBIX cTagusx. OnHa-
KO Y HEKOTOPBIX PACTEHUI HECKOJIbKO 3apObIIle-
BBIX MEIIIKOB MOI'YT COXPaHSTh CBOIO XXN3HECIIOCO0-
HOCTB JI0 3peJIoTo cOCTOSHMS. K MX 9MCITy OTHOCSITCS
BUJIBl TIMOHOB, JUIS KOTOPBIX aBTOPbI OTMEYaand Ha-
nmmyne B chOpMUPOBAHHOM ceMs3adaTke 10 4 3pe-
JIBIX 3aponbinieBeix MemkoB (Yakovlev, loffe, 1957,
1965; Walters, 1962; Shamrov, 1997). OnHako 3aKo-
HOMEPHOCTH 00pa30BaHMs HECKOJBKUX TaMeTodu-
TOB U CIIOCOOHOCTb MX JOCTUTATh 3PEJIOT0 COCTOS -
HUSI OCTAIOTCSI elle ¢J1ab0 U3yYeHHBIMMU.

B cBsI3M ¢ 3TUM LieJibl0 HAcTOsIIe padoThl
SBJISIETCS U3y4eHUEe OCOOeHHOCTel (hopMuUpoBa-
HUSI MHOTOKJIETOUHOTO CIIOPOI€HHOTO KOMILIEeKCa,
BCTYIUIEHUSI B ME03 HECKOJIbKUX MEraciopolu-
TOB 1 pa3BUTHUsI HECKOJIBKMX 3aPOIbIIIEBBIX MEIIIKOB
B OHOM ceMs3a4aTke y Paeonia anomala L.

MATEPHUAITI 1 METO/JbI
NCCIEJOBAHHMA

MartepuanoM WIS UCCAEA0BAHUS MOCTYXUIN OY-
TOHBI U LIBETKU B MIEPUOJ pacIyCKaHUsl, COOpaHHbIE
¢ pacteHuit Paeonia anomala N3 KOJIEKINUA OTKPBI-
Toro rpyHTa boraHndyeckoro caga boTaHHM4YeCKOro

CAIIYHOBA, BUHOI'PAIOBA

nactutyta uM. B.JI. KomapoBa PAH (Cankr-
IletepOypr). I1nomoaMCTUKN WM BBIAECICHHBIE
U3 HUX CeMs3adyaTKU, IIPUKpeIICHHbIC K TIIaleH-
Te, OB 3apUKCUPOBaHEI ¢ puKcaTope HaBarm-
Ha (1%-Hbli1 BOAHBII paCTBOP XPOMOBBIX KBACIIOB:
16%-Hb1ii pacTBOp (popMajuHa :JeasHas yKCyc-
Hasl KucjoTra B cooTHomeHuun 10:4:1 mo oobeMy)
unu B 4%-HoM pacTBope mapacdopMaibIeruna B Te-
yeHHe 2 CyT. 3aTeM MaTepuall ObLJI OTMBIT U Mepe-
BeaeH B 70%-Hblii 3TaHON Ays1 XpaHeHUs. O6pa-
00oTKa MaTepuajia U IIPUTOTOBJIEHHE MpenapaToB
MMPOBOJIMIIM T10 OOIENPUHITON LIUTOIMOPUOIIOTH -
yeckoit metonuke (Pausheva, 1980). Cpe3nl TOJ-
murHo# 8—10 MKM OBLIM cAeflaHbl HAa MUKPOTOME
Microm HM 325 (Carl Zeiss, Germany). Okpacky
MpernapaToB MPOBOAUIN FeMaTOKCUIMHOM I10 Dp-
JIUXY C TMOAKPACKOM alllMaHOBbIM CUHUM. 3aKJioua-
JIU cpe3bl B MOJUBUHUIOBLIN ciupT Mowiol (Fluka,
Germany). JIJ1s BBISIBJIEHUS KaJIJIO3bI CPE3bl MOCTE
IemnapaUHUPOBAaHUS OBUIM OKpallleHbl aHMJIMHO-
BbIM cuHUM (0.1%-Hblii pacTBop B 50%-HOM 3TaHO-
ne ¢ nobasnenueM 0.1 N pacrsopa K,HPO, B coot-
HolIeHUU 3: 1 Mo 06beMy) U 3aKITIOUEHBI B 65%-HbIi
pacTBOp caxapo3bl IO MOKPOBHEIE CTeKia. s BeI-
SIBJICHUSI KpaxMalia B TKaHSX ceMsi3adaTKa MCIIOJb-
30BaHa oKpacka 5%-HBIM CIIMPTOBBIM PaCTBOPOM
oma. AHaJIM3 IPeIapaToB IPOBOAMIN C ITIOMOIIBIO
muKkpockora Axio Imager Z1 (Carl Zeiss, Germany)
LIKIT BUH PAH; doTorpaguu BeimoJHEHbI LUGPO-
BOi1 Kamepoit Axiocam 506 color u o6padoransl [TO
Zen Blue Editor (Carl Zeiss, Germany).

PE3VJIBTATDI

V Paeonia anomala B arioKapImHOM TUHellee 3a-
KJanbiBaeTcs oT 12 1o 18 cems3auaTkoB, pacnoJo-
>KEHHBIX 110 00eM CTOPOHAM OPIOLIHOTO IIIBa IIJI0-
nomvcTtuka. [TpuMopnuii ceMsizauyaTtka GopMupyeTCst
Ha HeOOJIBIIIOM IUTalleHTapHOM BhIpocTe. [Ipumep-
HO B LICHTPAJIbHOI 30He MPUMOpPAUS 1O Itepude-
pUM HAUMHAETCSI MTHULIMAIIAS MHTETYMEHTOB, CIiepBa
BHYTPEHHETO 13 SIUAepMabHBIX MHULIMAICH, 3aTeM
Hapy>KHOTO 13 IIPOU3BOIHBIX SIMUIECPMATHHOTO U Cy0-
SMUACPMAJIBHOTO CJIoeB. B 3T0 BpeMs B anuKajb-
HOI1 9acTH IIpUMOPINS STUAECPMAIIbHEBIC KJISTKH T1e-
PUKIIMHAJIBHO IEIATCS U (hOPMUPYETCS 2-CIIOMHBIN
HYLCJUISIPHBIN Kosmavyok. [lepukinHanbHOE Oeie-
HUeE IIPOMCXOINT U B CyO3IIUAEepMalIbHOM ClIoe, Oj1a-
rogapsi Koropomy opmupyercst 2-coiiHasl mapue-
TaJbHasI TKaHb. TpH KJIETKU, pacIioIOXKeHHbBIE HIKE
3THUX CJIOEB, YBEJIUYMBAIOTCS B pa3Mepax U HaunHa-

BOTAHUYECKUMW XXKYPHAJI Tom 110 Ne2 2025
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0T TuddepeHITpPoBaTLCI KaK CIIOPOTeHHBIC KIIeT-
k. OHU BBIACTIIOTCS OoJiee KPYITHBIMU pa3mepa-
MU C KPYITHBIM SIIPOM, PAcCIIOJOXEHHBIM B LIEHTPE,
U MEHEE IUIOTHOM LIUTOIUIa3MOM IO CPaBHEHMUIO
C OKpYyKalolllMMU KJeTKaMu Hylesnyca. Ilon crno-
POT€HHBIMU KJIETKAMU MOXHO Pa3JIM4UTh €lIe IBa
c0s1 6a3aJbHOM YacTy HyLeLIyca, HUXEe KOTOPBIX
nuddepeHINPYETCS CI0i TUIOCTa3bl, TOIXOASIIEH
K OCHOBaHMIO MHTETyMeHTOB (puc. 1, I; 2, I).

HanpHeNImmii pocT cemMsa3adaTkKa COIPOBOXIACT-
Csl THTEHCUBHBIMU JIEJICHUSIMU KJIETOK BCEX TKaHEe,
BKJIIOYAsl CIIOPOTEHHBIE KJIETKHM, KOTOPBIE TIepe ae-
JIEHHEM BBITATHBAIOTCS B IIPOIOJIHFHOM HAIlpaBICHUU.
dopmMupyeTcss MHOTOKJIETOUHBIN CITOPOT€HHBIN
komIuieke (puc. 1, 2, 3; 2, 2, 3). Uucno cnoporeH-
HBIX KJIETOK B TAKOM KOMIIJIEKCE MOXET BapbUpO-
BaTh B pa3HBIX ceMs3adyaTKax, nocturas 12—18 kie-
TOK, YTO BEPOSITHO CBSI3aHO C MHTEHCUBHOCTBIO UX
IeJeHui. B mepron MUTOTUYECKUX AEJIEHUIT CITOPO-
TeHHBIX KJIETOK CEMSI3a4aTOK YBEJIMYMBAETCSI B pa3-
Mepe, VIJIUHSIOTCS WHTETYMEHTHI, KOTOPEIE pacTyT
IMPUMEPHO C OJMHAKOBOI CKOPOCTHIO M MX alTUKAJIb-
HbIE YaCTH PacIIoararoTcs Ha OMHOM ypoBHe. OmHa-
KO MHTETYMEHTBI Pa3IMIaIOTCS 110 TOJIIINHE: BHYT-
PEeHHMIT UMeeT 3 CJI0SI KIIETOK, HapYKHBIM — 5 CI0eB
K Havajry npodasbl eIeHUs B CIIOPOTeHHBIX KJIETKaX
1 JOCTUTAET 7 CJIOEB KO BPEMEHM OKOHYATEJIbHOMN
IuddepeHIMau MEeTacIIOPOLIUTOB B CIIOPOTEH-
HOM Komiuiekce. K aToMy BpeMeHr 00a MHTeTyMEH -
Ta IOCTUIalOT BEPXYILIKM HylleJTyca. B ocHoBaHuuU
MHTETYMEHTOB pacliojlaraeTcsl OMUH CJIOM KJIEeTOK
TUIIOCTa3bl, OTTPAaHUYMBAIOIINIA HYLIEJTYC OT Xaja-
3bI, B KOTOPOIf HaUMHAaeT (pOpMUPOBATLCS IIPOKaM-
ouanbHbIi TSEK (puc. 1, 2, 3). B Hyuetyce npoaoJ-
JKaloTCs AeJIEHNST B TapUeTAIbHOM TKaHU, KOTopast
CTAaHOBUTCS 4-CJIOMHOM, ¥ B HYLIEJUIIPHOM KOJITIa4-
K€, KOTOphIii yBeanuuBaeTcs a0 3 cioes. Jlatepaib-
Has 30Ha HylIeJUIyca BKJII0YaeT 4 cj1os KJIeTOK, Oa-
3ajJibHasA OCTaeTcs 2-CIoiHOM. 3a cueT Hauboee
WHTEHCUBHBIX JEJICHUI ¢ abaKCHaJIbHOM CTOPOHBI
ceMs3ayaTka, OH pa3BOpayMBaeTCs B TEMUTPOITHOE
nojioxkeHue. OyHUKYITyC NPaKTUYESCKHM HE Pa3BUT,
Ha IUIalleHTapHOM BBIPOCTE SMIUIEePMaIbHbIE KJIET-
K1 HaYMHAIOT BBITSITUBAThCS, DOPMUPYS TUTalleHTap-
HBII 00Typartop (puc. 1, 2, 3).

MeracnopoIUTHI IIPUCTYIIAIOT K MEITOTHIECKOMY
JIeJIeHUIO, KOTIa MHTeTYMEHThI HAYMHAIOT 00pacTaTh
BepXYIIKY HylleJUTyca. 3aKaHYMBACTCSI MEracIiopore-
He3, KaK IIPaBWIO, KOTIa MHTETYMEHTHI ITOJTHOCTBIO
00pacTaloT HyLIEJUTyC, BHITSATUBAIOTCSI B CBOCH amn-
BOTAHUYECKUN XXYPHAJ
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KaJIbHOM YacTH, HaYMHasi ()OpMUPOBATh MUKPOIIN-
e (puc. 1, 4). MeracnoporeHe3 MOXKeT TIPOUCXO-
IUTh B HECKOJIbKMX MEracIiopoluTax, HO He Bcerma
OIHOBPEMEHHO, ITIO3TOMY B CEMsI3a4aTKe MOIYT IIpU-
CYTCTBOBAaTbh HapsiIy C TeTpagaMu, Tdaabl UM Mera-
cropouuThl B ipodase (puc. 1, 4; 2, 4); unoraga gop-
MUpYeTCs JUIIb ofHa TeTpaaa (puc. 2, 5). Cnenyet
OTMETHTD, UTO B ME03 BCTYMAIOT METacCIIOPOLIUTEHI,
pacmnojIoXeHHBIE B Xala3aJlbHOM YacTU KOMILIEKCa
Ha rpaHulle ¢ 6a3aJbHOM YacThio HyleJTyca. Y Me-
racrmopouMTOB, BCTyNawIIUX B mpodasy meitosa I,
B MUKPOIMWISIPHOI 9acTy (pOpMUPYETCST KAJIJIO3HASI
oboJjiouka. B 00nbIIMHCTBE ceMsI3a4aTKOB TAaKUX Me-
racIopoluTOB 2—3, HO MHOIIA KaTIo3Hask 000104-
Ka (hOpMUPYETCS TOJIBKO Y OMHOIO METracIiopolInTa,
1 0YEHb PEAKO UX YHCIIO TOCTUTAET 4.

Ilepuon meracnoporeHesa y P. anomala 3anuma-
€T OTHOCHUTEJIBHO MPOJoJKUTeIbHOe BpeMst. K cTa-
Iuu (popMUpOBaHMS TeTpald Meracnop MOMHMO
BBITATUBAHUS MHTETYMEHTOB U MX IIOJIHOTO obpac-
TaHUS HyILeJUlyca, YBEIIMUMBAETCSI MaCCUBHOCTh
€ro alnMKaJbHOM YaCcTH 3a CUYET IIPOTOJIKAIOIIIXCS
MIEPUKINHAIBHBIX IEJICHUI B IMapHeTaIbHOM TKa-
HU 1 HyLEJUISIPHOM KOJIITa4Ke, YMCIIO CI0EB KOTO-
pbIX yBenuuuBaeTcs 10 8—9 u 4—5 cOOTBETCTBEHHO.
Yucno cinoeB B jaTepajibHOW U 0a3zanbHOI 4yac-
TSIX HYLEJJTyca coxXpaHsieTcsT pexkHuM (puc. 1, 4).
CrenyeT OTMETUTDb, YTO B 3TO BpeMsI B KJIETKaX HY-
1LieJITyca, OKpYKalolMX TeTPaabl MEracriop, akTUBHO
aKKyMyJIMpYyeTCsl KpaxmaJl; Takxke KpaxmaJjl Hakall-
JIMBAeTCs U B KJIeTKax IapueTaJbHOM TKaHU, Mpe-
MMYILIECTBEHHO B €€ LIeHTPaIbHOI 30He (puc. 2, 9).
BeposiTHO, 3TO CBSI3aHO ¢ aKTUBHBIM TPAHCIIOPTOM
BEIECTB I10 3TUM KJIeTKaM K (OpMUPYIOIIeMyCsI Ta-
MeTO(UTY 1, BO3MOXHO, BBIITOJTHEHNE UMU (PYHK-
LIMU TTMTaHUsI rTaMeTouTa.

Yucao TeTpan Meraciop B MCCISIOBaHHBIX Ce-
Msi3adyaTKax BapbupoBano ot 1 mo 4. Meracropsl
B TeTpajax Iocje 00pa3oBaHUs IPUMEPHO OIMHAKO-
BOTr'O pa3Mepa, OJHAKO 110 MEpe pa3BUTHS Xajla3ajib-
Hasl Meracriopa Ha4yMHaeT pacTU B 00beMe U Mpeoo-
JIaaeT Hall OCTAJIbHBIMU, KOTOPBIE COXPAHSIIOT CBOIO
SKM3HECITOCOOHOCTh HEKOTOpOoe BpeMsI (puc. 2, 4—06).
VY Meracrop B TeTpagax CoXpaHsIeTcs KajlJio3Hast 000-
JIoUKa, TOJIIMHA KOTopoit HepaBHOMepHa. Haubo-
JIE€ TOJICTBIA CJIOM KaJlJI03bl OTKJIAABIBAETCS B allu-
KaJIbHOM YaCTU TeTPaabl, OKPYXKasi MUKPOITWISIPHBIC
METacIophl, TAKXKe OTHOCUTEIBHO IIJIOTHBINA CITOM
IIPUCYTCTBYET Ha ITONEPEYHBIX CTEHKAX MEXIy MeTa-
CIIOpaMU; Ha Xala3aJlbHOM KOHIIE XaJla3aJbHOil Me-
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Puc. 1. PasButue cemsizauatka Paeonia anomala: 1 — npyuMOpInii ceMsi3ayaTKa Ha CTaquy MHULIMALIMM WHTETYMEHTOB U CITO-
POTEHHBIX KJIETOK; 2—7 — CTPOEHME ceMsi3ayaTKa Ha CTaIusIX: MUTOTUYECKOTO JIEJICHUST CITOPOTEHHBIX KJIETOK U YBEJTUICHUS
ux yucina (2), meracopouuToB (3), TeTpan Meracrop (4), 2-s1epHOTo 3apobIleBOro Melika (J), 4-sSAepHOro 3apoabIIeBOrO
MelKa (6) ¥ 3apoIbIIIIeBOTO MEIIKa B Ipoliecce co3peBaHus (7); & — chopMUpOBaHHBIN ceMsI3a9aToK C eTeHePUPYIONIUM 3a-
POIBILIEBBIM MEIIKOM Ha 4-sIIEPHOM CTaanm.

e 5 — 3apOIbILIEBhIN MEIIOK, /# — TMIIOCTa3a, [ [ — BHYTPEHHUI MHTETYMEHT, M — MUKPOIIWJIE, MC — METacIIOPOLIMT, /1 ¢ — HY-
LIEJUTSIPHBII KOJIMAYOK, 0 { — HAPY>KHBIM MHTETYMEHT, p 0 — TUTalleHTapHBII 00TypaTop, p t — mapueTalbHasl TKaHb, § ¢ — CIIO-
POTeHHBIE KJIETKH, ¢ — TeTpaaa Meracrop, v b — MpoBOISIIINIA ITyYOK.

Ixkana: /1—4 — 50 mxm, 5—8 — 100 MKM.

Fig. 1. Ovule development in Paeonia anomala: 1 — ovule primordium at the stage of integument and sporogenous cell initia-
tion; 2—7 — structure of the ovule at the stages of: mitotic division of sporogenous cells and increase in their number (2), me-
gasporocytes (3), megaspore tetrads (4), 2-nucleate embryo sac (5), 4-nucleate embryo sac (6), and embryo sac during matu-
ration (7); & — formed ovule with a degenerating embryo sac at the 4-nucleate stage.

e s — embryo sac, 4 — hypostase, i i — inner integument, m — micropyle, mc — megasporocyte, n ¢ — nucellar cap, o i — outer
integument, p o — placental obturator, p  — parietal tissue, s ¢ — sporogenous cells, # — megaspore tetrad, v b — vascular bundle.
Scale: I—4 — 50 um, 5—§ — 100 um.

BOTAHUYECKWM XYPHAJl Ttom 110 Ne2 2025
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Puc. 2. PazBuTrie MHOTOKJIETOYHOTO CITIOPOT€HHOTO KOMITIEKCa U MEracrioporeHes B cemsizauatke Paeonia anomala: 1 — mud-
depeHIMAINS CIOPOTEHHBIX KJIETOK; 2 — Tpodaza MUTOTUIECKOTO IETIEHUST B CTIOPOTEHHBIX KJIETKAX, MPUBOISIIETO K YBe-
JINYEHUIO UX Yncia; 3 — CIOPOTeHHBIN KOMIUIEKC U3 HECKOIBKUX MEraclOpOLUTOB, PACIIONOXEHHBIX B 2 CJIOSI B LIEHTPAJIb-
HOIi yacTH Hyueyca; 4—8 — (popMupoBaHNe OTHOM WM HECKOJIBKMX TETpal MEracrop M auaj, B KJIeTKax KOTOpO# siapa
HaxonsITcs B coctossHUU Meiio3a 11 (5 — pasBuTtie QyHKIIMOHABHOM XaTa3abHON MEeTacTiopk; 7, & — BU3yaIM3alvs TeTPa
MeEracrop Mpu OKpacke Kajulo3bl aHUJIMHOBBIM CUHUM U (JIyOpeCLIEeHTHOI MUKPOCKOMUK); 9 — JoKaiu3alusl Kpaxmasia B
KJIETKaxX cemsi3ayaTka, MPeNMYILIEeCTBEHHO B 0a3aIbHOI 4acTH HyLeJITyca BOJIU3U TETPaabl Meracrop 1 B MEHbLIEM KOJIUYe-
CTBE B KJIETKAX IMapUeTaTbHOI TKaHW; d — Anaja KJIeToK, chOpMUPOBAHHBIX TTOCe Melio3a |, fm — GyHKImoHanbpHas Me-
racrnopa, i i — BHyTpEHHUI UHTETYMEHT, M¢ — METacIOPOLIUT, A ¢ — HYLeJUISIPDHBINA KOJIMAau0K, 0 i — HApY>XKHBI MHTETYMEHT,
p t — mapueTanbHas TKaHb, S ¢ — CIIOPOTEHHBIE KJIETKH, § g — 3epHa KpaxMaJa,  — TeTpajia Meracrop.

Ixana: 1—9 — 20 MM.

Fig. 2. Development of the multicellular sporogenous complex and megasporogenesis in the ovule of Paeonia anomala: 1 — dif-
ferentiation of sporogenous cells; 2 — prophase of mitotic division in sporogenous cells, leading to an increase in their number;

3 — sporogenous complex consisting of several megasporocytes arranged in 2 layers in the central part of the nucellus; 4—§ — for-
mation of one or several tetrads of megaspores and dyads, in which the nuclei are in meiosis II (5 — development of the func-
tional chalazal megaspore; 7, & — visualization with fluorescent microscopy of the tetrads of megaspores stained with aniline

blue); 9 — localization of starch in the cells of the ovule, predominantly in the basal part of the nucellus near the tetrad of me-
gaspores and in smaller quantities in the cells of the parietal tissue; d — dyad of cells formed after meiosis I, fm — functional

megaspore, i i — inner integument, mc — megasporocyte, n ¢ — nucellar cap, o i — outer integument, p ¢ — parietal tissue, s ¢ —
sporogenous cells, s g — starch grains, 7 — tetrad of megaspores.

Scale: 1—9 — 20 um.

BOTAHUYECKHWM XKYPHAJT Tom 110 Ne2 2025
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racropbl Kajljio3a pakKTU4eCKU OTCYTCTBYET WM €€
CJIOIi TIpepBIBUCTHIN (puc. 2, 7—35).

ITocne yBennueHus xana3aabHOI MEracopsl 1 ee
JIelieHus1 o0pa3yeTcs 2-sIepHblil 3apObIIIEBbIi Me-
oK. B ceMsi3ayaTkax ¢ HECKOJIBKUMU TE€TpamaMU
4acTo TOJIbKO U3 OTHOU (hopMupyeTcs 2-saepHBIA
3apOJbIIIEBbI MEIIOK, OCTajJlbHbIe OCTalOTCS
B MHTAKTHOM cOCTOsIHUM (Tabu. 1, puc. 3, I). 3apo-
JBIIIEBbII MEIIOK HAYWMHAET pacT B CTOPOHY MUK-
ponune. [Tpy aToM HauMHaeTcs pa3pylieHue npue-

CAIIYHOBA, BUHOI'PAIOBA

raloluX K HEMy C MUKPOITWISIPHOIN CTOPOHBI KJIETOK
MapueTaJbHON TKaHU, OJHAKO YHUCIIO CJI0EB 3TOMU
TKaHU ocTaeTcs 8§—9, 4To mpedmoaaraeT IpoaoJi-
Karolyecs AeJeHUs €€ KJIETOK B MUKPOTIMISIPHOM
yacTu. Takke yBeJIMYMBAETCSI YMCJIO CI0EB B HYLIE -
JISpHOM KoJmauke 1o 6 (puc. 1, 5; 3, 1, 2). TomuuHa
JlaTepajbHOM U 0a3aJIbHOM YacTeil HyllesuTyca He 13-
MEHSIETCS, XOTS KJIETKM JIAaTEPaJIbHOM YaCTH, TIpUJie-
rarolue K 3apoAbllIeBOMY MEIIKY, HAUYMHAIOT IPO-
SIBJISITh TIPU3HAKU JECTPYKLIMU: KJIETKU CXKUMAIOTCS,

Taomuua 1. KonmyecTBeHHOE COOTHOIIIEHWE Pa3BUBAIOIINXCS TaMeTO(MUTOB, BKITIOUAs CTaIUIO TETPaIbl MEraciop,

B CEMA3a4yaTKax

Table 1. Quantitative ratio of developing gametophytes, including the megaspore tetrad stage, in ovules

KomuecTtBo cemsizauatkoB / Number of ovules
Cranus pa3BuTus C JIET€HEPUPYIO-
Developmental ¢ 1 rametoputom™®| ¢ 2 rameroputamu®|c 3 rameropuramu’c 4 rametopuTaMm’? LM Beero
%
stages with with with with raveropurami® |~
1 gametophyte* 2 gametophytes* | 3 gametophytes* | 4 gametophytes* | with degenerating
gametophytes™
21 7 2
(413 HHX 4 coTydas (M3 HUXx 2 ciyvas | (U3 Hux 1 ciyvaii
c 1 1erpa 031;11114 c2TeTpamaMiM U | ¢ 3 TeTpamaMu U
Terpansl Meracrop 14 1 nugﬂgﬁ) 1 nuanoii) 1 nuanoii) 2 TeTpaibl 46
Megaspore tetrads 21 7 2 2 tetrads
(4 of them with (2 of them with (1 of them with
I tetrad and 1 dyad) 2 tetrads and 1 3 tetrads and 1
Y dyad) dyad)
24 11
N (13 Hux 19 (13 Hux 4
2-siiIepHbIit
. C TIPUCYTCTBUEM | C IIPUCYTCTBUEM
3apOIbILICBRIN 1-2 Terpan) 1 TeTpanp) 3 TeTpampl
MEILOK — - 38
2-nucleate 24 11 3 tetrads
(19 of them (4 of them with the
embryo sac .
with the presence presence
of 1-2 tetrads) of 1 tetrad)
15 7
(u3Hux 3¢ 1-2 (M3 HUX 2 11
TeTpagamMu U 3 ¢ | ¢ 1—2 teTpanaMu u (13 Hux 8§ TeTpan
A-siepHbIiA 1-2 2-aaepHBIM |5 ¢ 1—2 2-a0epHBIM U 3 4-s1epHBIX
o 3apOABIIIEBBIM 3apOBIIIEBBIM 3apOBIIIEBBIX
3apONbIIIEeBHIA
MEILIKOM) MEIIIKOM) MelIka
MeEIIToK 5 ; 1 — I 33
2;;112“’12?;0 (3 of them with the | (2 of them with the (8 of them were
Iy presence of 1—2 presence of tetrads, and
tetrads, and 3 with | 1-2 tetrads and 3 3 were 4-nucleate
1-2 2-nucleate  |with 1—2 2-nucleate embryo sacs)
embryo sacs) embryo sacs)
CdopMUpoBaHHBI
3apOJIBIIIEBBIN
MEILOK 3 1 - - - 4
Formed embryo sac

IIpumeyanue. * — BKJIIOYAs TETPAIbl METacrop.

Note. * — including the megaspore tetrad stage.

BOTAHUYECKUM XYPHAIJ
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Puc. 3. Pa3ButHe 3aposiblieBbIX MELIKOB B ceMsi3auaTke Paeonia anomala: 1 — obpa3oBaHue 2-511€pPHOTO 3apOJIbILIEBOrO Melll-
Ka 13 GyHKLMOHATBHOW MEracriopbl OHOM U3 TeTpaj, BE Ipyrue TeTPajbl B ceMsizauaTKe He pa3BUBAalOTCs aabliie (/a — te-
Tpajia Meracrop B TOM Xe ceMsi3ayaTKe, YTo U Ha 1, HO Ha ClieyIolleM cpese); 2 — 2-sIepHbIii 3apOIbIIIEBbIif MELIOK, PacTy-
U TI0 KJIETKAM TTapueTaTbHOM TKaHW B MUKPOTIWIISIPHOM HaTpaBleHUW; 3 — 4-sIepHbIil 3apOAbIIIeBbIi MEIIOK, PACTYIITNIT
10 KJIeTKaM MapueTaIbHOM TKaHU B MUKPOTIUJISIDHOM HalpaBieHuu; 4 — 4-sinepHbIii 3apoIbIIIeBbIid MEIIOK; 5 — nBa 4-s1ep-
HBIX 3apOJIBIIIEBBIX MEIIKA B OZTHOM CeMsi3ayaTKe; 6 — 3apOJbIIIEeBbIil MEIIOK B TIPOIIECCe CO3PEBAHUSI €0 IEMEHTOB (6a —
SIALEKIIeTKa, PACTIONIOXEHHAs Ha CJIEYIOILEM Cpe3e).

a — aHTUTONBI, e ¢ — SIALIEKIIeTKA, € § — 3aPOIBILIEBbIA MEILIOK, # ¢ — HYUEJUIIPHBIN KOJIMAvoK, p f — MapueTanbHasl TKaHb,
 — TeTpaza Meracrop.

Hlkama: 1—6 — 50 MKM.

Fig. 3. Development of the embryo sacs in the ovule of Paeonia anomala: 1 — 2-nucleate embryo sac formed from the functional
megaspore of one tetrad, two other tetrads in the ovule do not develop further (/a — tetrad of megaspores in the same ovule as in 7,
but in the next section); 2 — 2-nucleate embryo sac growing along the parietal tissue cells in the micropylar direction; 3 — 4-nucleate
embryo sac growing along the parietal tissue cells in the micropylar direction; 4 — 4-nucleate embryo sac; 5 — two 4-nucleate em-
bryo sacs in the same ovule; 6 — embryo sac in the process of maturation of its elements (6a — egg cell located in the next section).

a — antipodals, e ¢ — egg cell, e s — embryo sac, n ¢ — nucellar cap, p t — parietal tissue, f — tetrad of megaspores.
Scale: 1—6 — 50 um.

BOTAHUYECKHWU XKYPHAJL Ttom 110 Ne2 2025



166

CTAaHOBSTCS Y3KMMM, UX LIMTOILIa3Ma pa3pyliaeTcs,
XpPOMATHH SAep CTAaHOBUTCS IJIOTHBIM, MHOTAA TIPO-
HUCXOIUT MMMKHO3 snep. B 0a3aibHOI YacTH HYLIEJITY-
ca, HA00OPOT, KJIETKU CTAaHOBSITCS KPYITHBIMU, C 00-
Jiee TUIOTHOM LIMTOIIa3MOM, KPYIIHBIMU SIIPAMU, YTO
CBUJICTEJIbCTBYET O BHIIOJIHEHUU UMM TPAHCIIOPTHOM
¢yHkuum (puc. 1, 5; 3, 1, 2).

CeMs13a4aTOK Ha CTamuU 2-sSIepHOTO 3apOIbIIie-
BOTO MeIlIKa IIPOA0JIKAET PACTH, YCUJIUBACTCS aCHM-
METPHMYHBIN POCT ero abakCcuaabHOI YacTH, MPUBO-
ISIIAN K JajbHENIIeMy U3ru0y ocu ceMsizayaTka
1 IPUOOPETCHUIO TeMU-KaMIIMJIOTPOIIHOIO MOJIO-
KeHus. UHTeTyMeHTHI (GOPMUPYIOT MUKPOIIUIIE —
9HA0-3K30CcTOM. TOJIMHA HAapy>KHOTO MHTETYMEH-
Ta yBeJIMYMBaeTCs 10 9 cioeB, BHYTPEHHUIA OCTaeTCs
3-CJIOITHBIM, MHOTIA B 00J1aCTU MUKPOITUJIE MOXET
yTONMIAThCS 10 4 ciioeB. YcunmBaercs nnuddepeH-
LIMAaNus IUIAlleHTapHOTO 00TypaTopa, OKpyKarolle-
ro OCHOBaHUe ceMsizayatka (puc. 1, 5).

Btopoit MuTO3 M 0Opa3oBaHue 4-Sa€pPHOrO 1Le-
HOILIMTA MMPOUCXOJIUT, KOTIa OH JOCTUTAET IPUMEPHO
MMOJIOBUHBI JUIMHbBI TTApUETATIbHON TKAaHU, TIPOABU-
rasichb 1o ee IeHTpajabHoM yactu (puc. 3, 3). Ctpoe-
HUE ceMsi3ayaTKa B 9TOT IIepHOJ He U3MEHSIETCS.

HanpHe WKl poCcT 3apOIBIIIEBOTO MEIIKa CO-
MPOBOXAAETCS MPOAOJKEHUEM pa3pylIeHUs 1IeH-
TpaJIbHOI 30HBI TTapHeTaIbHOM TKaHU OO TeX I0p,
MOKa OH HE JOCTUTHET TPaHUIIbI HYLICJUIIPHOTO KOJI-
mayka. JlaTepajabHble YaCTH MMapUeTaIbHOM TKAHU
HE pa3pylIaloTcsl, B HUX OTMEUYaeTCsl HaKOIJIeHUE
KpaxMmajia, BepOSITHO, JUIST IIMTaHUST PacTyIIero ra-
MeTodura. PocT 3apoablieBoro Menika B LIMPUHY
HE TIPOMCXOAUT, U OH OCTAeTCs JUIMHHBIM M Y3KUM
(puc. 1, 6; 3, 4). Unorma B ceMsI3ayaTKe pa3BUBacT-
csl 1Ba 4-s1IepHBIX 3aPONBIIIEBEIX MEIIIKA CXOTHOTO
ctpoeHus (puc. 3, 5). Yacto Hapsiay ¢ pa3BUBaIOLIM-
MUCS 4-siAepHBIMU 3apOABIIICBBHIMU MEIIKAMU Ha-
0JII0HaIOTCS OCTATKU AET€HEPUPYIOIINX 2-SIAePHBIX
MEIIKOB, TeTpaj WK METacIIOPOLIMTOB, HE peali-
30BaBIINX CBOU MOTEHUUHU (cM. Tabu. 1). KieTtku
0a3zaibHOM YacT He paspymaipTcsa. CeMsa3adyaTok
IIPOIOJIKAET U3TMbaThCs, TIPU 3TOM MHUKPOIIUIIE
puOIKaeTcsd K IUIalieHTapHOMY 00TypaTopy, YTO
XapakTepHO Mg IeMU-KaMIIUJIOTPOIIHOTO ce-
Msi3auaTka. B obimactu pade mpoxoauT MacCUBHBINA
MPOBOISIINI My4OK, HAIIpPaBJISHHBINA B Xajasy, Tie
OH 00pa3yeT HeOOJIbIIYIO BETBb, ITPOIOJIKAIOIIYIOCS
B HApYXXHBIN MHTETYMEHT (puc. 1, 6; 3, 4).

Hocturiye HyLeJUISIPHOIo Kolmnadyka 4-siaepHble
MEIIKY MIPUCTYIIAIOT K MOCIeTHEMY MUTOTUIECKOMY

CAIIYHOBA, BUHOI'PAIOBA

IeJIEHNIO, KOTOPOE COIPOBOXIAETCS KIETKOOOpa-
30BaHMEM; (POPMUPYETCS 7-KIETOUHBIN, 8-sSIepHBII
3apOIbIIeBbIi MelloK. CTpoeHMe ceMsI3ayaTKa 1pa-
KTUYECKU He MEHSIETCS, JIUIIb MPOJOJIKAET YTOJI-
IAThCS HapyXHBI MHTEryMeHT 10 11—12 cimoeB
(puc. 1, 7; 3, 6). B HeKOTOpBIX CIyJasix B cemMsI3ayar-
Ke (popMupyeTcsl 1Ba XXKEHCKUX raMeTrodura (CM.
Tabiu. 1). JleaeHus:s B HUX, KaK MPaBUIO, UAYT CUH-
XPOHHO. 3apOoIBIIIeBbie MEIIIKI OU€Hb CXOIHBI MEX-
Iy co0OIi, COCTOSIT U3 SIHIIEBOrO anapara Ha MUKPO-
IMWISIPHOM ITOJIIOCE U3 SIMIIEKJIETKU 1 IBYX CUHEPT U,
LIEHTPAJIbHOI KJIETKU C IBYMS IIOJIIPHBIMU SIIpaMU
M TPeX aHTUIION Ha Xaja3aJlbHOM momoce. Kietku
SIMIIEBOTO aIlllapaTa UMeIOT TUITMYHYIO MOJIsIpu3a-
LIMI0; SIAPO SULEKIEeTKNA CMEIIeHO K allMKaJlbHOM
yacTH, 0a3aibHYIO €€ YacThb 3aHMMaeT KpyIHas Ba-
KyoJb. CMHepruabl UMEIOT siapa, CMElIeHHbIEe B 0a-
3aJIbHOE ITOJIOKEHME, U BAaKyOJIM B allMKAJILHOM
YacTW, B OCHOBAaHMU cHHeprua ¢GopMUPYETCS Cia-
00 BBIpaXKeHHBIII HUTYATHINA anmapaTr. AHTUIIOAEI
HeOoJIbIlINe, UMEIOT KPYITHOE SIIPO B LEHTpaJb-
HOM MOJOXEHUHU U IUIOTHYIO IIMTOILIa3My 0e3 Ba-
kyoseit. IlonsipHbie simpa, hopMuUpyIOLIAeCs BOIM3HN
MMOJISIPHBIX TPYIII KJIETOK, HAUMHAIOT MepeMellaTh-
csl K LIIEHTPY 3apoAbIllIeBOro Melka (puc. 3, 6, 6a).
OnHako MX KOHTaKTa U CIUSTHUS He HaOJomau,
XOTsI ceMsi3ayaTKy ObLIM MCCAEeA0BaHbI HA MOMEHT
IOJTHOTO PAaCKPBITUS LIBETKA M HAJTUIUS ITHUIBIIBI
Ha pbeUIblie. BeposTHO, IToIHOE Co3peBaHMe 3apOIblI-
LIIEBOTO MeIlIKa IIPOUCXOIUT B XO/¢e IporaMHoii ¢a-
3bl OILTOAOTBOPEHUS.

B onHoM miomonucTUKe ceMs3ayaTKu, Kak mpa-
BWJIO, pa3BUBAIOTCS CUHXPOHHO, 32 UCKJIIOYEHM-
€M HeOOJIBIIIOTO OTCTaBaHUS CeMsI3auyaTKOB, pac-
IMOJIOXKEHHBIX 10 KpasM IUIalleHThl. B HEKOTOphIX
TUIOJOTUCTUKAX OTMEUEHO HAJIWYNE CeMSI3a4aTKOB
MEHBIIIEr0 pa3Mepa U B LIEHTPaJbHOI YacTy Iia-
LIEHTHI, YTO MOKa3bIBA€T MX OCTAHOBKY B Pa3BUTHUH,
CBSI3aHHYIO C 3aMeIJIEeHUEM Pa3BUTUS rametrodu-
Ta — OTCYTCTBHEM Meio3a B METacIIOpPOLIMTaX, JI1-
00 mereHepalmei 3apoAbIIIeBOrO MeEIlIKa Ha IIeHO-
IIUTHBIX CTanusax (CM. Tabi. 1), BIJIOTh 10 MOJTHON
NEeCTPYKIUKU €ro SAep U CXKaTus MOJOCTU 3apOabl-
LIIEBOTO MEIIKa 3a CYeT CMbIKaHUS TKaHel HylIeJLTy-
ca. B HEeKOTOpHIX CiIyJasix cems3ad4aToK IIPoaoLKa-
€T pa3BUBAThCSI HAPSAIY C COCCIHIMMU, XOTS Pa3BUTHE
U POCT raMeTo(uTa OCTaHABIUBAIOTCS, KaK MpaBU-
JI0, HA paHHen 4-saaepHoii ctaguu (puc. 1, 9). Kpo-
M€ OCTaHOBKHU pa3BUTHUS raMeToduTa UIU €ro Ae-
reHepaluy, BUIMMBIX IIPU3HAKOB a0eppaHTHOCTU
caMoro ceMsI3aJaTKa He HaOmoganoch. Ymeao Takux

BOTAHUYECKUMW XXKYPHAJI Tom 110 Ne2 2025



PASBUTHUE HECKOJIbBKMX 3APOJBIIIEBBIX MEIIKOB B CEMA3AYATKE...

CeMsI3a9aTKOB K MOMEHTY PaCKpPBITHSI LIBETKA 1 OTTbI-
JIEHUSI MOXET BapbUpoBaTh OT 1—2 10 5—6 B 3aBUCH-
MOCTH OT CTEIICHU Pa3BUTOCTH IUIOJOIMCTHKA.

OBCYXIEHHUE

Kak mokasano getanbHOe MCClIeoOBaHUE, pa3-
BUTHE XEHCKHX PENPOAYKTUBHBIX CTPYKTYD
y P. anomala mporcxomuT CXOMHEIM 00pa3oM C Ipy-
TMMU UccliefoBaHHBIMU BunamMu Paeonia (Yakovlev,
Ioffe, 1957, 1965; Zhgenti, 1974; Shamrov, 1997;
Oztiirk, Unal, 2003). ®opMupoBaHue cemsizayar-
Ka, ero poCT U CTPYKTYPHBIE Mpeodpa3oBaHuUs OUeHb
CXOOHHBI ¢ onMcaHHBIMU Y Paeonia lactiflora Pall.
(Shamrov, 1997). ChopMupoBaHHBIN ceMsi3ayda-
TOK — KPaCCUHYLEJUIITHBIN, OMTEerMaJbHbIIA, TeMH-
KaMITMJIOTPOITHEIN, ¢ MACCUBHBIM, 11—12-CITOMHBIM
Hapy>XXHBIM UHTETYMEHTOM U 3—4-CJIOMHBIM BHYT-
peHHNM nHTeryMeHTOM. CIleyeT OTMETUTD pa3imd-
HO€ IPOMCXOXKIEHNE UHTETYMEHTOB — BHYTPEHHETO
3a CUET SMUACPMaIbHBIX UHULIMAJIeil, 1 HapyXKHO-
ro 3a CUeT BMNUIASPMAIbHBIX M CYO3IMUAEePMAIbHBIX,
YTO paHee ObLIO OTMeYeHO ToabKo y P. lactiflora
(Shamrov, 1997) 1 Ha OCHOBaHUM 4YeTO OBLI BHIIC-
JIEH HOBBII TUIT 00pa30BaHUsI MHTETYMEHTOB — JIep-
MaJbHO-cyoaepManbHblil (Shamrov, 2008). bazanb-
Hasl 4acThb HYIIEJUTyCca COCTOUT M3 2—3 CIIOEB KIIETOK,
KOTOpBIE Ha MO3IHUX CTAIUSIX PA3BUTUS UMEIOT
IUIOTHYIO IIUTOILIa3My M KPYITHBIC SIApa, 9TO CBU-
NeTeJIbCTBYET 00 MX METa0OJIMIECKO aKTUBHOCTHU
M y4aCcTUM B TPAHCIIOpPTE BEIECTB K pa3BUBAlOIIIE-
Mycs XeHcKoMy rametoduty. HakomineHne 60Jb-
IIOTO KOJMYECTBAa KpaxMalia B KjleTKax 0a3ajabHOM
YacTU M JaTepalbHBIX YacTel HyleJuryca BOJIM-
34U (popMUPYIOIIUXCS TeTpald U pa3BUBAIOIIEIO-
csl 2-sIIEPHOTO 3apOABIIIEBOIO MEIlIKa, TaAKXKe YKa-
3BIBA€T Ha BBICOKYIO META0OJIMYECKYI0 aKTUBHOCTD
3TUX KJIETOK U MX ydyacTUe B MUTAHUM pa3BUBalO-
IIeTocs Ha paHHMX cTamgusgx rametoduTa (Shamrov,
2005). Ha craguu no3aHero 4-simepHOro u cop-
MUPOBAHHOTO 3apOJbIIIEBOTO MEIKA 3epHa Kpax-
MaJia IMIPUCYTCTBYIOT IIPEUMYIIECTBEHHO B KJIETKaxX
nepu@epuyeckoin yacTu coxpaHsIonieics napue-
TaJIbHOU TKaHU.

O coxpaHeHUU TapueTaJbHON TKAaHU Ha CTaauu
c(OPMUPOBAHHOTO M 3PEJIOTO 3aPOABIIIIEBOTO MEIII-
Ka B MCCJIeIOBAHUSIX IPYTUX BUIOB MUOHOB HE OTME-
yaJioch, 3a UckIodyeHueM ykazanust .M. Illamposa
(Shamrov, 1997), uro y P. lactiflora napurtetajibHas
TKaHb pa3pyliaeTcs K CTaAUU 3UTOTOTeHe3a; OCTallb-
HBIe aBTOPHI TTOJIaTajid, 9YTO TTapyeTaabHas TKaHb MOJT-
BOTAHUYECKUN XXYPHAJ
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HOCTBIO pa3pyllaeTcsl pacTyIIUM 3apOIBIIIEBBIM
MemkoM (Yakovlev, loffe, 1957, 1965). Bo3amoxHo,
OHU CUYWTAJIM ITapueTaIbHON TKAHBIO TOJIBKO 30HY
HaJ 3apOAbIIIEBEIM MEIIKOM, HE YUYUTHIBAs, 4TO Jia-
TepaJibHbIe 00JIACTH, OKPYKaAIOLINE OOJIBIIYIO YACTh
3apOIBIIIEBOTO MEIIIKa, IT0 IMIPOUCXOXIASHUIO TAKXKE
OTHOCSITCS K ITapveTaabHO# TKaHu. Hamm naHHbIe
IMOKa3ajid, YTO MapreTajbHas TKaHb, KOTOpas K CTa-
AW 2-SIIEPHOTO 3apOABIIIEBOTO MEIIKA CTAHOBUTCS
MaKCHUMaJlbHO MaCCUBHOM, JOCTUTaeT 9 cloeB Kiie-
TOK. PacTyluuii 3apoablilieBblii MEIIIOK pa3pyllaeT ee
JIMIIb B LIEHTPAJbHON 1 alMKaJlbHOI 00JaCTIX, KO-
I1a TaMeTOUT JOCTUTACT HYLISJIIPHOIO KOJIMAavKa,
KOTOPBIH, TTO-BUANMOMY, MOXKET JOJITO COXPaHSITh-
cs. Y P. lactiflora K1eTK1 HYLEJUISIPHOTO KOJIay-
Ka, 00pa30BaHHOTO 4 CJIOSIMU KJIETOK, COXPaHSIOT-
¢S To CTaguy paHHero poamopuo (Shamrov, 1997).
CnemyeTr OTMETUTh, YTO IIPU PA3BUTHUM IBYX 3apOIbI-
IIeBBIX MEIIKOB OAWH WJIX 00a M3 HUX pa3pylIaioT
U TKaHb HYLEJUIIPHOTO KOJIITauyKa, OT KOTOPOTO CO-
XpaHseTcs IUIIb SMUAepMaIbHbIN c1oii. BeposiTHO,
pa3BUTHE ABYX raMeTOPUTOB TpeOyeT OOIbIIE TTH-
TaTeJIbHBIX BEIIECTB, M3-3a YeT0 IIPOUCXOAUT OoJIee
MHTEHCUBHOE M OBICTPOE pa3pyllcHUEe IMapueTaib-
HOI1 TKaHW W HYLIEJJIIPHOTO KOJIITAyKa.

Haum gaHHble NOATBEepAWIN, UTO V P. anomala
pa3BUTHE HECKOJIBKUX 3apObIIIEBbIX MEIIIKOB 00YC-
JIOBJIEHO (pOpMUPOBAHUEM MHOTOKJIETOYHOTO CIIO-
pPOTEHHOro KOMIUIEKCa, KaK U Y IPYIUX MUCCIen0-
BaHHBIX BunoB (Yakovlev, loffe, 1957, 1960, 1965;
Walters, 1962; Zhgenti, 1974; Shamrov, 1997; Oztiirk,
Unal, 2003). Yuc10 KJIETOK CIIOPOreHHOTO KOMILIEK-
ca moxeT mocturath 18—20y P. veitchii Lynch n 25—
27 y P. causacisa Schipcz. (Vinogradova, Zhinkina,
2021), 25—y P. lactiflora (Shamrov, 1997), 30—40 —
y P. californica Nutt. (Walters, 1962). M.C. fIxoB-
nes u M.JI. Modpde (Yakovlev, Toffe, 1960, 1965),
M3YyYaBIlIME MEracroporeHe3 y pa3jIMuYHbIX BUIOB
Paeonia, B ToM unucne P. anomala, oTmedanu TpyJ-
HOCTb B IIOICUETE YMCJIa CIIOPOT€HHBIX KJIETOK B CH-
JIy X HEOJHOKPATHOTO IEJICHUS U POCTa B Pa3HBIX
HamnpaBJICHUSIX, a TAKXKE BCJIEICTBUE OTCYTCTBUSI
YeTKUX TPaHUI] MEXIY CITOPOTeHHBIM KOMILIEK-
COM U HYLEJUISIPHBIMM KjeTKamu. 1o HammmM gaH-
HBIM y P. anomala Ha paHHUX CTagUsSIX CIIOPOTEHHEIE
KJICTKY OTJIMYAIOTCS OT OKPYKAIOIINX KJIETOK 0oJjiee
KPYIIHBIMM pa3MepaMU U MeHee IIJIOTHOI LIMTO-II-
JIa3MOIi, XOTS1 OHU CITOCOOHBI MEPUKIMHAIBHO Je-
JINThCA TIepea AuddepeHIanein B MeraciiopoLuThbI.
MeracnopoIUThl CUJIBHO BBHITSHYTHL B IPOIOJILHOM
HamnpaBJIeHUH, UMEIOT IIEHTPAJIbHO PACIIOJIOXEH-
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HO€ YIJIMHEHHOE SIp0. DTU KJIETKM 3aHMMAIOT LIeH-
TPaJIbHYIO 00JIaCThb HyILleJuTyca, (GopMUPYSI KOJIOHKY
13 5—6 BepTUKAIBHBIX PSIIOB IO 2—3 CJIOS B KAXKIOM,
T. €. O0IIIee YMCIIO METacCIIOPOLIMTOB MOXKET BapbUpO-
BaTh B npenenax 12—18 KiieTok.

Kak u y npyrux sunos nuoHoB (Yakovlev, loffe,
1965; Zhgenti, 1974; Shamrov, 1997; Vinogradova,
Zhinkina, 2021), ntuddepeHINAINAST METaCIIOPOIIH -
TOB IIPOMCXOIUT ACUHXPOHHO, ITepBhIMU T hepeH-
LIUPYIOTCS KJIIETKH, pacIlONOXEeHHBIE B Xajla3aIbHOMK
yacTu KoMIuiekca. UMeHHO 3TH KJIETKU TePBBIMU
BCTYIAIOT B IIpochady Meiio3a, YTo MOXKHO Ha0IH0aTh
10 U3MEHECHUIO XpOMaTHU3alIMU UX sAep U o0pa3oBa-
HUIO CHHEIITOMAaJbHOTO KOoMILIeKca. B 3To Bpems
Y HEKOTOPBIX U3 3TUX METacCIOPOIUTOB Ha Iia3Ma-
JieMMe (KJIETOYHOI MeMOpaHe) HAUYMHAETCSI CUHTE3
KaJI103bl, KOTOPBIi, ITO-BUAUMOMY, OCYIIECTBIISICT-
csl, KaK 1 y APYTUX pacTeHuil, B CTOPOHY KJIETOY-
Hoif crenku (PirSelova, Matusikova, 2013), obpasys
MeXXIy HUMU KaJIJTO3HbIH Cl1oi (Kaaio3HYy10 0060J104-
Ky). UMeHHO MeracrmopouuTsl ¢ Kaaa03HOH 000104-
KO Jajee MpoXOMasT BCe ITalbl MEracmoporeHesa
1 (pOopMUPYIOT TETpaabl MEracIiiop, 4To IOATBEp-
KIaeT MOJOOHEIN (haKT, OTMEYEHHBIN y P. caucasica
u P. veitchii (Vinogradova, Zhinkina, 2021). B otnu-
Yyie OT 3TUX JIBYX BHUIOB, Y KOTOPBIX HamboJee yac-
TO B ceMsi3a4yaTKe JINIIb OJUH MEracIOpOLIMT MMeeT
KaJUIO3HYI0 000JIOUKY U (hopMUpPYET mocie Meiiosa
€IMHCTBEHHYIO TETPaay MEracriop (XoTsi OTMEUEHBI
cyJau o0pa3oBaHU IBYX TeTpan), v P. anomala nan-
Oosiee yacto HabmogaI0Ch 0Opa3zoBaHue 2—3 Me-
racropolMTOB C KaJUIO3HOUW 00O0JOYKOW M, CO-
OTBETCTBEHHO, 2—3 TeTpaa Meracriop, oueHb pej-
KO BCTpeYaTnch cliydau ¢ 4 Tetpagamu (cM. Taba. 1).
Y P. lactiflora otMedeHO (hOpMHUPOBAHNE KPYITHBIX
MeracrnopouuToB B rpodase Meiioza I B Mukponu-
JISPHOM YaCTH CIIOPOTEHHOI'0 KOMILIEKCa, KOTOphIE,
MPEanoJI0XUTEIbHO, PAa3BUBAIOTCS B JUILJIOCIIOPH-
YeCcKMe 3apOIbIIIeBble MEIIKY, HabI01aeMble aBTO-
poM Ha OoJiee TTO3THUX CTAaUsIX Hapsay C OCHOBHBIM
3apOJBIIIEBEIM MEIIKOM, HO OTCTAIOIINX OT HETO
B passutuu (Shamrov, 1997). CymecTBoBaHue Ta-
KOTo criocoba o0pa3oBaHUs 3apOJBIIIEBOrO MeIllKa
y IIMOHOB, BEPOSITHO, TOIIYCTUMO U 0e3 0oO0pa3oBa-
HUSI KAJUIO3HOI 000JIOUKM BOKPYT MEracIiopoly-
Ta, KaK, HaIIpuMep, Y 3eMJISTHUKH, ¥ KOTOPOIi OBLIO
[MO0Ka3aHO, YTO KaJIJI03a MOXET ObITh MAapKEPOM JIJIst
oIpelieJICHUST TUIIA Pa3BUTHUS 3apPOIBIIIEBOIO MEII-
Ka B cilydyae 00pa30BaHUs HECKOJIbLKUX TaMeTO(PHUTOB
B OMHOM ceMsi3ayaTKe, TaK KaK pa3BUTHE allOMMK-
TUYHBIX (aITOCIOPUIECKIUX) 3aPOIBIIIEBRIX MEIIIKOB,

CAIIYHOBA, BUHOI'PAIOBA

B OTJIMYME OT aM(PUMUKTUYHBIX, IIPOUCXOAUT O6€3 OT-
noxeHus Kamuto3sl (Leszczuk et al., 2018).

CrnenyeT moguepKHYTh, UTO TOJIIWHA KaJIo3-
HOTO CJIOSI BOKPYT METaclopolnTa 1 BOKPYT Mera-
CIIOp TeTpaabl HepaBHOMEpHas: HaubOoJIee TOICThIi
CJI0i1 — Ha anMKaJIbHOM KOHIIE BOKPYT MUKPOITIISIP-
HOIT MeracIophl, a TakKKe Ha ITOIEPEYHBIX CTEHKAX,
TOrIa KaK Ha JIaTepaIbHBIX CTeHKaX CJIOM 3HAYNTEIb-
HO TOHBIIIE, a Ha XaJa3aJbHOM OH MPaKTUYECKU OT-
cyrcTByeT. Takast 3aKOHOMEPHOCTD B pacIlipeesie-
HUM KaJIJIO3bl OTMEYAETCd IJISI MHOTUX PACTEHUIA
C MOHOCITIOPUYECKMUM TUIIOM MEracrioporeHesa, 4ro
110 MHEHUIO UCCIeToBaTelIeil CBA3aHO C IIpeMYIle-
CTBEHHBIM TPAHCIIOPTOM BELIECTB CO CTOPOHBI Xa-
J1a3el U3 npoBoasdiero mydka (Rodkiewicz, 1970;
Noher de Halac, Harte, 1977; Rodkiewicz, Bednara,
2002; Rojek et al., 2018).

OO6pasymolirecs mocje Meito3a Meracopsl coxpa-
HSIIOT CBOIO KM3HECIIOCOOHOCTD IIPOIOJLKUTEIFHOE
BpeMSI, XOTSI IIPEUMYIISCTBEHHOE Pa3BUTHE MOIY-
YyaeT xajla3ajibHasl, Jaloliast Hayajao 3apOAbIIIeBOMY
Melnky. HecMoTpst Ha 9acToe obpa3oBaHne 2—3 TeT-
pan, majbHeIee pa3BUTHE B OOJIBITMHCTBE Clyda-
€B MOJTy4yaeT JIUIIIb OJHA M COOTHOILICHUE ceMsI3ayaT-
KOB C OTHUM U IBYMS 3apOAbIIIEeBbIMU MEIIKaMU
Ha 2- 1 4-s11epHOI CTaausIX CYIIECTBEHHO U3MEHSIeT-
Cs B CTOPOHY Pa3BUTHSI OJHOTO 3apObIIIIEBOTO MEIII-
Ka, XOTS B HEKOTOPBIX CIIydasiX JTOTMOJHUTEIbHBIC
TETpaIbl MMPUCYTCTBYIOT B ceMsI3ayaTKe PSIIOM C pa3-
BUBAIOIIMMCS LIEHOLIMTHBIM 3apOAbIIIEeBBIM MEII-
KoM (cM. Tabi. 1). BoaMoxxHO, 3TO CBSI3aHO € co3ma-
HHEM KOHKYPEHTHBIX OTHOIICHUI MEXIy TeTpagaMu
B IIepUOJ ompeaeacHus (GyHKIIMOHAIBHOI METacIio-
PHI, TIODOOHO TeM, KOTOPBIE CYIIECTBYIOT IIPH pa3BU-
TAM HECKOJIBKMX TraMeTO(UTOB M3 METacIiop OTHOMN
terpansl unn guanel (Noher de Halac, Harte, 1977,
1985; Vinogradova, 2013; Musial et al., 2015). Haripu-
Mmep, v Allium schoenoprasum L. 66110 TOKa3aHO, YTO
pa3BUTHE TOMOJHUTEIHHOIO 3aPOIBIIIEBOrO MEIIKa
U3 MUKPOIUJISIPHOM KJIETKU AUaabl BO3MOXKHO JHUIIb
B TOM cJIy4yae, €C/id 3TOT 3apObIIIEeBbI MEIIOK OY-
JIeT UMETh HalpaBJIeHUE CBOEr0 PocTa MapaiieIbHO
3apOIbIIIEBOMY MEIIKY, C(hOPMUPOBAHHOMY U3 Xaja-
3aJIbHOM KJIETKY IWAIbIl ¥ JOCTUTHET 0a3aJIbHOM YacTH
HYLIEJUTyCca, TAe IIPOMCXOINT aKKyMYJISILIVS ITATATe b~
HBIX BEIIECTB M UX TPAHCIIOPT K Pa3BUBAIOIIEMYCSI
rametroduty (Vinogradova, 2013). CxonHas KapTu-
Ha omnucaHa it BumoB Oenothera, y KOTOPBIX YaCTO
Pa3BUBAIOTCS IBE KIIETKU TETPaIbl — MUKPOITUIISIP-
Has ¥ XanasanbHas. MIX pa3BuTHe OyIeT peaan30BaHo,
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ecJIn 00e KJIeTKM OyAyT pacTy MO HampaBJIeHUIO K Ma-
PUETATLHOI TKAHH C OOJIBIIIMM 3aITaCOM ITMTATEeTbHBIX
BeuecTB (Noher de Halac, Harte, 1977).

B ciayyae nroHOB, BEPOSITHO, TAKOM XKECTKOM KOH-
KypEHIIMU He TTPOUCXOINT, IMTIOCKOJbKY 00a 3apOoIbl-
LIEBBIX MEIIKA Pa3BUBAIOTCS U3 Xala3aJbHbIX ME-
racnop COOCTBEHHBIX TETPall, U3 METacloOpOLUTOB,
3aHMMAIOIIMX XaJa3aJbHOE MOJ0XEHNUE B CIOPOreH-
HOM KOMILJIEKCE Y MMEIOIIMX HEeIOCPeICTBEHHbIM
KOHTAKT ¢ 6a3aJIbHOI YacThlO HylIeJTyca, 1o KJIeT-
KaM KOTOPOM NMPOUCXOAUT TPAHCHOPT BEIIECTB.
s MOAHOLIEHHOIO pa3BUTUSI 000UX 3apoAbllle-
BbIX MEIIIKOB BO3MOXXHOCTE MAaCCUBHOTI'O HYLIEJLTyca
JocTtaToyHO. CXOOHBIE MPUMEPHI pa3BUTUSI HECKOJIb-
KMX 3apOBbIIIEBBIX MEIIKOB 13 KJIETOK CITOPOTE€H-
HOTO KOMILJIEKca OTMeUeHbl y BunoB Casuarina, 4To
aBTOPHI CBSI3BIBAIM C MACCUBHBIM KPAaCCUHYLIEJUIST-
HBIM ceMsizadaTkoM (Treub, 1891; Schnarf, 1929).

Taxcke pa3BUTHE TOIOJHUTEIBHBIX 3aPOIIIICBEIX
MEIIIKOB MOXET OBITh OTPAaHUYEHO U IPYTUMU Me-
XaHW3MaMU, CBA3aHHBIMU C CUTHAJIMHTOM, PEryJiM-
PYIOIIUM Ccynb0y (PyHKIIMOHAIbHON MEracropsbl, Mo-
IOOHBIE TEM, KOTOPHIE CYIIIECTBYIOT B OOHOM TeTpaie
MEXIy MeracropaMy, HallpuMep, MOJIEKYJISIPHO-Te-
HeTuyeckre MexaHu3Mbl (Demesa-Arévalo, Vielle-
Calzada, 2013), unu cozgaHue pa3IUYHONR KOHIICH-
TpallMyd MOHOB KaJIbIIMsI B METacropax, peryaupyo-
WX X mporpammy pa3sutus (Qiu et al., 2008).

B03MOXHO, 0CTAaHOBKA Pa3BUTUSI METACIIOP U3 0~
IMOJIHUTEIbHBIX TeTpal CBA3aHa C HAPYIICHUSIMU X
Meiio3a u mmoTepeil GyHKIIMOHAIBHOCTH, KaK I0-
narain J.L. Walters (1962), 4To IpUBOIUT K HECIIO-
COOHOCTH JaJIbHEMIIero pa3BUTHS rameTodura.
C 3TUM TaKKXe MOXET ObITh CBSI3aHA U OCTAHOBKA
HEKOTOPBIX 3aPOIBIIIECBEIX MEIITKOB Ha IIEHOIIUTHBIX
CTaIUsIX U UX IeTeHepalus, YTo HabJIt0aaioch y AaH-
HOTO BHJa B HEKOTOPBIX ceMsI3ayaTKax.

Kak moxkazano uccinegoBaHue, y P. anomala
B HEKOTOPBIX CAydYasiX OCTAHOBKA Pa3BUTUS IIPO-
HMCXOIUT BO BCEX TETpagax U He pa3BUBAeTCS HU OfI-
HOTO 3apOIBIIIEBOr0 MEIIKa;, B PeIKHUX CIydasx
JeTeHePUPYIOT 3apOIbIIIeBble MEIIKY Ha IIEHOIIUT-
HBIX cTamusx. OTCyTCTBUE pa3BUTUS ramMeTodu-
Ta, KaK MpaBUjo, IIPUBOIUT K OCTAHOBKE Pa3BUTUS
ceMsi3ayaTKa U ero IocJieaylolleil JereHepaLuu.
Y P. lactiflora oTMe4deHBI pa3IUIHbICe HAPYIICHUS
B CTPYKTYpe TaK1X aOeppaHTHBIX CEMSI3a4aTKOB: YBe-
JIMYEHUE YUCIIA CJIOEB UHTETYMEHTAIbHOIO TaleTy-
Ma U alMiKaJlbHOM YaCTU BHYTPEHHETO0 MHTETYMEH-
Ta, TUIEPTPODUS UX KIECTOK; PaHHSS JeTeHepaLysI
BOTAHUYECKUN XXYPHAJ
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HYLIEJIyCa B MUKPOIIWISIPHON U CpeOHEN 4acTsX,
MpeXIeBpeMeHHOE HAKOIUIEHEe TAHMHOB B KJIETKaX
SMUACPMEI HAPY>KHOTO MHTETYMEHTA, N3MEHEHIE
CTPOEHUS TUTALIEHTaApHOTO 00TypaTopa, CKOppearupo-
BaHHbIE C TMOEJbIO raMeTo(uTa U BIIOCAEACTBUU
Bcero cems3zadaTtka (Shamrov, 1997). Ilo MHeHUIO
N.N. Ilamposa (Shamrov, 2005; 2008), Takue Hapy-
LIEHUST MOTYT OBITh BbI3BaHbI U3MEHEHUSIMU B CHC-
TeMe TpaHCIOpTa METabOJIUTOB.

BrIsicHeHMe TOYHBIX IPUYMH OCTAHOBKM Pa3BUTUS
TOIIOJTHUTEIbHBIX 3aPOIbIIIEBBIX MEIIIKOB (a B HEKO-
TOPBIX CIIy4asix X BCeX), a TAKXKE BCEro ceMs3ayaTKa
B 1LIEJIOM, TpeOYyeT MPOBEACHMS TaIbHEUIIINX MCCIIe-
JNIOBaHUM C MpUBJIeYEHUEM TOTOJHUTEIbHbIX 1M~
TOJIOTUYECKUX, OMOXUMUIECKUX, TeHETUIECKUX, (Pu-
3M0JIOTUIECKIX METOHOB.

SAKJIIOYEHHUE

IIpoBeneHHOE MCCIemOBaHNUE PA3BUTHS KEHCKIX
PEeNpPOAYKTUBHBIX CTPYKTYp Yy Paeonia anomala no-
3BOJIMJIO PACIIUPUTH SMOPUOJIOTUUECKYIO XapaK-
TEPUCTUKY 3TOTO BUIA U pojIa B LIeJIOM. BuIsIBICHBI
HEKOTOpBbIe 3aKOHOMEPHOCTH Pa3BUTHS ceMsI3adaT-
Ka 1 MOp(OreHeTUIEeCKIE KOPPEISILIMUA B pa3BUTHUN
ero TKaHei U XeHckoro rameTodurta. B yactHoC-
TH, TIOKa3aHa KOPPEJSILus MEeXIy pa3BUTUEM OTHO-
TO VTN IBYX TaMETO(MUTOB 1 CTETICHBIO Pa3pyLIeHUS
napueTalbHON TKAaHU W HYLEJUISIPHOTO KOJIMayKa:
MIPY HAJIMIMU ABYX PACTYIINX 4-SIIepHBIX MEIIKOB
MIPOUCXOIUT pa3pylIeHUE HE TOJbKO LIEHTPATbHOMI
30HbI NapUeTANbHON TKAHU, HO U OOJIbIIE YacTu
HYLIEJUIIPHOTO KOJIITauyKa, TOrma Kak Py pa3BUTHUM
OIHOTO MEIIIKa HYLE/UISIPHBII KOJITavYoK BCErma co-
XpaHsIeT CBOIO LIEJIOCTHOCTh. TakxKe yCTaHOBJIEHO,
YTO MapueTajbHas TKaHb B XOlIe Pa3BUTUS XKEHCKO-
ro ramMmeTo(nTa IIPAKTUIECKN COXPAaHSIET CBOIO Iie-
JIOCTHOCTD B JIaT€paJIbHEIX YaCTIX, B KJIeTKaX KOTO-
PO K cTaIuu MO3AHETO 4-SAepHOI0 3aPOABILIEBOIO
MeIlIKa HaKaIUIMBaeTCsl OOJIbIIOEe KOJUUECTBO Kpax-
mana. [To-BuaMomy, 3ToO yKa3bIBaeT Ha ee aKTUBHOE
ydacTue B IMTaHUU ramerodura. Ha panHux cranm-
SIX Pa3BUTHS TETPaIbl M 2-SIASPHOTO 3apOABIIIEBOIO
MeIIKa aKKyMYJISIIMSI KpaxMmalia, Hao0opoT, mpeoo-
JIamaeT B KJIeTKaxX 0a3ajJbHOM 9acTH HyleJTyca, TOT-
J1a KaK B IapHUeTaJbHOM TKAaH! €T0 HEMHOTO.

Pa3BuTHe HECKOJBKUX 3apOIBIIIEBbIX MEIIKOB
y P. anomala, xak u y Apyrux BUJIOB ITMOHOB, CBSI-
3aHO C Pa3BUTUEM MHOTOKJIETOYHOI'O CIIOPOTEHHO-
ro KoOMIIIeKca, cofepkamiero ot 12 no 18 meracrmo-
pouutoB, TMddepeHIIUALMS KOTOPBIX ITPOUCXOIUT
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HeomHOBpeMeHHO. [IpenmylecTBeHHOE pa3BUTHE
IMOJIyY4aIOT METracIIOPOIIUTHI, PACIIOIOXEHHbBIE B Xa-
JIa3aJIbHOM YacTU CIIOPOIT€HHOIo KOMILIEKCa, U UX
BCTYIJICHHE B MEI03 CBSI3aHO C CMHTE30M KaJljIo-
36l B X KJIETOYHO#1 CTeHKE, KOTOpasi UTPaeT BaxK-
HOe 3HaYCHHE B METACIIOPOreHe3e¢ MHOTHX pacTe-
Huil. Y P. anomala 06b1YHO B Meii03 BCTymaroT 2—3
MeracnopouuTta u GopMUpPYIOTCs 2—3 TeTpaabl Mera-
cnop. OgHako manbHelee pa3BUTHE MOJIydYaeT xa-
JlazajibHasl KJeTKa, KaK MpaBUJio, OMHOI TeTpamibl.
XOTd ciaydau pa3BUTHUS IBYX raMeTo(UTOB BIJIOTh
IO CTaAuU KJIETKOOOPa30BaHUS TakKXKe OTMEUYEHHBI.
ToyHOIi MPUYMHBI TAKOTO MOBEACHUS TeTpal B Ce-
Ms3a4aTKe YCTAHOBUTH MOKa He yaajiock. Bo3aMoxkHO,
9TO CBSI3aHO C KOHKYpEHLUEeNH Mexny (opMUpyro-
LIMMUCS TeTpaJaMu, 100 ¢ HapyLIeHUSIMU B Meii-
03¢, He TTO3BOJISIONIUMU Pa3BUBAThCSI TaMETOGUTY
Jajblie, J100 ¢ CYIIEeCTBYIOIIMMU MOJEKYISIPHO-
FeHETUYECKMMU MeXaHW3MaMU, PEeryJIupyIOIIMMU
MporpaMMy pa3BUTHS JOMTOTHUTEIbHBIX TETpa, WIK
C HapylIeHrueM MOpP(hOreHeTUYeCKUX KOppeasiuii
MEXIy CeMs3a4aTKOM M pa3BUBAIOIIMMCS FraMeTo-
¢utoM. BrisicHEeHUE TUX PUUYUH SIBISIETCS Mep-
CIIEKTUBAMU NAJIbHEUIIINX UCCIENOBAHUNA.
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DEVELOPMENT OF SEVERAL EMBRYO SACS IN OVULE
OF PAEONIA ANOMALA (PAEONIACEAE)

E. A. Sapunova', G. Yu. Vinogradova® *

!Komarov Botanical Institute of RAS
Prof. Popova Str., 2, Saint-Petersburg, 197022, Russia

*e-mail: vinogradova-galina@binran.ru

The article presents the results of the study of development of the ovule and female gametophyte in Paeonia
anomala L. The possibility of the formation of several embryo sacs in one ovule due to the development of
several megasporocytes of the multicellular sporogenous complex and their entry into meiosis is confirmed.
From 1 to 4 megasporocytes can enter meiosis, if they are covered by callose. Most often, 2-3 tetrads of
megaspores are formed, although further development usually occurs in one tetrad; the rest can remain
intact until the late 4-nucleate embryo sac. Possible reasons for the development of a single embryo sac
are discussed: competition between tetrads, disruptions in meiosis, mechanisms regulating the fate of
cells and the program of their development. Some morphogenetic correlations in the development of
the embryo sac and the surrounding structures of the ovule are revealed. In particular, it has been shown
that the development of two embryo sacs at the late 4-nucleate stage correlates with partial or complete
destruction of the nucellar cap, whereas during the development of one gametophyte it is preserved for a
long time. The dynamics of starch in the nucellar tissues during the gametophyte development has been
noted: its accumulation first in the cells of the basal part, where the formation of tetrads and a 2-nucleate
embryo sac occurs, and then its highest concentration in the lateral parts of the parietal tissue surrounding

the growing gametophyte.

Keywords: Paeonia, Paconiaceae, ovule, embryo sac, megasporogenesis

ACKNOWLEDGEMENTS

This research was funded from the Russian Sci-
ence Foundation grant No. 24-26-00276, https://rscf.
ru/ru/project/24-26-00276/. The research was done
using the equipment of The Core Facilities Center

“Cell and Molecular Technologies in Plant Science”
at the Komarov Botanical Institute RAS (St. Peters-
burg, Russia).

The authors are grateful to Professor 1.1. Shamrov,
the Leading Researcher of the Laboratory of Anato-
my and Morphology of the Komarov Botanical In-
stitute of the Russian Academy of Sciences, for valu-
able advice and recommendations in preparing the
manuscript.

REFERENCES

Batygina T.B. 1993. Embryoidogeny— a new category of repro-
duction in flowering plants. — Tr. Bot. In-ta im. V.L. Ko-
marova. 8: 15—25 (In Russ.).

Batygina T.B. 1999. Genetic heterogeneity of seeds: embry-
ological aspects. — Fiziologiya rasteniy. 46(3): 438—454
(In Russ.).

Batygina T.B. 2002. Ovule and seed viewed from reliability of
biological systems. — In: Embryology of flowering plants.
Terminology and concepts. Vol. 1. Generative organs of
flower. Enfield (NH, USA). P. 214—-217.

Carman J.G. 1997. Asynchronous expression of duplicate
genes in angiosperms may cause apomixis, bispory, tetra-
spory and polyembryony. — Biol. J. Linn. Soc. 61: 51-94.

Carman J.G., Jamison M., Elliott E., Dwivedi K.K., Naumo-
va T.N. 2011. Apospory appears to accelerate onset of mei-
osis and sexual embryo sac formation in sorghum ovules. —
BMC Plant Biology. 11: 9.
http://www.biomedcentral.com/1471-2229/11/9

Chen L.Z., Kozono T. 1994. Cytology and quantitative analy-
sis of aposporous embryo sac development in guineagrass
(Panicum maximum Jacq.). — Cytologia. 59: 259—260.

D’Amato F. 1946. Nuove ricerche embriologiche e cariologi-
che sul genere Euphorbia. — Nuovo Giorn. Bot. Ital. 53:
405—436.

BOTAHUYECKUMW XXKYPHAJI Tom 110 Ne2 2025


mailto:vinogradova-galina@binran.ru
http://www.biomedcentral.com/1471-2229/11/9

PASBUTHUE HECKOJIbBKMX 3APOJBIIIEBBIX MEIIKOB B CEMA3AYATKE...

Demesa-Arévalo E., Vielle-Calzada J.-P. 2013. The classical a-
rabinogalactan protein AGP18 mediates megaspore selec-
tion in Arabidopsis. — Plant Cell. 25(4): 1274—1287.
https://doi.org/10.1105/tpc.112.106237

Dobes C., Liickl A., Kausche L., Scheffknecht S., Prohas-
ka D., Sykora C., Paule J. 2015. Parallel origins of apomix-
is in two diverged evolutionary lineages in tribe Potentilleae
(Rosaceae). — Bot. J. Linn. Soc. 177(2): 214—229.
https://doi.org/10.1111/b0j.12239

Eriksen B., Fredrikson M. 2000. Megagametophyte develop-
ment in Potentilla nivea (Rosaceae) from Northern Swed-
ish Lapland. — Amer. J. Bot. 87(5): 642—651.

Flores E.M., Moseley M.F. 1982. The anatomy of the pistil-
late inflorescence and flower of Casuarina verticillata La-
marck (Casuarinaceae). — Amer. J. Bot. 69(10): 1673—
1684.
https://doi.org/10.2307/2442922

Kaybeleva E.I., Yudakova O.1. 2022. Apomixis in grasses
of Saratov region flora. — Bot. Zhurn. 107(8): 766—780
(In Russ.).
https://doi.org/10.31857/S0006813622080087

Kordyum E.A. 1967. Tsitoembriologiya semeistva zontichnykh
[Cytoembryology of family Umbelliferae]. Kiev. 176 p.
(In Russ.).

Leszczuk A., Domaciuk M., Szczuka E. 2018. Unique fea-
tures of the female gametophyte development of straw-
berry Fragaria % ananassa Duch. — Scientia Horticultu-
rae. 234: 201-209.
https://doi.org/10.1016/j.scienta.2018.02.030

Mandrik V.Yu., Mentkovskaya E.A. 1977. Cytoembryological
study of some pooulations of Potentilla erecta (L.) Hampe
(Rosaceae) in Ukrainian Carpathians (Microsporogenesis.
Differentiation of seedbud and development of female ga-
metophyte). — Bot. Zhurn. 62(7): 1062—1073 (In Russ.).

Modilewski J. 1909. Zur Embryobildung von Euphorbia
procera. — Ber. Deutsch. Bot. Ges. 27(1): 21-26.

Modilewski J. 1911. Uber die anomale Embryosack-entwick-
lung bei Euphorbia palustris L. und anderen Euphorbia-
ceen. — Ber. Deutsch. Bot. Ges. 29(7): 430—436.

Miintzing A. 1938. Note on heteroploid twin plants from ele-
ven genera. — Hereditas. 24(4): 487—491.

Musiat K., Kosciniska-Pajak M., Antolec R., Joachimiak A.J.
2015. Deposition of callose in young ovules of two Tarax-
acum species varying in the mode of reproduction. — Pro-
toplasma. 252(1): 135—144.
https://doi.org/10.1007/s00709-014-0654-8

Noher de Halac I., Harte C. 1977. Different patterns of cal-
lose wall formation during megasporogenesis in two species
of Oenothera (Onagraceae). — Pl. Syst. Evol. 127: 23—38.
https://doi.org/10.1007/BF00988016

Noher de Halac I., Harte C. 1985. Cell differentiation during
megasporogenesis and megagametogenesis. — Phytomor-
phology. 35(3-4): 189-200.

Oztiirk R., Unal M. 2003. Cytoembryological studies on Paeo-
nia peregrina L. — J. Cell and Mol. Biol. 2: 85—89.

BOTAHUYECKUM JKYPHAJI Tom 110 Ne2 2025

173

Pausheva Z.P. 1980. Praktikum po tsitologii rasteniy [Manu-
als for plant cytology]. Moscow. 255 p. (In Russ.).

Pirselova B., Matusikova 1. 2013. Callose: the plant cell wall
polysaccharide with multiple biological functions. — Acta
Physiol. Plant. 35: 635—644.
https://doi.org/10.1007/s11738-012-1103-y

Qiu Y.L., Liu R.S., Xie C.T., Russell S.D., Tian H.Q. 2008.
Calcium changes during megasporogenesis and megaspore
degeneration in lettuce (Lactuca sativa L.). — Sex. Plant Re-
prod. 21: 197-204.
https://doi.org/10.1007/s00497-008-0079-7

Renner O. 1921. Heterogamie im weiblichen Geschlecht und
Embryosackentwicklung bei Oenotheren. — Zeitschr. Bet.
13: 609—621.

Rodkiewicz B. 1970. Callose in cell walls during megasporo-
genesis in angiosperms. — Planta. 93: 39—47.

Rodkiewicz B., Bednara J. 2002. Megasporogenesis. — In: Em-
bryology of flowering plants. Terminology and concepts.
Vol. 1. Generative organs of flower. Enfield (NH, USA).
P. 114—115.

Rodkiewicz B., Bednara J., Pora H. 1971. Alternative locali-
zation of the active megaspore in tetrads in Oenothera mu-
ricata. — Bull. Acad. Polon. Sci. Ser. Sci. biol. 19(10):
691—-694.

Rojek J., Kapusta M., Kozieradzka-Kiszkurno M., Majcher D.,
Gorniak M., Sliwinska E., Sharbel T. F., Bohdanowicz J.
2018. Establishing the cell biology of apomictic reproduc-
tion in diploid Boechera stricta (Brassicaceae). — Ann. Bot.
122(4): 513-539.
https://doi.org/10.1093/aob/mcy1 14

Schnarf K. 1929. Embryologie der Angiospermen. Berlin. 690 p.

Shamrov L.I. 1997. Development of the ovule and seed in Paeo-
nia lactiflora (Paconiaceae). — Bot. Zhurn. 82(6): 24—46
(In Russ.).

Shamrov I.I. 2005. Metabolite transport and possible factors
of aberrant ovule formation. — Bot. Zhurn. 90(11): 1651—
1675 (In Russ.).

Shamrov I.1. 2008. Ovule of flowering plants: structure, func-
tions, origin. Moscow. 350 p. (In Russ.).

Shishkinskaya N.A., Yudakova O.I., Tyrnov B.S. 2004. Populat-
sionnaya embriologiya i apomiksis u zlakov [Population em-
bryology and apomixis in cereals]. Saratov. 145 p. (In Russ.).

Sniezko R., Harte C. 1984. Polarity and competition between
megaspores in the ovule of Oenothera hybrids. — PI. Syst.
Evol. 144: 83—97.
https://doi.org/10.1007/BF00986667

Sogo A., Noguchi J., Jaffré T., Tobe H. 2004. Pollen-tube
growth pattern and chalazogamy in Casuarina equisetifolia
(Casuarinaceae) — J. Plant Res. 117(1): 37—46.
https://doi.org/10.1007/s10265-003-0129-z

Swamy B.G.L. 1948. A contribution to the life history of Casua-
rina. — Proc. Amer. Acad. Arts and Sci. 77(1): 3—32.

Titova G.E., Nyukalova M.A. 2021. Embryo sac development
in Euphorbia myrsinites and E. komaroviana (Euphorbia-
ceae). — Bot. Zhurn. 106(5): 438—459 (In Russ.).
https://doi.org/10.31857/S0006813621050057


https://doi.org/10.1105/tpc.112.106237
https://doi.org/10.1111/boj.12239
https://doi.org/10.2307/2442922
https://doi.org/10.31857/S0006813622080087
https://doi.org/10.1007/s00709-014-0654-8
https://doi.org/10.1007/BF00988016
https://doi.org/10.1007/s00497-008-0079-7
https://doi.org/10.1093/aob/mcy114
https://doi.org/10.1007/BF00986667
https://doi.org/10.31857/S0006813621050057

174 CAIIYHOBA, BUHOI'PAIOBA

Titova G.E., Yakovleva O.V., Zhinkina N.A., Geltman D.V. Walters J.L. 1962. Megasporogenesis and gametophyte selection
2018. Seed development in some species of Helioscopia in Paeonia californica. — Amer. Jour. Bot. 49(7): 787—794.
and FEsula sections, subgenus Esula of the genus Euphor- https://doi.org/10.2307/2439173
bia (Euphorbiaceae) — Bot. Zhurn. 103(11): 1355-1389  yyqviev M.S., Yoffe M.D. 1957. Osobennosti embriogene-
(In Russ.). za roda Paeonia L. [Features of embryogenesis of the genus
https://doi.org/10.7868/5S0006813618110017 Paeonia L.]. — Bot. Zhurn. 42(10): 1491—1502 (In Russ.).

Treub M. 1891. Sur les Casuarinees et leur place dans le sys- Yakovlev M.S., Yoffe M.D. 1960. Megasporogenes u Paconia
teme naturel. — Annales du Jardin Botanique de Buitzen- anomala L. [Megasporogenesis in Paeonia anomala L.]. —

zorg. 10: 145-219. In: Voprosy evolutsii, biogeografii, genetiki i selektsii.

Vinogradova G.Yu. 2013. Polyembryony in Allium schoenopra- Sbornik, posvyashchennyi 70-letiyu so dnya rozhdeniya
sum (Alliaceae). Origin of embryos. — Bot. Zhurn. 98(8): akademika N.I. Vavilova. Moscow, Leningrad. P. 320—
957—-973 (In Russ.). 325 (In Russ.).
https://doi.org/10.1134/81234567813080028 Yakovlev M.S., Yoffe M.D. 1965. The embryology in genus

Vinogradova G.Yu. 2017. Morphogenesis of the female re- Paeonia L. — In: Flower morphology and reproductive
productive structures in Euphorbia (Euphorbiaceae) spe- process in Angiosperms. Moscow; Leningrad. P. 140—176
cies different by the embryo sac development type. — Bot. (In Russ.).

Zhurn. 102(8): 1060—1093 (In Russ.). Yudakova O.1., Kaybeleva E.I. 2014. Apospory in representa-
Vinogradova G.Yu., Zhinkina N.A. 2021. Why does only one tives of the genus Koeleria Pers. — Bull. Bot. gard. Saratov

embryo sac develop in the Paeonia ovule with multiple University. 14: 154—161 (In Russ.).

archesporium? — Plant Biology. 23: 267—274.

A Zhgenti L.P. 1974. Tsito-embriologiya nekotorych kavkazs-
https://doi.org/10.1111/plb.13206

kich vidov roda Paeonia [Cyto-embryology of some Cau-

Voronova O.N., Gavrilova V.A. 2007. Apospory in the sun- casian species of genus Paeonia]: Abstract of a dissertation
flower Helianthus annuus (Asteraceae). — Bot. Zhurn. for the degree of Candidate of Biological Sciences. Tbili-
92(10): 1535—1544 (In Russ.). si. 41 p. (In Russ.).

BOTAHUYECKUMW XXKYPHAJI Tom 110 Ne2 2025


https://doi.org/10.7868/S0006813618110017
https://doi.org/10.1134/S1234567813080028
https://doi.org/10.2307/2439173
https://www.researchgate.net/publication/391802499

