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TATbAHA BOPUCOBHA BATBII'MHA



I'nybokoyeascaemoie konnezu!

Ouepennas, V Mexnaynapoanas Illkoma ams MOJOABIX YYeHBIX «OMOpHoOIOrHs,
TCHeTUKA W OWOTEXHOJOTHsS» TOCBANICHA TMaMATH 4WieHa-Koppecnonaenta PAH,
3acimykeHHOro nesarenss Hayku P®, mpodeccopa Tamwvanvr bopucosnvt bamvicunoii —
OJIHOTO W3 NPHU3HAHHBIX JUACPOB M TAJAHTIMBBIX OPraHU3aTOPOB OTEYECTBEHHOM HAYKH,
BHECILIET0 3HAUYUTENIbHBINA BKJIaA B pOpMHUpPOBaHUE MUPOBOI 3MOprosioruu pacteHuit. Cnenys
TpanuuusM TaTbsiHbl BOpHCOBHBI, 10 MHHMLMATUBE KOTOpOW ObLIM opraHuzoBanel [ - IV
HIxosbl anst mosoabix yueHslx (I — Cankr-IlerepOypr, 2005; I — Ya, 2007; III — Caparos,
2009; IV — Ilepmb, 2012), MBI cTapaauch COXpPAaHUTh NMPEEMCTBEHHOCTh MX 3a/lay: aKTHBHOE
NpUBJIEYCHHE MOJIOASKU K MpolieMaM OHOJOTMM DPAa3BUTHUS PACTCHUH; JEMOHCTpaLus
JOCTIDKEHUH COBPEMEHHOW HAyKH B OOJIACTH TIO3HAHWS Ba)KHEHIINX (EHOMEHOB B
penpoayKIuu U MopdoreHesa pernpoayKTUBHBIX CTPYKTYp, 3HAUUMOCTH 3MOPUOIOTHYECKOM
UHPOpPMAIUU s OMOTEXHOJIOTMYeCKMX WHHOBanui. OTmaBas [aHb MaMsATH TaThsHBI
BopucoBHbI, MBI TaKXkKe CTPEMUIIUCH YIETUTh 0CO00€ BHUMAaHUE Pa3BUTHIO €€ UIeH.

TaTpsHa boprcoBHa poXKUia APKYI0, INIOJOTBOPHYIO TBOPUYECKYIO KU3Hb. MTOrn sToi
JKU3HU BIIEYATIISAIOT: 65 JIeT aKTHBHOM HAy4yHOW AEATENbHOCTH, 55 yeT paboThl B pOIHOU
naboparopuu, Co3aHNe HAYYHOW IIKOJIBI, oArotoBka Oosee 30 xanaumatoB U 20 TOKTOPOB
O6uonornyeckux Hayk, cBbime 500 TpynoB, BKmoyas 9 (yHIaMEHTalIbHBIX MOHOTrpaduil.
I'naguvlit umoez — cozoanue OCHO8 HOBOU UHMEZPATLHOU HAYYHOU OUCUUNTUHbL —
ouonozuu pazeumus pacmenuii. Paxtnuecku TaTesHa boprcoBHa cMorIa onepeuTh BpeMst
U 3arJIIHYTh B Oyjayliee Haykd. B HeMasol cTenmeHH 3TOMY CIIOCOOCTBOBAIM HEOOBIYANHO
MUPOKUN Kpyro3op TaresHbl BOpPHCOBHBI, €€ BEIMKOJENHOE 3HAaHHWE KJIACCHYECKON
AMOPHUOJIOTUH, HEYAEPKUMOE CTPEMIICHUE MOCTUYb CYyTh Pa3HOOOPA3HOTO CIIEKTpa SIBICHUH,
CBS3aHHBIX C PENPOAYKLIMEN PACTCHUM, a TAKXKE 3aMedaTeIbHbIC JMYHOCTHBIE KaUeCTBA 3TOT0
Y4EHOI0 —  CTPAaTeTMYECKOE  MBIIIIEHWE, TOHKOE HAay4YHOE€ 4YyThe, OIpOMHas
paboTOCIIOCOOHOCTH U O€3yCIIOBHAS TACCHOHAPHOCTb.

Bcro cBoro xu3Hp TaTesiHa bopucoBHa paccMarpuBaiia paCTUTENBHBINA OPraHU3M U €T0
PENPOAYKTUBHBIE OpraHbl KaK CJIOXHBIE HMHTEIPUPOBAHHBIE CHUCTEMBI, DPA3BUBAIOLIUECS
COIIPSDKEHHO M B HENpEephIBHOM B3ammoJeiicTBuu. Eme B Hauame 1970-x romoB e Obul
chOopMyIMpPOBaH KOMIUIEKCHBI CHUCTEMHBIH TOAXOJX K M3Y4YEHHI0O MopdoreHesa
PEeNpOyKTUBHBIX CTPYKTYp, a B 1980-e Toasl — K cucTeMaMm penpoayKIHH pacTeHuid. B
HOCJIETHUE TOABI OCOOCHHO SPKO MPOSIBIIATIOCH cTpemieHue TaThsiHbl BopHCcOBHBI K aHAMMU3Y
3aKOHOMEPHOCTEW OHTOTeHE3a PACTEHHH C TO3WIMA MPUOPUTETHOW MpPOOIEeMBbI OMOJIOTHH
pa3BUTHA — MPOOJIEMBI LIEIOCTHOCTH U HaJIe)KHOCTU OuocucteM. Pa3BuBas npescTaBieHus o
Ouojormuyeckux oOOBEKTax Kak O CHUCTeMaX, OHa aKIEHTHpOBaJlla BHHUMaHUE Ha
OCHOBOIIOJIATAIONIMX MPHUHLUIAX WX OpraHu3aluM M IpuaaBaga OoJbLIOE 3HAYCHHE
W3YYEHHUIO MHTETPUPYIOLIMX MeXaHU3MOB pa3Butusa. He ciayuaiino Ha IIkonsl 11 MOnI0abIX
yueHbIXx TartesiHa bopucoBHa Bcerga mnpuriamana i 4YTEHHAA JICKOUH  BeAyLIUX
CHELMATUCTOB B 00JIACTH (U3MOJIOTHH, TEHETHKH pPAa3BUTHSA, SIUTCHETHKH, CHCTEMHON
OMOJIOTHH PACTEHUH.

TBopueckass Oworpacduss T.b. baTeirMHON Hepa3phlBHO CBsi3aHA C Ppa3BUTHEM
OTEUYECTBEHHOM 3MOpUONIOTrHYecKol mikoibl, chopmupoBannoit C.I'. HapammasiM, M.C.
HapammnaeiM, E.H. TI'epacumoBoii-HaBammnoii, B.A. TlognyOHoii-Apronsau u ap. Co3nas
BIIOCJIE/ICTBUM CBOIO HayuyHYO KOsy, TaTbsiHa BopucoBHa OepexHO XpaHWIa TpaaulyH,
3aJI0KEHHbIE «KOpU(DEIMU» OTCUECTBEHHOW SMOpPHOJIOTHH PACTEHUH — MpPeNCTaBUTEISIMH
[TerepOyprckoii, MockoBckoii, CapatoBckoii, [lepmckoii, KueBckoit W Apyrux Hay4IHBIX
mkoi. Beex cBoux yuennkoB Tarbsina bopucoBHa mpusbiBana YTUTh NaMsTh yuurtenei («Mbl
CTOSUIM Ha IUleyaX THTaHTOB!»), MBICIUTh IIMPOKO, HE OOSTHCA BBICKA3bIBATh CMEIIbIE
TUIIOTE3BI.

CoxpaHeHME OSTHX BaXHBIX TpaJWLUN SBISIETCA OJHOM M3 IPHOPUTETHBIX 3a]ad
npencrosmen [Ikomsr.

Om umenu Opexomumema V Medscoynapoonoti Lllkone

0J11 MOJIOOBIX YUeHblX «IMmbpuonocus, cenemuxa u 6uomexnonozusa» - I.E. Tumosa
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Dear colleagues!

The next, V International School for Young Scientists "Embryology, genetics and
biotechnology," is dedicated to the memory of corresponding member of Russian Academy
of Sciences, Honored Scientist of Russia, Professor Tatiana Borisovna Batygina — one of
the recognized leaders and talented organizers of national science, who made a significant
contribution to the formation of world plant embryology. Following the tradition of Tatyana
Borisovna, who was the initiator of the I-IV Schools for Young Scientists (I — St. Petersburg,
2005; IT — Ufa, 2007; III — Saratov, 2009; IV — Perm, 2012), we tried to keep the continuity
of tasks: the active involvement of young people to the problems of plant developmental
biology; demonstration of the achievements of modern science in the field of knowledge of
the most important phenomena in the reproduction and morphogenesis of reproductive
structures, the relevance of the embryological information for biotechnological innovations.
Paying tribute to Tatyana Borisovna, we also strived to pay special attention to the
development of her ideas.

Tatiana Borisovna lived a bright and fruitful creative life. The results of this life are
impressive: 65 years of active scientific work, 55 years of work in the laboratory, creating of
the scientific school, training of more than 30 candidates and 20 doctors of biological
sciences, more than 500 scientific works, including 9 fundamental monographs. The main
result is considered to be the creation of foundations for a new integrated scientific
discipline — developmental biology of plants. In fact, Tatiana Borisovna was able to get
ahead of time and look into the future of science. The unusually specious mind of Tatyana
Borisovna, her excellent knowledge of classical embryology, irrepressible desire to
understand the essence of the diverse range of phenomena related to plant reproduction in a
large extent contributed to this, as well as the remarkable personality of this scientist —
strategic thinking, subtle scientific intuition, a great capacity for work and unconditional
passionarity.

Throughout her life, Tatiana Borisovna considered a plant organism and its
reproductive organs as complex integrated systems, developing adjointly and in continuous
interaction. Even in the early 1970s, she formulated a comprehensive system approach to the
study of morphogenesis of reproductive structures, and in 1980th — to the systems of plant
reproduction. In recent years, the tendency of Tatyana Borisovna to analyze ontogenesis
regularities of plants from the standpoint of the priority problems of developmental biology —
the problem of integrity and reliability in biosystems, was especially evident. Developing the
ideas on biological objects as systems, she focused attention on the fundamental principles of
their organization and attached great importance to investigation of integrated mechanisms of
development. Not by chance Tatyana Borisovna always invited leading experts in the field of
physiology, developmental genetics, epigenetics, system biology of plants to give lectures at
the School for young scientists.

Biography of T.B. Batygina is inextricably related with the development of the
domestic embryological school, formed by S.G. Nawashin, M.S. Navashin, E.N.
Gerasimova-Navashina, V.A. Poddubnaya-Arnoldi and others. Subsequently created her own
scientific school, Tatiana Borisovna carefully preserved the traditions established by
"coryphaeuses" of domestic plant embryology — representatives of St. Petersburg, Moscow,
Saratov, Perm, Kiev and other scientific schools. Tatiana Borisovna called all her learners to
honor the memory of teachers ("We were standing on the shoulders of giants!"), to think
freely, do not be afraid to express a bold hypothesis.

The preservation of these important traditions is one of the priority tasks of the
upcoming School.

On behalf of the Organizing Committee of The International School for young
scientists "Embryology, genetics and biotechnology” — G.E. Titova



IIYTHhb B HAYKE U TBOPYECKOE HACJIEJIUE
TATbSIHbI FOPUCOBHBI BATBITMTHOM (1927-2015)
TuroBal'. E.
bomanuueckuti uncmumym um. B.JI. Komaposa PAH, Canxm-Ilemep6ype, Poccus
e-mail: galina_titova@mail.ru

Taresina bopucoBHa bateirnna (I'ymeHckas) poaunack 24 okta6ps 1927r. B Jlenunrpane, B
CeMbE MOTOMCTBEHHBIX MHTEUIMICHTOB, B FOHOCTH CTOMKO MEpEHECIa TPy IHOCTH BOCHHBIX JIET.
C 1947 no 1954 rr. T.b. yuurcs Ha buonoro-nousenHom ¢akynsrere JII'Y um. A.A. XKnanosa,
I'JIe BBIIOJHSAET Ha Kadeape reHeTUKU JUIUIOMHYIO paboTy 1O OMOJIOTMH Pa3BUTHUS KYyJIbTYPHBIX
dopm OaxueBbIX 1Mo pykoBoacTBOM mortieHTa B.C. ®denoposa. C 1951 mo 1954rr. oOydaercs B
acupantype BMP PACXH u mnocne 3amurhl KaHIWAATCKOM AMCCEPTAlMM MO OTHAJICHHOM
THOpUAM3AIUN TOMATOB (pyKoBoaUTENh akanemMuk JI.JI. bpexnes, 1954r.) ee 3a4uCIsIOT B IITAT
Otnena mopdonornn u anatomun BUMH AH CCCP, Bosrmasmsiemoro mpodgeccopom B.I.
AnekcannpoBeiM. C 1960r. u no xonma xwus3Hu T.b. paGotaer B nabopaTopuu dMOPHOJIOTUH,
co37laHHOM B cocTaBe OTena B TOM Xke roay (pykoBoaurens 1.0.H., mpodeccop M.C. SIkoies).
HacraBaukom Tatesasl bopucoBnsl crama E.H. I'epacmmoBa-HaBammua — Bblaronmiics
yUYeHBIH-3MOpuUoIIor, Apkuil nocnenosarens akagemuka C.I'. HaBammna. Ilox ee pykoBoacTBOM
T.B. BbIMOSHSAET MEpBBIE PabOTHI MO0 M3YYCHUIO OIUIOAOTBOpeHMs y pacteHuil. biaromaps E.H.
OHa mpuoOpena ocoboe OTHOLIEHHE K TEOPEeTHMYECKOW OMOJIOTMH, MONydyusia MepBble HABBIKH
OpraHU3alMOHHON pabOTHI.

OcHoeHble gexu OanvHeiiwiell HayuHou Kapwvepovl: 1974r. — 3ammra JOKTOPCKON
mucceprarmy;  1983r. — 3aBemyromiast  jgabopatopueld  OMOPHONIOTHM W PENPOAYKTUBHOM
ouonornu BUH; 1991r — mpodeccop, 1993r. — Jlaypear rocyaapctBeHHoi npemuu PD; 1995r. —
3aciykeHHbIN nesrens Hayku P® 1996r. — Jlunep Benymedn nayunoi mkonsl P®; 2002r. —
Jlaypear npemun nipaBurenbetBa PO, 2003r. — unen-koppecnonieHT PAH.

B HayunoMm tBOpuecTBe T.b. BaTbIriHON MOYKHO BBIIEINTH HECKOJIBKO 3TAIIOB:

1954-1974 2. — Pazpadomka npoodiemvl 0moaneHHou 2udpuou3ayuu y 31aK08.

B xonme paGotel Ham sToil mpobnemoit TaresiHa BopucoBHa ocymiecTBHIa JETaTbHBIN
aHainM3 SMOPUOJIOTMYECKUX TIPOLECCOB MpU OTAAIEHHOM rulpuan3anuu y mmeHunsl. Ee
pe3yibTaTOM SIBUJACh TUIIM3AalMs OCHOBHBIX HApyIIEHUH B pa3BUTUU PENPOTYKTUBHBIX
CTPYKTYp TpH pa3HbIX THIIAX CKpELIMBAaHUN, NPUBOAAIIMX K aAHOMAIUSM IPOLIECCOB
OIJIOZOTBOPEHHSI, SMOPHO- U SHAOCIIEPMOTeHE3a, @ TAKKE BAKHOE 3aKIIOUEHHUE O TOM, YTO «...
mo0ast SKCIepUMEHTaIbHast paboTa B 001aCTH U3Y4€HHs MPOLECCOB PENPOIYKIHH ... JOJDKHA
OIUPATHCS, IPEXK/E BCET0, HA TOYHOE 3HAHUE 3aKOHOMEPHOCTEN MHIMBUYaJIbHOTO Pa3BUTHUA ...
pacTeHusl, Ha 3HAHME KaK OTIEIbHBIX MPOLIECCOB PA3BUTUS, TaK U HUX MOP(HOreHETUUECKHX
B3anMocBsizei» (bateiruna, 1974: C.5). Taxxe T.b. 6pu1 chopMmynupoBaH psiy APYyrHX BaKHBIX
HIOJIO’KEHUH, OTKPBHIBAIOLIMX IIMPOKUE MEPCHEKTHBBI B PEIICHUU MPOOJIEMbI OJHOAOIBHOCTH:
otkpbiTie Graminad-Tuna sMOpuoreHesa y MIIEHUIB! U MIPEAIOTI0KEHHE O eT0 CYIIECTBOBAHUH
y IpyTHX OIHOJOJBHBIX; MPEICTABICHHE O PA3HOW CKOPOCTH OHTOTEHETUYECKOIO CMELICHUS
TOYKH POCTa MOOEra B 3BOJIOLMH OJHOAOIBHOIO 3apOfbIllla B CBETE PA3IMYHBIX TEOPUIl €ro
NPOUCXOXKIeHNU. Bce 3Tu momnokeHusi Hanuim otpaxeHne B mMoHorpadgum T.b. bareiruHoi
«OMOpuronorus mieHuIb (1974), craBieii HACTOLHON KHUTON Kak sl CEIEKIIMOHEPOB, TaK U
€€ MHOTOYHCIICHHBIX YYEHHKOB.

1974-198422. — Paboma no cozdanuto ¢ Jadopamopuu IMOPUOIOZUU HOBO20
HAnpaeneHus Uuccie006aHull — IKCHEPUMEHMATbHOU IMOPUOSIOZUU, HATIPABICHHOW Ha
U3y4eHHe TIaBHBIX MPoOJieM OMOJIOTUH pa3BUTHS pacTeHui — Mopdorenesa u quddepeHnuanum
PENPOSYKTUBHBIX CTPYKTYD.

B ot roner Tatesina BoprcoBHa (COBMECTHO € KOJUIETaMH) pa3padoTaiia KOMHIAEeKCHbLI
CUCIEMHDBLIL NOOX00 K U3yueHuio mopghozenesza penpooyKmueHsIX CImpyKmyp: CpaBHUTEIIbHBIN
aHa/IU3 Pa3sBUTUSA ICHEPATUBHBIX CTPYKTYp in Situ, in vivo U in Vitro y MOJEIBHBIX BHUIOB C
pa3sHbIMU >KU3HEHHBIMH (POpMaMU M CIIOCOOAMH PENpOAYKIMH; COMNOCTAaBJICHUE KHHETUKU
MOP(OJIOrHIecKHX U (PHU3UOTIOr0-OMOXUMHUYECKUX IPOLECCOB; MOJICTUPOBAHUE YCIOBHHA IS
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pasHbIX cTaauil pa3BUTHA (C y4ETOM DPE3yJIbTaTOB MOP(}HO-OMOXUMHUYECKOIO HCCIENOBAHUS in
vivo); IMEHHO Takoi METOIOIOTMYECKUI MOJX0/, OCHOBAHHBIM Ha CUHTE3€ JAHHBIX Pa3IUYHBIX
0OTaHMYECKUX UCUUIUIMH, MO3BOJISIET BCKPHITh NPHYMHBI CKJIOHHOCTH pPa3HBIX BHIOB K
OTPENIENICHHBIM CIOCO0aM BOCTIPOM3BECHUSI M MEXaHM3Mbl WX pPeaTn3allii TOCPEICTBOM
KOHKPETHBIX IyTei MopgoreHesa (Batygina, Vasilyeva, 1981; Batygina, 1984).

B pesynbraTe aHanm3a OpPHUTHHAIBHBIX JAaHHBIX W PEBU3UM CIIOKHOTO TOHSTUHHOTO
ammapara, WCIIOJIL3yeMOro IJisi ONKCaHWs MporeccoB Mopdorenesa in vivo u in vitro, T.b.
paspabortana knaccugpuxayuro nymeii mopghozenesa in vivo u in vitro u ewickazana
OCHosononazarwyro uoero 06 ux ynugepcanvhocmu (bareiruna u ap., 1978). B s1o xe Bpemst
elo ObUTa HMHUIMUPOBaHA pa3paboTKa BOIPOCOB MEPUOIM3AIMU AMOPHUOTEHE3a IIBETKOBBIX
pactenuii (Ha ocHoBe rnpeacraBienuil IL.I°. Ceetnosa (1960) o kpuTHYECKUX CTaqUAX pa3BUTUS U
uneit WM. Ilmanbrayzena (1968) o mnporpeccuBHOM aBTOHOMHU3alMU 3sMOpuoreHesa). C
UCIIOJIb30BAHUEM KOMIUIEKCHOTO TOAXOAa OblTa BBISIBJICHA Ba)KHEWIAsh KPUTHUYECKAs CTaIus
sMOpHOreHe3a — CTajJusi aBTOHOMHOCTH 3apoOjiblllla, KOTOpas paccMaTpuBaliach Kak 0coboe
CTPYKTYpHO-(DYHKIIMOHAJIBHOE COCTOSIHUE, OTPaXKarollee He3aBUCHMOCTH 3apOAbIIIa OT TKaHEH
MaTEePUHCKOTO CHOPOQHTa U MPOSBISIONIEECS B CIOCOOHOCTH K CaMOPETYJISALUH (3aBEPIICHUIO
IMOpHOTeHe3a BHE MAaTEPHHCKOTO OpraHM3Ma W pa3BHTHIO B HOpMallbHOE pacTeHue). bputo
MOKa3aHO, YTO TJIaBHBIM CBOMCTBOM CTaJUHM aBTOHOMHOCTH 3apOJIbIIlIa SBJSIETCS] TOPMOHATbHAS
HE3aBHCUMOCTb, ONpeJieisieMast 110 €ro ClIoCOOHOCTH K MTPOPAcTaHUIO Ha cpesie Oe3 TOPMOHOB in
vitro. Ocoboe 3aKIII0YeHHe Kacaioch BUAOCHEIM(UYHOCTH JTAaHHOM CTaJuu - KaK KOHKPETHOTO
CBOWCTBA, OOYCJIOBIICHHOTO XapakTepoM MOPQOreHETHISCKUX H MOP(O-PU3UOIOTUICCKUX
KOppeJsivii B pa3BUTHH 3apobiiia u cemenu (bateirnna, Bacuibesa, 1983, u p.).

1984-1990z.. — Ilposedenue uccnedoeanuili no CPAGHUMENbHOU IMOPUOLOCUN U
3aeepuienue nyonauxayuu 5-momnozo uzoanusa «CpagHumenvHas IMOPUOIOUA YEEMKOBbIX
pacmenuity (1981-1990) (I'ocynapctBennas npemusi PO, 1993 r.). Paspabomrka Tamwvanoii
bopucoenoit opucunanvhoil cmpamezuu HaAyYHBIX UCCIE008AHUI 1AOOPAMOPUN: PACIITUPEHUE
TpaHULl TPAAULIUOHHON 3MOPHOIOTUU pacTeHUH (KaK Pa3HOIJIAHOBOM JMCIMIUIMHBI, U3Y4atoLen
HE TOJILKO 3aKOHOMEPHOCTH OHTO- U (DMIJIOTEHEe3a, HO ¥ B3aMMOCBSI3H OpraHu3Ma C OKpY Karomien
CpenoH, yJacTre TpOIeCcCOB PEMPOMYKIUHA B (POPMHUPOBAHUH U TIOJICPKAHNHA OUOIOTHUECKOTO
pa3sHoO0Opa3us) M MpaKTUUECKasi OPUEHTALINS TTOTyYaeMbIX pe3yIbTaToB.

B kauectBe gasicneituezo nanpaenenus ucciedoséanuii TaresiHa bopucOBHA BbLIEISIET
U3yUYCHUE PenpoOyKMUGHOU OUO0102UN — HATIPABICHUS, BO3HUKIIETO HA CTHIKE SMOPHOJIOTUH,
AHTAIKOJIOTHH, KapIOJIOTHH, TEHETUKH, (PH3UOJIOTUH, CEIEKIIMN U JIPYTUX CMEKHBIX TUCIUILINH,
CBSI3aHHBIX C W3yYEHHEM CEMEHHOTO Pa3MHOXKEHHUsl pacTeHHid. [IpermyiiecTBa KOMILUIEKCHOTO
MO/IX0/1a K MO3HAHUIO MOp(orene3a penpoayKTUBHBIX CTPYKTYD, UX (YHKIUH, B3aUMOACHCTBHS
B TIpolLleCCE€ Pa3BUTHsI W DBOJIIOLMH, €r0 3HAUEHUs Ui YIpPaBJICHUS STalaMu OHTOTeHe3a
pacrenmii T.b. packpbiBaer B MoHOTpaduu «XnedbHnoe 3epHo» (bareiruna, 1987). He B MenbIeit
crenienn T.b. cTpemurtcs K JormuecKoMy OOBEIMHEHHIO pPa3pabaThiBaéMbIX B JIAOOpATOpUU
npoOJsieM B eOuHyro 3adauy — co3oanue meopuu penpooykyuu pacmenuii. Pazpaborka 3Toi
TEOPUU CTAHOBUTCSI IEJIOM BCEH ee KU3HU, OCHOBHBIM «CTEPYKHEM» Pa3BUTHS HE TOJIBKO POAHOM
71a00paTopuH, HO U OOBEIUHSIFOIINM HAYAIOM JJI1 MHOTHX OT€YECTBEHHBIX SMOPHOJIOTOB.

B 1980-x rr. Tatesina boprcoBHa co31aeT KoHuenyuio cucmem penpooyKuuu pacmenuil,
0a3upyIOLIyIOCs Ha MPUHIMITHAIBHO HOBOM, HETPAIUIIMOHHOM MOAXO0E K OLIEHKE MHOTO00pa3us
TUIOB U CIIOCOOO0B PEMPOAYKIMH — KaK C TOUKH 3peHHs XapaKTepa T'eéHeTH4ecKo nHpOopMaLuH,
nepesaBacMoil MOTOMCTBY, Tak M MOP(OTEHETHYECKUX CIIOCOOOB €€ peanu3alyi. MOITHBIM
CTUMYJIOM JJIS €€ CO3JIaHus SIBUJIOCh OMKpblmue henomena IMopuooozenuu, HoBO KaTeropuu
BETrCTaTUBHOTO PAa3MHOXKEHUS, OOBEIMHUBIICH KOMIUIEKC SBJICHMH HESCHOTO CTaTryca
(KTMBaKHAsI, HHTETYMEHTaJIbHAs, HyLEIUISIpHasl MOJIMAIMOPHUOHUS, TICEBIOBUBUIIAPHSI) HA OCHOBE
obmrero crocoba o0pa3oBaHHMsS HOBOTO CHOpoduTa — SMOPHOMIOTEHE3a, a TAaKKe TECHO
CBSI3aHHOTO C HUM (DeHOMEHa MOJMAMOPHOHMU U T€HETHUECKOM TeTePOreHHOCTH CeMSIH. JTO
OTKpBITHE, TIOBJICKIIICE TEPECMOTpP CYLIECTBYIOIIMX B3IJISIOB HAa CIIOCOOBI BOCIIPOU3BEACHUS H
Pa3sMHOXKEHUsI PACTEHUI, MPHUBETIO K CO3/aHUIO HOBOW KiacCH(UKAIMM CHCTEM PENpOIyKIIWH,
OCHOBaHHOM Ha JByX IJIaBHBIX KPHTEpPHSX: CIIOcO0e PEenpoAyKIMU (TIOJIOBOM — C ydacTUeM
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Mei03a U OIUIOIOTBOPEHUS; OECTONbIil — 0€3 ydacTHsi Meio3a M OIUIOJJOTBOPEHUs) U crocode
o0pazoBaHusi HOBOTO cropodurta (3MOpuo-, 3MOpuoUA0- W TremMmopusoreres). [leranbHoe
U3y4YeHUE pa3HbIX AaCMEKTOB J3THX IporeccoB mno3zpomwio T.b. cBecTw B eauHyro cucremy
NpPEACTaBIECHU O CHOCO0aX PEMpOAYKIMA — YCTaHOBJICHHWE CTaTyca W B3aWMOOTHOIICHUS
THIIOB, CIIOCOOOB M ()OPM CEMEHHOTO M BEre€TATHBHOTO PAa3MHOXKEHHUS (peam3amusi KOTOPhIX
OTIpeIeNsieT PENPOIYKTUBHYIO CTPATErHIO BUIA U 00ECTICUMBACT TIACTUYHOCTh, TOJIEPAHTHOCTh
cucteM pernpoaykuun) (Batygina, 1987, 1989, u np.).

1990-2000z.. — Macwmabnaa padoma no KOMNIEKCHOU OUEHKe MHO2000PA3HbIX
AGJIEHUIl, CEA3AHHBLIX C PEenpoOyKuuell pacmeHnul: PeBU3Ks NOHATUMHOIO, KOHIIENTYaJIbHOIO
ammapara, MOUCK HOBBIX MOAXOOB K PEIICHUIO TMPoOJieM C MPHUBICUCHUEM 3HAHUN Pa3IUYHbIX
JUCIUIUTIH (B paMKaxX 3-XTOMHOTO (DyHIAMEHTATBHOTO W3AaHUS «IMOPHOJIOTHS IBETKOBBIX
pactenuii. Tepmunonorust W koHuemuum»; 1994-2000). K pabote ObUM TpUBIEYEHBI Kak
COTpYIHUKH Jlabopatopuu sMOpuonornd BWH, Tak u KpymHEeWImme OTEYeCTBCHHBIC U
3apyOexHble crienuanicThl. OCyIIecTBICHUE ITOT0, 0e3 MpeyBeIMYeHUs, TATAHMYECKOTO TPpy/a,
BBIITOJTHEHHOTO B TSDKENIOE Ul OT€YECTBEHHOW HAyKH BpEMsl, CTaJl0 BO3MOXKHBIM Oyaronaps
HeHcYeprnaeMoMy ONTUMU3MY, BEICOKOMY MEKIYHAPOAHOMY aBTOpUTeTY TarhsiHbl boprcoBHbI 1
ee 0e3yCIIOBHOMY IIPU3HAHHIO B KAYECTBE OJTHOTO U3 JIMJCPOB MUPOBOM SMOPHOJIOTHN PACTCHHH.

[TapannensHo 1a00OpaTOpHs MPOBOIUT AKTHBHBIE SKCIEPUMEHTAIBHBIC UCCIEIOBAHUS 110
Mop(doreHesy  pempoOAyKTUBHBIX CTPYKTYp M  H3YYEHHIO CHCTEM PENpONyKIMH Ha
ayTIKOJIOTMYECKOM W TOMYJIALMOHHOM YpOBHsX. Bemercs pazpaboTka mpoOieM MpUKIaTHOTO
3HaueHHs (paboThl MO THPAKUPOBAHUIO IIEHHBIX T€HOTUIIOB PACTEHUU in Vitro, OTIAJICHHOU
THOpUAM3AIUH, UCTIOIb30BAaHUI0O MYyTaHTOB, MOJTYYEHHUIO TalUIOM0OB Ha OCHOBE TEOPETUYECKUX
paspabotok T.b., penarpmanyu penkux BHUIOB OPXUAHBIX C HCIOJIb30BAHUEM PACTCHUH,
MOJy4YEHHBIX B KyJbType TKanei). B 1996r. komnektuB nmaboparopuu moa pykoBoactBoM T.b.
bateiruHON OB OWIMANBHO Tpu3HAH Bedyweir nayunou wxonou P® ("Pazpaborka
TEOPETHUECKMX OCHOB CEMEHHOM pENpOAyKIMHA IBETKOBBIX pacTeHUi"), OOBEIUHSIONICH
0O0JIBIIIOE YHMCIIO YUYEHUKOB M3 pa3inuyHbIX ropogaoB Poccum u crpan CHI'. B 2002r. 3a muki
byHIaMEHTANBHBIX U TPUKIAIHBIX UCCIIEAOBAHUN B 001aCTH PETIPOAYKIIMU PACTEHHH KOJUIEKTUB
naboparopuu Bo riiase ¢ T.b. bareirunoii (11 yen.) 6pu1 ynocroen npemun [paBurensctBa PO.

2000-20152e. — Teopemuueckoe ocmuvicnenue T.b. bamovicunoit HakonieHHbIX 6
npeovioyujue 2006l 3HAHUIL U PA36UMUE 3A/10)HCEHHBIX 8 HUX UOell.

B 2001r. T.b. bateirunoit (coBm. ¢ B.E. BacunbseBoit) Oblia npenjioxeHa pazsepHymas
meopusa Kpumuueckux nepuoooe — NPUMEHHUTEIILHO KO BCEM DPENpPOIYKTHBHBIM CTPYKTypam
pactenuii. B Heil ObUTO 1aHO HOBOE OMpEIETCHUE KPUTUYECKUX CTa/lUi, XapaKTepH3YIOIIUXCS
JIETePMUHUPOBAHHOCTHIO YacTeil OpraHn3Ma B OTHOIICHWH WX JAJIbHEHIeH auddepeHImpoBKI
U YyBCTBHUTEIBHOCTBIO K (PAKTOpaM Cpelbl, BO3AEHCTBUE KOTOPHIX MPUBOIAUT K MEPEKIIOYECHUIO
NporpaMM pa3BUTHs Ha aJbTePHATHBHBIC WYTH. DBUTM BBEIEHBI TOHITUS «OOIIME» U
«crierupuieckue» KpUTHIECKUe cTaiui, 000CHOBAHO IMOJIOXKEHUE, YTO UMEHHO UX KOMOWHAIIUU
OTIPE/ICISIOT TaKCOHOCTIEM(PUIHOCTh MOpdOreHesa, IIACTUYHOCTh M TOJIEPAHTHOCTH CHCTEM
pPENpONYKIMH BHIIOB M OHTOT€HE3a B II€JIOM; PACCMOTPEHBI BO3MOXKHOCTH TPUMEHEHHS
KPUTHYECKUX CcTa[uii B OnorexHonorusx (Batygina, Vasilyeva, 2001, 2003).

B o1 xe roapl T.b. bateiruHoii Oblta oHATA HA HOBbLIL YPO6eHb NOHUMAHUA NPOOIeMa
uoeHmupuKayuu UHUYUATLHBLIX KI1EeMOK NOJI08bIX 3aPo0bliiell U IMOpUouoos in vivo u in
vitro, a maksice ponu CHMEO0106bIX KIE€MOK 6 Mmopgozeneze u 36oatouyuu pacmenuil. B
NPOJIOJDKEHHE 3TON uyeH, (peHOMEH MOIMAIMOPUOHMH U TeHETUYECKOH I'eTepOreHHOCTH CEeMSH
ObU1 BriepBBIe paccMoTpeH T.b. ¢ mo3uiuu mpeacTaBiIeHUd O CTBOJIOBBIX KJIETKAX PACTCHHH,
OOBSCHAIONIMX PA3IMUHYI0 TEHETHYECKYIO0 IPUPOLY 3apoAbllied Mpu pasHbIX (opmax
AlIOMHUKCHCA C YYETOM KIIOHUPOBAHUS MATEPUHCKOTO M JIOYEPHErO OpPraHu3MoB. JlambHeHmmii
aHaJIM3 BOIIPOCOB CTBOJIOBOCTH U TOTUIIOTEHTHOCTH KJIETOK, POJM KPUTHYECKUX MEPHONIOB B
MopdoreHe3e pacTeHUil cTal OCHOBOM Uil (POPMYJIMPOBKU TMOJIOKEHUN 00 yHuUsepcanbHocmu
enomena nepexnwouenus npozpamm pazeumus, OOYCIOBIMBAIOIIETO TEPEXOIbl MEXKITY
pa3nuYHBIMU MOPQONPOLIECCAMU B OHTO- U (DPUIIOTEHE3E, a TAKXKE KII0Ue6Oll POiu CHME0106bIX U
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COMamu4ecKux KiemoK 6 MeXanusme Imozo A61eHUsA KAK OCHO8bl NIACMUYHOCIU CUCHEM
penpooykyuu (Batygina, 2001, 2005; bateiruna, Bunorpanosa, 2007, u nip.)

B nocnennue rojpl 0COOEHHO SPKO MPOSBISIIOCH cTpemieHue TaresHbl BopucoBHBI K
aHaIN3y CUCTEM PENpOAYKIMH M 3aKOHOMEPHOCTEH OHTOreHe3a € MO3UIMH HPUOPUTETHOM
npoOJIeMbl OMOJIOTHH Pa3BUTHS — HPOOIEMbl UEIOCHHOCIU U HAOEHCHOCMU Ouocucmem.
Pa3BuBas mpencraBineHust 0 OMOJOIMYECKMX OOBEKTaX KaK CHCTEMax, OHa aKLEHTHpOBaja
BHUMAHUE HAa OCHOBOIIOJAralolle MPUHIMIIBI opraHusauuu OuocucreM. Cpequ HUX —
B3aMOJICWCTBHE KOMIIOHEHTOB OMOJIOTMYECKUX CHUCTEM Pa3HBIX YPOBHEH OpraHu3aliu Jpyr ¢
JPYTrOM U OKPYKaIOLIeN Cpeoil; MOSIBICHUE Y HOBBIX CUCTEM (BO3HUKAIOIIMX MTPU 00BETMHEHUH
CHCTEM HU3ILEro MOpsiKa B KPYIHbIE (DYHKIMOHAIbHbIE €UHUIIbI) YHUKAJIbHBIX CBOICTB,
OTCYTCTBYIOIIMX Ha MPEIBIAYIIEM YPOBHE; HaJMuuMe y OHMOCHUCTEM CBOMICTB, HECBOAMMBIX K
CyMMe CBOMCTB cocTapistonux noacucreM. C atux no3uiuii T.b. mocTosiHHO pa3BuBaIa NOAXOA
K WM3YYCHHIO OHTOTE€HEe3a KaKk K JKMBOM WHTETPUPOBAHHON OWOCHCTEME W TOJYEpKUBAjIa
Heo0X00uUMOCmb U3YYeHUA UHMEPUPYIowuUx mexanumos pazeumus. TatbsHa bopucoBHa
HayaJla aKTUBHOE 00CY’KeHHE POOIeMbl TOMOJIOTUH KJIETOYHBIX 3JIEMEHTOB PENPOAYKTHUBHBIX
CTPYKTYp, pPacKpblia 0coOyl0 poib (EeHOMEHa SMOPUOMAOTCHHH B MEXIUCLUUIUTMHAPHOM
CHHTE3€ 3HAaHWI HE TOJLKO B 00JACTH OMOJIOTMH Pa3BHUTHA, HO M B JIPYTHX OWOJIOTHUECKUX
mucuuraax (bareiruna, Ocamumid, 2015; Batygina, Osadtchiy, 2016).

Konuenrtyansabie pa3zpadotku T.b. baTbirmHON B 3TH rofpl HallUId OTPAaKEHHE B €€
MHOTOYMCIIEHHBIX ~ MOHOrpagusx u y4yeOHukax: «Pa3mHoxeHue pactenuit» (2002);
«OKuBopoxieHre y pacTeHHH M KMBOTHBIX: OECMO3BOHOYHBIE M HU3ILIME XOpAoBbIe» (2006);
«boranuka ¢ ocHoBaMu (uTorieHonorun: AHatomust U Mopdonorust pacrenuit (2006); “Stem
cells of plants in ontogenesis and evolution» (2010); «Morphogenetic Developmental Programs.
Stem cells» (2011). Ocoboe BHUMaHHME B €€ Tpylax MO-NPEKHEMY YACISUIOCh pa3paboTKe
TEOPETUUECKMX OCHOB KYJIBTUBHPOBAHUSI PENPOSYKTUBHBIX OHOCHCTEM in Vitro Kak OCHOBE
CO3/IaHUsI HOBBIX OMOTEXHOJOTMH (KOJJIEKTUBHbIE MOHOIrpaduu «IMOpPHOIOTHYECKUE OCHOBBI
AH/IPOKIIMHUM y TIeHULBD - 2005T.; «OT MUKpoCTIOpsI K copTy» - 2010r.).

CaMbIM KpyIHBIM MTOIOM MHOTOJIETHMX HaydHbIX nouckoB T. b. BareiruHoil crama ee
nocnenHsiss MoHorpadust «buonorust pasButust pacreHnii. Cumdonwus xu3am» (2014), BeIxox B
CBET KOTOPOI MOJKHO paccMaTpHUBaTh Kak OJIHO U3 HanboJiee 3HaUUMbIX cOObITHI. MoHOrpadus
(dakTUYeCKH SBISETCS €AWHCTBEHHOM CBOJKOH, B KOTOPOW W3JIOKEHBI OCHOBBI TEOPUH
PENPOIYKIIMH, 0003HAUEHBI KIIFOUEBbIE HAIIPABIECHUS JAIbHEHIINX HccieoBaHuN. JlaHHbIA TPy
— 3TO OJHOBPEMEHHO M HAay4HbI (PyHIAMEHT, U MpOorpaMma Hay4HbIX MMOWCKOB JJISi KaXI0To
YUEHOTr0-0MO0JIOra HE3aBUCUMO OT C(pephbl €ro HayYHbIX HHTEPECOB.

Hayunsie padotsl Taresibl BOprCOBHBI CITOCOOCTBOBANI YKPEIUIEHUIO MEXKITyHAPOTHOTO
aBTOPUTETa OTEUYECTBEHHOW HAyKH W IOJTYyYWJIM BBICOKOE MPHU3HAHUE MHPOBOIO COOOILECTBA
(menanb um. I'. Mennens - YexocnoBakusi, 1984r.; menans borannueckoro uncruryta um. B.JL.
KomapoBa PAH «3a Bkian B 60Tanuky» - 2014r.; 4ieH coBeTa MEXIyHApOIHOW acCOIMaIiN
TASPRR - ¢ 1990r., 1 ero no4eTHslil MOKU3HEHHBIN WIEH; YJIEH PEIKOJUIErMH )KypHAIOB «Acta
Biologica Cracoviensia», «The International Journal of Plant Reproductive Biology» u ap.

HayuHno-nienarormyeckyto esiTenbHOCTh TaThstHbl BOpHCOBHBI Beerja oTianyaia akTHBHAS
KU3HEHHas! MO3ULMs, TpeOOBaTEIbHOCTh, YMEHUE NPUBJIEYh BHUMAaHUE MOJIOAEKHU K podieMam
6uonorun. OHa ObUIa HHUIIMATOPOM M OPTaHH3aTOPOM IIp OBEACHUS 4-X MEXKTYHAPOAHBIX IIKOJ
MOJIOJIBIX YUEHBIX «IMOPHOIOTHs, OMOTEXHOJOTHS U TeHeThka pacteHui» (Cankt-IletepOypr,
2005; Yda, 2007; Caparos, 2010; Ilepmb, 2012). bnarogapst ocobomy otHomeHuto T.b. k
HAYMHAIOIIMM  HUCCIIEAOBATeNsIM Ha OTUX IIKOJAX BCErga  OLyluajack arMocdepa
J0OpocepIeYHOCTH, HICKPEHHET0 MHTepeca K JIOKIaAaM U paboTaM MOJIOABIX YUCHBIX.

VYenemHocts TarbsiHel BOpUCOBHBI B Hayke ONpENENsUId HE TOJbKO €€ YHHKaIbHbIE
JIMYHOCTHBIE Ka4eCTBAa, HO U BEPHAs MAMSTh YUUTEIISIM, aKTUBHbBIC KOHTAKThI C OTEYECTBEHHBIMHU
1 3apyOeXHBIMHU IIIKOJIAMUA 3MOPHOJIOTOB. DTOT MPOYHBIN «orio™» TarbsHbl boprcoBHBI OyaeT
CITyKHTb HaJISKHOH OMOPOI ¥ HBIHELTHEMY ITOKOJICHUIO SMOPHOJIOTOB.
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TATYANA BORISOVNA BATYGINA (1927-2015),
LEGACY AND SCIENTIFIC CAREER
Titova G.E.
Komarov Botanical Institute of RAS, Sankt Petersburg, Russia
e-mail: galina_titova@mail.ru

Tatyana Borisovna Batygina (Gumenskaya) was born on 24 October 1927 in Leningrad,
in the family of hereditary intellegents, in the youth she steadfastly endured the difficulties of
the war years. From 1947 to 1954 T.B. studies on Biological Faculty of Leningrad State
University named after AA Zhdanov, where at the Department of Genetics performs the
graduate work on developmental biology of cultural forms of melons under the supervision of
Associate Professor V.S. Fedorov. From 1951 to 1954gg she enters a PhD programme of All-
Union Vavilov Institute of Plant Breeding and after defended a PhD thesis on tomatoes distant
hybridization (supervised by the academician D. D. Brezhnev) she got a permanency in the
Department of Anatomy and Morphology of Komarov Botanical Institute of AS USSR hosted
by Professor V.G. Aleksandrov. Since 1960 and up to the end of life T.B. working in a
laboratory of embryology, created as a part of the Department in the same year (the head —
doctor of biological sciences, Professor M. S. Yakovlev). Her supervisor was E.N.
Gerassimova-Navashina — an outstanding scientist and embryologist, bright follower of
Academician S.G. Nawashin. Under her leadership T.B. performs the first works on the study
of fertilization in plants. Due to E.N. she acquired a special relation to theoretical biology,
received the first skills of organizational work.

Milestones of further scientific career: 1974 - Doctoral thesis; 1983 - Head of the
Laboratory of Embryology and Reproductive Biology BIN; 1991 - Professor, 1993 - Laureate
of the State Prize of the Russian Federation; 1995 - Honored Scientist of Russia, 1996 - The
leader of the Leading Russian scientific schools; 2002 - Laureate of the Government Award,
2003 - Corresponding Member of Russian Academy of Sciences.

Several stages could be distinguished in scientific work of T.B. Batygina:

1954-1974 — elaboration of the problem distant hybridization in cereals.

During the work on this issue Tatyana Borisovna carried out a detailed analysis of
embryological processes in distant hybridization of wheat. The result was typization of the
main violations in the development of reproductive structures in different types of crossings,
leading to anomalies in fertilization process, embryo- and endospermogenesis as well as
important conclusion that "... any experimental work in the field of reproduction processes ...
must be based, first of all, on accurate knowledge of the laws of individual development ... of
plants, on the knowledge about both certain developmental processes, and their
morphogenetic relationships "(Batygina 1974: C.5). Also T.B. formulated a number of other
important provisions, opening up broad prospects in the solution of the problem of
monocotyly: discovering of Graminad-type of embryogenesis in wheat and the assumption of
its existence in other monocots; understanding of the different rates of ontogenetic shifting of
shoot apex in the evolution of the monocot embryo in the light of various theories of its
origin. All these statements are reflected in the monograph of T.B. Batygina "Embryology of
wheat" (1974) that has become a reference book for breeders, as well as her numerous
learners.

1974-1984 — the work on the creation of a new investigation direction in the
laboratory — experimental embryology, aimed at the study of the main problems of plant
developmental biology — morphogenesis and differentiation of reproductive structures.

During these years, Tatyana Borisovna (with colleagues) has developed a
comprehensive system approach to the study of morphogenesis of reproductive structures: a
comparative analysis of the development of the generative structures in situ, in vivo and in
vitro in model species with different life forms and modes of reproduction; a comparison of
the kinetics of morphological, physiological and biochemical processes; simulation of
conditions or the different stages of development (taking into account the results of the
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morphological and biochemical studies in vivo). It is such methodological approach, based on
a synthesis of data from various botanical disciplines, allows discover the causes of tendency
to modes of reproduction and the mechanisms of their implementation through specific
pathways of morphogenesis (Batygina, Vasilyeva, 1981; Batygina, 1984).

As a result of analysis of the original data and the revision of the complex terminology
apparatus used to describe the process of morphogenesis in vivo and in vitro, TB elaborated
the classification of pathways of morphogenesis in vivo and in vitro, and expressed the
fundamental idea on their versatility (Batygina et al., 1978). At the same time she was
initiator of development of issues on embryogenesis periodization in flowering plants (on the
basis of notions of P.G. Svetlov (1960) about the critical stages of development and ideas of
I.LI. Schmalhausen (1968) on the progressive autonomy of embryogenesis). Using an
integrated approach the most important critical stage of embryogenesis - the stage of the
autonomy of the embryo has been identified, which is considered as a special structural and
functional state, reflecting the embryo independence from the tissues of the parent sporophyte
and manifests in the ability to selfregulation (the completion of embryogenesis outside
maternal organism and the development of the normal plant). It was shown that the main
feature of the stage of embryo autonomy is hormone independence determined by its ability to
germinate on the medium without hormones in vitro. Special conclusion concerned the
species-specificity of the stage — as a concrete properties due to the nature of morphogenetic
and morpho-physiological correlations in the development of the embryo and seed (Batygina,
Vasiliev, 1983, etc.).

1984-1990 — Conducting researchers on comparative embryology and the completion
of the publication of 5-volume edition of ""Comparative embryology of flowering plants"
(1981-1990) (State Prize of the Russian Federation, 1993). Development by Tatyana
Borisovna of original strategy of scientific researches in the laboratory: the expansion of the
boundaries of the traditional plant embryology (as diverse discipline that studies not only the
laws of ontogeny and phylogeny, but also the organism relationship with the environment,
reproduction processes involved in the formation and maintenance of biological diversity) and
practical orientation of th results obtained.

As a major research direction Tatyana Borisovna allocates the study of reproductive
biology - trend that emerged at the junction of embryology, antecology, carpology, genetics,
physiology, breeding and other disciplines related to the study of seed plant propagation.
Benefits of an integrated approach to the knowledge of the morphogenesis of reproductive
structures, their functions and interaction in the process of development and evolution, its
value to control the stages of plant ontogenesis T.B. reveals in the monograph "Cereal grain"
(Batygina, 1987). Not less T.B. tends to a logical association of problems elaborating in the
laboratory in a single task - the establishment of the theory of plant reproduction. The
development of this theory becomes a matter of her life, the main "core" of the laboratory not
only native, but also a rallying point for many domestic embryologists.

In 1980-ies. Tatyana Borisovna creates the concept of systems of plant reproduction,
based on a fundamentally new, unconventional approach to the assessment of the variety of
types and modes of reproduction - both from the aspect of the genetic information transmitted
to posterity, and morphogenetic pathways of its realization. A powerful impetus for its
creation was the discovery of the phenomenon of embriodogeny, a new category of vegetative
propagation, joined together the complex of phenomena of unknown status (cleavage,
integumentary, nucellar polyembryony, pseudovivipary) based on a general mode of the
formation of a new sporophyte - embryoidogenesis, as well as the closely related phenomenon
of polyembryony and genetic heterogeneity of seeds. This discovery, resulting in the revision
of the existing views on the pathways of renewal and propagation of plants, led to the creation
of a new classification of the reproduction system based on two main criteria: the mode of
reproduction (sexual - with the participation of meiosis and fertilization; asexual - without the
participation of meiosis and fertilization) and mode of forming new sporophyte (embryo-,
embryoido- and gemmorhizogenesis). A detailed study of the different aspects of these
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processes has allowed T.B. reduced to a single system the ideas on reproduction modes -
establishment of the status and relationship of types, modes and forms of seed and vegetative
propagation (the implementation of which determines the reproductive strategy of species and
provides the flexibility, tolerance of reproductive systems) (Batygina, 1987, 1989, et al.).

1990-2000 - The large-scale work on a comprehensive assessment of the diverse
phenomena associated with the reproduction of plants: the revision of the conceptual
apparatus, the search for a new approaches to solving problems involving knowledge of
different disciplines (within 3-volumed fundamental edition "Embryology of flowering plants.
The terminology and concepts", 1994-2000). Both the colleagues of the laboratory of
embryology BIN and major domestic and foreign specialists were involved in this work.
Implementation of that, without exaggeration, titanic publication, performed in a difficult time
for Russian science, has become possible thanks to the inexhaustible optimism, the high
international authority of Tatyana Borisovna and her unconditional recognition as one of the
world leaders in plant embryology.

In parallel, the laboratory carries out extensive experimental researches on
morphogenesis of reproductive structures and the study of reproduction systems on
autoecological and population levels. The problems of application value are under
development (work on replication of genotypes in vitro, distant hybridization, use of mutants,
obtaining haploids based on theoretical developments of T.B., repatriation of rare species of
orchids using plants obtained in tissue culture). In 1996 Laboratory team led by T.B. Batygina
was officially recognized as the Leading scientific schools of the Russian Federation
("Development of theoretical bases of seed reproduction of flowering plants"), combining a
large number of learners from various Russian and CIS cities. In 2002 for a series of
fundamental and applied researches in the field of plant reproduction laboratory collective
headed by T.B. Batygina (11 pers.) was awarded the Russian Government Prize.

2000-2015gg. - Theoretical comprehension by T.B. Batygina of knowledge
accumulated in previous years and the development of ideas inherent in them.

In 2001 T.B. Batygina (togeather with Vasilyeva V.E.) suggested the detailed theory on
critical periods — applied for all reproductive plant structures. A new definition of the critical
stages was given, characterized by determinism of organism parts with respect to their further
differentiation and sensitivity to environmental factors, the effect of which leads to switching
over developmental programs to alternative pathways. The concepts of "general" and
"specific" critical stages were introduced, the position was justified that their combination
determines taxon specifics of morphogenesis, the plasticity and tolerance of reproduction
systems of species and ontogenesis as a whole; the possibility of applying the critical stages in
biotechnology was considered (Batygina, Vasilyeva, 2001, 2003).

During these years T.B. Batygina was raised to a new level of understanding of the
problem of identifying initial cells of the sexual embryos and embryoids in vivo and in vitro,
as well as the role of stem cells in morphogenesis and evolution of plants. In continuation of
this idea, the phenomenon polyembryony and genetic heterogeneity of seeds was first
considered by T.B. from the perspective of the notions on plant stem cells, explaining the
different genetic nature of embryos at different forms of apomixis with the account of cloning
of the maternal and daughter organisms. Further analysis of the questions on stem cells and
cell totipotency, the role of critical periods in the morphogenesis of plants became the basis
for the formulation of the provisions of the universality of the phenomenon of switching
over developmental programs, which determines the transitions between different
morphoprocesses in ontogeny and phylogeny, as well as the key role of stem cells and
somatic cells in the mechanism of this phenomenon as the basics of plasticity of
reproduction systems (Batygina, 2001, 2005; Batygina, Vinogradova, 2007, etc.).

In recent years, tendency of Tatyana Borisovna to analyze reproduction systems and
ontogenesis regularities from the standpoint of the priority problem of developmental biology
— the problem of integrity and reliability of biosystems was especially evident. Developing
the ideas of biological objects as the systems, she focused attention on the fundamental
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principles of the organization of biosystems. Among them - the interaction of the components
of biological systems of different organization levels with each other and with the
environment; appearance of unique properties in new systems (arising from the merger of the
lower-order systems in the large functional units), that are absent at the previous level,
availability of biosystems properties irreducible to the sum of the properties of the
components of the subsystems. From this standpoint, T.B. constantly evolving approach to the
study of ontogenesis as a live integrated biosystem and stressed the need to the study of
integrating developmental mechanisms. Tatyana Borisovna started an active discussion of
the problem on the homology of the cellular elements of reproductive structures, discovered a
special role of the phenomenon of embryoidogeny in interdisciplinary synthesis of knowledge
not only in the field of developmental biology, but also in other biological disciplines
(Batygina, Osadchy, 2015; Batygina, Osadtchiy, 2016).

Conceptual elaboration of T.B. Batygina in these years is reflected in her numerous
monographs and textbooks: "Propagation of Plants" (2002); "Viviparity of plants and animals:
invertebrates and lower chordates" (2006); "Botany with bases of phytocenology: Anatomy
and Morphology of Plants (2006); "Stem cells of plants in ontogenesis and evolution» (2010);
«Morphogenetic Developmental Programs. Stem cells» (2011). Particular attention in her
writings continued to be given to the development of the theoretical foundations of the culture
of reproductive biological systems in vitro as the basis for the creation of new biotechnologies
(collective monographs "Embryological bases of androclyny in wheat" - 2005; "From
microspores to sort" —2010).

The last monograph of T.B. Batygina - "The Biology of plant development. Symphony
of Life " (2014), became the major result of the years of her scientific researches, the enter of
which could be regarded as one of the most significant events. The book is in fact a summary,
in which the bases of the reproduction theory and key areas for further researches are
outlined. This work is both a scientific fundament and the program of scientific researches for
each scientist, biologist, regardless of the scope of his scientific interests.

The scientific works of Tatyana Borisovna contributed to strengthening the international
authority of the national science and received high recognition from the international
community (Medal of Mendel - Czechoslovakia, 1984; medal of Komarov Botanical Institute
of RAS "For contribution to botany" - 2014; member of the Board of the international
Association JASPRR - since 1990, and its honorary life member; a member of the editorial
boards of journals «Acta Biologica Cracoviensia», «The international journal of Plant
Reproductive Biology» et al.

Scientific-pedagogical activity of Tatyana Borisovna was always distinguished by pro-
active attitude, rigor, ability to draw the attention of young people to the problems of biology.
She was the initiator and organizer of the 4 international schools for young scientists
"Embryology, biotechnology and plant genetics" (St. Petersburg, 2005; Ufa, 2007; Saratov,
2010, Perm, 2012). Due to the special relation of T.B. to novice researchers the atmosphere of
kindly sincere interest to the reports and the work of young scientists always feel at these
schools.

Tatyana Borisovna’s success in science is defined by her unique personality and loyal
memory of teachers, active contacts with other domestic and foreign schools of
embryologists. This bulwark of Tatyana Borisovna will be support and for the current
generation of embryologists.
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TATbAHA BOPUCOBHA BATBII'MHA — UHUIITUATOP
MEXAYHAPO/JHbBIX HIKOJ 1JIsA MOJIOJAbIX YYEHBIX « 9MBPUOJIOI' US,
IF'EHETUKA U BUOTEXHOJOI'US»

(na nmpumepe IV lkoasl, [lepmb, 3-9 nexadps 2012 r.)
JI.B. HoBocenosa, B.A. Bepemaruna
Ilepmckuii 2ocyoapcmeennvlii HayUOHANbHbIU UCCIe008AMENbCKULL YHUBEPCUMEen,
Ilepmo
e-mail: Novoselova@psu.ru

e-mail: yva@psu.ru

Tartbsina bopucoBHa baTbirmHa auyHO OblIa OPraHU3aTOPOM MPOBEACHUSI YETHIPEX
MexIyHapOAHBIX MIKOJ A1 MOJIOBIX YUEHBIX «OMOPHUOJIOTHUS, TEHETUKA U OMOTEXHOJIOTUS
B Cankr-IlerepOypre, Yde, CapatoBe u Ilepmu. YauBuTenbsHO TEIon Obuta aTMocdepa ux
IPOBE/ICHUs, JETAIBHO IMPOJyMaHa MPEEMCTBEHHOCTb M MPO(ECCHOHAIBHO COCTABIICHBI
HayuyHble porpaMmbl. OTH LlIKosbl cTanu coOBITUSIMU, KOTOPblE OOBEAMHUIN CIIEUATNCTOB
Poccun u 3apyOexHBIX cTpaH Oyiarogapsi OIbITYy, KOHTakTaM U neneycrpemieHHoctu T.b.
baTpiruHoi.

Kadenpy ©Oortanuku wu reHetuku pacteHuil Ilepmckoro rocyaapcTBEHHOTO
YHUBEPCUTETA MHOIO€ CBS3bIBACT C JiabopaTopueil SMOpPUOJIIOTMM U PEnpOAYKTHBHOMN
ouonorun boranmueckoro umHctutyta uMm. B.JL. KomapoBa PAH. Hayunbie cBsi3u Oblin
YCTaHOBJICHBI €IIe B Ty MOPY, KOT/Ia JJa00paTOPUIO BO3TIIABIISIT 3aCIyKEHHBIH IEATEeNb HAYKH
P®, n.6.H., mpodeccop M.C. SxosneB. B 1969 romxy B yHUBEpPCHUTETE COBMECTHO C
boTaHnueckuM MHCTUTYTOM IMPOBOAMIICS MEPBBIM CUMIIO3UYM IO aHTIKOJOrMH. B kauecTBe
y4acTHUKa B cocTaBe Oonpiioi rpynmnsl yueHbix BUH Obuta mononas u sHepruunas T.b.
batpirmaa. C 3TOro BpeMeHH B TedeHHE Oojiee COpPOKa JIET MBI MOJACPKHUBAIH C HEH U
nabopaTopueil SMOpPHOJOTMHM M PENPOAYKTUBHOW OHOJOTMM caMble TeIIble JUYHBIE U
paboune OTHOLIEHMsI, BCTpeyasich Ha KoHpepeHuusx. MuorokpatHo TarbsHa bopucoBHa u
COTPYAHMKM J1a0OpaToOpuu JaBald OT3bIBBI HAa JUCCEPTAllMM IO 53MOpPUOJIOTHUH U
PEeNpONYKTHBHOM Omonoruu, 3ammmaemsie B [lepmMckom yauBepcurete. Tatbsina bopucoBHa
4acTO BBICTyIaJIa ONIIOHEHTOM IO JUCCEPTALUAM, a €€ Hay4YHbIN aHAIU3 OTINYAIN BBICOKAsS
TpeOOBaTENBHOCTh, 00BEKTUBHOCTH M TOOPOKETATEITHHOCTb.

[To nnunmatue TaTbsaHbl BOPUCOBHBI U TIpU €€ aKTUBHOM yuyacTuu 3—9 nexabps 2012
r. B HamieM YHuBepcuTtere Obuta mnposemeHa [V Illkoma s MOJOBIX  yYEHBIX
«9MOpuosnorus, reHeTuka U OuorexHosorus». Pemenne o mposenenun llkonsr B [lepmu
OBUIO TIPUHATO Ha MEXIYHApOJHOW KOH(EpeHIMH, MOCBSMIEeHHOW S0-IeTHEMY OOMIEIO
nabopaTopun SMOPHOJIOTUH U PENPOTYKTUBHOM Onosioruu B aexadbpe 2010 r.

B pabore Llkonbl mpuHATM ydacTHe MPEACTABUTENH U3 YeThIpex cTpaH — Poccuw,
VYkpaunbl, Y30ekucrana 1 MoHroiauu. Poccrio mpencTaBisiii yueHbIe W3 HAyYHBIX LIEHTPOB
U 22-x BeICHIMX y4eOHbIX 3aBefieHnit MockBel, CankT-IletepOypra, ExatepunOypra, Ilepmu,
Hosocubupcka, CapatoBa, Y ps1, Kpacnosipcka, JIunenka. O61iee uucio ygacTHUKOB — 250,
B TOM uucie 139 cTyneHTOB M MarucTpaHToB, 8 acnupantoB, 40 mnpenopasareneit, 24
nuriencTa. 39 4enoBeK MPHUHSIIM 3a09HOE y4acTHe ¢ MyOJuKalue MaTepuanoB B COOpHHKE.
Ha IIkone mpoumtano 11 nexumif, 13 ycTHBIX AOKIANOB, MpeAcTaBieHO 11 cTeHIOBBIX
nokanoB. B coopauk matepuanos Ikomsr BkatoueHo 46 myosmmkaruid. [Iporpamma IIkonst
BKJIIOYaJia IUICHApHYIO ceccuto «O01e BONpochl OMOJIOTMH Pa3BUTUS M PENPOLYKIMN» U
yeTblpe ceKuun — «Mopdorenes MyXCKMX U JKEHCKHUX PEHNpPOAYKTHUBHBIX CTPYKTYp IpH
ampumuKkcuce. MexXaHM3MBbl PEryJsun», «ATOMUKCUC. [ eHeTHYecKuid KOHTpPOIb U
Ha/IeKHOCTh  PENpOayKUMN», «PenpoaykTuBHas OWOJOTHS, CHUCTEMBI PENPOIYKIIHN,
«Mopgorenes in vitro. buorexHomorum». Takxke TpOBEAEHBI JBa KPYIJIBIX CTOJA
«Mopgorenernyeckre NporpaMmbl pa3BUTHA B OHTOreHe3e M HBoitonuu. CTBOJIOBBIE
KJIETKN», «OKCIEPUMEHTAIBHBIM AllOMMKCHUC: TEOpHs M HpakTHKa». Ha Top)kecTBEHHOM
OTKPBITUM IMPO3BYYAJI0 NMPUBETCTBEHHOE oOpamieHue k ydactHukam lllkonel mpencenarens
OprKOMMTETa, 4ieHa-kKoppecnoHaeHra PAH, 3acinyxenHoro pesrens Hayku PO T.b.
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bareirmHoi, pexropa IlepMCKOro rocyaapCTBEHHOTO HAIMOHAIBHOIO HCCIEN0BATEIBCKOTO
yHuBepcuteta W.KO.MakapuxuHa u  jgekaHa  Ouosnormdyeckoro  (akylnbTera
H.NM.JIlutBuHEeHKO. B CBOMX BBICTYIJICHHUSAX OHHU OTMETHIHM BaXXHOCTh MNPOBEACHUS
takux lllkon ans MOIOABIX y4€HBIX — KaK MOTEHIMAIbHONW BO3MOKHOCTHU IMOSIBICHUS
HOBBIX HJEH, pacIUIUPEHHs HAYYHOTO KPyro3opa W HAYYHBIX KOHTAKTOB, MHTETpaIUU
pa3IUYHBIX OMOJOTMYECKUX JHUCHUIUIMH, 3HAaKOMCTBAa C HOBBIMH METOJaMU
MCCIeI0OBAHUHN U UX KOMIUIEKCHBIM MCIIOJIb30BAaHUEM.

[ITkony oTkpsiBana nexkuus T.b. bateirnnon «HeTpaguunoHHble NpECTaBICHUS O
penpoaykmuu. Ilytu Mopdorenesa, peHOMEH 3MOPUOHUJIOTCHUHM H KAJUIYCOTCHUH B
oHTOreHe3e u sBodoluu». C nokiaanoM o0 HCTOPUHM PA3BUTUA HCCIEAOBAHUN IO
penponyKTUBHOM Ouosioruu B [IepMCKOM ToCcy1apCTBEHHOM YHHBEPCHUTETE BBICTYIIHIIA
npodeccop kadeapsl OOTaHUKM U TEHETHUKH PACTEHUU, 3aCIYyKEHHBIH pPabOTHUK
Bbiciero o6Opa3oBaHuss P® B.A. Bepemaruna. Owna mnokazana, 4YTO Haydajuo
MCCJIEIOBAaHUM IIBETEHUS U ONbUIEHUSA pacTeHUuil B [lepMCKOM yHUBEPCUTETE OTHOCUTCS
K CepeWHEe TMPOIIIOro BeKa M CBsA3aHO ¢ mMeHeM mpodeccopa A.H. IMonomapera,
KOTOPBIM CO3JaJl WIKOJY aHTAKOJOTOB, €ro YYEHHUKH IMPOBEIU AHTIKOJIOTHUUYECKUE
HCCJIEIOBAHUSI BO BCEX PACTUTEIBHBIX 30HAaX Ha TeppuTopuu ObIBIIEro COBETCKOTO
CO03a OT TyHIp 10 Bbricokoropuil [lamupa. HayuHnoe HanpaBienue, 3anoxeHHoe A.H.
[TonomapeBbIM, MPOAOIKAET pa3BUBATHCS O CUX TOP.

OOnacTu wucciaenoBaHWH, MpUHAIJIEKaIIUue cepe penpoAyKTUBHONW OMOIOTHH,
Ype3BbIYAHO BaXHBI I celekiuu. OHM BKIIOYAIOT pa3BUTHE I[BETKA, Pa3BUTHUE
CeMs3a4aTKOB U TbUIBLBI, OMNBIJIEHUE, POCT MBUIBIEBHIX TPYOOK, B3aMMOIEHCTBUSA
NBUIBIBI W PBUIbLIA, OIJIOJOTBOPEHHME, pPA3BUTHE 3apoJblllla U SHAOCIEPMA;
OIUIOIOTBOPEHME in vivo WU in vitro, anomukcuc. I[lo mHenuto B.A. Bepemarunoi,
pEeNpONYKTHUBHAS OUOJIOTUS — ITO KJIACTEP, T.€. CTPYKTypa, 0ObeAUHSIONIAsT HECKOJIbKO
PaBHOINPABHBIX 4YacTel — aHTIKOJOTUIO, YMOPUOJOTHI0, TE€HETHKY, OMOTEeXHOJOTHIO,
KOTOPBI€ COXPAHAIOT MOJHOIEHHYI0 (YHKIIMOHAIBHYIO pab0TOCIIOCOOHOCTh, UCCIEAYS
00NN OOBEKT.

Oco0oe BHUMaHHE JOKJIAJAYUKOM OBUIO YJAEIEHO 3SMOPUOJOTMU PpPACTEHUH,
MOCKOJbKY OAMOpPHUOJIOTHYECKHE JaHHBbIE JEeMOHCTPUPYIOT JKCIPECCHUIO TEHOB,
KOHTPOJIMPYIOIIUX Pa3BUTHE PEMPOIYKTHUBHBIX OPTaHOB IIBETKAa. DOMOPHUOJIOTHUUYECKHUE
uccienoBanus Havana B.A. Bepemaruna, Oyayun acmupaHToM. ODTH HUCCIEIOBAHUS
TpeboBamM  CICNHATBHBIX  3HAHWH, O0OOpyIOBaHHWS W  KBaJTU(DUIHPOBAHHBIX
KOHCyJbTaUMK. bonbllyto poip B OBIaJ€HUM METOJAMHU MCCIEIOBAaHUM ChIrpaja
MOJIEPXKKA BEAyIUX dSMOPUOSIOTOB cTpaHbl. COCTOSIIUCH CTAXXUPOBKHU B JIabopaTopuu
N.JI. PomanoBa (BUP) mon 3aGotnmBoit omekout JI.M. Open, Ha xadeape BbICHIUX
pacrenuii MI'Y y B.A. [loanyOHo#-ApHOIBAU, TA€ B MOJHOM 00BbeMe OBLI OCBOCH
Kypc SMOpHOJOTHH W OOJIBIIIOW MPAKTUKYM, a TaKXe CTaXHUPOBKa B J1aOOpaToOpuH
smb6puonorun BUH y M.C. flkoneBa u M.Jl. Modde. B.A. Bepemaruna uccienonaia
SMOPHOJIOTHIO PACTCHUH M3 Pa3HBIX CEMEHCTB C MOMUMOP(HBIMH IBETKaMu. bbin
MPOBEJCH aHTAIKOJIOTUYECKHI U AMOPHOJIOTHYECKUM aHAlU3 [BETKOB Xa3MOTAMHBIX H
KJICHCTOTaMHBIX, 000ETONBIX U C MYKCKOU CTEPUIIBHOCTHIO MPU THHOAUAIIUH, a TaK¥Ke
FeTEepOCTUIILHBIX; MOKAa3aHbl pa3JUyusi B TPOSIBICHUU MYKCKOW CTEPUIBHOCTU Y
THHOJAMUAIMYHBIX BUJOB B 3aBUCHMOCTH OT F'€HETHYECKOTO0 KOHTPOJsI. DTOT MaTepHuall
JIET B OCHOBY JIOKTOPCKOW auccepTauuu «'MHOAMAUHS, KIEUCTOTaMUS U TE€TEPOCTUIUS
y  TOKPBITOCEMEHHBIX (MOpdosornueckue W  IMOPHOJOTHUYECKHE  ACTIEKTHI)»,
3amumnieHHol B borannueckom nuctutyre PAH (1981r.). 3atem k 5MOpHOTOTHYECKUM
HCCIIEIOBAHUAM MNOAKIIOYMINCH Yy4yeHuku B.A. Bepemarudon, 3alUTHBIINE
KaHJAUJATCKUE U JOKTopckue pauccepramuu. B 1990r. mokTopckyio auccepranuio
«ITomoBoit monumopdu3M IBETKOBBIX pacTeHHi» 3amuTWwia ydeHuma A.H.
ITonomapeBa E.M. [lembaHoBa. B Hacrtosmee Bpemsa B IlepMCKOM YyHHUBEpPCUTETE
YUTAIOTCA CIEeUalbHble KypChl MO OHOMOpPHOJOTHHM M OHOTEXHOJOTUH, BEAYTCS
NpakTHKyMBbI. JJabopaTopuu OCHAIIEHBI IEPBOKIACCHBIM 000PYTOBAHUEM.
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[Tpomecchl OMOTOTHYECKOTO BOCIPOM3BOACTBA 3aTPATMBAIOT U CBS3BIBAIOT CaMble
pasnble obsactu Oumonoruu. Ilostomy c ydyactuem kadeapsl OOTAHHMKH U TEHETHUKHU
pacTeHuil Ha (aKyJIbTETE CO3JjaHa MarucTepckas nporpamma «buonorus pasMHoOXKeHUS
U Ppa3BUTHUSA», Tpeaiararoiias KOMIUIEKCHOE H3y4YeHHE IMPOIECCOB PEMpPOAYKIHUH B
OCHOBHBIX CHCTEMAaTHYECKUX Tpymmnax (MpOKapuoOThl, TPUOBI, PacTeHUs, KUBOTHEIE).
OmnbiTOM peanu3anuu 3TOW mporpammbl nonaenunuch npodeccop JI.B. HoBocenosa u
noueHt B.B. XKykx (IITHUY).

Ocunosa M.A. (C.-IletepOypr) B nekiuu «Posib OCHOBHBIX TPaHCKPHUIMIIMOHHBIX
(GakTOpoB B pa3BUTHUM pACTEHUU» TMpeACTaBUia KOJUIEKTUBHOE HCCIIeJOBaHUE
(JI.AJIytoBa, B.E. TBoporosa, U.E. JlogyeBa) o reHeTH4YECKON PETYISIUN aKTUBHOCTHU
MEpHCTEM, H3YUYCHHONW Ha MOJCIBLHOM 00BeKTe Arabidopsis thaliana. Ha myTtanTax A.
thaliana Ob170 MOKa3aHO, YTO MHOTHE U3 HUX HECYT MyTallUH B TeHax, KOJUPYIOUIUX
TpaHckpunuuoHHble ¢akTtopel (Td). Cpeam >TUX (GaKTOPOB, PETYIHPYIOMHX
aKTUBHOCTH MEpPHUCTEM, 0coboe BHUMaHHE NMpuBiekaoT Td ¢ roMeo10MEHOM CEeMEHCTB
KNOX u WOX. Jlngs noHMMaHHs TOrO, HAacKOJIbKO YHHMBEpPCAJbHbl MEXaHU3MBbI
peryiaiuu B MEpUCTEMaxX pacTeHUH, ObUIM HCCIeNOBAaHBI TaK)XXe APYTHE CUCTEMBI C
HaJlM4YueM MEpPHCTEMAaTHYECKONW aKTHBHOCTH — KIyOeHbKM OOOOBBIX M ONyXOJH Ha
KOpHeroae peauca. Jlekmus Obuta mMpoYyWTaHa SMOIMOHANTBHO, JOTUYHO, MPEKPaCHO
UJITIOCTPUPOBAHA MHOTOUYMCIEHHBIMU ClIalilaMu.

Bnewartnsromeit 6sna neknus npogeccopa A.FO. bopucosa (Cankrt- IletepOypr).
«B3auMOBBITO/IHBIE  PACTUTEIBHO-MUKPOOHBIE  CHUCTEMBl: TE€HETHKA, 3BOJIOLMS,
NpUMEHEHUE B CEIbCKOXO3SWCTBEHHOW MmpakTuke». B 3ToH JeKuWu O4YeHb
y0enuTenbHO, C aHajJU30M [PUMEHEHHUS KOMIIJIEKCa METOJ0B ObLIO IMOKa3aHO
B3aMMOBBITO/THOE B3aMMOJEHCTBUE BBICHIETO pacTeHHUs (TOpOX MOCEBHOI), OakTepuil
Rhyzobium, o0pa3yomux KIyOCHbKH Ha KOPHSX OOOOBBIX, © MHKOPH3HBIX TpHOOB.
BrisiBIEHBI T€HBI, KOHTPOJIHUPYIOUIHE MPOLECCH B3aUMOACHCTBUS B 3TOM KOMIIJIEKCE.
[Toka3ana nepcrnexkTuBa NPakKTUYECKOTO UCIOIb30BAHUS MOJYUEHHBIX PE3yIbTaTOB.

OcnoBoit neknuu npod. C.MU. Maneukoro (ULuI" CO PAH, HoBocubupck)
«MeHzeneBckass HacJEICTBEHHOCTh W  PENpPOJYKTHBHas OHOJOrUs  pacTEHUM:
UCTOPUYECKHE KOMMEHTApUH U COBPEMEHHOE COCTOSHHE» CTajl JAeTalbHbIH aHaIu3
crater I'. MeHnmens o HacJIeJOBaHWHM NPHU3HAKOB Yy SCTPECOMHOK, Maj0 HW3BECTHOU
COBpEeMEHHBIM OuosoraM. Bri10o 000CHOBAaHO MOHATHE «IMUTEHETUUYECKUUW KOHTPOIb
npu3HakoB». VHTepecHON oKa3ajach OJKCTpAmosAlUs pe3yJbTaTOB, IOJYYEHHBIX
Mengenem, Ha Jpyrue OOBEKTHl, B YAaCTHOCTH Ha CaXapHYI0 CBEKJIy U 3eMISHUKY
rubpumnyto. Corpynaukamu yadoparopun C.M. Mamenkoro Ha 3acelaHUSIX CEKIHH
OBLIM MpeACTaBICHBI JOKJIaAbl, pa3BUBAIOIINE 3Ty TEMATHKY. DTO « DNMUT€HETHYECKUM
KOHTPOJIb TUIIA T0JIa UBETKOB y Fragaria x ananassa Duch. B cCeMEHHBIX MOKOJCHUIX)»
(C.O. barypun) u «Bnusaue nereprenta Tputon X-100 Ha pacTeHUs caxapHOU
cBekibl Beta vulgaris L.» (C.C. Kupukosuu, E.B. JleButec). 3ydueHHbie 0COOEHHOCTH
HacJIeJJOBaHUS NMPU3HAKOB y CaxapHOW CBEKJbl M BBISIBICHHUE JleTajiell Ouonoruu ee
pPENpOayKTUBHOM cdepbl B HACTOAIIEE BPEMs YCIEIIHO HMCHOJB3YIOTCS B CEJEKIUU.
3aBepmua 1ieHapHy ceccuto gokian [.P. Kymosipomoit (Yda) «Ponp rpanueHTOB
TOPMOHOB B PETYyJISILMU POCTAa M PENPOAYKTUBHOI'O pa3BUTHUA pacTeHui». [loknanbl-
JEeKUHUHU BENYIIMX YYEHBIX COCTOSUIMCh M B JHU paboTsl cexuuid Ilxonel. C Takumu
o6o6marommmMu noknanamu BeicTymmiu B.C. TeipHoB (CapaToB) « AHIpPOTEHE3 in Vivo
y PpAacTeHUi: 3aKOHOMEPHOCTH, HBOJIIOIIMOHHOE U CEJEKUHOHHOE 3HadyeHuey»; M.H.
TperbsikoBa (KpacHosipck) «ComaTudeckuii sMOpHOTeHE3 XBOHHBIX B KYJAbTYpE in Vitro
KaK OCHOBAa MHHOBAIIMOHHBIX OmoTexHoioruii»; JI.B. HoBocenora (Ilepmp) «Cucrema
pa3mHOXeHuss BUmoB pona Medicago L. (Fabaceae)»; H.JI. KonscuukoBa (Ilepmp)
«OMOpHOIOTHS HEKOTOPHIX KOPMOBBIX OO0O0OBBIX TpaB». 3aciayXHUBaeT 0cobOTO
BHUMaHus jgokiany mnpod. WM.H. TperbskoBoil, KoTopas BMECT€ €O CBOMMH
corpyauukamu u3 HWuHctutyta nmeca PAH (KpacHosipck) wmccieayer BO3MOXHOCTH
NOJIyUYeHUs] dMOPHUOTEHHBIX KIJIETOYHBIX JHUHUH Yy XBOWHBIX pacTeHHH, 3aHMMAETCs
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pa3paboTKOW OHMOTEXHOJOTUHM TOJYUYEHHUS COMATHUECKHUX 3apOoJbIlIedl W H3ydeHUEeM
npouecca Mopdoreseza M ero peryiasauuu y Takux 3aponsimeii. Ha Illkone Obuio
NpEICTAaBICHO TPU JOKJajJa COTPYIAHUKOB JjabopaTopuu MO 3TOM TemaTuke. bpuin
HalJleHbl  JEPEeBbA-JOHOPHl C  BBICOKMM  pPENpPONYKTHUBHBIM  HOTEHIHAJIOM Yy
JUCTBEHHUIBI CUOUPCKOW, Keapa CHOMPCKOrO M KEAPOBOTO CTJIAaHUKA; IOCTpPOEHA
nuTo(u3noNornyecKas MoAelb HHAYKIUA cOMaTUYecKkoro amopuorenesa. Pazpaborku
N.H. TpeTpakoBON U €€ COTPYJHUKOB 3allUIIEHbl NAaT€HTaAaMHU M HMEIOT OOJIbIIOE
3HAYEHHE IS IPAKTUKHU.

Bcero Opuio 3acaymano 13 ycTHBIX [OkJIamaoB. JloKiagbl MOJOIBIX YUYEHBIX
Ocunosoit M.A. (C.-IletepOypr), bpeitrunoit M.A. (Mocksa), Bunorpanosoii I'.1O.
(C.-ITerepOypr), Bomkosoit O.A. (Mocksa), TBoporosoii B.E. (Caukr-IletepOypr),
Hopodeepoit M.M. (Ilepmb), I'yropoBoii O.B. (CapatoB), bana6osoii I.B. (bapnayuin)
ObIM OTMeYeHbl AumoMaMu. OIMHHAANATH JOKJIAA0B, MPEUMYIIECTBEHHO MOJIOJbBIX
uccienosareneit u3 MockBel, HoBocuGupcka, Kpacnosipcka, Ilepmu, ActpaxaHckoif
obOylacTu OBUTM BBIHECEHBI HAa MOCTEePHYIO ceccuto. [loduTu monmoBuHA W3 HHUX OBLIH
HOCBSIIEHbl KYJbTYpe PAcTeHHHl in vitro. ABTOpPBI CTAaBWIM INepea co00M pa3iauyHbIe
3aJjauM: ONTUMM3ALUS PAa3MHOXKEHUS PEIKUX BUJOB U copToB ([ris glaucescens, Pinus
pumila, rnanuoigyca TUOPUAHOTO, THOPUIOB TOMOJISA), MOJYYEHHE IUILUIOUJIHBIX MU
rarIOuAHbIX JUHUN (JIMCTBEHHUIIA CUOUPCKasl), pa3MHOXKEHUE MEXPOJOBBIX THOPUIOB.
[IpuBiiek BHMMaHHE YYAaCTHUKOB MHTEpEC K HM3YUYEHHMIO TOJOCEMEHHBIX PACTEHHUH U
BOJHOTO IMAaNOpPOTHHUKA CalbBUHHUHU. B CBSA3M C 3arpsA3HEHUEM CpeAbl TSKEIbBIMU
MeTaJlJlaMH BbI3BaJl HHTEPEC JOKJIAA O BIUSHUU MOHOB HUKEJSI U MeJU Ha MpopacTaHue
ObUIBIBI HA MoJAeabHOM oObekTe. [IpencraBieHHble NOKIaabl OBUIM COAEpKATEIbHBI,
00bEKTHl HUHTEPECHBI, UCIOJIb30BAaHHBIE METO/IBl — COBPEMEHHBI, aBTOPHI BJIAACIOT UMHU
cBOOOJHO.

B pesontonuu no utoram pabotsl IlIkonbl ee ydaCTHUKM OTMETHIIM LIEIOCTHYIO,

HHTCTPUPOBAHHYIO HalmpaBJICHHOCTD IIKOJIBI, O6T)GZII/IH$[IOHIYIO B paMKax
pCHpOHYKTHBHOﬁ OMOJIOTUH BO3MOYXHOCTH Pa3HbIX BaXXHEHIINX OMOJIOTHUECKUX
JUCHHUITIINH - AHTOKOJIOTHHU, 3M6pI/IOJ'IOFI/II/I, TCHCTHUKHU u 6I/IOT€XHOJ'IOFI/II/I;

TEOPETUUYECKOEe U JKCIEepUMEHTaJbHOE OOOCHOBaHHE HJAEH, pa3pabdOTOK, MOUCKOBBIX
UCCIIEJOBaHUM, KOTOpPbIE MOTYT OBITh MOJIOKEHBl B OCHOBY MHHOBAI[MOHHBIX NMPOEKTOB;
NPAKTHUYECKYI0 peanu3aluio uaeil u pa3paboToK, BBIpa)Karolylocs B pa3paboTke
TEXHOJOTMH MM HMX  OTHAEJIbHBIX JJEMEHTOB (3TO  KacaeTrcsi  KJIETOYHBIX
GbUTOOMOTEXHONOTHH, MONYUEeHHUs TAaIUIONAHBIX U AallOMUKTUYHBIX PacTeHUM, CO3aHue
COpPTOB, JHWHHH W THOPUIOB). YPOBEHb pEIIaeMbIX BOMPOCOB H MPHUKIATHBIX
pa3paboToOK, KaKk OTMEYajJoCh B OOCYXICHHWH, HE YCTyIMaeT JYYIIUM 3apyOeKHBIM
aHajoram, a B psJie CIy4aeB UX MPEBOCXOIUT.

Y4acTHUKM  IMIKOJABl  OTMETHIM  XOPOIIMKA  OpPTaHU3alMOHHBIM  ypPOBEHbB
NPUHUMAIONIEH CTOPOHBI, YETKYI0 paboTy OprKoMHuTEeTa KOH(EpPEeHIMU, BO3MOXKHOCTH
CBOOOJHON MUCKYCCHM, UHTEPECHYIO SKCKYPCHOHHYIO M KYJIbTYpPHYIO IpOTpaMMy; He
BbI3BaJla 3aMe4yaHUi u OblTOBas crtopoHa opranu3anuu Ilxonsl. Eme pa3 ™Mbl
yOeauInCh B TOM, 4TO OOIIeHNEe U 0OMeH nHpopMaIued MeXay MaCTUTHIMU YUCHBIMH
¥ MOJIOJIBIMH HCCIIEIOBATEISIMU, BaXHBI U HEOOXOIUMBI. YBepeHbl, 4To boTaHm4YecKuii
nactTutyT PAH wm Bupeas Oyner moanepkuBaTth paboTy Takux HayuHbsix Ikou,
WHULUMUAPOBAHHBIX TaTbssHOU bopucoBHON baThIrMHOM.
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TATYANA BORISOVNA BATYGINA - INITIATOR OF THE
INTERNATIONAL SCHOOL FOR YOUNG SCIENTISTS "EMBRYOLOGY,
GENETICS AND BIOTECHNOLOGY."

(through the example of IV School, Perm, 3-9 December, 2012)
L.V. Novoselova, V.A. Vereschagina
Perm state national research university, Perm
e-mail: Novoselova@psu.ru

e-mail: yva@psu.ru

Tatyana Batygina was the organizer of the four international schools for
young scientists "Embryology, genetics and biotechnology" in St. Petersburg, Ufa,
Saratov and Perm. The atmosphere of these schools was surprisingly warm, the
continuity had been thoroughly thought out and scientific programmes were
compiled professionally. Thanks to the experience, contacts and determination of
T.B. Batygina these schools have become an event, which gathered the experts from
Russia and foreign countries.

Department of Botany and Genetics, Perm State University has a lot in
common with the Laboratory of Embryology and Reproductive Biology, Komarov
Botanical Institute of the Russian Academy of Sciences. Scientific relations were
established at a time when the laboratory was headed by Professor M.S. Yakovlev,
Honored Science Worker of the Russian Federation, Doctor of Biology. In 1969,
the university together with the Botanical Institute held the first symposium on
anthoecology. Young and energetic T.B. Batygina was a participant in a large group
of scientists of Botanical Institute. Since then, for more than forty years, we have
maintained the warmest personal and working relations with her and the laboratory,
having meetings at different conferences. For many times Tatyana Batygina and
other scientists from laboratory had written the reports on the thesis on embryology
and reproductive biology, defended at the Perm State University. Tatyana often
acted as a reviewer for PhD and Doctoral theses, and her scientific analysis is
characterized by high demands, objectivity and goodwill.

At the initiative of Tatyana Batygina and with her active participation, the IV
School for Young Scientists "Embryology, genetics and biotechnology" was held in
our university during the period of 3-9 December, 2012. The decision to hold the
School in Perm was made at the international conference dedicated to the 50th
anniversary of Embryology and Reproductive Biology Laboratory in December
2010.

The representatives of four countries took part in this School: Russia,
Ukraine, Uzbekistan and Mongolia. Russia was represented by scientists from
research centers and 22 higher education institutions of Moscow, St. Petersburg,
Yekaterinburg, Perm, Novosibirsk, Saratov, Ufa, Krasnoyarsk, Lipetsk. The total
number of participants was 250 people, which included 139 students and
undergraduates, 8 graduate students, 40 teachers, 24 Lyceum students. 39 people
participated in absentia with the publication of materials in the theses. During the
period of the School 11 lectures were read, 13 reports were given, 11 poster papers
were presented. The materials of the School included 46 publications. The program
of the School included a plenary session called "General Issues of Developmental
Biology and Reproduction" and four sections: "Morphogenesis of male and female
reproductive structures at amphimixis. Mechanisms of regulation","Apomixis.
Genetic control and reliability of reproduction","Reproductive biology,
reproductive systems","Morphogenesis in vitro. Biotechnology." Also two
roundtable discussions were held: "Morphogenetic programmes of development in
ontogeny and evolution. Stem cells"," Experimental apomixis: Theory and Practice.
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" On the opening ceremony a welcome address to the participants of the School was
said by the organizing committee of the School, Corresponding Member of the
Russian Academy of Sciences, honored science worker of the Russian Federation
T.B. Batygina, Rector of Perm State National Research University I.Yu. Makarihin
and Dean of the Faculty of Biology N.I. Litvinenko. In their speeches, they
mentioned the importance of such Schools for young scientists as an opportunity to
create new ideas, broaden scientific outlook and expand academic contacts, as well
as the possibility of integration of different biological disciplines, exploring of new
methods of research and its complex use.

School was opened with the lecture of T.B. Batygina called "Unconventional
ideas about reproduction. Pathways of morphogenesis, a phenomenon of
embryoidogeny and callusogeny in ontogeny and evolution." Professor of the
Department of Botany and Plant Genetics V.A. Vereshchagina, Honored Worker of
Higher Education of the Russian Federation, gave a report on the history of
research on the reproductive biology at the Perm State University. She showed that
the beginning of flowering and pollination studies at the Perm University refers to
the middle of the previous century and is connected with the name of Professor
A.N. Ponomarev, who created anthoecology school; his students conducted
anthoecology research in all the vegetation zones in the former Soviet Union from
the tundra to the high mountains of the Pamirs. The scientific field founded by A.N.
Ponomarev, is still in the process of developing.

The research areas that belong to the field of reproductive biology are
extremely important for selection. These include the development of the flower, the
development of ovules and pollen, pollination, pollen tube growth, pollen and
stigma interactions, fertilization, embryo development and endosperm; fertilization
in vivo and in vitro, apomixis. According to V.A. Vereshchagina, reproductive
biology is a cluster, i.e., structure which units several equal parts - anthoecology,
embryology, genetics, biotechnology, which maintain full functional capacity,
exploring the shared object. The reporter paid a particular attention to the plant
embryology as far as embryological data demonstrate the expression of genes that
control the development of the reproductive organs of the flower. V.A.
Vereshchagina began the embryological research as a postgraduate student. This
research required special knowledge, equipment and expert advice. A major role in
mastering the methods of this research was played by the support of the leading
embryologists of the country. There were internships in the laboratory of I.D.
Romanov (Vavilov Institute of Plant Industry) under the attentive guarding of L.I.
Orel, at the department of higher plants of Moscow State University with V.A.
Poddubnaya-Arnoldi, where she fully mastered the course of embryology, and in
the embryology laboratory of The Komarov Botanical Institute of the Russian
Academy of Sciences with M.S. Yakovlev and M.D. loffe. V.A. Vereshchagina
researched the embryology of plants of different families with polymorphic
flowers. The anthoecological and embryological analyzes of chasmogamous,
cleistogamous flowers, bisexual and male sterile with ginodioecy flowers and
heterostylous flowers were conducted; also the differences in the display of male
sterility in ginodioecious types depending on the genetic control were shown. This
material provided the basis of her doctoral thesis "Angiosperms’ ginodioecy,
cleistogamy and heterostyly (morphological and embryological aspects)" which was
defended at The Komarov Botanical Institute of the Russian Academy of
Sciences(1981.). After some time Vereshchagina’s students who defended master
and doctoral theses joined embryological research. In 1990 A.N. Ponomarev’s
student E.I. Demyanova defended her doctoral thesis "Sexual polymorphism of
flowering plants." At the present time, there are special courses on embryology and
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biotechnology and the practical courses at the Perm State University. Laboratories
are provided with the first-class equipment.

Biological reproduction processes affect and connect different fields of
biology. Therefore, with the help of the Department of Botany and Plant Genetics
master's degree program "Biology of reproduction and development" was
established at the Faculty of Biology, that offers a comprehensive study of the
reproduction process in the major taxonomic groups (prokaryotes, fungi, plants,
animals). The Professor L.V. Novoselova and Associate Professor V.V. Zhuk (Perm
State University) shared the experience in implementing of this program.

M.A. Osipov (St. Petersburg) during her lecture "The Role of the major
transcription factors in the development of plants" presented collaborative study
(L.A. Lutova, V.E. Tvorogova, [.LE. Dodueva) of the genetic activity regulation of
meristem studied on a model object Arabidopsis thaliana. On the example of A4.
thaliana mutants it was shown that many of them carry mutations in genes
encoding transcription factors (TF). Among the factors that regulate the activity of
meristems, particular attention is drawn to the TF with homeodomain families
KNOX and WOX. To understand how much universal are mechanisms of regulation
in meristems of plant, other systems with the presence of meristematic activity
were investigate, for example, tubercule and tumors on the root crops of radish.
The lecture was rather emotional, logical, and well-illustrated with numerous
slides.

The lecture by Professor A.Y. Borisov (St. Petersburg) was impressive.
"Mutually beneficial plant-microbe systems: genetics, evolution, appliance in
agricultural practices." With the help of very convincing information and analysis
of the use of complex techniques were shown the mutually beneficial interactions
of higher plants (edible pea), Rhyzobium bacteria, which forms nodules on the roots
of leguminous plants with mycorrhizal fungi. The genes that control the processes
of interaction in this complex are identified. The prospects for the practical use of
the results are shown.

The basis of the lecture of prof. S.I. Maletsky (The Institute of cytology and
genetics, Siberian Branch of the Russian Academy of Sciences, Novosibirsk)
"Mendelian genetic heredity and reproductive biology of plants: historical
comments and modern state" was a detailed analysis of the Mendel’s articles on the
hawkweeds’ inheritance of characters, which is little known to modern biologists.
The definition of the term "epigenetic control of characters" was explained.
Another interesting information was an extrapolation of the results obtained by
Mendel, to other objects, in particular to sugar beetroot and strawberry hybrid. The
scientists from the laboratory of S.I. Maletsky presented at the section meetings the
reports developing this theme. These reports are "Fragaria x ananassa Duch.
epigenetic type control of sex of flowers in the seminal generations"(S.O. Baturin)
and" Effect of the detergent Triton X-100 on the sugar beetroot plants Beta vulgaris
L.» (S.S. Kirikovich, E.V. Lewites). The studied characteristics of inheritance of
traits in sugar beetroot and identification of details of the biology of its
reproductive system is currently successfully used in selection. The plenary session
was finished by the report of G.R. Kudoyarova (Ufa), "The Role of the gradients of
hormones in regulating growth and reproductive development of plants." Reports-
lectures of the leading scientists were also held during the days of the School
sections. These summarizing reports were presented by V.S. Tyrnov (Saratov)
"Androgenesis in vivo in plants: patterns, evolutionary and selective value"; I.N.
Tretyakova (Krasnoyarsk) "Somatic embryogenesis of conifers in in vitro culture as
a basis of innovative biotechnology"; L.V. Novoselova (Perm) "Selective system of
types of the genus Medicago L. (Fabaceae)»; N.L. Kolyasnikova (Perm)
"Embryology of some forage legumes." Special attention is paid to the report of
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prof. I.LN. Tretyakova, who together with her colleagues from the Institute of Forest
RAS (Krasnoyarsk), explores the possibility of obtaining embryogenic cell lines
from conifers, develops biotechnology of obtaining somatic embryos and studies
the process of morphogenesis and its regulation of such embryos. Three laboratory
scientists’ reports on this subject were presented during the period of the School.
Trees-donors were found with high reproductive potential in the Siberian larch,
Siberian cedar (pine) and dwarf Siberian pine; cytophysiological model of
induction of somatic embryogenesis was built. The developments of I.N.
Tretyakova and her collegues are patented and are very important for the practice.

In total 13 reports were presented. The reports of the following young
scientists M.A. Osipova (St. Petersburg), M.A. Breygina (Moscow), G.U.
Vinogradova (St. Petersburg), O.A. Volkova (Moscow), V.E. Tvorogova (St.
Petersburg), M.M. Dorofeeva (Perm), O.V. Gutorova (Saratov), D.V. Balabova
(Barnaul) were awarded with diplomas. Eleven reports, mostly of young researchers
from Moscow, Novosibirsk, Krasnoyarsk, Perm, Astrakhan region were brought to
the poster session. Almost a half of them were devoted to the in vitro culture of
plants. The authors set different tasks: optimization of the selection of rare species
and varieties (Iris glaucescens, Rinus pumila, gladiolus hybrid, poplar hybrids),
obtaining diploid and haploid lines (Siberian larch), reproduction of intergenetic
hybrids. The attention of the participants was drawn to the interest in the study of
gymnosperms and water fern Salvinia. Because of the pollution caused by heavy
metals, a lot of attention was drawn to the report on the impact of nickel and copper
ions on pollen germination on the model object. The presentations were
informative, objects were interesting, the methods which authors used freely were
modern.

In the resolution on the results of the School, the participants noted a holistic,
integrated direction of the School which, in the frame of reproductive biology,
brings together the most important possibilities of different biological disciplines -
anthoecology, embryology, genetics and biotechnology; theoretical and
experimental study of ideas, exploratory research that can be the basis for
innovative projects; the practical implementation of ideas and development,
expressed in the development of technologies or its particular elements (this refers
to the cell phytobiotehnology, producing haploid and apomictic plants, the creation
of varieties, lines and hybrids). The level of the issues involved and applications, as
noted in the discussion, is as good as the best foreign analogues, and in some cases
exceed them.

Participants noted a high level of School organization of the host country, an
accurate work of the Organizing Committee, the possibility of free discussion,
interesting excursions and cultural program; participants were also satisfied with
the accommodation and everyday issues. Once again we were convinced that the
communication and exchange of information between the experienced scientists and
young researchers, are important and necessary. We are sure that The Komarov
Botanical Institute of the Russian Academy of Sciences will continue to support the
work of the scientific school, initiated by Tatyana Borisovna Batygina.
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MARVELS OF TAPETUM
S.V.S. Chauhan, Seema Chauhan
Academy of Life Sciences, 8/13 I Kaushalpur, Bye Pass Road, Agra-282005, India

Tapetum is the inner most layer of the anther wall surrounding the microsporogenous
cells. It is either secretory, or glandular in some species and amoeboid, or plasmodial in
others. Tapetum holds considerable physiological significance. It is a nutritive jacket through
which all the nutrients required by sporogenous cells pass. The importance of tapetum is
demonstrated by the male-sterility resulting from any lesion in tapetal biogenesis. Tapetum
plays important role in various physiological functions e.g. supply of nutrients to the
developing microspores; sporopollenin synthesis; development of endothecium; production of
callase, pollenkitt and trephine; controls meiosis, recognition of proteins and mRNA and
tapetal genes. A variety of chemical compounds, namely reducing sugars, amino acids, lipids,
pollenkitt, tryphine and number of proteins pass unmodified through the tapetal cells from
connective cells and middle layers into the microsporangium. It is well established that pollen
libraries contain a high proportion of cDNA cognate to pollen-specific or pollen expressed
transcripts. Several experiments with anther-specific cDNAs by in situ hybridization have
shown that the corresponding transcripts are localized within the tapetum in all cases. The
question arises that why should tapetal messages dominate the mRNA population of the
young anther when several other cell types, including the sporocytes and their derivatives are
present within the microsporangium? It is likely that during early stages of anther
development the tapetum is the transcriptionally dominant cell-type either in terms of the
number of different transcripts produced, the quantity of individual mRNA species or both.
The results of large number of experiments suggest that TAPETUM produce a number of
highly expressed mRNAs. Thus, whatever the function of the corresponding genes, the
protein products they specify are evidently required in large quantity e.g. structural
components of the pollen wall such as sporopollenin, enzymes like B(1,3)-glucanase and a
large supply of simple nutrients. In contrast to the tapetum, the sporogenous cells do not
synthesize the battery of highly abundant cell specific mRNA. Changes in the constitution of
the pool of tapetum-specific transcripts presumably reflect the ontogeny of the tissue. The
tapetum-specific transcripts presumably reflect the ontogeny of the tissue. The tapetum-
specific transcripts, A3 and A9 which are the earliest anther-specific messages described,
appear at archsporial cell stage only for a short time after differentiation of tapetum and
sporogenous cells lineages.

25



rAnJjJionivs B KYJbTYPE IIBIVIBHUKOB TPUTUKAJIE: BJIMSTHUE
COCTABA MIUTATEJIBHBIX CPE]]
B.H. Akununa, O.B. Xomskosa, A.B. IlomunoB
Hayuno-uccneoosamenvckuii uncmumym FOzo-Bocmoxa, Capamog
e-mail: kostina_vichka@mail.ru

CkopocTb 1 3((EeKTUBHOCTD SBISIFOTCS TJIABHBIMH (DaKTOpaMu 3aTpaT CENEKIIMOHHOTO
nporecca. OIHUM U3 METOAOB TPATULIMOHHOMN CEeNEKIUN PACTeHUH ABJIsETCS HE00X0AUMOCTh
BbIpalIMBaHUs OOJIBLIOrO 4YMCIa THOPUAHBIX IMOKOJEHUH JUIsl MOJIy4EHHUS TOMO3UTOTHBIX
¢dopM, IOUCK U OTOOpP CpeAM HHUX UTHBIX PACTEHUH i OyIaymmx copToB. Mcnomap3oBaHue
rarion/10B MPUBOJIUT K COKPAIIEHHIO CPOKOB CEJIEKIMOHHOIO Ipolecca (B cpenHeM Ha 4-5
JIET) ¥ TOBBIIIAET ero 3p(GEeKTUBHOCTb.

Cy1iecTByIOT TpuU METOJAa MOJY4YEHHUS TalIOWJHBIX PpAaCTEHUH TPUTHKANE: METOA
CEJIEKTUBHON 3JIMMUHALIMM XPOMOCOM, KyJIbTypa IHBUIBHUKOB M KYyJIbTypa H30JUPOBaHHBIX
Mukpocnop. B ycnoBusix IloBomkbsi MeTOI CENEKTHBHOM AIMMHMHALMKA XPOMOCOM IS
HOJY4YEeHHUs TAIUIOMIOB 3JIaKOB MMEET Psii OFpAaHUYEHHH, CBSI3aHHBIX C BIUSHHEM BBICOKHX
TEMIEpPATyp W CYXOCTH BO3JyXa Ha 4YacTOTy OIUIOJOTBOPEHUS U (OpMHUpPOBaHUE
muddepernrpoBaHHbIX 3apoabiie (Ipsuyk, 2003). KyiapTypa NbUIEHUKOB SIBISIETCS OJTHUM
U3 METOJI0B MacCOBOT'0 MOJIYUYEHUs raruionaHbIX pacteHuit Tputukane (Mruarosa, 2011).

Kak wu3BecTHO, HauOosee pacnpoCTPaHEHHBIMH HHIYKIMOHHBIMM IUTATEIbHBIMU
cpelaMu Jjsi KyJIbTUBUPOBAHUS MBUIBHUKOB y BUJIOB Poaceae sBisitorcst N-6 (Chu, 1978) u
C-17 (Wang and Chen, 1986), nmpu stom cpena C—-17 xapaxtepusyercs Oojee HHU3KOU
KOHIIEHTpAllMell HUTPAaTHOTO M aMMOHMHWHOIO a30Ta, a TaKXe HMEeT JpPYrol cocTaB
BUTAMHHOB.

CpaBautenbHast 3(QQPEKTHBHOCTh ATHX TNHTATEIBHBIX CpEI ISl Pa3IMYHBIX STaroB
NOJY4YEeHUs TaIUIOMJIHBIX pacTeHU Obula M3ydeHa Ha 7 TEHOTUIAaX TIeKCaIrIONJIHOIO
TpuTHKaJle. B cpegHeM 1Mo BceM TeHOTUIIAM BBIXOJ AMOPUOTEHHBIX IBUIBHUKOB Ha
nutatenbHoi cpeae C-17 m N-6 cocraBun 15,5 u 18,9% coorBerctBeHHO. Camoe BBICOKOE
3Ha4YeHHWEe Mpu3Haka otMmeueHo i rudpuna FiJI-1/Koprer nHa murarenbHoi cpene N-6 —
24,3%.Yacrota HOBOOOpa3oBaHMil B cpenHeM coctaBuia 29,5% wu 44%. Perenepauus
pacTeHuil OT MOJyYEeHHBIX HOBOOOpa3zoBaHuil BapbupoBaia oT 1,0 1o 23,0% (B cpenHem 1o
nByM nutarensHelM cpenam 10,1 u 12,4%). Haubonbiuas yacToTa pereHepan pacTeHHi
BhIsIBIIeHa y ruOpuna F;L-22/KenraBp Ha nurarenbHoi cpene N-6.

AHan3 BapuaHC MO3BOJIWI BBIABUTH PA3JIMYHYIO JOJIO BIMSHUS T'€HOTHIIA, COCTaBa
MUATATENBHBIX CPEJ U UX B3aMMOJCHCTBHS HA OTAEJIbHBIE MapaMeTpbl aHIPOTEHE3a in VItro.
HauOonpmmii Bkiaa Ha Moka3aTellb MHIYKIUH «3MOPUOTEHHBIX MBUIBHUKOBY U «HHIYKIUU
HOBOOOpa3zoBanui» okazan reHotun (58,1 u 75,0% coorBercTBeHHO). [lonst BIUSHUS
MUTATeNbHOM cpefbl Obla He3HauuTenbHou (2,1 u 3,2%), HO CTAaTUCTUYECKU TOCTOBEPHOM.
Bnusiaue couyeranus 3tux ¢akropos cocraBmwio 29,2 u 20,1%. Ans pereHepanu pacTeHHMA
JI0J1s1 BJIMSIHUSI T€HOTHUIIA U B3aMMOJEHCTBMS I€HOTHI/IMTATEIbHAs cpela Oblla MPUMEPHO
onuHakoBoil (45,5 m 51,7%). Perenepauus 3eneHbIX pacTeHHH 0OyCIOBIIEHA, TJIABHBIM
00pa3oMm, B3aUMOJICHCTBUEM I'€HOTUI/IUTaTeNbHAs cpeaa (69,8%).

Taxum 06pa3oM, IpOBeIEHHBIE CCIEIOBAHNS TOKA3aIH, YTO BCE U3YUYCHHBIE T€HOTHITBI
C pa3IM4YHOM 4acTOTOH (hOpMHUpPOBANIM TAIUIOMJHBIE PACTEHUs B KyJbType NbUIBHUKOB. B
TOXKE BpeMs, HX PpamXHUp IO pa3HbBIM dTanaM ramionpoaykuuu (popmupoBanue
aH/IPOr€HETUYECKUX 0OBEKTOB M pereHepalus paCTeHUI) He COBIaajl, YTO CBUAETEIbCTBYET
0 pa3IMYHOM I'€HETUUYECKOM KOHTPOJIE ITUX MOKa3aTeled aHApOreHesa in vifro y TPUTHKAJIE.

Hamm pe3ynbraThl NOATBEPXKAAIOT YCTAHOBJIEHHbIE paHee (DaKThl, YTO BBICOKHM
IPOICHT aNbOMHHU3MA B KYJbTYpe MbUIbHUKOB TPUTHKAJE SBISIETCS OJHUM M3 MPEMSATCTBUN
ITUPOKOTO WCITOJIB30BaHUS ATOW TarutougHo Omorexnosnoruu (Mruarora, 2011, Chaudhary
et.al., 2005; Pratap et.al., 2005).
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(ARISER), Saratov
e-mail: kostina_vichka@mail.ru

Speed and efficiency play a very important role in plant improvement due to the need
for cost control. DH reduces breeding process (typical 5-7 inbreeding generation) necessary to
stabilize a hybrid genotype to only one.

There are three methods of triticale haploid plants production: distant hybridization
following selective chromosome elimination, anther and microspore culture. Method of the
selective chromosome elimination for haploid production in Poaceae has a series of
limitations in Povolzhie region, including of high temperatures and air dryness influence on
the fertilization frequency and formation of differentiated embryos (Dyatchouk, 2003). Anther
culture is one of the methods of triticale mass haploid production (Ignatova, 2011).

It is known that the most widely spread nutrient mediums for Poaceae anther culture are
N-6 (Chu, 1978) and C-17 (Wang and Chen, 1986), therewith C-17 medium is characterized
by the lower nitric and ammonia nitrogen and also by another vitamins composition.

The comparative effectiveness of these nutrient mediums at the different stages of
haploid production was studied for 7 triticale genotypes. Averaged over the genotypes the of
embryogenic anthers frequency composed 15,5% for C-7 and 18,9% for N-6 nutrient
medium.. The main significance of this index was noted for hybrid cross F;L-1/Kornet on N-6
nutrient medium (24,3%).

The new formation frequency composed in the middle 29,5% and 44%. Plantlet
regeneration efficiency ranged from 1,0 to 23,05 per cent (averaged over two nutrient
mediums 10,1 and 12,4). The main significance of this index was noted for hybrid cross F;L-
22/Kentavr.

Variance analysis allows revealing the different investment of genotype, medium
composition and their interaction at the stages of triticale androgenesis. It was found that the
embryogenic anthers and new formation frequency were significantly associated with the
genotypes - investment is 58,1% and 75% accordingly. There was low but significant
correlation between the genotypes and nutrient medium — investment is 2,land 3,2%.
Significant interactions between genotypes and nutrient medium composition was observed
(45, 5 and 51,7%). The plantlet regeneration is mostly associated with interaction genotype x
nutrient medium (investment is 69,8%).

Thus the conducting study shows that all genotypes formed haploid plants in anther
culture with different efficiency whereas their arrangement at different stages did not
coincided. It confirmed that genetically independent components are involved in triticale
anther culture in vitro ability.

This suggests that different components of androgenesis are governed by different genes
leading to independent inheritance of these parameters.

Our results are in agreement with data (Ignatova et al.,2005; Chaudhary et
al.,2005;Pratap et al., 2005) and confirmed that high frequency of albino plants is a particular
problem in triticale anther culture.
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IATOJOTHYECKHE UCCJIEIOBAHUS KAJLUTYCHBIX TKAHEH
BUJ1OB U 'MBPU 0B NIIEHUIIBI
H.A. AaraeBa, A.b. UckaxkoBa, H.B. Tepieuxas
PI'TI « Mncmumym 6uonocuu u buomexnonoeuu pacmenutiy KH MOH PK, Anmamoi
e-mail: daizy-c@mail.ru

OcHoBy MopdoreHesa cocTaBisgeT LUTOAU(PPEepeHIIMPOBKA, KOTOPYIO  MOKHO
ONpeAeNuTh Kak BbIOOp KJIETKaMU OJHOW M3 MHOTMX MpPOTpamMM, 3aJaHHBIX TE€HOTHUIIOM
nanHoro opranu3ma (Illasxmeros, 2001). Knetku mpuoOpeTaroT crOCOOHOCTH BBIMIOIHATH
OTIpeNieICHHYI0 (DYHKIMIO, YTO HEHW30€KHO COMPOBOXIAETCS BO3HUKHOBEHHEM CIIOKHOU
CHUCTEMBl PETyJSATOPHBIX MEXaHU3MOB, BO3HHUKHOBEHHUEM KOPPEIATUBHBIX CBSI3eH MEXIY
HUMH. B OCHOBE CIIO)KHOTO Tmporecca MopdoreHesa JIEKUT H3MEHEHHE W PeryJisuus
aKTUBHOCTH TeHOB. Kpome Toro, mnpomeccel 3MOpHOreHe3a B HATUBHBIX YCIIOBHSX
UCHBITHIBAIOT BJIMSHUE MAaTEPUHCKOTO OpraHusMa. OTy 3aBUCUMOCTb 3apojbllia OT
MaTEpUHCKOTO pAacTeHUs] MOXKHO YCTPAaHUTh BOCIPOU3BEICHHEM 3MOpUOreHe3a B
KOHTPOJIUPYEMBIX YCIOBHUSX N VIlro.

Llenp uccnenoBaHuit: U3ydeHne MOP(OTreHHBIX KaUTyCHBIX TKaHEH, MOJIYYEHHBIX U3
HE3PEJIBbIX 3apOBIIICH PA3TUIHBIX BUIOB H MEXBHIOBBIX THOPH/IOB MIIICHUIIHI.

[{uTonornyeckue McciaelOBaHMUs KAJIYCHBIX TKaHEH H3ydaeMbIX BUIOB M T'MOPUIOB
NIICHULBI TPOBOAMIM Ha BPEMEHHBIX JaBJIEHBIX IpernapaTax, OKpalleHHbIX B 2%-HOM
pacTBOpe aleTOKapMHUHA, TPUTOTOBICHHOM IO CTaHgapTHOW wMeronuke IlaymieBoil.
@DOTOCHEMKY OCYIIECTBISUIM ¢ momoulplo  Mukpockona «MICROS», Buaeokamepbl
YONGXIN OPTICS CAM V200 n xomnsrorepHoi mnporpammsl YONGXIN OPTICS
ScopePhoto Bepcuu 2.4 npu yBenuduenuu x10 (oOmue mnanel) U x40 (OTAEIbHBIE KIETKUA U
TPYIIBI KIETOK).

MopdorenHpie  KaJuTyChl MIICHUIBI XapaKTEPU30BAINCH IUIOTHOM  OJHOPOIHOM
KOMITAKTHOM cTpyKTypoil. KileTku kamiayca MMeaM OTHOCHTENBHO OAMHAKOBYIO (opMmy HU
pasmepsbl. M3onmamerprueckas popMa KIETOK, XOPOIIO OKpalIeHHBIE Sapa ¥ IUTOIUIa3Ma, a
TaKXkKe IUIOTHOE TpWIEeraHWe KIETOK JApyr K JApyry B 30HaX, BBIIEICHHBIX Kak
«MopdoreHHbIey», YKa3pIBAJIO HA TO, YTO KIETKH SBIAIOTCA MepucTeMaTHmdeckumu. OHHU
umenu 0ojiee MEJIKME pa3Mepbl U MHTEHCHUBHYIO OKPAcKy MO CpPaBHEHMIO ¢ 0oJjiee KpYNHBIMU
BaKyOJM3MPOBAHHBIMH KJIETKAMHU Kajulyca pa3HoOoOpa3sHOW (OPMBI, JEKAIIMMHU TITyOxe.
OTMeueHbl TakXke 30Hbl FeMMOIEHe3a, pU30reHe3a, (OpMHUPYIOIIMECS COCYAMCTBIE ITyYKH.
[lpu ananm3e HEMOPQOTEHHBIX KAJUTyCOB TIIEHHUIBI OTMEYEHO, YTO MEJKHX, «IUIOTHO
YIAaKOBAaHHBIX»  MEPUCTEMATHYECKMX KIETOK O4eHb Majo. Kamiyc cocraBisiau
HEOPraHM30BAHHO PACIIOJIOKEHHBIE KJIETKH pa3HooOpa3sHOW (OpMBI, CpeAr KOTOPBIX OBLIO
MHOTI'0 0€3bAJIEpHBIX, C HEOKPALIECHHOM LIUTOILIa3MOM, IPENOI0KHUTEIBHO TOTUOIINX.

HaGnronenus 3a pa3BUTHEM 3apOAbIIIei BUIOB U THOPUIOB MILEHUIIBI i71 Vitro BBISBUIH
pa3nuums Mo KajlycoreHe3y, MOp(oreHe3y M IpOLEHTY pereHepauuu pacreHuil. OTMeueHo,
yto y T.kiharae Gnoxupyercs kammycorenes. [lokazaHo, 4TO HMEET MECTO BBIPaKECHHBIN
3¢ dexT mpeBOCX0aCTBA THOPUIHBIX (DOPM MO OTHOIICHHIO K POJUTEITHCKUM TIO TTOKA3aTEII0
pereHepaioHHON CHOCOOHOCTH, a TakXKe dacTas MpsMas pereHepanuss U3 He3pebIxX
3apofplliell TMOPUIOB, MUHYs 3Tan KajulycoreHe3a. dakrt, yTo copra M BUABI IMIIECHUIBI
CYIIECTBEHHO pa3IMyaroTcs MO CIIOCOOHOCTH K MOpP(OreHe3y U pereHepalum, moATBEPKIaeT
CYILIIECTBOBaHME T'€HETHUYECKOW CUCTEMBI KOHTPOJIS 3TUX IPU3HAKOB.
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Education and Science of Republic of Kazakstan, Almaty.
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The basis of morphogenesis is cytodifferentiation, which can be defined as the range by
cells one of the many programs, specified the genotype of the organism (Shayahmetov, 2001).
The cells acquire the ability to perform a certain function, which is inevitably accompanied by
the emergence of a complex system of regulatory mechanisms, the emergence of correlative
links between them. At the core of complex process of morphogenesis a change and
regulation the gene activity lays. In addition, embryogenesis processes are influenced by the
maternal organism under native conditions. This dependence of the embryo on the mother
plant can be eliminated by playback of embryogenesis under controlled conditions in vitro.

Objective: to study the morphogenic callus, derived from of immature embryos of
different species and interspecific hybrids of wheat.

Cytological studies of callus tissues of the species and of hybrids of wheat studied was
carried out on temporary squashed preparations, painted in 2% acetocarmine, solution
prepared by standard Pausheva methods. Photography was performed using «MICROS» of
the microscope, camcorder YONGXIN OPTICS CAM V200 and of a computer program
YONGXIN OPTICS ScopePhoto version 2.4 with an increase in x10 (overall plans) and x40
(individual cells and groups of cells).

Morphogenic calluses of wheat were characterized by a homogeneous dense compact
structure. The callus cells have fairly identical size and forms. The izodiametrik form of cells,
well stained nuclei and cytoplasm, and the close fit of cells to each other in the areas allocated
as "morphogenic", indicate on that the cells are meristematic.

They had smaller sizes and intense color as compared with larger vacuolated cells of
callus which have diverse forms and lay deeper. Also we marked the gemmogenesis zone,
rhizogenesis and vascular bundles. In the analysis of non-morphogenic calluses of wheat it
was noted that small, "densely packed" meristematic cells was very small. Callus formed
unorganized situated cells having different shapes. Among them there were many
denuclearized cells and cells with uncolored cytoplasm, presumably dead.

Observations of the development of embryos of species and hybrids of wheat in vitro
show differences by callusogenesis, morphogenesis, and the percentage of plant regeneration.
It is noted that T.kiharae blocked callusogenesis.

A pronounced effect of superiority of hybrid forms in relation to the parent in terms of
regenerative capacity and also a straight regeneration from immature embryos hybrids,
bypassing the stage of callusogenesis were shown. The fact that the variety and species of
wheat differ significantly by their ability to morphogenesis and regeneration, confirms the
existence of the genetic control systems of these traits.
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IIYTHU PAZBUTHUSA MUKPOCIIOP INIIIEHUIBI IN VITRO U TPOLECCHI
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Hucmumym unscenepuu blcoKUX mexHono2ull,
HAO «Kazaxckuil HayuoHanvbHulil ucCc1e008amenbCKull mexXHUYecKull yHugepcumem
um. K.U. Camnaesay, Anmamol, Kazaxcman
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[IpoGneme pa3BUTHIO MUKPOCIOp in Vitro, W3y4EHHIO MHPOLECCOB Mop(oreHesa u
pereHepalnyy pacTeHUH U pa3padOTKe rarionJHOW OMOTEXHOJIOTHMH IMIICHUIbI MOCBSIIEHO
MHOTO pabot (Zeng, Ouyang, 1980; Sunderland, 1984; batsiruna, 1986; Kpyrmnosa, 2002).
OpHako, 3TH MCCIEOBAHUS HE JalM OJIHO3HAYHOIO OTBETa Ha BOMNPOC O MyTSIX Pa3BUTHUSA
MHUKPOCIIOp in vitro. B HalmMX HCCIENOBaHUAX IYyTEW pPa3BUTUSA MUKPOCIOpP MIIECHHUIBI in
vitro B mporiecc JeneHust Oblio BopieueHo 6osee 70 % mukpocnop. OAHAKO 4acTh U3 HUX Ha
HAYaJIbHBIX CPOKaX KyJIbTUBHPOBAHMS Havyajau JEr€HEepUpOBaTh WIM IPUOCTAHABINBAIU CBOE
nanpHeimee pazpurtue. [lo pesynbprataMm NmepBOro MUTOTHYECKOIO AEJeHHs, 0Opa3yroluecs
CTPYKTYpPbl MOXHO OBLJIO MOJPA3IeNiTh MO pa3MepaM KIETKH, IUIOTHOCTH U MHTEHCUBHOCTH
okpamuBaHusi. B mepBoMm cnyuyae (myTh A) 0Opa3oBBIBATIHMCH JBE «HEPaBHBIEY» KIIETKH,
KOTOpBIE TI0 pa3MepaM M IUIOTHOCTH OKPALIMBAHUS PAa3IHYAIUCh MEXIy co0oil. OHU ObuH
YCIOBHO KJacCU(UIMPOBAHbI HAa BEreTaTUBHbIC (KPYNMHbIE M MHTEHCHBHO OKpAIlEHHBIE) U
reHepaTUBHbIE (MenKue) kineTku. Bo Bropom citydae (myTh B) mociie nepBoro MUTOTHYECKOTO
JieNieHusl 00pa30oBBIBATMCH «PaBHBIE» KJIETKHM, KOTOpbIE HE Pa3IUyYaIMCh MEXIy CO0OM Mo
pa3MepaMm, IUIOTHOCTM W HMHTEHCUBHOCTH oOKpamwuBaHus. Ilo pesynpraraM Hammx
HaOJr01eHUI B pa3BUTHH MUKPOCIIOP MIIEHULBI, BO3SMOXHO U Y IPYTHX KYJbTYp, CYLIECTBYET
U TPEeTUH IyThb, Ha3BaHHBbIM HaMH, KaKk 3MOPHOMAOIEHHBIM NMyTh pa3BuTus - myTh E. [lpu
pPasBUTHM MHKpOCHOp N0 MyTH E mpoucxomuT neneHue KIETOK MEPUCTEMHOro THIA ¢
oOpa3oBaHHEM HMOPHOHIOB W MOP(OTCHHBIX KAJUTyCOB, CIIOCOOHBIX K pereHeparuu
pactenuii (AnanusieB u ap., 2003). Ha Ham B3risi1, UMEHHO pa3BUTHE MHUKpPOCTIOp 1o myTu E
ornpezesnseT NepeKIYeHNe NPOrpaMMBbl pa3BUTHsI C TaMETO(MUTHOTO Ha CIIOPOPUTHBIN MyTh.
[Ipu sToM MHOrAa HaOIIOAAICS SHIOMMTO3 BO BpPEMs IEPBOTO MUTOTHYECKOTO JEJICHUS,
KOTOPO€ MOKET ObITh UCTOYHMKOM JUTAIJIOUTHBIX SMOPUOUIOB U KAJUTYCHBIX CTPYKTYp. [lo
pe3yabTataM IMTO3MOPHUOJIOTHYECKUX MCCIEIOBAHUM HAaMH COCTaBJieHa cXema IyTel
JIEJIEHUs. MUKpocHop mueHunsl in  vitro (AnanusieB, 2003). Kak mnpasuno, npu
KyJIbTUBUPOBAHUN MHUKPOCIIOP in Vitro, MOXKHO BCTPETUTh C Pa3IMYHOM YacTOTOM, BCE MyTH
pa3Butua. Bo3aMOXHO, MEXly pa3IMYHBIMU MYTSIMU Pa3BUTHUS CYIIECTBYET KOHKYPEHIIMSI, YTO
HOBBIIIAET BEPOSITHOCTh CYILECTBOBAHUS MEXaHM3Ma PEryjsldd HpoleccaMu JAEJIeHUs U
Pa3BUTHSI MUKPOCIIOP in Vitro.

Takum o00pa3zoM, NepBO€ MHUTOTHYECKOE JAEIEHHE MHUKPOCIOp in Vitro SBIAETCS
KPUTUYECKHM TI€PHOJOM, KOTOPBIA ONpeAessieT B JalbHEHIIeM MOp(OreHeTHYEeCKyIo
noreHnuoo. Pa3Butue Mukpocnop in vitro no nytu E sBisiercs caMbIM OJaronpusTHBIM IS
ObicTporo o0Opa3zoBaHMs 3MOpPUOMIOB, KOTOpble (opmupyrorcs yxke Ha 18-23 neHp
KyJIbTUBUPOBAHMUSA, YTO CHOCOOCTBYET (OPMHUPOBAHUIO CIIOHTAHHBIX T'OMO3UTOTHBIX
JUTaIJIOUIHBIX PaCTEHUI-PEreHEPAHTOB B PE3YJIHTATE 3HIOMUTO3A.
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A great number of researches were devoted to the problem of microspores development
in vitro, and to the study of the processes of morphogenesis and regeneration of plants and
development of haploid biotechnology of wheat (Zeng, Ouyang 1980, Sunderland, 1984,
Batygina, 1986, Kruglova, 2002). However, these researches haven't given a definite answer
to a question of pathways of development of wheat microspores in vitro. In our researches of
pathways of development of wheat microspores in vitro more than 70% microspores were
involved into the division process. However the part of them at initial stages of cultivation
started to degenerate or stopped their further development at various stages of cellular
division. According to the results of the first mitotic division, the forming structures could be
subdivided by the cell sizes, density and intensity of coloring. In the first case (A) two
"unequal" cells were formed and they differed by sizes and density of coloring. They were
conditionally classified on vegetative (large and intensively colored) and generative (small)
cells. In the second case (B) after the first mitotic division the "equal" cells which did not
differ by the sizes, density and intensity of coloring were formed. According to the results of
our observation in development of wheat microspores there is a pathway we called
embryoidogenic pathway of development (E), it is possible that other cultures also possess the
third way. In our opinion, exactly this way (E) of development of wheat microspores
determines switching over the development program from the gametophytic into the
sporophytic pathway. At the same time endomitosis was sometimes observed during the first
mitotic division that could be a source of doubled haploid embryoids and callus structures. By
the results of cytoembryological researches we constituted the scheme of pathways of division
of wheat microspores in vitro (Anapiyaev, 2003). As a rule, in case of microspores cultivation
in vitro, it is possible to observe all pathways of development with various frequency.
Perhaps, there is a competition between various pathways of development that increases
probability of existence of the mechanism of regulation of the processes of division and
development of microspores in vitro.

Thus, the first mitotic division of wheat microspores in vitro is the critical period
which later defines a morphogenetic potentiality. Development of microspores in vitro in the
E pathway is the most favorable for quick formation of embryoids which are formed for 18-
23 days of cultivation and promotes the formation of spontaneous homozygous doubled
haploid regenerant-plants as a result of the endomitosis.
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OpxuaHble [aBHO MPHUBICKAIOT JIOOWTENEH W YYEHBIX HE TONBKO KaK BBICOKO
JICKOPATUBHBIE PAaCTEHUs, HO U KaK MHTEpeCHbIe OOBEKTHI s n3ydeHus. OHU OTHOCSATCS K
penkuM pacteHussM U BHeceHbl B Ilpunoxenune CUTEC. B Kpacuyio Kuury PO (2008)
BKJIIOUEHBI 65 BUAOB OpxuaHbIX U3 146, mpouspactatomux B Poccun. Ilpaktuuecku Bce
JTUKOPACTYIIME BUABI PACTCHHH OTHOCATCS K OHMOIIOTMYECKUM pecypcaM M MpPeICTaBISIOT
c000M BaXKHYIO YaCTh CHIPhEBOTO MoTeHrana Poccun. OqHoit u3 3a1a4 B iesie COXpaHESHUS U
pacimpeHusi OuopecypcHoil 0a3bl sBisieTcs pa3paboTKa TEXHOJNOTHH JUis Tmepexoja oT
U3BATUSL OMOJIOTHYECKUX OOBEKTOB W3 MPUPOIHBIX MOMYJSIHA K WX KyJIBTHBHPOBAHHIO
(buonornueckue pecypcel P®, http:/www.sevin.ru/bioresrus/). Cnpoc Ha OuocbhIpbe
OpPXMJIHBIX CYIIECTBYET, HO OH HE MOXKET ObITh Yy/OBJIETBOpPEH. Bo-mepBhiX, BCieICTBUE
OUYeHb JIUTENBHOTO MEpHOa BO30OHOBIEHHUSI OHOpecypca MPUPOIHbIE UCTOYHUKU OBICTPO
3aKaHYMBAIOTCA. BO-BTOpBIX, HE cymecTByeT 3(PPEKTUBHBIX TEXHOJOTHHA KyJIbTHUBUPOBAHHUS.
Pa3paboTka Takux TEXHOJOTHI HEBO3MOKHA 0€3 JeTaJbHBIX UCCIIEIOBAaHUI OMOJIOTH PEAKUX
TaKCOHOB, B 0COOEHHOCTHU PENPOTYKTUBHOU OMOJIOTHH.

B teuenne mnurensHoro nepuona BpeMenn B bBUH PAH npoBoautcs kommiiekcHoe
u3yyeHHe OMOJIOTMH OPXUAHBIX, C WCIOJB30BAaHUEM TPAJUIMOHHBIX M COBPEMEHHBIX
METO/I0B CHCTEMATHKH, IMOpPHOJIOTHH U reHeTuku. MccnenoBanus no 2000 r. 3arparuBaiu
BOTIPOCHI ONTHMH3AIMNA METOIUK KYJIbTUBUPOBAHUS in Vitro, yCTaHOBIICHUS (HaKTOPOB,
BIIMSIONINX Ha MPOLEHT MPOpacTaHUsi CEMSH OPXHUIHBIX, M3ydeHHe MopdoreHesa cemMsH U
npopocTkoB opxuaHbix. MccnenoBanus B nepuoa 2000-2007 rr. ObLIH CKOHIICHTPUPOBAHBI
Ha W3YYCHUU TETEPOTCHHOCTH CEMSIH M CEMEHHOTrO IOTOMCTBA, CHUCTEMbl ONBLICHHUS U
CKpEIIMBAHUS, HAa YCTAaHOBJIEHUM pa3IMuuil B pa3BUTHUM DPACTEHUH, pa3BUBAIOIIUXCS B
KyJbType in vitro u ecrecTBeHHBIX ycnoBusx. C 2007 roga mo HacTosIiee BpeMs MPOBOIUTCS
PEBU3US BUIOBOTO M BHYTPHBHIOBOTO Pa3sHOOOPA3Hsl, aHATM3UPYIOTCS MPUYUHBI CHIDKEHUS
YUCIIEHHOCTH TOMYJISIIIUNA, U3y4atoTCs OCOOCHHOCTH Pa3MHOKEHUsS U (HaKTOPHI, MPUBOASIINE
K CHI)KCHHIO PEaTbHONH CEMEHHOW MPOJAYKTHBHOCTH (B TOM YHUCIIC MPUYUHBI (HOPMHUPOBAHUS
HEXKM3HECTIOCOOHBIX ~ CEMSIH), BBIBISIOTCA OCOOCHHOCTHM TEHETUYECKOW  CTPYKTYpPBI
OIS, TIPOBOJAMTCS CKPUHUHT M KJIOHUpOBaHHME peakux ¢opm. Ocoboe BHUMaHHE
yaensercs: HauOosee peakuM TakcoHam (Cypripedium shanxiense S. C. Chen, BKIIOYEH B
[punoxenne x KKP®, Dactylorhiza ochroleuca (Wiist. ex Boll.) Holub, Orchis stevenii
Rchb. f.). IIpu ucciaenoBanuy reHETUYECKON CTPYKTYPBI MOMYJISIMIN MPECTaBUTEIEH POIOB
Cypripedium w Dactylorhiza ObUIO TOATBEPKACHO CYyIIECTBOBAHHUE MEXBHUIOBBIX
UHTPOTPECCUBHO  TUOPHUIHBIX  KOMIUIEKCOB,  WACHTU(DUIMPOBAHHBIX  paHee IO
Mopdonorrnueckum TnpusHakam (ABepbsHOB, 1996, 1998, 2000). beutn omucaHbl HOBBIE
KOMILJIEKCHI, 00pa3yIoIIHecs ¢ y9acTHEM PEIKMX TaKCOHOB (Hampumep, Mexay D. ochroleuca
u D. incarnata, mexny C. shanxiense m C. calceolus). V3ydenue uX CTPYKTypbl WU
€CTECTBEHHOI'0 BO30OHOBJICHMUSI, IPOJIOJIKACTCS B HAcCTOsIIee BpeMs. JTa paboTa OTHOCATCS K
(GyHIaMEHTAILHBIM ~ HCCJIEIOBAHUSM  MHKPOABOIIOLIMOHHBIX  MPOIECCOB U (PAKTOPOB,
OTIPENIETIAIOMNX JUHAMUKY OMOpa3HOOOpa3usl.

3a ATUTENbHBIN TEepUoa M3yYeHUs HEKOTOPBIC BHUBI OPXHIHBIX CTaTH MOJCIbHBIMU
00BEeKTaMU Il pEelIeHUsT BaXKHBIX (PYHIAMEHTAIBHBIX BOIPOCOB B 00JacCTH OHOJIOTHH
pa3BUTHUS, OMOTEXHOJIOTHH, TCHETUKH MOMYJISIIUN 1 UCCIETOBAHUS )KUBBIX CHCTEM.

ABtop mpusHarenbHa npod. T.b. bareirmHoit — wHUIMaTOpy paboT 1Mo
KyJIbTUBHUPOBAHUIO [N Vitro CEBEPHBIX BHJOB OpPXHIHBIX B Poccum 3a mpenocTaBlIEHHYIO
BO3MOXXHOCTh IPOBEJCHHS UCCIIEOBAaHUNA U 32 (OPMHUPOBAHHME CETH HAYUHBIX KOHTAKTOB,
KOTOpBIE CYIIECTBYIOT U MOAJIEPKUBAIOTCS 110 HACTOSIIMM JEHB.
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A COMPREHENSIVE STUDY OF THE BIOLOGY OF RARE SPECIES
ORCHID IN THE DEVELOPMENT OF BIOTECHNOLOGICAL METHODS
OF REPRODUCTION
E.V. Andronova
Komarov Botanical Institute RAS, Sankt-Petersburg,
e-mail: elena.andronova@mail.ru

Orchids for a long time have attracted lovers and scientists not only as a highly
ornamental plant, but as interesting objects of study. They belong to the rare plants listed in
the CITES Appendix. 65 of the 146 species of orchids growing in Russia are included in Red
Book of the Russian Federation (2008). Virtually all wild plant species refer to the biological
resources and represent an important part of the raw materials potential of Russia. One of the
objectives in the conservation and expansion of bio-resource base is the development of
technologies for the transition from removing of biological objects from natural populations
to  their cultivation  (Biological resources of the Russian  Federation,
http://www.sevin.ru/bioresrus/). The demand for biological raw materials of orchids exist, but
it can't be satisfied. Firstly, there is a very long period of resumption of bio- resource, so the
natural sources are rapidly running out. Secondly, there is no technology of cultivation. The
development of such technologies is impossible without detailed studies of the biology of rare
taxa, especially reproductive biology.

For a long period in the Komarov Botanical Institute a comprehensive study of the
biology of orchids, using traditional and modern methods of systematics, embryology and
genetics was conducted. Prior to 2000 the studies addressed the issues of optimization of
methods of in vitro cultivation, establishment of the factors influencing the germination
percentage of seeds of orchids, the study of the morphogenesis of seeds and seedlings of
orchids. The studies in the period of 2000-2007 focused on the reseach of heterogeneity of
seeds and seed progeny, pollination system and crossing, on the establishment of differences
in plant development, forming in vitro and in vivo. From 2007 to the present time the revision
of specific and intraspecific diversity, analyzis of reasons of the populations decline,
investigations of the characteristic features of propagation and the factors leading to the
decline in real seed productivity (including the reasons for the formation of nonviable seeds),
the revealing of peculiarities of genetic structure in populations, the selection and cloning of
rare forms were carried out. Special attention is given to the most rare taxa (Cypripedium
shanxiense S. C. Chen, Dactylorhiza ochroleuca (Wiist. ex Boll.) Holub, Orchis stevenii
Rchb. f.). In the study of the genetic structure of populations of the genera Cypripedium and
Dactylorhiza, the existence of interspecific introgressive hybrid complexes previously
described according to their morphology (Averianov, 1996, 1998, 2000) was confirmed. The
new complexes formed with participation of rare taxa (between D. ochroleuca and D.
incarnata; between C. shanxiense and C. calceolus) were described. The study of their
structure and natural regeneration is currently ongoing. This work includes fundamental
studies of microevolutionary processes and factors determining the dynamics of biodiversity.

Over a long period of study of some orchids species have become a model objects for
the solution important fundamental questions in the field of developmental biology,
biotechnology, genetics of populations, studies of living systems.

The author is grateful to Professor T. B. Batygina — the initiator of the works on in vitro
culture of the orchids northern species in Russia, for the opportunity to conduct research and
for the formation of a network of scientific contacts that exist and are maintained to this day.
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OCOBEHHOCTU CTPOEHUA IIBIJIBHUKA Y HEKOTOPBIX BUIOB
KALANCHOE (CRASSULACEAE) B YCJIOBUAX UHTPOAYKIUU
I''M. AHucumoBa
bomanuueckuii uncmumym um. B.JI. Komaposa PAH, Canxm-Ilemepoype
e-mail: galina0353@mail.ru’

W3yyeno ctpoeHue nbuibHUKA y 5 BUAOB poaa Kalanchoe: K. laxiflora, K. nyikae, K.
rosei, K. rotundifolia, K.tubiflora (cem. Crassulaceae). Marepuasiom sl WUCCIICTOBaHUS
MOCTYKUJIM PacTeHHs, Tpou3pacTarolue B opamwxkepesx boranuueckoro caga uMm. Iletpa
Bemukoro BMUH PAH. B teuenue 2009-2016 rr. HaMM NOPOBOJUTCS MOHUTOPHUHI I10
BBISIBJICHUIO ~ OCOOEHHOCTEH OpraHM3alii  PEeMpOAYKTUBHBIX CTPYKTYp  Ji OIICHKHU
YCIIENTHOCTH AJaNTallid pPACTEHWH B YCJIOBUSAX WHTPOAYKIUM W BO3MOXHOCTH UX
MPOAYLIUPOBATH KUZHECTIOCOOHBIE CEMEHA.

[IpoBeneHHOE WCCIeNOBaHMWE TIOKA3aj0, YTO B3SATHIC BHIBI XapaKTEPU3YIOTCA Kak
yepTaMu CXOJACTBa, Tak W paznuuus. CXOACTBO MPOSBISETCS, MpEXAe Bcero, B oOmei
CTPYKTYpE aHIPOIEes U MBUIbHUKA. AHAPOLEH COCTOUT U3 8 THIYMHOK, PACIIONIOKEHHBIX B 2
Kpyra, KOTOpbIE MPHUKPEIUIAIOTCS K BHYTPEHHEW CTOPOHE HWKHEM 4YacTH  BEHYHKA.
[TebHUKYM  4-THE3IHBIE, BCKPBIBAIOTCS JABYMS TPOMOJBHBIMU InemsiMu. DopMupoBaHHE
CTCHKM TMBUIBHUKA TPOUCXOAUT TIO THUIy JBYAOJNBHBIX, WU LEHTPOOCIKHOMY THILY.
CdhopmupoBaHHas CTEHKAa COCTOWUT W3 SMHIEPMHUCA, SHAOTENHsA, |-4 cpeaHuX CcIoeB U
taneTyma. Kierku snuaepmuca HeOONBIIMX pa3MepoB. B mporecce pa3BUTHS OHU
BBITATHBAIOTCS B AHTHKIMHAJILHOM  HAIPaBIICHHH, Opd OSTOM WX BHYTPECHHHUE
NEPUKIIMHATBHBIC U AHTUKIMHAIBHBIE CTEHKU YTOJIIAIOTCS, a Ha HAPYKHBIX TAHT€HTAJIbHBIX
OTKJIQIBIBACTCS TOJICTBIA CJIOM KYTHUKYJIBI. TameTyM ceKpeTOpHbIN, 00pa3oBaH, KaK MpPaBHUIIO,
OJTHOS,ACPHBIMU KiIeTKamMH. K MOMEHTY BCKPBIBaHHUS CPEIHHE CIIOM U TAaleTyM pa3pyIIalOTCs.
Paznuuns B cTpoeHNH MBUTBHUKA KAacAIOTCs Yncia cpeHux cioes: 1-2'y K. rotundifolia, 2 'y
K. laxiflora, 2-3 y K. nyikae n K. rosei, 2-4 y K.tubiflora. V3y4eHHbIE BUIbI pa3InyaloTCs
TakKe  CTpoeHWueM KieTok sHuoteuus. Y K.tubiflora w K. rotundifolia ¢ubGpo3Hbie
VTOJIIEHUS B HUX O0pa3yloTcs MOYTH MO BCEHl CTEHKE MHUKPOCIOpAHTUS 10 001acTu
CTOMHUYMa U B €€ CpEIHEH 4YacTH HAaKaILIMBAIOTCS TAHWHBI. VY K.laxiflora n K. rosei
¢bubpo3HBIE YTONIIECHUS U TAHUHBI OOHAPYKUBAIOTCSI B OOJIBITMHCTBE KJIETOK YHAOTEIHS, 3a
UCKITIOUeHHEeM obOsactu cromuyma. Y K. myikae TaHWHBI BBIBISIOTCS TOJBKO B KIIETKaX
SHAOTEIMS BOIN3U CBA3HUKA.

Cnoporennass TkaHb 2-3-ciioiiHas ~ MuKkpocmnoporeHes 3aBepiiacTcsi 00pa3oBaHHEM
TETpa’pajbHbIX, PEXe H300MIaTepaIbHBIX TETpaj. 3pelible NbUIbIEBbIE 3€pHAa OBaJIbHO-
IPOJIOJITOBAThIE, OJJUHOYHBIE, 2-KJIeTOYHbIe. Hapsiny ¢ THMTHYHBIME OOHAPYKEHBI MBUIbLIEBBIC
3epHa, KOTOpbIE OTJIMYAIOTCS CTPOCHHEM M, KaK MpaBUJIO, MEHBIIMMU pa3MepaMu.
WHTerpanbHBIM  MOKa3aTesIeM PENpOAYKTUBHOTO COCTOSIHUS MYXKCKHX 3MOPHOHAIBHBIX
CTPYKTYD SBJIIETCS OIICHKA KayecTBa MbUIIIEBBIX 3€PEH: €€ 3HAUCHUS MPU IPOpaIlMBaHUU Ha
MUTATENBLHOU cpeie paznu4uarotcs oT Hu3kux y K. tubiflora (34.34%), cpeqaux y K. rosei
(46, 7%) u K. laxiflora (52.49%) no Bbicokux y K. nyikae u K. rotundifolia (81.29%). Takxum
o0pa3oM, TpM MPOTHO3ZUPOBAHUM CEMEHHOH TNPOIYKTHBHOCTH W3YYECHHBIX pPAaCTCHHUH
HEOOXOJMMO YUUTHIBaTh IMOKa3aTean (PepTUIBHOCTH MbUIbLIBI.
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PECULIARITIES OF ANTHER STRUCTURE IN SOME SPECIES OF
KALANCHOE (CRASSULACEAE) UNDER INTRODUCTION
G.M. Anisimova
Komarov Botanical Institute of the Russian Academy of Sciences, Saint-Petersburg
e-mail: galina0353@mail.ru

The structure of the anther in 5 species of the genus Kalanchoe: K. laxiflora, K. nyikae,
K. rosei, K. rotundifolia, K.tubiflora (Crassulaceae family) was investigated. The material for
the study was collected from the plants growing in the greenhouses of the Great Peter
Botanical Garden of Komarov Botanical Institute (BIN RAS). During 2009-2016 years we
monitored to identify the features of reproductive structures organization to assess the success
of plant adaptation in the conditions of their introduction and the possibility to produce viable
seeds.

The investigation showed that the species studied are characterized both by similarities
and differences. Similarity is manifested primarily in the structure of androecium and anther.
Androecium consists of 8 stamens, arranged in 2 circles, which are attached to the inner side
of the lower part of the corolla. Anthers are 4-sporangiate, opened two longitudinal slots.
Formation of the anther wall occurs by dicotyledonous type or centrifugal type. Formed wall
consists of epidermis, endothecium, 1-4 middle layers and tapetum. Epidermal cells have
small size. In the process of development, they are drawn in anticlinal direction, while their
internal periclinal and anticlinal walls are thicken, a thick layer of cuticle is deposited on the
outer tangential wall. Secretory tapetum is usually formed by uninuclear cells. By the time of
anther dehiscence the middle layers and tapetum are destroyed. Differences in the anther
structure concern the number of middle layers: 1-2 in K. rotundifolia, 2 in K. laxiflora, 2-3 in
K. nyikae and K. rosei, 2-4 in K.tubiflora. The species studied are also differed in the structure
of endothecial cells. In K.tubiflora and K. rotundifolia fibrous thickening in them are almost
formed the entire microsporangium wall up to the stomium area and tannins are accumulated
in its middle part. In K./axiflora and K. rosei fibrous thickening and tannins found in most
endothecium cells, except for the stomium. In K. nyikae the tannins are revealed only in the
cells of endothecium near the connective.

Sporogenous tissue is 2-3-layered. Microsporogenesis is completed by the formation of
tetrahedral, rarely isobilateral tetrads of microspores. Mature pollen grains are ovate-oblong,
single, bicellular. In addition to typical pollen grains we found pollen grains of different
structure which are generally smaller in size. Pollen grain quality assessment is the integral
indicator of reproductive status of male embryonal structures: its value at germination on the
medium differs from the low in K.tubiflora (34.34%), medium at K. rosei (46, 7%) and
K.laxiflora (52.49% ) to high in K. nyikae and K. rotundifolia (81.29%). Thus, in the
prediction of seed productivity of the plants studied indicators of pollen fertility must be taken
into account.
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METOJAbI NOJYYEHUSA I'AIIVIOUIOB Y KYKYPY3bl HA OCHOBE
HACJIEAYEMOI'O U HEHACJIEAYEMOI'O TAPTEHOI'EHE3A
H.B. Ananacosa, O.B. I'yropoBa
Hayuonanvnouii uccneoosamenvcxuti Capamosckuti 20cy0apcmeeHHblil YHUgepcumem
umenu H.I". Yepuviuescxkoeo, Capamos
e-mail: apanasova.natasha@mail.ru, olga.gutorova@mail.ru

lamnmounpl  ABNAIOTCS ~ LEHHBIM ~ MaTepUajJoM  JUIs  PEIIEHUs  Pa3InYHBIX
(yHIaMEHTaJIbHBIX U MPUKJIAIHBIX 337a4 TeHETHUKHU U CeJIeKIUH. B cBs3u ¢ TeM, 4To B HOpMe
rarion/ibl BCTpevaroTcs ¢ 04eHb Hu3koi yactotoi (1:1000), paspaboTka pa3IudHbIX METO/I0B
HOBBIIIEHUsS] YaCTOThl UX OOpa3oBaHMs SIBIISETCS aKTyalbHOW. BbiienstoT HaciexyeMblil u
HEHaclneAyeMbld  (MHIyUMpOBaHHBIM)  mapTeHoreHe3. B oboumx  ciydasx — u3
HEOIUIOJOTBOPEHHON SAWLEKIETKA € PEAyLUPOBAaHHBIM YHUCIOM XpOMOCOM Ppa3BUBAECTCS
TarIONIHbIN 3apOoJIbIll MATEPUHCKOIO TUIIA, T. €. MATPOKJIMHHBIN ramion]. JINHUN KyKypy3bl
C HacjelyeMbIM MapTEHOI€HE30M CTa0MJIBHO COXPAHSIOT JaHHBINA MPU3HAK B MOCIETYIOIUX
MOKOJIEHUSIX M MOTYT CIIy>)KUThb MaT€pUajioM [Jsl CO3[aHUsl JIMHUI ¢ HepeayLHPOBAHHBIM
(IumIonIHBIM) anmoMuKcUcoM. HeHacrenyeMblii mapTeHOTeHe3 MOXKET ObITh MHAYLMPOBAH
NPy ONBUICHWH PACTEHUH NBUIBION JIHMHUK-TAIUIOMHAYKTOpoB. Henacnemyembie ¢Gopmbl
ramIonuM 11eJ1eco00pa3HO MCIOIb30BaTh JAJS IMOJyYEHHUs] YMCTBIX JUHUHA. OTCYTCTBHE Y
CO3JaHHBIX JIMHUN CKJIOHHOCTH K IapTEHOreHe3y IO03BOJseT H30eXaTb BO3HUKHOBEHUS
raruIONIOB B II0JIE€ U CHUKEHUS YPOKAHHOCTH.

Llenpto nmaHHOW pa®oOTHl OBUIO CO3MAHWE HOBBIX YHHUBEPCAIBHBIX TI'€HETHYCCKH
MapKUPOBAaHHBIX JIMHUN KyKypy3bl (IIapTEHOI€HETUYECKUX M TalIOMHAYLHMPYIOUMX) s
MOJyYEHUsI MATPOKJIMHHBIX TaIUIOMJOB C BBICOKMMHM YacTOTaMU. MapkupoBaHHE JUHUI
JIOMUHAHTHBIMU U PEIIECCUBHBIMU I'€HAMU OOJErduT OTOOp rariouJ0B CPEeAu MOTOMCTBA U
MO3BOJIUT BIOPAKOBBIBATH JUILIONIHbBIE THOPUIBI Ja’Ke HA CTaIUU CYXHX 3€PHOBOK.

Vcnonb3ys UTOAMOPHUOIOTHYECKUN aHaJIN3 U METObI MOACYETa YacTOT TaIUIOUANU U
NOJMAMOPHUOHNHN, B TIOTOMCTBE THOpuaa mexay JmHusmMu TM (tectep Manrenscnopda,
MapKUpPOBAaHHBIA PEIIECCUBHBIMU T'€HAMH) W TMapTeHOreHeTndyeckod mauHued AT-1, Obuin
O0TOOpaHbl BapUaHTHl C BBICOKOW 4YaCTOTOM HacileAyeMoro napreHoreHesa. Ha mx ocHoBe
Obula MoJyyeHa rpynma mnapreHoreHetndeckux JuHuii ATTM, MapKupoBaHHBIX
pELUECCUBHBIMU T'€HAMM U, XapaKTepU3YIOIIMXCS  BBICOKOM  4YacTOTOM  pa3BUTUA
HapTEeHOr€HeTHUeCKuX 3apoabiieil (10 7%). JlaHHble TMHUN MOTYT OBITh MCIIOJIB30BaHbI IS
IIPOBEJICHUS] T€HETUYECKOI0 aHaln3a, COXPaHEHUs] YUCTOThl MaTepuaia, odjaeryeHus: oroopa
B PAaCHICIUIAIOIIEMCS IIOTOMCTBE, CO3JAHMs HOBBIX IAPTCHOTCHETUYECKUX JIMHUM U APYTHX
Lesen.

Ha ocHoBe co3znanHbIX coTpyaHuKaMu CapaTOBCKOrO rOCyJapCTBEHHOTO YHUBEPCUTETA
raIONHAYHUPYIOMUX JIMHUM B pe3ylibTaTe MHOTOJIETHEr0 oTOOopa Obula co3faHa rpymmna
muanit 3MC-I1, MapkupOBaHHBIX JOMUHAHTHBIMU T€HAMH OKPACKH 3apO/ibllia, YHA0CTIEPMA U
BEreTaTUBHBIX OpPraHoB. PacTeHus 3acyX0yCTONYMBBI, UTO MO3BOJISET YCIEIIHO UCIIOIb30BaTh
ux B ycinoBuax Hwxknero IloBomkpa. YacToTa BO3HMKHOBEHMs TalUIOMIOB IIPU
WCIIOJIb30BAaHUU JAHHBIX JMHUW B KadecTBE ONbUIMTENs MoxeT pocturath 10%. 3to
MO3BOJIACT IOJIy4aTh raluIOUAbl B KOJMYECTBE, JOCTATOYHOM ISl IIPOBEIACHUS PA3INYHBIX
CEJIEKLIMOHHBIX paboT.
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METHODS OF CORN HAPLOIDS PRODUCTION ON THE BASIS OF THE
HERITABLE AND NONHERITABLE PARTHENOGENESIS
N.V. Apanasova, O.V. Gutorova
National Research Saratov State University by N.G. Chernyshevsky, Saratov
e-mail: apanasova.natasha@mail.ru, olga.gutorova@mail.ru

Haploids are a valuable material for the decision of various genetics and selection
fundamental and applied problems. In connection with that in norm haploids meets with very
low frequency (1:1000), development of various methods to increase haploids frequency is
important. The heritable and nonheritable (induced) parthenogenesis are distinguished. In
both cases haploid embryo of maternal type, i.e. matroclinal haploid develops from an
unfertilized egg cell with the reduced chromosome number. Maize lines with a heritable
parthenogenesis keeps stable the given trait in following generations and can serve as stuff for
building lines with nonreduced (diploid) apomixis. The nonheritable parthenogenesis can be
induced by plants pollination with haploinducing lines pollen. Nonheritable haploidy forms
are reasonable for using for pure lines reception. Absence of tendency to a parthenogenesis at
the created lines allows to avoid haploids originating in field and decreasing in productivity.

The purpose of the work given was the creating of a new universal genetical marked
maize lines (parthenogenetic and haploinducing) for matroclinal haploids reception with high
frequencies. Marking of lines by dominant and recessive genes will facilitate haploids
screening in progeny and allow culling the diploid hybrids even at a stage of dry corn seeds.

Using cytoembryological analysis and methods of haploidy and polyembryony
frequencies calculation, in progeny of the hybrid between lines TM (tester of Mangelsdorf,
marked by recessive genes) and parthenogenetic line AT-1, variants with high frequency of a
heritable parthenogenesis have been taken. On their basis the bunch of the parthenogenetic
lines ATTM marked by recessive genes and described by high frequency of parthenogenetic
embryo development (up to 7 %) has been received. The given lines can be used for carrying
out genetical analysis, material purity conservation, simplification of selection in segregated
progeny, creating of new parthenogenetic lines and other purposes.

On the basis of haploinducing lines created by Saratov state university researchers as a
result of perennial selection the bunch of lines ZMS-P, marked by dominant genes of embryo,
endosperm and vegetative organs coloration had been created. Plants are drought-resistant,
that allows using them successfully in the conditions of the Nizhny Volga region. Frequency
of haploids appearance using the given lines as the pollinators can reach 10 %. It allows
receiving haploids in amount, sufficient for carrying out various selection works.
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HEKOTOPBIE ACIIEKTBI HAJIE)KHOCTHY PEITPOJITYKTUBHOM
CUCTEMBI Y POJOAEHAPOHOB (RHODODENDRON L.)
A.A. baopo
bomanuueckuii uncmumym um. B.JI. Komaposa PAH, Canxkm-Ilemepoype
e-mail: ABabro@binran.ru

[TpuHIMI LETOCTHOCTH M MEXAaHU3MOB CHCTEMBl HAAEXKHOCTH — PE3EpPBbI, OTKa3bI,
amnornTo3, KIOHUPOBAaHUE, NEPEKIIIOUEHUE MTPOrPaMM Pa3BUTHSI - BXOJIUT B YHCIO OCHOBHBIX
NpUHLUIIOB (OpMUPOBaHUS cucTeM penponykiun (bateiruna, 2013).

HccnenoBanne 3MOpPHOJIOTHMM PACTEHUI C y4eTOM TEOPUM HAJEKHOCTH IpHUOOpeTaeT
ocoboe 3HaueHHE IMpH BBIPALIMBAHUU B YCIOBHUAX HMHTPOAYKLHHU, KOT/a HOBBIE YCIOBHUS
IPOU3pACTaHMsI, B TOM YHUCIIE BO BPEMs KPUTHUECKHUX NEPUOJ0B PA3BUTHUS PEIPOIYKTHUBHBIX
CTPYKTYp, 3a4acTylO BbI3bIBAaIOT OOJIbIlIE OTKA30B HAa Pa3lIMYHBIX dTalax pa3BUTHSA, YEM 3TO
OpoucXoauT B npupoje. OIHAKO MNpU YCHEIIHOM MHTPOAYKIUH CHCTEMAa HAJIEKHOCTH
pacTeHus 3a CUET pa3lIMYHbIX PE3EpBOB 0OECIEUMBAET CEMEHHOE PAa3MHOXKEHHUE. YCIIOBUS,
BBIXO/SIIIIME 32 MPEAEIbl AEUCTBUS CUCTEMbI HAaJIS)KHOCTH JAHHOTO BUIA, IPUBOJAT K OTKa3y
Ha COOTBETCTBYIOIIEH CTaguM pPa3BUTUSA U, B KOHEYHOM HUTOr€, OTCYTCTBHIO CEMEHHOIO
MOTOMCTBA.

VY pononenapoHoB (Ha npumepe R. schlippenbachii u R. luteum) B 60TaHUYECKUX Caax
Canxkr-IlerepOypra ObII BBISABICH PSAJ PE3EPBOB HA CTATUSIX MUKPOCIOPOTEHE3a, IBETCHHS,
OTIBUICHUSI, TPOPACTAHUSA U IPYTHX.

VY R. schlippenbachii aunpoueit npeacrasieH 10 ThIMUHKaAMU, CPEAN KOTOPHIX MOKHO
BBIJICJIUTh JIBE€ TPYNIBI — MMEIOLIME OOJIBLIYI0 AJIMHY ¢ abaKCHalbHOM CTOPOHBI IIBETKA,
MMEIOLINE MEHBIIYIO IJTUHY — C aJJaKCUaIbHOM.

CyliecTBeHHbIE  pa3inuMs MEXIy HUMH KacaloTCsl BpPEMEHHM JOCTH)KEHUS
MHUKpPOCIIOPAMHM OJHOM W3 KPUTHUYECKUX CTaJAWM — CTAaJuM CHIBHOBAKYOJIM3UPOBAHHOMN
MHUKPOCIIOpPBI, KOTJJa 0COOEHHO BeJIMKa BepOSITHOCTh 0TKa3a. B ycnoBusx Caunkr-IlerepOypra
MHUKpPOCTIOPHI B a0aKCHaJIbHBIX ThIYMHKAX JOCTUTAIOT JAHHOW KPUTHYECKON CTaIuM MO3THEN
OCEHBI0 M OCTAlOTCS HAa HEHl B TEYEHUE 3MMBbI, YTO NPUBOIUT K OOJBIIOMY KOJHYECTBY
OTKa30B, MPOSIBISIOIINXCS B pa3pyLIEHUU sipa U LUTOIJIA3Mbl. 3a CYET aCHUHXPOHHOCTU B
Pa3sBUTHU MHUKPOCHOPHI B NBUIBHUKAX aJaKCHAIBHBIX THIYMHOK BXOJAT B IEPUOJ] 3UMHETO
MIOKOSI TIOCTIE MPOXOXKIACHHUSI MeH03a, HE JIOCTUTHYB YKa3aHHOM CTaJuM, KOTOpas HacCTyIaeT
BECHOH CIIEYIOIIETro To/1a ¥ MPOTEKaeT B 6osiee OJaronpusTHBIX YCIOBHUSX.

Hns BunmoB poma Rhododendron xapaktepna amnoramus. OJHAKO HCCIEIOBAHUE
nokasano, 4To y R.[luteum B KauyecTBe pE3EpBHOM CUCTEMBI CKpELIMBaHHUA Ha
3aKJIIOYUTEIBHBIX ATanax LBETCHHs HAOMoJaeTcss aBToraMmusi. B 3ToMm ciydae ombuieHHE
MOJKET MPOUCXOJIUTh MPHU KOHTAKTE PbUIbLA MECTHKA C IbUIBLION, NONaBIIed Ha BEHYMK U
TBIYMHOYHBIC HUTH.

Taxke omnpeneneHHble pPe3epBbl MOYKHO HAOMIOAATh U B IPOLECCE Pa3BUTHS
CEM3a4aTKOB U CEMSH, IPU IPOPACTAHUU.

bnaronapst nelcTBUIO cHCTEMBl HaJle)KHOCTH B OOJIBLIIMHCTBE CIy4YaeB OIBUICHUE U
3aBSI3bIBAHUE CEMSAH Yy PACCMATPUBAEMBIX BHJIOB BCE XE INPOUCXOIUT, U JIUIIb B PEAKHX
cilydasix, MpU BO3ACHCTBUM (DAKTOPOB, BBIXOASIIMX 3a Ipeesbl ACHCTBUS UX CHCTEMBI
HAJIe)KHOCTH, HAOII01aeTCs MOJTHOE OTCYTCTBHE CEMSH.

W3y4deHune 37€MEHTOB CUCTEMBI Ha/IEKHOCTH Pa3IMUHBIX BHJIOB, BO3MOXKHO, IOMOXET B
OyayIieM OLlEeHUBATh NEPCIEKTUBHOCTh UX WHTPOIYKIMH B T€X MU UHBIX YCIOBUSIX.
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SOME ASPECTS OF REPRODUCTION SYSTEM RELIABILITY
IN RHODODENDRONS (RHODODENDRON L.)
A.A. Babro
Komarov Botanical Institute of the Russian Academy of Sciences, Saint-Petersburg
e-mail: ABabro@binran.ru

The principle of integrity and mechanisms of reliability system - reserves, failures,
apoptosis, cloning and switching over developmental program is one of the main principles of
reproduction systems formation (Batygina, 2013).

Embryological research with the use of reliability theory obtains a special significance
for plants introduction. The new environmental factors often cause more failures in
reproductive structures during all of their developmental stages than it usually being in nature.
Especially these factors affect the plants during their critical periods and stages. However,
when introduction is successful, the seed reproduction is ensured by the reliability system of
the plant species for the expense of some reserves. The conditions, overstepping the limits of
the species’ reliability system, causes the total failure in certain developmental stages and
finally the absence of seed reproduction.

In rhododendrons in Botanical garden of Saint-Petersburg (R. schlippenbachii and R.
luteum were studied) a certain reserves at the stages of microsporogenesis, flowering,
pollination, germination and others were found out.

The androecium in R. schlippenbachii consists of 10 stamens, and two groups of them
can be distinguished — the longer stamens on abaxial side of flower and the shorter ones on
adaxial side.

The essential distinctions between these groups of stamens concern the time of reaching
the highly-vacuolized microspore stage — one of the critical stages when the probability of the
faillure is especially high. In Saint-Petersburg, the microspores in the abaxial stamens’ anthers
reach this critical stage in autumn and keep in it during winter. It causes a lot of failures seen
as nucleus and cytoplasm degeneration. Microspores in the anthers of adaxial stamens enter
the winter dormancy just after the meiosis without reaching this critical stage because of the
asynchronism in microspore development between the groups of stamens. They pass the
highly-vacuolized stage in the spring of the next year, under the more favourable conditions.

Allogamy is characteristic for Rhododendron genus. However, autogamy as a reserve
crossing system in R. luteum is present when flower being fading. Pollination in this case
may occur during contact of the stigma and pollen adhered to corolla and filaments.

Some reserves may be found out also during ovules and seeds development and
germination of seeds.

The knowledge of the elements of plant’s reserves could probably help us to evaluate
the perspectives of its introduction in certain condition.
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CUCTEMBI CTBOJIOBBIX KJIETOK
PACTEHMM Y ’)KUBOTHBIX — OCHOBA PA3BUTHSI, BBIZDKUBAHUS 1
PEITPOAYKIIUU OPTAHU3MA
T.B.EaTmmHal, B.B.McaeBa’
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2HHcmumym npoonem sxonoeuu u 38omoyuu PAH um. A.H. Cesepyosa, Mockaa,
Hncmumym é6uonoeuu mops JIBO PAH um. A.B. KupmyHncrkoeo, Braousocmox
e-mail: vv_isaeva@mail.ru

B »sBomronuM Kaxaoro TakCOHa pPAacTeHMH M JKUBOTHBIX pa3BMIIaCh CBOS CHCTEMa
CTBOJIOBBIX KJIETOK KaK OCHOBa THOKOTO W YCTOHYMBOTO pa3BUTHS, BBDKHBAHUS U
pPENpOAYKIIMKA Ha BCEX CTaAMSIX OHTOreHe3a M >ku3HeHHoro nukia (Batygina, 2010, 2011;
Shukalyuk, Isaeva, 2013). B >kM3HEHHOM LMKJIE PACTEHUH M JKUBOTHBIX, IOMHUMO TOJIOBOTO
mporecca, HepeAko HaOmoJaeTcs araMHas — pEmpoAyKLHUs IyTeM  eCTECTBEHHOTO
KJIOHUPOBaHHUA OpraHu3Ma. MHOXeCTBEHHBbIE MyTH (OPMHUPOBAHMS WHAMBHIA PACTCHHUN
BKJIIOYAIOT MOJIOBYIO PENPOAYKIHIO, apTEHOI'eHe3, IMOPHOUIOTeHUI0 U TeMMOPHU30T€HUIO
(Batygina, 2010, 2011). CriocoObl BO3HUKHOBEHHUS HMHIUBUJA JKUBOTHBIX TaKXe€ BeCbMa
pa3sHOOOpa3HbI: IMOJIOBOE BOCHPOM3BEAECHUE, MAPTEHOTEHE3, MOJUIMOPUOHMS M PA3JIUYHbIE
THUIIBI araMHON PEenpOAyKINH (IOYKOBAHUE U JICIICHUE).

@OyHaMEHTaIbHBIM OTJIMYMEM DPACTEHUH OT JKMBOTHBIX IPH3HaHA CHOCOOHOCTH K
MOJICP’)KaHUI0 TOTUITOTEHTHBIX WIIM TUTIOPUMIOTEHTHBIX CTBOJIOBBIX KJIETOK B T€UCHHE BCEU
xu3Hu (Lohman, 2008; Sablowski, 2010; Ans0ept, Exosa, 2013). Onnako moaaep:kaHue B
TEYeHHWE BCEH JKU3HU  OpraHu3Ma  TOTH/IUTIOPHIIOTEHTHBIX  CTBOJIOBBIX  KJIETOK,
o0ecrneynBarOIMX TOJIOBOE M O€crojioe pa3MHOXKEHHME, XapaKTepHO M MHOTHX
0€ecCIT03BOHOYHBIX KMBOTHBIX, BKIItoUas mpeacraButeneii xopaosbeix (Rinkevich et al., 2009;
Ucaesa, 2010; Shukalyuk, Isaeva, 2012). ¥V pacTeHuii TOTUNIOTEHTHBIE CTBOJIOBBIC KJIETKHU
MOTyT 00pa3oBbIBaThCsl de novo (Anpbept, EsxxoBa, 2013), myrem nemnddepeHunpoBkn
(Lohman, 2008; Batygina, 2011), HO y HEKOTOPBIX KHBOTHBIX OOHapy>kKeHa crenuduxarus
TOTH/TUTIOPUTIOTEHTHBIX KIETOK de novo (cM. Shukalyuk, Isaeva, 2012). OTinuurenbHOM
0COOEHHOCTBIO PAaCTEHUH MPHU3HAHO TAKXKE HAIWYHE T'€HETHUECKUX CHCTEM, MPEKPAIIatoIX
CYIIIECTBOBaHHE ITyJIa CTBOJIOBBIX KIJIETOK, Hampumep, (GuopaibHOl MepucteMsl (AmbOepT,
ExxoBa, 2013), oxHako W Yy JKMBOTHBIX MHOIME TOIMYJISLUN CTBOJIOBBIX KIIETOK
XapaKTepU3YIOTCs dKcTpeccueit crerudpudeckoro Hadopa reroB (Shukalyuk, Isaeva, 2012) u
IPEKpaIlaloT CBOE CYIIECTBOBAHUE B X0JI€ OHTOT'€HE3A.

HoBbIil HMHIMBHA pPACTEHHMS MOXKET pa3BUTbCA M3 OJHOM COMAaTUYECKOM KIIETKH
(Batygina, 1991, 2010; Lohman, 2008; Sablowski, 2010), Torma kak y »HWBOTHBIX TOJIBKO
3UroTa W paHHuE OJIACTOMEpPBhI MOTYT O0ECIeYUTh BOSHUKHOBEHHE IIeJ0ro opranu3ma. [lpu
0ecIioJIOM Pa3MHOKEHUM KMBOTHBIX HOBBIM MHAMBUI WIM 300UJ KOJIOHUU Pa3BUBAETCs U3
KOMILJIEKCa CTBOJIOBBIX KJICTOK, a He W3 eaumHcTBeHHOHM KieTku (Rinkevich et al., 2009;
Hcaesa, 2010). PacTenust oTauyaeT ¥ HEBO3MOKHOCTh aKTUBHOTO TIEPEMEIICHUSI CTBOJIOBBIX
kietok (Gilbert, 2006; Sablowski, 2010).

B03MOXXHOCTh OCYIIECTBICHUSI PENPOAYKTUBHOM CTPATETHH, COUYETAOUIEH IMOJIOBOE U
Oecriooe pa3MHOMKEHHE, KJIETOYHOH OCHOBOM KOTOPOHM CIIy’KaT TOTH/TUTIOPUIIOTEHTHBIE
CTBOJIOBBIE KJIETKH, OTNPEAEISAET CXOACTBO CUCTEM CTBOJIOBBIX KJIETOK PACTEHUM U KUBOTHBIX.
Paznuuus ske TposIBIAIOTCS B CIIOCOOHOCTH K AKTUBHOW TOJBM)KHOCTH CTBOJIOBBIX KIIETOK
JMIIb Y JKUBOTHBIX M K Pa3BUTHUIO KJIOHAJIBHOI'O OpPraHU3Ma U3 OJHOW CTBOJIOBOM KJIETKH
TOJILKO y pacTeHui. CHCTEMBI CTBOJIOBBIX KJIETOK 00ECIIEUYMBAIOT UHIANBH Yy aJIbHOE Pa3BUTHE,
BbDKMBaHME (MOJJEpKHUBas TKAHEBOM TIOMEOCTa3, OCYWIECTBIAS (DU3MOJIIOTUYECKYIO0 U
pemapaTUBHYI0  pETeHEepalMio) U PEeNpoNyKIHMIO, TIOJOBYIO M  aramHyl, BCeX
MHOT'OKJIETOYHBIX OPTaHU3MOB.
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In the evolution of each taxon of plants and animals, their own system of stem cells
developed as a basis of flexible and sustainable development, survival and reproduction at all
stages of ontogeny and life cycle (Batygina, 2010, 2011; Shukalyuk, Isaeva, 2013). In the life
cycle of some plants and animals, in addition to the sexual process, there is agamic
reproduction by the natural cloning of an organism. Multiple pathways of individual plant
formation include sexual reproduction, parthenogenesis, embryoidogeny and
gemmorhizogeny (Batygina, 2010, 2011). The pathways of individual animal formation are
also widely diversified: sexual reproduction, parthenogenesis, polyembryony and various
types of agamic reproduction (budding and fission).

The ability to maintain totipotent or pluripotent stem cells throughout life was
recognized as a fundamental difference between plants and animals (Lohman, 2008;
Sablowski, 2010; Albert, Ezhova, 2013). However, the maintenance throughout the life of the
organism toti/pluripotent stem cells, providing sexual and asexual reproduction, is typical for
many invertebrates, including Chordata (Rinkevich et al, 2009; Isaeva, 2010; Shukalyuk,
Isaeva, 2012). Plants totipotent stem cells can be generated de novo (Albert, Ezhova, 2013),
by dedifferentiation (Lohman, 2008; Batygina, 2011), but in some animals specification of
toti/pluripotent cells de novo was shown (see Shukalyuk, Isaeva, 2012). The presence of
genetic systems, terminating the existence of the stem cell pool, for example, a floral
meristem, is recognized as a distinctive feature of the plant (Albert, Ezhova, 2013), but in
animals, pluripotent stem cells are also characterized by the expression of a specific key genes
(Shukalyuk, Isaeva, 2012), and many populations of stem cells become extinct during
ontogeny.

A new plant individual can develop from a single somatic cell (Batygina, 1991, 2010;
Lohman, 2008; Sablowski, 2010), while in animals only the zygote and early blastomeres can
provide the appearance of the whole organism. In asexual reproduction of animals a new
individual or zooid in colony develops from a complex of stem cells, not from a single cell
(Rinkevich et al, 2009; Isaeva, 2010). Plants are distinguished from animals also with the
inability of stem cells to active movement (Gilbert, 2006; Sablowski, 2010).

The similarity of stem cell systems in plants and animals is determined by the
reproductive strategy that combines sexual and asexual reproduction, with toti/pluripotent
stem cells as the cellular basis of such strategy. Differences are manifesting in the active
motility of stem cells only in animals, and ability of a whole clonal organism development
from a single stem cell only in plants. Stem cell systems provide individual development,
survival (maintaining tissue homeostasis, carrying out physiological and reparative
regeneration) and reproduction, sexual and agamic, in all multicellular organisms.
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MOJIEKYJIAPHO-TEHETHYECKAS PETYJAIUA AIIOMUKCUCA
B.b. bproxun
bomanuuecxuti uncmumym um. B.JI. Komapoea PAH, Canxm-Ilemepoype
Canxm-Ilemepbypeckuii 20cy0apcmeenvlil YyHusepcumem
(vbrukhin@gmail.com)

ATIOMHKCHC — 3TO cI0c00 OECIoIoro BOCIPOU3BEICHHS PACTEHUI MTOCPEJICTBOM CEMSH,
KOTOpBIA BcTpeuaeTcst y Oonee, uem 400 BUIOB pacTeHui, mpuHamiexamux K nouytu 40
cemeiictBaM. CuuTaeTcsi, YTO AaMOMHKCHC SBOJIOIUOHUPOBAI OT TIOJOBBIX TPEIAKOB
HE3aBUCHMO Y HECKOJIBKHX TaKCOHOB. ATIOMHKCHC MOXET PacCMaTpUBATBhCS KaK BapHalUs
MOJIOBOTO  CMOcOo0a PENpOAYKIMU PAa3MHOXKEHHUS, TPU KOTOPOM OIPEACICHHBIC 3TaIlbl
yTpadeHBbl, JEPETYJIMPOBAHbI, ACHHXPOHH3HPOBAHBI JMOO CYIIECTBEHHO COKPAICHBI H
U3MeHEeHbI. TakuM 00pa3oM, alOMUKCHUC U TTOJIOBOE BOCIIPOU3BEICHHE TECHO B3aUMOCBSI3aHbI,
IIPY 3TOM MHOTHE PETYJISATOPHBIE MEXaHU3MBbl y HHUX SBISIFOTCA oOmMMH. MOJIEKyJIsIpHBIC U
TCHETUYECKUE OCHOBBI, JIC)KAIME B OCHOBE AllOMUKCHCAa M aM(PUMHKCHCA O CHUX TIOp
OCTAIOTCS TUI0X0 M3Y4eHHBIMHA. CTIOCOOHOCTH MPOU3BOANTE KIOHBI MATEPUHCKOTO PACTEHHUS,
a CJIeIOBATEIbHO 3aKPEILIATh JKEJIaeMble T€HETUYCCKHE TIPU3HAKU BO MHOTHX TIOCIICTYFOIUX
MOKOJICHUSIX PA3JIMYHBIX BHIOB KYJIBTYPHBIX DPACTECHHH, MOXKET IMPHBECTH K YCKOPECHHUIO
co3nanus YPPEKTHUBHBIX CTPATETWii PACTEHUEBOJCTBA HA OCHOBE 3HAHWUH O TEHETHYECKUX
acreKTax armoMukcuca. [IoTeHIuan armoMuKcrca B Ka4eCTBE TEXHOJIOTUH HOBOTO MOKOJICHHUS
JUIsS. pa3BEICHUsI PACTCHUI MPUBJICKACT OIPOMHBIA MHTEPEC K BBIACHCHHIO MEXaHH3MOB €TO
MOJIEKYJISIPHO-TEHETUIECKOM PeTyIISIUH.

B nmoxnane mmaHupyeTrcs OOCYIMTh OCHOBHBIC CTPATETHMH H3YUYCHHS MOJICKYJISPHO-
TCHETUYECKON pEeryJsiiiy aroOMHKCHCA: 1) HIACHTU(UKAUS W XapaKTEPUCTHKA TEHOB,
OTBETCTBEHHBIX 32 alIOMUKCHUC Y TIPUPOIHBIX AlIOMHUKTOB, & TAKXKE 11) MOMBITKA HHAYIIUPOBATh
HEKOTOphIE TPH3HAKH AallOMHUKCHCA Y PACTEHHH, B MPHPOJE PAa3MHOMKAIOUIMXCS TOJIBKO
MOJIOBBIM TIYTEM, TOCPEJCTBOM HOKAayTa WJIM SKCIPECCH OIPENCICHHBIX TEHOB. Takxke
IUTAHUPYETCS OCBETHTHh (QYHKIHI0O M (DEHOTHIMYECKOE NPOSBICHHE YAaCTUYHOTO JHOO
TIOJTHOTO HOKayTa HEKOTOPBIX I'€HOB, OTBETCTBCHHBIX 32 OTJEJIBHBIC JTaIlbl allOMUKCHUCA: 1)
Meracnoporenes U OTCYTCTBHE peAykuuu wmeracnopel (DYAD = SWII, msd -
megasporogenesis defective, macl- multiple archegonial cellsl, pannuii metiomuueckuil 2eH
IME1, RIM11- codepoicawuti koHcepsamughwvlii cyooomeH npomeunkunasvl, aml — ameioticl,
afd — absence of first division, ell — elongatel, tri — triploid inducer, aml - ameioticl, DMCI;
OSD1 wm npyrue, ii) Merarametorenes (pa3BuTHe 3apoppiieBoro Memka): Gfl —
Gametophytic factorl, fem — female gametophytic factor, andarta, tistrya, PRL — Prolifera,
CDC, IG — Indeterminate Gametophyte, SWAI — Slow Walkerl, LOI — Lethal Ovulel u
npyrue; 1i1) AKTHBaIus SULEKICTKH W MapTeHoreHes: ig, hap — haploid initiator, SERK —
Somatic Embryogenesis Receptor Kinase, Ptg - parthenogenesis, Spg, iv) Pa3Burue
sHpocnepma u uMnpuHTuHr: FIE — Fertilization Independent Endosperm, FISI — Fertilization
Independent Seed, MEA — Medea, PICKLE — ¢hakmop CHD3, pemooenupyrowuii xpomamur,
LECI- Leafy Cotyledonl (cybveounuya HAP3, ceéaswisaiowascs ¢ 6okcom CCAT), LEC2-
Leafy Cotyledon?2 (cemeiicmeo mpanckpunyuontuvix pakmopos B3) u npyrue.

42
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Apomixis is asexual way of plant reproduction through seeds, which could be found in
more than 400 plant species representing almost 40 families. It is belived that apomixis
evolved independently in several taxa from sexual ancesters. Apomixis could be considered
as a developmental variation of sexual reproduction in which some steps are lost, reduced,
deregulated, asynchronised or changed. Thus, apomictic and sexual reproduction are closely
related and they share many regulatory components. Molecular and genetic basis underlying
apomixis and amphymixis (sexual reproduction) regulation still remains poorly understood.
The ability to produce maternal clones and therefore to fix useful traits in the further
generations of various crop plants could streamline agricultural breeding strategies based on
the genetic aspects of apomixis. The potential of apomixis as a next generation technology for
plant breeding attracts huge interest to elucidate molecular and genetic mechanisms of its
regulation.

In my talk I am going to discuss the main strategies to understand the genetic and
molecular control of apomixis regulation: i) identification and characterization of genes
causing apomixis in apomictic species and ii) Attempts to induce the apomictic traits and
mimic apomixis in non-apomictic species, which normaly propagate only through the sexual
way, by knockout and expression of the certain genes. Also the function and phenotypic
expression of the knocked out genes affected apomixis traits will be elucidated: 1)
Megasporogenesis and nonreduction of megaspore (DYAD = SWI1, msd — megasporogenesis
defective, macl- multiple archegonial cellsl, IMEI — early meiotic gene, RIMI1- contains
conserved protein kinase, aml — ameioticl, afd — absence of first division, ell — elongatel, tri
— triploid inducer, aml - ameioticl, DMCI1; OSDI, and others, ii) Megagametogenesis
(embryo sac development): GfI — Gametophytic factorl, fem — female gametophytic factor,
andarta, tistrya, PRL — Prolifera, CDC, IG — Indeterminate Gametophyte, SWAI — Slow
Walkerl, LOI — Lethal Ovulel, and others; iii) Egg activation and parthenogenesis: ig, hap —
haploid initiator, SERK — Somatic Embryogenesis Receptor Kinase, Ptg - parthenogenesis,
Spg, iv) Endosperm development and genomic imprinting: FIE — Fertilization Independent
Endosperm, FIS1 — Fertilization Independent Seed, MEA — Medea, PICKLE — CHD3
chromatin-remodeling factor, LECI- Leafy Cotyledonl (CCAT box-binding HAP3 subunit),
LEC2- Leafy Cotyledon2 (B3 family of transcription factors) and others.
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AHOMAJIMU MEHO3A U ®OPMUPOBAHMUS NBLIBIIBI ¥V
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JI.B. byriioBa
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YTouHEeH psij BONPOCOB, KACAIOIIMUXCS HECOOTBETCTBUS MEXAy OOHapy>KEHHBIM paHee
OOJBIINM KOJIMYECTBOM HapylLIeHUH B Melo3e y mpeacraButeneil poga 7rollius u J0BOJBHO
XOPOIIEH KU3HECTTIOCOOHOCTHIO 3penoit mbUIbIlkl (byriosa, 2015).

OCOOEHHOCTBIO KYMaJbHUL SBISETCA OOJBIIOE KOJUYECTBO THIUMHOK C MEJKOM
nbpUIBLION (0K0JI0 18 MKM). Ponb cpenHux ciioeB, Kak MUTATEIbHBIX AJIS Pa3BUTHSI MUKPOCIIOP,
cab0 BBIpAKEHA: NEpBBIM CpeAHUN CJIOH HE pa3pyllaeTcss U COXpaHAETCs B 3pesioM
NBUJIBHUKE, a BTOPOH (M TPETHH, €ClIM €CTh) pa3pyllialoTcs B TEYEHHE MEHOTUYECKOTO
nepuoja. [Io3ToMy >TUMHHALIUMIO YaCTH MEHOLIUTOB JUIS MUTAHUS OCTAIbHBIX MOXHO OTHECTH
K pa3psily MOJIE3HBIX aJlallTUBHBIX SBJICHUI.

Msbl 0OHapyX WM 3aBUCUMOCTh MEXJy THIIAMU HapyLIEHUH U pacloyioKeHUeM
THIUMHOK HE TOJBKO B MpEJIesax IBETKA, HO TAKXKe M PacoI0OKEHUEM MEHOLIMTOB B IIpeieax
rHe3/1a IbUIbHUKA.

B mpuibHUKAaxX BHEIIHErO psiia BKIIIOYAIOTCS Pa3sHOOOpa3HblE MEXaHU3Mbl HapyILIEHUS
JIeNIeHUs] U Pa3BUTHA NbUIbLBL. B 30HE MeXIy TanmeTyMOM M HOPMAJIbHO Pa3BHBAIOLIUMHUCS
MeHOLUTaMU B LIEHTPE MbUIbBHUKA PETYJSIPHO HAOMIOAAETCS OCTAHOBKA MEWO03a Ha Pa3HBIX
CTagusaX: Mexnay npoda3oi | m MHTEpKUHE30M, MEXIY MEPBBIM U BTOPBIM JIEICHHUSIMH.
MeiouuThl 371eCh CTAHOBSATCS TANETONOJOOHBIMU — KPYIHBIMU ABYSIEPHBIMU KIJIETKaMU C
NOBBIIIEHHON 6a30(duiabHOCTBIO. [laiee OHM PE3KO YBEIWYMBAIOTCA B pa3Mepax, TepsioT
0a30()MIBHOCTD M SJTMMHHUPYIOTCS PaHbIIE, YeM HOpPMaJbHBIC KJIETKH TareTyMa. B Hamein
npeapayiieil pabore Takue KIETKM ONMCAaHbl Ha CTaJWUU TETPaj KakK «IIPOMEXyTOdHbIe». B
NBUIBHUKAX C HE3HAUMUTENIbHBIM COAEpKAHHEM IOJOOHBIX KJIETOK pa3BUBAETCS HOpMajbHas
nbUIbLA. B MbUIbHUKAX, I/1e Macca TaKUX KJIETOK 3HAYMTEIbHA, WK OHU (OPMUPYIOTCS B €TI0
LEHTPaIbHON YacTH, IPAKTUUECKHU BCE MEHOLIUTHI JIEJSTCS C HapyLIEHUSIMH.

Hapymenust (GyHKIMOHMpPOBAaHUS BepeTeHa JejeHHs HaOMIoNaloTCsl U BO BpeMs
IEpPBOrO MU BO BpeMs BTOpOro jaeneHuss Mmeio3a. COOTBETCTBEHHO, MAEJIEHUE MOKET
NPEKPaTUTHCS HA JIBYSIEPHOM CTAAMU, PETUCTPUPYETCS MO HAIWYMIO AJEp C MEPeTsHKKaAMHU,
WM Ha ctaauu terpai. [lpu sTom oOpa3yroTcst HEpaBHbIE 110 pa3MEPOM MHUKPOCIOPHI BIUIOTh
710 6€3bAICPHBIX.

BbIsIBIIEHBI CIHMITAHUST XPOMATHA B TPYIIBI M BBIOPOCHI XPOMOCOM 3a IEPEeIIbI
metada3Hoil rutactuHkM. IlocienHee siBieHWe, Kak IMpaBHIO, NMPUBOJUT K OOpa30BAHHUIO
BHEIIHE HOPMAJIbHBIX TETPajd, HO Ha CTaJuU TETpPaJ] 3aperMCTPUPOBAH aIlONTO3, KOTOPBII
MOJET OBITh BBI3BAaH MOJOOHBIMH HAPYIICHUSIMHU.

Bo BHemHeM psay NbUIBHUKOB HE3HAYUTENIBHOE KOJIMYECTBO IBLIBIBI, JT0KHUBILEH 10
craguu 3penocty, seiserca 100% crepuiabHbIM.

HecmoTtpst Ha Takoe 0OJbIIOe KOJUYECTBO HAPYIICHUH, B CPEAHUX pAgaX MbUILHUKOB
TEHE3UC CIIOPOT€HHOM TKaHM NPOXOAUT Oojlee MeHee HOpMalbHO, U (hopmupyercs
KHU3HECTIOCOOHas (hepTUIIbHAS MBUIBLA.

Pon Trollius sBnserca <«JpeBHUM», T.e. HE MpPETEpHEeBUIMM aJaNTallMOHHBIX
apoMop(o30B, TAKUX KaK, YMEHBIICHUE U CTAOMIN3AIUS KOJIMYECTBA THIYMHOK. [IpHu 3TOM Y
ero npejcraButTesiell c(hOpMUPOBAIICH MEXAHU3M, 00ECHEUNBAIOIIMNA MTOJIHOLIEHHOE NMUTaHHUE
pa3BHUBalOLIEHCS NbUIBLIBI, C UCIIOJIB30BAHUEM HE TOJBKO TAllETyMa, HO M YaCTU CIIOPOTE€HHOU
TKaHU. BO3MOXHO 3TOT MeXaHM3M, B 4YHCIE MPOYEro, oO0ecrnedns BbKUBAHUE M YCIIEIIHOE
OCBOEHHUE PaliOHOB C CYpOBBIMH KJIIMMAaTUYECKUMHU YCIOBUSAMH.
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ABNORMALITIES OF MEIOSIS AND POLLEN PRODUCTION
IN TROLLIUS SPECIES
L.V. Buglova
Central Siberian Botanical Garden SB RAS, Novosibirsk
e-mail: astrol l(@rambler.ru

Inconsistency between previously revealed significant abnormalities of meiosis and
fairy good viability of mature pollen grains in Trollius species have been revised in this paper
(Buglova, 2015).

The significance of anther middle layers in nutrition of microspore developing is feebly
marked; the first middle layer does not destroy and remains in mature anthers, the second
middle layer (and the third one, if present) destroys during meiotic period. Therefore, the
partial elimination of meiocytes is more likely to be classified as a valuable adaptive event
aimed at surviving of the residuary meiocytes.

We found out the correlation between the type of abnormalities and stamina location,
and the arrangement of meiocytes in an anther, as well.

Different mechanisms of abnormalities in meiotic division and pollen development have
been registered into the outer line anthers. In the central zone of anther, located between
tapetum and normally developed meiocytes, the meiosis terminates regularly at the different
stages: between prophase I and interkinesis, and between the first and the second cell
divisions. Here, meiocytes become large tapetum-like double-nucleated highly basophilic
cells. Then, they increase in size dramatically, their basophilia decreases, and finally, these
cells eliminate earlier than the normal tapetum cells. In anthers, where their amount is
negligible, pollen grains could develop normally; and on the contrary, if anthers contain many
such cells, or they occupy the center of the anthers, almost all meiocytes divided with
disorders.

Cleavage spindle disturbances occur both at the first and the second meiotic cell
division. The cell division could terminate at the double-nucleus stage, which can be
registered by the presence of two nuclei with constriction http://www.lingvo-
online.ru/ru/Search/Translate/GlossaryltemExtralnfo?text=%d0%b{%d0%b5%d1%80%d0%b
5%d1%82%d1%8f%d0%b6%d0%ba%d0%b0&translation=constriction&srcLang=ru&destl.a
ng=en, consequently, or at the stage of tetrads. If this is the case, microspores unequal in size
or even nuclear-free are produced.

We have also determined chromatid cohesion into groups and its emission outward the
metaphase plate. The last phenomenon usually leads to the forming of phenotypically normal
tetrads. However, they are exposed to apoptosis at the stage of tetrads, which can be induced
by this kind of abnormalities.

The outer line of anthers contains a negligible amount of pollen grains, which are 100%
sterile.

Outer row ranks have a large number of abnormalities, but in the middle ranks form
viable and fertile pollen. The genus Trollius is «ancienty, e.g., has not transformed
significantly via adaptive aromorphosis, like decreasing and stabilization the number of
anthers. Thus in Trollius species formed a mechanism for developing pollen nutrition, using
not only the tapetum, but also a part of sporogenous tissue. Perhaps this mechanism, among
other things, provided plants successful setting and survival in regions with harsh climatic
condition.
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O TUCTOJIOTMYECKOM IMPOLIECCUHI'E PACTUTEJIbHBIX TKAHEM
(MCTOYHUKU APTE®AKTOB ITPU ®PUKCALIUU, NIEPEXKUBAIOIUE CPE3bI
PACTUTEJILHON TKAHM)

A.1O. bynanuesn
Hncmumym meopemuueckoti u sxcnepumenmanvuou ouoguzuxu PAH, Ihywuno
e-mail: budantsev@mail.ru

Koneunass nenp M3ydeHHs] TMCTOJOIMYECKMX M LMTOJOIMYECKHX MMKPOIIPENapaToB
3aKJIlo4aeTcs B NMOHMMAaHWM HAaTHUBHOM OpraHu3aluu KJIeTok U TkaHed. Ho u3 mpakrtuueckoro
OIbITA TPHUMEHEHHUS MHKPOCKONHUM Ul U3Y4YeHHs MOP(OJIOTHM KIETOK M MEXKICTOYHOM
KOMMYHMKALIUM HW3BECTHO, YTO TPOLEAYpPhl, KOTOpbIE BXOAAT B MPOLECC IOATOTOBKU
MHKpOIpenapaToB (TMCTOJOTMYECKUN TPOLECCUHT) MNPUBOAAT K PA3IMYHBIM HapyLICHUSM
NPWKU3HEHHOM MOPQOJIOTHH KIETOK M TKaHe. Takue HapylIeHHs BBIPAKAIOTCS CKATHEM,
Ha0yxaHMeM TKaHe M KIJIETOK, JIOKAIbHBIMHM JieopMalusiMi, YIUIOTHEHHEM TKaHEH,
pa3pyLIeHUEM OIPEEICHHBIX KOMIIOHEHTOB TKaHEW U JIp. DTU HapyLICHUS CBA3aHbI C Pa3HbIMU
CKOPOCTSIMU NPOHUKHOBEHHSI B TKaHb PEArcHTOB, BXOAALIMX B IPOLEAYPbl TMCTOJIOTMYECKOrO
NPOLIECCHHIA, C MEXaHU3MaMM B3aUMOJCWUCTBHS PEAreHTOB C BHYTPUKIETOYHBIMH U
MEKKIIETOUHBIMU XMMUYECKUMH KOMILIEKCAMU U JIp.

IlepBas omepauysi TUCTOJIOTMYECKOIO IPOLECCHHIA, Kak IpaBUIO, CBA3aHA C
XUMUYeCKO (ukcanmeil oOpa3loB HaTHMBHOW TKaHW. M3ydyenue nedopmarmu TKaHed mpu
(uKcaluy NpeCTaBIsAET BaXXHYIO poOieMy Ul PaBUIbHOW MHTEPIPETALUN T€OMETPHUYECKUX
1apaMeTpoB KIJIETOK M TKAHEW IPU MHUKPOMETPHUYECKOM AHAIN3E€, W TPH BBINOJHEHUN TPEX
MEpHBIX PEKOHCTPYKILHMHA CTPYKTyp Pa3HOTO YpOBHS opraHm3aimu. M3ydenwe nedopmarmm
TKaHel npu (UKCAlMK TPEACTaBsIeT JOBOJBHO CIOKHYIO 337ady U BOJIOMOMETPUUYECKHE
METO/IbI, UCTIONIb3YEMbIC B AaHATUTUYECKON U (PH3MIECKON XUMUH (HalpUMeEp, C UCTIONH30BaHUEM
NMKHOMETPOB) NPaKTUYECKH HEJb3s UCIIONb30BaTh. MBI IIbITaeMcsl pa3paboTaTh METO bl aHAJIN3a
n300pakeHus: o0pa3lioB TKaHEW B JAMHAMMKE (UKCALUU Ui pELIeHHs YKa3aHHOM 3aaadd.
OOBEKTOM HCceoBaHus Obula BhIOpaHa amMKaldbHas 4YacTh KOPEWKOB Jyka (Allium cepa).
N3yuensl aedopmaiii KOpHEBBIX aleKCOB IPU JEMCTBUM BOJAHBIX, CIUPTCOAEPKAILIUX H
XpoMmcozepxaux (ukcaropoB. IIpoBoguiance W3MepeHHs JUIMHBL, JUAMETPOB, ILIOMIAIU
NepUMETpa U JUIMHBI IEpUMETPa, 00beMa U IJIOIIAAN TOBEPXHOCTH 00pa3LOB areKkca B MpoLecce
¢uxcarmu. IlokazaHo, uro Hambonee BbIpaXKeHbl JAedopMaldy IpU  MPUMEHEHHU
CTIAPTCOIEPKAIMX (PHUKCATOPOB.

Xumudeckre (UKCaTOpbl OOBIMHO MPEACTABIAIOT CMECH XHMHUYECKH AKTUBHBIX
COEIMHEHUI: CIUPTHI, aIbJCTU/bl, OPraHUYECKUE U HEOPTaHWYECKUE KUCIIOThI, OPraHUYECKUe
pactBoputenn U 1p. Yacto B OAHOM (DUKCATOpE COAEpXKATCA CHIbHBIM OKHUCIUTENb U
BOCCTAHOBHUTENIb W, TAaKUM O0O0pa3oM, CMeCh (pHKcaTopa CTAHOBUTCS HECTAlMOHAPHOW H
HECONPENEICHHON CUCTEMOM B CBA3M C NPOLYKTaMH OKHMCIMTEIIBHO-BOCCTAHOBUTEIIBHBIX
peakumii. V3ydeHue peakuuii BHyTpU CIOKHOTO (pHKcaTopa MMEIOT 3HAUSHUE JUIS PaBHIIBHOTO
1 3Q(PEKTUBHOIO UX MCIOJIb30BAHMS, IPABUIBHON MHTEpHpPETAMi MOP(OIOrHIeCKON KapTHHBI
¥ U3MEHEHHUIO MPOTOKONa (HKCAIMU. MBI MCHOJIB30BAIN CHEKTPAIBHBIM METOA Ul OLIEHKH
peakiuii BHyTpu wu3BecTHOTO (ukcaropa Hapammna. Ilokazano, uto cdukcarop Hapammna
HpeJICTaBIseT COOON Heycmouuugyo B XUMUUECKOM OTHOIIIEHHH CMECh, M (PUKCAIHS TIPOMCXOAUT
B HECTALIMOHAPHOM pACTBOPE IEPEMEHHOIO COCTABA, BKIIOYAIOLIECTO: XPOMOBYIO KUCIONI),
Gopmanvoe2uo, yKCycHyro KUCI0my, Mypagburyio kuciomy u ayemam xpoma (111).

Haxonen, mnpencTaBisieT MHTEpEC BO3MOXKHOCTH HCIIONB30BAHUS CPE30B HATHMBHOU
pacTUTENbHOW TKaHU (TIEPEKUBAIOIINX CPE30B) B MOP(OJOTMUECKUX M (PYHKIMOHAIBHBIX
uccnenoBanusax. OOCyXIeHHe ATOW MpoOJEMbl NPEJCTABIAET MHTEPEC B CBA3M C OOJBIIUM
IPOrPECCOM HCIOJIb30BaHUsl TEPEKUBAIOIIMX CPE30B HEPBHOM TKAHM B 3KCIIEPUMEHTAILHON
KJ1eTO4YHON Ononoruu. Hamu CKOHCTpyHpOBaH cHelUaIbHbI MUKPOTOM-pE3aK AJIs MOIyUYEHUs]
CpEe30B HAaTUBHOM (B TOM YHCJIE PACTUTENBHOW) TKaHU. Pe3ynbrarhl OyayT HpenCcTaBlICHbI IS
00CYKIICHHUSI.
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THE HISTOLOGICAL PROCESSING OF PLANT TISSUES (FIXATION’S
ARTEFACTS, SLICES OF PLANT TISSUES)
A.Yu. Budantsev
Institute of Theoretical and Experimental Biophysics of the Russian Academy of
Sciences, Puschino
e-mail: budantsev@mail.ru

It is well known that the procedures included in the process of preparing sections for
microscopy (histological processing) lead to various damages of the of cells and tissues
morphology.

Study of tissue deformation during fixing (shrinkage, swelling tissues and cells, local
deformations of certain tissue components etc.) is an important issue for the interpretation of
the geometric parameters of cells and tissues and for the three-dimensional reconstruction of
the cells and tissues structures. The study of these damages in fixing are the complex problem
and volumetric methods applying in analytical and physical chemistry can not be used
practically. We are trying to develop methods of image analysis of tissue samples in the
dynamics of fixation for solving this problem. The object of research — the apical part of the
root of onion (Allium cepa). The deformations of root apex under the influence of water-,
alcohol- chromium-containing and retainers were studied. The measurements of length,
diameters, square perimeter and perimeter length, volume and surface area of the apex of the
samples during fixation are carried out. It is shown that the most damages are revealed at
using alcohol-containing fixatives.

Chemical mixtures are typically present a composition of chemically active compounds:
alcohols, aldehydes, organic and inorganic acids, organic solvents, etc. Frequently the same
retainer contains a strong oxidizing and a reducing agent, and thus, the mixture of the retainer
turns to be unsteady and uncertain system. The study of complex reactions inside the lock is
important for the proper and effective use, the correct interpretation of the morphological
picture and the change of fixation protocol. We used the spectral method to assess the
reactions within the well-known Navashin retainer. It is shown that Navashin retainer is
chemically unstable mixture and the fixing occurs in a transient variable composition solution
comprising: chromic acid, formaldehyde, acetic acid, formic acid and chromium acetate (I1I).

Finally, there is the possibility of using of native plant tissue slices (surviving slices) in
morphological and functional studies. Discussion of this issue is of interest in connection with
the great progress in the studies of sections of nerve native tissue in the experimental cell
biology. We have designed a special microtome-cutter for obtaining microtome native tissue
sections, particular in plant tissue. The results will be presented for discussion.
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JOPA3BUTUE 3APOBIIIA IMOCJE JUCCEMHUHALIUU KAK OJJHA U3
PEIMPOJAYKTUBHBIX CTPATEI M HIOKPBITOCEMEHHBIX
O.I'. bByry3oBa
bomanuuecxuti uncmumym um. B.JI. Komapoea PAH, Canxm-Ilemepoype
e-mail: OButuzova@binran.ru

HccnenoBanue ceMsiH C I0pa3BUTHEM 3apoJblllia MOCIE AMCCEMUHALMU POBOAUTCS B
borannueckom unctutyte um. B.JI.Komaposa PAH B Teuenne muorux ner. Hecmotps Ha 1O,
YTO MHOTHME Y4Y€Hbl€ OTMEYaJlu HaJUYHhe B CEMEHaX IOJIOCEMEHHBIX M MOKPHITOCEMEHHBIX
Hepopa3BuToro 3aponsima (Goebel, 1898; Martin, 1946; TaxramxsaH, 1961 u ap.), UMEeHHO
N.B. I'pyluBHLIKMI OJHMM M3 NEPBBIX CTaJl pPacCMaTpUBaTh JTOT IPU3HAK, KAK SBICHUE,
IIMPOKO PAaCHpPOCTPAHEHHOE B PACTUTEIBHOM MHUDE.

W3ydenue STOTO SIBJICHUS B HacTosllee Bpemsi B jabopartopuu smOpuosiornu BUH
IOPOBOJUTCS MO Pa3IMYHBIM aclekTaMm: (PU3MOJIOTHYECKOMY — BBISBICHHE ONTHMAJIbHBIX
pPeXUMOB TMpOpAIIMBAHUS M MEXAaHU3MOB INPEOAOJTCHUS (PUIUOJOTUYECKOTO MEXaHU3Ma
topmoxkenuss (OMT) mpopacTtaHusi; CTPYKTYpHOMY —  BBISIBJICHHE OCOOEHHOCTEH
(GopMUpPOBaHUSA CEMEHU C HEJOpPa3BUTHIM 3apOABIIIEM; CHCTEMaTHUYECKOMY — OILIEHKa
3HaYMMOCTH TpPU3HAKa JOpa3BUTHsS 3apofbliia Uil (MIOT€HUH HOKPBITOCEMEHHBIX;
HBOJIIOLIMOHHOMY — YCTAHOBJIEHME CTENEHM IJIACTUYHOCTU SIBJICHUS M €r0 aJalTallMOHHBIX
BO3MOXHOCTEMH, a TaK¥Ke KOPPENALUYU C JPYTUMHU PENPOTyKTUBHBIMH CTPATETUAMHU pAaCTEHUI.

B uccnenoBaHuM HCHONB3YIOTCS LIUTO-3MOPHUOJIOTMYECKHE METO/bl, MOHUTOPUHT
NPOpAIIMBAaHUS CEMSH MpPH Pa3IUYHBIX TEMIIEPATypHBIX PpEeXHMax M TOPMOHAIbHBIX
0o0paboTKax, METOJA KyJbTypbl H30JIMPOBAHHBIX 3apozbliieil. PaGora mnpoBoauTcs Ha
MOJICNIBHBIX O0BEKTaX, OTHOCAMIMXCS K ceMmeiictBaM JBynoiabHbIX (Ranunculaceae,
Paeoniaceae) u omnomonbHbIX (Liliaceae), KOHTPACTHPYIOMIMX MO CICAYIOIIMM MPH3HAKAM:
cTeneHb auddepeHanuy 3apojblilla Ha MOMEHT JMCCEMUHAIMM, >KU3HEHHas ¢opMa,
DKOJIOTHUECKUE YCIOBHA TPOM3PACTaHWS W THII TIOKOS CceMsH (10 KiacCH(pHKauu
Huxomnaeoii (1977).

B pesynbrare ObuT pa3zpaboTaH KOMIICKCHBIN TOAXOJ, KOTOPHIA MO3BOJIMII BBISIBUTH
psin MOpQoreHeTHuecKux U Mop(ho-(pU3noNIOrnIecKux KOppeisuuil B pa3BUTHH 3apObIila U
OKpYXaloIIMX €ro CTPYKTYp CEMEHH, a TaKK€ OCHOBHBIE KPUTHYECKHE IEPUOJBI B HX
pPasBUTHM TPH ONTUMAIBLHOM TEMIEPAaTypHOM pEXKUME M YCTAaHOBUTb XapakTep uX
HapyLIeHUH Npu eHCTBUU HEOIaronpusTHRIX TeMiiepatyp u ropmonansHoro (I'Ks) dgaxropa
(TuroBa u ap., 1999; byty3osa, 2010)

Panee Obl1 BBIsIBIIEH psifi OCOOCHHOCTEH SMOpuoreHe3a M (HOpMHUpPOBAHHS CEMEHU Yy
BUJIOB C nopa3ButueM 3apojsima (IlozgoBa m ap. 1998; Butuzova et al., 2002; Tutoga,
[To3noBa, 2005): Hamuuue 0co0Oi IHIOCTIEPMATIBHON MOJIOCTH BOKPYT 3apOJIbIla, Pa3BUTHE
crneuu(UYeckoll 30HAIBHOCTM B CTPOCHHMU SHAOCIEpMa, PAHHEE OTIOXKEHHME 3alacHbIX
BEUIECTB B KJIETKaX 3apojblllla M DJHAOCIEpPMa, pPaHHAS CHENUalIN3alMs dJIEMEHTOB
WHTETYMCHTAIBHOW YacTH CEMEHHOHW KOXYphI (10 OIUIOJOTBOPEHHS), HEOOBIYalHO
IPOJIOJDKUTENbHOE (DYHKIIMOHHUPOBAHUE CIEIHATU3UPOBAHHBIX CTPYKTYP MUKPOIMISIPHON
(HyLeJUIIpHBIA KOJITIAYOK, CBS3aHHBIM C KJIETKAaMH CYCIICH30pa 3apOoblllia) U Xasla3albHOU
(rumocTasa, MoAnyM, TIOCTAMEHT, aHTUIIO/IbI) YaCTEeH CEMEHH, KOTOPBIE COXPAHSAIOTCS BIIOTh
JI0 TUCCEMUHAIIUU, BBICOKAs CTENEHb I'MCTO- U OpraHOreHHOH auddepeHuunanuy 3apoplia
Ha MOMEHT 3aBEpIIECHUS JOPA3BUTHUs, YACTOE CPACTAHUE CEMSAOIEN.

JlanpHeiiee n3ydyeHue SBICHUS U aHAJIU3 JIUTEPaTyPHBIX JaHHBIX MO0 (HOPMUPOBAHHIO
CEMSH C HEJOPa3BUTHIM 3apOJBIIIEM Yy pPa3HbIX TAKCOHOB ITOKPBITOCEMEHHBIX IO3BOJIAI
BBISIBUTH €IIE LENbIH pAJ 4epT, MPOSBIAIOLMXCSA y pasHbIX BUAOB pa3IMYHBIM 00pa3oM:
HaJIMYME NapuUeTalbHOM TKaHU, MOIIHOTO IEPUCIEPMA, 3HIOCHEPMAIbHOIO TIayCTOpHs,
naxuxasuasbl; JUIMTEIbHOE (DYHKIMOHUPOBAaHHE OAHOM M3 CUHEPIUJ; PyMHHALUMH pPa3HbIX
yacTe CEMEHM (CEMEHHOM KOXypbl, HyLeJUIyca, 3HJOCIIEpMa), HPPETYJIPHOCTb IEPBBIX
KJIETOYHBIX JI€JICHUH B 3apOJIbIIIE, FETEPOKOTHIINS U APYTHE.
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EMBRYO POSTDEVELOPMENT AFTER DISSEMINATION AS ONE OF
REPRODUCTIVE STRATEGIES IN ANGIOSPERMS
0O.G. Butuzova
Komarov Botanical Institute of RAS, St-Petersburg
e-mail: OButuzova@binran.ru

Investigation of seeds with embryo postdevelopment after the dissemination is carried
out in the Komarov Botanical Institute of RAS for many years. Despite the fact that many
scientists have noted the presence of underdeveloped embryo in seeds of gymnosperms and
angiosperms (Goebel, 1898, by Martin, 1946 Takhtajan 1961 et al.), it was 1.V. Grushvitsky,
who one of the first regarded this feature as a phenomenon that is widespread in the plant
world.

In the laboratory of embryology BIN RAS the study on this phenomenon is currently
held on various aspects: physiological — revealing of optimal germination conditions and
methods to overcome the physiological mechanism of inhibition (PhMI) of germination;
structural — identifying features of formation of seed with underdeveloped embryo; systematic
— assessment of the significance of the underdeveloped embryo to the phylogeny of
angiosperms; evolutionary — establishing the degree of the plasticity of phenomenon and
adaptation options, as well as the correlations with other plant reproductive strategies.

Cytoembryological techniques, monitoring of seed germination under different
temperature conditions and hormonal treatments, the method of culture of isolated embryos
were used in the researches. Work is carried out on the model objects belonging to the
families of dicots (Ranunculaceae, Paeoniaceae) and monocots (Liliaceae), contrasting by the
following features: degree of embryo differentiation at the time of dissemination, life form,
ecological conditions of growth and the type of seed dormancy (after Nikolaeva classification,
1977).

As a result, a comprehensive approach has been elaborated, which revealed a number of
morphogenetic and morpho-physiological correlations in the development of the embryo and
its surrounding structures of the seed, as well as the main critical periods in their development
at the optimal temperature conditions and determine the nature of their violations under the
influence of unfavourable temperatures and hormonal (GKj) factor (Titova et al., 1999;
Butuzova, 2010).

Previously a series of peculiarities of embryogenesis and formation of seed in the
species with embryo postdevelopment was revealed (Pozdova et al 1998; Butuzova et al,
2002; Titova, Pozdova., 2005): existence of a special endospermal cavity around the embryo,
the development of specific zonality in endosperm structure, early accumulation of reserve
nutrients in the cells of embryo and endosperm, early specialization (before fertilization) of
the elements of seed coat integumentary part, unusually prolong function of specialized
structures in micropylar (nucellar cap associated with embryo suspensor cells) and halazal
(hypostase, podium, postament, antipodes) parts of the seed, which are preserved up to
dissemination, the high degree of histo- and organogenous differentiation of embryo at the
time postdevelopment complete, often fusion of the cotyledons.

Further study of the phenomenon and analysis of literature data on the formation of
seeds with underdeveloped embryo in different taxa of angiosperms allows reveal a whole
series of features that manifest in different ways: the presence of the parietal tissue, massive
perisperm, endospermal haustorium, pachihalaza, long-term function of synergids; rumination
of different parts of the seed (seed coat, nucellus, endosperm), irregularity of the first cell
division in the embryo, heterocotyly and others.
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BUOJIOTI'USA NIPOPACTAHUSA CEMSAH PAEONIA SUFFRUTICOSA
ANDREWS B YCJIOBUSIX UHTPOIAYKIIUN
O.I'. byry3oBa, H.A. ’Knunkuna
bomanuuecxuti uncmumym um. B.JI. Komapoea PAH, Canxm-Ilemepoype
e-mail: OButuzova@binran.ru

Bunel pona Paeonia L. sBnstoTcsl TpaAULMOHHBIMU OOBEKTOMAMM HCCIIEIOBaHUS B
nabopaTtopun smOpuosnoruu u penpoaykruBHoi Omonoruun BUUH PAH. OcobeHHocTs 3TOTO
pona B popMHUpOBAaHUH JBYX THIIOB 3apOJIBIIIECH — IMOJIOBOTO, HE AU(QepeHINPOBaHHOTO Ha
OpraHbl, KOTOpBIM TIIPEKpallacT CBOE Ppa3BUTHE MU YCTYNaeT MECTO COMATHUYECKOMY,
muddepeHmpoBanHoMy Ha opransl (Batygina, Bruchin, 1994).

Cemena OOJBIIMHCTBA BHUJOB IHOHAa XapaKTepU3yIOTCs Haiauuuem Mopdo-
(PU3HOIOTHYECKOTO AMUKOTHILHOTO THIMA TOKos (o kiaccudukarmuun HukomaeBoi, 1977),
KOTOpPbI O0OYyCIIOBJIEH HEAOpa3BUTUEM 3apojbllia U (PU3HOIOTHYECKMM MEXaHHU3MOM
TopMokeHUs mnpopactaHusi (OMT). Pa3Butne anexcoB KOpHS M 1oOera HaXOJUTCS IOJ
BozaeiictBueM pasHbix OMT u TpeOyeT HEOAMHAKOBBIX YCIOBHH i €ro CHATHUS: IS
IPEOJOJCHHS MMOKOSI KOPHS — MPEUMYIIECTBEHHO BBICOKHME TEMIIEpaTyphl, ariekca rnoodera —
peuMyIIecTBeHHO Hu3Kkue TemmepaTypsl (byTty3oBa u mp., 2009; BbyryszoBa, XXKunkuha,
2014). DM 00yCIIOBICHO 3aTPYyTHEHHOE MTPOPACTAHUE CEMSIH.

B nanHOli pa®oTe NMpOBOAMIOCH M3YYEHUE JOPA3BUTHUS 3apOAbIIa U IMPOPACTAHHS
CeMsH APeBOBUAHOTO MUoHa Paeonia suffruticosa Andrews. CemMeHa coOupayii ¢ pacTeHUH,
MHTpoayupoBaHHbIX B borannueckom cany bBUH PAH. lIBeTenne HaunHanoch B c€pevHE
Mas, CeMeHa co3peBalM B aBrycrte. lIpoBoauics MOHUTOPHHI  MNpPOpALIUBaHUS
CBE)XECOOPAaHHBIX CEMSH NpPU pa3HbIX TeMmmepaTypHbXx pexumax: 0-3, 9-10 um 20-22°C.
CeMeHa Ha pa3HbIX cTagusax pa3Butus ¢uxcupoBanu B FAA, mpenapaTsl U3roTaBIuBajI 1o
OOIIETTPUHATON LIUTOIMOPUOTIOTMUECKOM METOIMKE, Ul OKPACKH UCIOJIb30BaIM ca(paHUH ¢
allMaHOBbIM CHUHUM. [lodyuyeHsl mpelnBapUTENbHbIE JAaHHBIE MO CTPYKTYpE 3apojblilla Ha
MOMEHT JUCCEMHMHALIMU U B IPOLIECCE JOPA3BUTHS ITPU ONTUMAJIBHBIX PEKUMAaX.

Ha MoMeHT aucceMuHanuu 3apofblll B CEMEHU UMEET JUIMHY 2.5-2.8 MM, NpU 3TOM
OTHOLLIEHUE JJIMHBI 3apoAsiia 1 sHAocnepMa cocrasisger 0.12-0.15. 3aponapi HaxoauTes Ha
TOPIIEIOBUIHOM CTaAMM PA3BUTHUS, COCTOUT M3 TMIOKOTUIL-KOPHEBOM OCH, amekca mooera,
NPEeCTaBICHHOT0 OYTOPKOM U3 JIBYX CJIO€B MEPHCTEMAaTHYECKHX KJIETOK U ABYX CeMsaosen
jgonaTdyaTod (GOpMBI, TO JIMHE NPUMEPHO paBHBIE THIOKOTWIO. [IpoBomsmas cucrema
3apoJbIllla MPEACTaBICHA LEHTPAJBHBIM LHWJIUHAPOM B TUIOKOTHUJIE M IATHIO TKaMU
npokamOusi B ceMmsfoisx. B kieTkax KOpbl TMIIOKOTHJIb KOPHEBOW OCH M TapeHXHUMBbI
cemsiosiell HaOmomaercss OOJbIIOE KOJUYECTBO 3alacHBIX BELIECTB — Kpaxmajga H
MPEIMOIOKUTETHHO OEITKOB.

Cemena P. suffruticosa ObICTPO TEPSAIOT BCX0XKECTh, IOATOMY HAWIyUIlIHe Pe3yIbTaThl
ObUIM TIOTYYEHBI PU MPOPAIIMBAHUH CBEXKECOOPAHHBIX ceMsH. [l JOpa3BUTHS 3apObIIIa U
IpOpacTaHus CEMEHU TpeOyeTcs AByXdTamHas CTpaTU(QUKALMs: JOpa3BUTHE 3apobliia
npoucxomut npu 9-10 u 20-22°C, nocie 4ero HabII0JaeTCsl BHIXOJI 3apOJIBIIIIEBOI0 KOpEIIKa,
HO JajbHellIee pa3BUTHE aneKca Modera OCyIIeCTBISIETCS IPH MOHMKEHHBIX TeMIIepaTypax
(0-3°C).

Takum o00pa3oM, ONTHUMalbHBIE YCIOBUS ISl NpopacTaHus ceMsiH P. suffruticosa
CXOIHBI C YCIOBHSMHM, HEOOXOAWMBIMU JUI MPEOAOJICHUS SIUKOTHIBHOTO MOp(o-
(U3HOIOTUYECKOTO MOKOS Y APYTruX BUIOB pona Paeonia (Ilunarep, 1951; Hukomaesa, 1984).

50



GERMINATION BIOLOGY OF SEEDS IN PAEONIA SUFFRUTICOSA
ANDREWSAT INTRODUCTION
0.G. Butuzova, N.A. Zhinkina
Komarov Botanical Institute PAS, St-Petersburg
e-mail: OButuzova@binran.ru

Species of the genus Paeonia L. are traditional research objects in the laboratory of
embryology and reproductive biology BIN RAS. The peculiarity of this species is in the
formation of two types of embryos — sexual embryo, not differentiated on organs, which stops
their development and gives way to the somatic one, differentiated on organs (Batygina,
Bruchin, 1994).

Seeds of most species of peony are characterized by morphophysiological epicotyl type
of dormancy (classification according to Nikolaeva, 1977), which is due to underdevelopment
of the embryo and the presence of physiological mechanism of inhibition of germination
(PhMI). Development of root and shoot apexes is exposed to various PhMI and requires
dissimilar conditions to remove it: to overcome the root dormancy — mostly high
temperatures, the apex of the shoot — mainly low temperatures (Butuzova et al, 2009;
Butuzova, Zhinkin 2014.). The main difficulty in seed germination is conditioned by this.

In this work the study of embryo postdevelopment and seed germination of tree peony
Paeonia suffruticosa Andrews was carried out. Seeds were collected from plants introduced
in the Botanical Garden of BIN RAS. Flowering begins in mid-May, the seeds mature in
August. The germination was monitored on freshly collected seeds at different temperatures:
0-3, 9-10, and 20-22°C. The seeds at different stages of development were fixed in FAA,
preparations were made according to the common cytoembryological technique, with safranin
and alcyan blue for coloring. Preliminary data on the structure of the embryo at the time of
dissemination and in the process of development under optimal conditions were obtained.

At the time of dissemination the embryo in the seed has a length of 2.5-2.8 mm, wherein
the ratio of the length of embryo and endosperm is of 0.12-0.15. The embryo is at the torpedo
stage of development, consists of hypocotyl-root axis, shoot apex represented by tubercle of
two layers of meristematic cells and two cotyledons of spatulate shape, in length
approximately equal to hypocotyl. Conductive system of the embryo is represented by a
central cylinder in the hypocotyl and the five procambium bundles in the cotyledons. In the
cells of the core in hypocotyl-root axis and cotyledon parenchyma a large amount of reserve
nutrients — starch and presumably proteins are observed.

Seeds of P. suffruticosa quickly lose viability, therefore, the best results were obtained
in the germination of freshly harvested seeds. For the postdevelopment of the embryo and
seed germination a two-stage stratification is required: postdevelopment of the embryo occurs
at 9-10 and 20-22°C, after that the output of the embryonic root is observed, but the further
development of the shoot apex takes place at low temperatures (0-3°C).

Thus, the optimal conditions for the germination of P. suffruticosa seeds are similar to
the conditions necessary to overcome epicotyl morphophysiological dormancy in other
species of the genus Paeonia (Zinger, 1951; Nikolaeva, 1984).
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MOP®OTI'EHETUYECKHUE KOPPEJIALINUU: AHAJIU3 ITIPOT'PAMM
PA3SBUTHUSA )KEHCKOI'O TAMETO®HUTA INOKPBITOCEMEHHBIX PACTEHUI
I'.1O. Bunorpanosa
bomanuueckuii uncmumym umenu B.JI. Komaposa PAH, Cankxm-Ilemepoype, Poccus
e-mail: vinogradova-galina@binran.ru

Pa3Burue xeHckoro ramerodura (3apoIbIIIEBOrO MEIIKA) MOKPHITOCEMEHHBIX PACTECHUI
KOHTPOJIMPYETCS CHUCTEMOM TKaHEW ceMs3ayarKka, CBSI3aHHBIX CEThIO TPAaHCHOPTHBIX IMOTOKOB
BEILIECTB, O00ECTIeUMBAIONMX (U3HOJOTMYECKH OallaHC, MOSIPHOCTE UM MOP(OreHEeTHUECKUi
rpagueHT (mosuimoHHyto uH(popMmanmio). E.H. 'epacumoBa-HaBammna (1954, 1971, 1984)
HEOJHOKPATHO IMOJUEPKUBAJIA, YTO Pa3BUTHE 3apOABIILIEBOrO MEIIKA MPOUCXOIUT B TECHEHIIeH
B3aMMOCBSI3M € OKpPYXKAIOIIMMU CTPYKTYpaMH ceMs3ayaTka C YCTaHOBJIEHHEM TECHBIX
«TYMOpaIBHBIX U Tpoduueckux Bo3zzaeiictBuid» (1971), a pocT 3apoipllIeBOro MelKa B
onpe/iesIeHHON CTeNeHn SIBIISIETCSA NPOSIBIICHUEM «MOpP(OreHeTHIECKUX U
MOP(hODH3HOTOTHYECKIX KOPEIUIATHBHO-CIIEICTBEHHBIX CBS3el ¢ TKaHsMHU criopodura» (1984).
Bonb1ioe 3HaueHne n3yueHuo MOp(hOreHeTHIeCKUX KOppessluii npyuaasaia B cBoux padorax T.b.
bateruna (1974, 1993, 1999, 2003, 2010, 2014, u gp.).

BeisBenue koppernsnuii B MopdoreHese ceMszayaTka M 3apoJIbIIEBOr0 MEIIKa OTKPhIBAET
[IMPOKHE BO3MOMKHOCTU JUISl aHAIM3a 3aKOHOMEPHOCTEW pPa3BUTHS STHUX PENPOTYyKTUBHBIX
CTPYKTYp M IO3BOJISET IPOrHO3MPOBATh MPOrpaMMbl Pa3BUTUS KEHCKOro rameropura M HX
BO3MOKHOM IIEPEKIIFOUCHUH.

3apo/pIIEeBbIi MEIIOK L[BETKOBBIX PACTEHMH — JlaOMjbHAas M aJaNTUBHAs CHUCTEMa, YTO
HOATBEPXKIAETCS Pa3HOOOpa3eM THUIIOB Pa3BUTHUS (MOHO-, OM-, TETPACHOPUYECKHE), a TaKXKe
BapHabesIbHOCTBIO ero cTpoeHus.. OOpa3oBaHKe OMOIHUTEIbHBIX SMIEKIETOK BMECTO CHHEPIUA
WY aHTUIIOJ], ”THBEPTUPOBAHHBIX 3apPOABIILEBBIX MEIIKOB Y MHOTHUX PACTEHUI, BEPOSITHO, CBSI3aHO
C U3MEHEHHEM INpOrpaMMbl Pa3BUTHs (CHELMAIM3AIMK) KIETOK 3apObIIIEBOr0 MelIKa. AHaIu3
MOP(OreHeTUYECKUX KOppENSLMA B PpPa3BUTUM CeMsi3ayaTKa M 3apOABIIIEBOTO MeIIKa Y
Allium ramosum w  A. schoenoprasum TOKa3aj, 4YTO OJHAM W3 BO3MOXHBIX (DaKTOPOB,
OIPEACTAIONINX CYb0Y KIETKH B 3apO/IBILIEBOM MEILIKE, SBIISETCS XapaKTep pacipeiesieHus sijep
U 3JI0KEHMS KJIETOUYHBIX IIACTUHOK B MpPOIIECCe KIETKOOOPa30BaHMUs_B 3aBUCHMOCTH OT (POPMBI
3apOJBIIIEBOr0 MelKa. Y A. ramosum B OAMHAKOBO 3ayKEHHBIX KOHLAX 3apOJbIIIEBOIO MEIIKA
Tonorpadusi KJIETOK WIECHTUYHA, CJIEACTBUEM 4YEro, NO-BUIMMOMY, SBISIETCS OIMHAKOBAas MX
crienyanu3aiysa — 1Mo THITy sifiieBoro amnmapara. Y A. schoenoprasum 3apOfbIIIEBbIA MEIIOK C
Y3KMM MUKPOIIMJIIPHBIM KOHIIOM, I7ie (hopMupyercs siiilieBoii anmapart, 1 6osee BapuadenbHbIM 10
¢dopme xarazabHBIM — OT OTHOCHTEIBHO MIMPOKOTO 0 Y3KOrO, YTO ONpENesseT creuuduxy
PACMONIOKEHNST KJIETOK U MX CHELMAIM3alMIo: KaK aHTUMOJ (B IIMPOKOM KOHIIE) WU SIMIIEBOrO
armapara (B 3ayxeHHoM). dopma 3apoAbIILIEBOrO MEIIKa CBA3aHa CO CTPYKTYpPHOM OpraHu3anuen
0a3aIbHOM YacTH ceMsI3a4aTka U XapaKTepOM TPAHCIIOPTa ITUTATEIbHBIX BEIIECTB.

dopma 3apOIBIIIEBOr0 MEIIKa, 3aBUCSIIAs OT TMHAMUKH Pa3BUTHS OKPYXKAIOIIUX CTPYKTYP
ceMs3a4yaTka, UrpaeT BaKHYIO POJIb B PACMPEACICHUH AAEp HAa LEHOLMTHBIX CTAAUsAX, OCOOEHHO
OpH TeTpactopryecknx Tumax. Ha ocHoBaHMHM MOP(OreHeTHYECKHX KOPPEJALHNA BbISBICHBI
3aKOHOMEPHOCTH JIEJIEHUs SJIep M UX MUTPaLUK MU TeTpaclopuyeckoM paszButhu Drusa-tumna (y
Dioscorea caucasica) u Penaea-tuna (y Euphorbia palustris). TlokazaHa CBsi3b pacrnpe/esieHus
snep 143 npu Drusa-tune ¢ paHHell AeCTpyKUMEH NMapueTaTbHOW TKAHW U MPEUMYIIECCTBEHHBIM
POCTOM 3apOJIBIIIEBOI0 MEIIIKA B HAIPABJIECHUM MUKPOIIWJIE, a TAKKE C YBEJIMUEHUEM MaCCUBHOCTH
0a3aJbHOM YacTH ceMsA3auaTka M pacIlIMpeHUEM Xalla3albHOTO KOHIA 3apOJbIILIEBOrO MelKa. Y
E. palustris ~ craHoBieHMe — TeTpamoisipHod — opranmzammu  (Penaea-tur) — cBsi3aHO €
TIOCIIEZIOBATEIbHOM CMEHOM BEKTOpa POCTa 3apOJIBIIICBOrO MEIKa, OOYCIOBICHHOW MOATAITHON
JECTPYKIMEH MTPUIIETAIOLIMX TKAHEN CEMs3auaTKa: CHaYalla KJIETOK NapUeTATbHOM TKaHU, IIOTOM —
JaTepabHbIX CJIOEB HYyLEJUTyca, a 3aTeM — ero OasanbHOM uacTh. CleiCTBHEM Takoro
KOPPEJIATUBHOTO PA3BUTHS SIBIISICTCS W3MEHEHHME TOJSIPU3AllMM  raMeToura: Mepexol OT
OUITOJISIPHOTO COCTOSTHUS 2+2 K OunonsipHomy 143, 1 gasee k terpanossipaomy 1+1+1+1.
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MORPHOGENETIC CORRELATIONS: ANALYSIS OF FEMALE
GAMETOPHYTE DEVELOPMENTAL PROGRAMS IN ANGIOSPERMS
G.Yu. Vinogradova
Komarov Botanical Institute of Russian Academy of Sciences, St.-Petersburg, Russia
e-mail: vinogradova-galina@binran.ru

The development of the Angiosperm’s female gametophyte (embryo sac) is controlled by
the ovule tissues, which linked with the transport network of nutritive substances that provides
physiological balance, polarity and morphogenetic gradient (positional information).
E.N. Gerassimova-Navashina (1954, 1971, 1984) emphasized that the embryo sac development
proceed in the closest relationship with the surrounding structures of the ovule and with the
establishment of close "humoral and trophic impacts" (1971), and the embryo sac growth to a
certain extent is a result of "morphogenetic and morphophysiological correlative-consecutive
relations with ovule tissues" (1984). T.B. Batygina in her scientific works (1974, 1993, 1999,
2003, 2010, 2014 et al.) attached important significance of the study of morphogenetic
correlations in reproductive structures development.

Detection of correlations in the ovule and embryo sac morphogenesis opens wide
possibilities for the analysis of the peculiarities in reproductive structures development and
allows make the predictions about the developmental programs of female gametophyte and their
possible switching over.

Embryo sac of flowering plants is the labile and adaptive system, as evidenced by the
variety of development types (mono-, bi-, tetrasporic), as well as the variability of its structure.
In many plants the formation of extra egg cells instead of sinergid or antipodes, inverted embryo
sacs, probably occurs due to a change in developmental programs (specialization) of embryo
sac cells. Analysis of morphogenetic correlation in Allium ramosum and A. schoenoprasum
ovule and embryo sac development showed that one of the factors determining the fate of
embryo sac cells is the nuclei distribution and pattern of cell plates formation in the process of
cellularization, linked to the form of embryo sac. In 4. ramosum the cells topography in both
narrow ends of the embryo sac is identical, in the consequence of it, apparently, their
specialization by egg apparatus type is identical. In A. schoenoprasum embryo sac has narrow
micropylar end, where the egg apparatus is formed, the chalazal end is more variable - from the
relatively wide to narrow that determines the specificity of cells topography and their
specialization: as the antipode (in the wide end) or the egg apparatus (in the narrow end). The
form of embryo sac depends on the structural organization of the ovule basal part and the ways
of transport of nutrients.

A form of embryo sac, depending on the dynamics of development of ovule surrounding
structures, plays an important role in the distribution of nuclei at the coenocyte stages,
especially for tetrasporic types. Based on the morphogenetic, correlation the principles of nuclei
divisions and their migration in the tetrasporic development of Drusa-type (in Dioscorea
caucasica) and Penaea-type (in Euphorbia palustris) were detected. The nuclei localization in
Drusa-type (1+3) has relation with early destruction of parietal tissue and intensified growth of
embryo sac to micropyle, as well as with the increase of massiveness of the ovule basal part and
chalazal expansion of embryo sac. In E. palustris the establishment of the tetrapolar
organization (Penaea-type) is associated with a succession of growth vector of the embryo sac
which is caused a gradual destruction of adjacent ovule tissues: parietal cells first, then lateral
layers of nucellus, and then its basal part. The change of gametophyte polarization: transition
from a bipolar condition 2 +2 to a bipolar 1 +3, and to a tetrapolar 1 +1 +1 +1, is the
consequence of this correlative development.
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3BOJIIOIUSA CUCTEM CEMEHHOM PEINPOJIYKIUU B IPOIECCE
OKYJIbTYPUBAHUS PACTEHUM (HA TPUMEPE BOBOBBIX)
Bumnsikoa M.A.
DedepanbHulil uccie008amenbCKull yenmp Bcepoccutickutl uHCmumym 2eHemu4eckux
pecypcos pacmenuti um. HU. Basunosa, Cankm-Ilemepoype
e-mail: m.vishnykova@yvir.nw.ru

CuHIpOM JoMecTUKAalUU (OKYJIbTYPUBAHUSA) BKJIIOYAET MPU3HAKHU, [0 KOTOPBIM
[IPOM3OIILI0 YJYYIIEHWE PACTEHUW IO CPABHEHHUIO C €ro TUKUMU (opmamu.yY OG0O0O0BBIX, B
YaCTHOCTH, 9TO YKPYIHEHHUE CEeMsH, HEpacTPECKUBAEMOCTh 000O0B, YMEHbIIIEHHE Mepuoja
IOKOSI CEeMsSH W T.J. AHamM3 CHCTEM CEMEHHOW pENpOAYyKIUU KYJIbTyPHBIX U
KyJIbTHUBHPYEMBIX BUJOB, & TaKXK€ UX IUKHUX POAUYEH OOHAapYy>KMBaeT TEHACHIIUIO YTPaThl
MOCIICAHAMH QJUIOTAMUHU B TIPOIECCE JOMECTUKAIMHA. BOJBIIMHCTBO KYJIBTYPHBIX O00OOBBIX,
0COOCHHO BHJIOB, BO3JENBIBAEMBIX pagdl CEMSH — 3€pPHOOOOOBBIX — OJHOJETHUKH, MPEAKU
KOTOPBIX MOTJM HWMETh MHOTOJICTHUH KU3HEHHBIM [HKI. Ha mnpumepe 3BOIIOIUN
npencTaBuTenel poga Phaseolus moka3aHo, 4TO Hapsay C MEPEeX0J0M MHOTOJIETHHX (HopM B
IBYJICTHUE, a 3aTeéM B OJHOJICTHHE, TICPEKPECTHOE ONBUICHHE, WMEBIICe VY HHUX
MPEUMYIIECTBEHHOE 3HAUY€HHEe, B TOCJIEAYIOUINe IEePHOJbl, OCOOCHHO NpU MEPEeHECEHUU
KyJbTypbl B YMEPEHHBIN MOsIC, 3aMeHWIOCh camoonbuieHueM (MBanos,1960). B mpenemnax
OOJBIIMHCTBA POJOB, K KOTOPBIM OTHOCSTCS 3€pHOOOO0OBBIE KYJIBTYPBLUMEIOTCS Kak
MEPEKPECTHO- TaK M CAMOOIBUISIFOIIIMECS BHUJIBI, a Takke (PaKyJIbTaTHBHBIC aJJIO- H aBTOTaMBbI.
[Tpu >TOM OKYNIBTypeHHBIE OJTHOJIETHUE BHJIbI, KaK MPABUIIO, CAMOONBUIUTEIN, MHOTOJIETHUE
BUJBI, W3 KOTOPBIX OKYJBTYPEHBI HEMHOTOYHCIICHHBIC, KAaK IPABWIO, IEPEKPECTHHUKH.
CaMoormnbUIeHHe WHOTJAa PacCMaTpPUBAETCs KaKk BTOPUYHOE SIBIICHHE - PE3€PBHBI MEXaHU3M,
BBITIOJTHSIONINA CTPAaXOBOYHYIO (DYHKITMIO B YCJIOBHISIX CPEIbI, HEOJATONMPHUATHBIX JUIS JIeTa
HacekombIx (Rowland, 1958; Sheriven, 1962 u ap.). [ToaToMy camoomnbiieHHE, TO-BUIUMOMY,
CIeIyeT CYMTaTh OJHUM W3 TMPOSBICHUN CHHIpPOMA JOMECCTHKAIIMH, BO-TIEPBBIX, KaK
NpUOOpeTEeHNE PACTEHUSIMU HE3aBUCHMOCTH OT HaJIW4HUs omnbuinTenei. Bo-BTopbIX, OHO
CIIyX HUT (AKTOPOM, CIOCOOCTBYIONIUM TCHETHYECKON CTAaOWIBHOCTH TMOMYJISIIUN, YTO
SBIISIETCS BaXXHBIM ACHEKTOM OKYJIbTypHBaHHs. [Ipu 3TOM camMoOmblICHHE SIBISETCS TaKKe
OpOCTBIM U 3(PPEKTUBHBIM IyTEM HCIOJB30BAHUS OJIATONMPHITHBIX  MEXIIOKYCHBIX
B3aumozeiicTeuii (Allard, 1999). B-TpeThux, 3BONIOIMOHHOE COBEPIIEHCTBO CAMOOMBIICHHS
BBIPAXKACTCSI B CHIDKEHUHW SHEPTCTUUYCCKUX 3aTPaAT, KOTOPBIX OTKPBITBIC PEIPOIYKIIMOHHBIE
CUCTEMBI, TPUCYIIHE TMEPEKPECTHOOMBUIAIOMUMCA pACTeHUSIM, TpeOyIoT Oomblie, Yem
3aKpBITEIC (aBTOTambl). Bonbllas 3HEProeMKOCTh AJUIOTAMHH CBS3aHA C HEOOXOIHMOCTBIO
CO3/IaHHUS LIEJIOTO PsAJla MEXaHU3MOB ISl IPUBJICUYECHUS ONBIIUTENEH (SIPKOM OKpacKU BEHUHKA
M HaIW4Msl HAa HEM KOHTPACTHBIX TSATEeH, (JIOpPAIbHBIX HEKTApPHHUKOB, 3alaxa), 4ro Yy
HEKOTOPBIX BUAOB KYJbTYpPHBIX 36pHOOOOOBBIX OTMEUAETCs KaK pyAHMMEHTapHbIE MPU3HAKH.
ATpubyTOM aiJIoraMMy SIBISETCS TaKKe HEOOXOAMMOCTb MPOAYIMPOBAHUS H30bITKA
IBUIBIBL, B CUJIY YEro 3aTpaThl HA OMBLJICHHE OJHOTO LBETKA (OTHOIIEHUE YHUCIIA MbUIHLIEBBIX
3epeH B TBUIBHUKAX K YHUCIY CEMSA3a4yaTKOB B 3aBs3HM) Yy aUIOraMoB OOJIbIIE, YeM Y
camoomnsimuteneit (Ornduff, 1969; Cruden, 1977; Grant, 1981). [logoOHass 3aKOHOMEPHOCTh
MoKa3aHa W JIsS JUKOPACTYIIUX  pPOAWYEH  KYJIbTYPHBIX aBTOTaMOB: Y  JTUKUX
caMoombLISIOmUXcst BUoB Phaseolus, Vigna, Glycine cooTHomeHue "mpUibIa/ceMsa3adaTku’”
BBHIIIIE TI0 CPABHEHUIO C COOTBETCTBYIOIIMMH KyJIbTYPHBIMH BHUIAMH, UYTO, MO-BHIAMOMY,
CJIeIyeT CYUTATh PYJUMEHTOM HEKOT1a MPUCYIIEH UM aJlJIOTaMHH.

Kpaiineit popmoil aBToramMuy NPUHATO CUUTATh KICHCTOTaMHUIO, BCTPEYAIOILYIOCS Y
HEKOTOpPBIX 0000BBIX (Arroyo,1981; Hosocemnoa,2000). Ho memomy psgy w#3 HUX
(Glycinemax, P.aureus, P.vulgaris, Pisumsativum, Arachishypogea, TpencTaBuTeIsIM
Viciafaba, V.sativa, V. angustifolia w np.) npucyma OyTOHHas aBTOraMus, 4YTO IO
(GYHKIMOHAIHLHOMY 3HAYEHHUIO OYeHb OJIM3KO K Kielicroramun (Ppenkens, [anyn, 1982).
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EVOLUTION OF SEED REPRODUCTION IN THE PROCESS OF PLANTS
DOMESTICATION (GRAIN LEGUMES AS AN EXAMPLE)
Vishnyakova M.A.
Federal Research Center N.I. Vavilov Institute of Plant Genetic Resources,
Sankt-Petersburg
e-mail: m.vishnykova@yvir.nw.ru

Domestication syndrome includes features which plants have improved compared to the
wild forms. In legumes, in particular, these are an enlargement of the seeds, non-shattering of
beans, reduction of seed dormancy period, etc. Analysis of seed reproduction systems of
cultivated leguminous species and their wild relatives shows the trend of the allogamy loss
during domestication. Most cultivated legumes, especially species cultivated for the seeds —
grain legumes — annuals, whose ancestors had perennial life cycle. For example, the evolution
of some Phaseolus species testifies that along with the transition of perennial forms to the
biennials, and then annuals, cross-pollination they had, in subsequent periods, especially
during transfer the crop to the temperate zone, had been replaced by self-pollination (Ivanov,
1960). Within the majority of legume genera there are both cross- and self-pollinated species,
as well as optional allo- and autogamy. Thus cultivated annual species tend to self-pollination,
perennial species, of which only a few are domesticated, usually are cross-pollinated. Self-
pollination is sometimes considered as a secondary phenomenon - a backup mechanism that
performs a safety function in the environmental conditions unfavorable to the insects
(Rowland, 1958; Shcriven, 1962, etc.). Therefore, self-pollination, apparently, should be
considered as a manifestation of the domestication syndrome, first, as the purchase of plants
for independence on the presence of pollinators. Secondly, an important aspect of cultivation
represents the direction of reproductive systems to ensure maximum genetic stability, that is
much more characteristic to autogamy compared to allogamy. It is believed that self-
fertilization is not only a factor of genetic stability, but also a simple and effective way to use
favorable interloci interactions (Allard, 1999). Third, the evolutionary perfection of self-
pollination is expressed in the reduction of energy costs, which cross-pollinated plant require
more, than selfers. More energetic intensity of allogamy compared with autogamy is
associated with the need to create a range of mechanisms to attract pollinators (a bright
corolla and contrasting spots on it, floral nectaries, a smell), which in some cultivated
leguminous are taken as rudimentary signs. As an attribute of allogamy a need to produce
excess of pollen per flower should also be considered: the ratio of pollen in anthers to the
numbers of ovules in the ovariy in outcrossing is greater than in self-pollinating plants
(Ornduff, 1969; Cruden, 1977; Grant, 1981). A similar pattern is shown for wild relatives of
cultivated selfers: wild self-pollinating species of Phaseolus, Vigna, Glycinehave the ratio
"pollen/ovules" higher compared with the corresponding cultivated species. This phenomenon
seems to be regarded as a vestige of the before inherent them allogamy.

An extreme form of autogamy they assume acleistogamy, which occurring in some
legumes (Arroyo, 1981; Novoselova, 2000). But for a number of them (Glycine max, P.
aureus, P.vulgaris, Pisumsativum, Arachis hypogea, representatives of Viciafaba, V. sativa,
V. angustifolia and others) bud autogamy is inherent which is very close to the cleistogamy by
its functional value (Frenkel, Galun, 1982).
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MUKPOCIIOPOI'EHE3 SCHEUCHZERIA PALUSTRIS: PABHOOBPA3HUE
THUIIOB TETPA L
0.A.Boakosa, M.M.Pemu3zoBa, /I./{.Cokos0B, E.J.CeBepoBa
Mocxosckuii 2ocyoapcmeennbiii yhusepcumem umeru M.B.Jlomonocosa, Mockea
e-mail: centaurea7@yandex.ru

Scheuchzeria palustris L., MOHOTUIHBIN BUA ceMeicTBa Scheuchzeriaceae, yHUKajeH B
nopsiike Alismatales mo menomy psiy MPHU3HAKOB, B TOM YHWCIIE TI0 HAJTUYUIO MBUIBIIEBHIX
3epeH, paclpocTpaHsromuxcs B quanax. Hame uccieioBanne NOCBAIIEHO Pa3BUTHIO MBUIBLIBI
HICHXIIEPHH, TIPH 3TOM 0cO00€ BHUMaHHE OOpAIICHO Ha THIBI TeTpaa, (POPMUPYIOUINXCS B
npolecce MUKPOCIIOpOreHesa.

Terpamel MHKpocmop 00pa3yroTcs 10 CyKneccuBHOMy tumy. Ilocme mepBoro
MEHOTHYECKOro JAeNeHUS MeXAy C(OpPMUPOBAaBIIMMUCSA KJIETKAMH LEHTPU(YTalIbHO
oOpa3yeTcst ToJIcTasi KaJulo3Has o00oyiouka. B KOHIlE BTOPOro MEHOTHYECKOTO JEICHUs
dopmupyroTcs TeTpaibl pasHoro tuna. I[Ipeobnanaror kBanpathelie (35%), kpecTooOpa3Hbie
(13%), nenpaBuneHbIe (42%) TeTpanpl, Torga kak juHenHbIE (7%) M T-o6paszubie (3%) -
penku. Cpenu HeNpaBWIIBHBIX TETpaj OTMevaroTcsl mepexojaHble (opmbel Mexay T-
oOpa3HpiMM U KBaapaTHbIMU (32%), mexny JuHedHbIMM U T-o0pasueiMu (5%), Mexnay
JUHEHHBIMU M KBaJpaTHbIMU (5%) Tunmamu. K KOHIly TeTpagHOro Mmepuoia MHUKpPOCIIOPHI
TeTpaabl OKPY>KEHBI KAJIJIO3HOM 000JIOUKOH, pa3inuaroeicst mo tonmuue. Pacman terpaabt
Ha JMaJbl NPOMCXOJUT B IUIOCKOCTH MEPBOr0 LUTOKHMHE3a, TJe Kajulo3Has 000JI0uKa
JIOCTUTAET CBOCW MaKCHMaJbHON TONIIMHEL [IbUTbLIEBBIC 3€pHA B Al YACPKUBAIOTCS 3a
cuet "mpocroro cuerieHus" (simple fusion - Knox, McConchie, 1986) snemeHTOB TekTyMma,
KOTOpoe (popMUpyeTCs B KOHIIE TETPAJTHOTO MEPHOIa. ATIEPTYPbI OTCYTCTBYIOT.

Panee Ha nmpumepe npencraBureneit nopska Asparagales 6bu10 moka3aHo, uyTo ¢opma
TETpajJ BO MHOTOM omnpezensercss popMoil mukpocnopountoB (Penet, 2012): HenpaBuibHbIE
TETpajibl Pa3BUBAIOTCA U3 YAJUHEHHBIX MHUKPOCIOPOLMTOB, @ MHUKPOCIIOPOLUTHI OKPYIJION
(dopmbl HOPMUPYIOT B OCHOBHOM KPeCcTOOOpa3HbIE WIIM KBaIpaTHBIC TETPAAbl. MBI moaraem,
YTO TEPMHUH "HENpaBUWIbHBIE TETPAbl" CIEIYIOT OTHOCUTH K TAKUM TUIIAM TETpaj, e OJHa
Wi 00e TUIOCKOCTH BTOPOTO IIMTOKMHE3a PACIIONOKEHBI KOCO IO OTHOIICHHUIO K IIOCKOCTH
HEpBOro JENCHHsI, B TO BpeMs Kak Mpu (OpMUPOBAHMM KAHOHMYECKUX THUIIOB TETpaja 3TH
TUTOCKOCTH TapaJijIeNIbHbl WM TIEPIICHANKYJISPHBI TUIOCKOCTH TIEPBOTO JENIEHUS. DTO MOXKET
03HayaTh, YTO, IOMUMO (OPMBI MUKPOCHOPOLIUTA, HH(OPMALHSI O B3aUMHOM PACIOJIOXKEHUN
COCEIHHUX KIIETOK MOXET HWrpaTh CYIIECTBEHHYIO pOJIb B ONPEACICHUH HAIpPaBICHUS
IUIOCKOCTH BTOPOTO JEeNEeHHMs MeHo3a. MOKHO NPEeAroaoKuUTh, YTO HAJIWYUE TOJICTON
KaJJIO3HOH O00O0JIOUKM BJOJIb IUIOCKOCTH TEPBOTO JEJCHHS, KOTOPYIO MBI HAOI0JaeM y
Scheuchzeria, wmoxer OJOKHpPOBaTH WX OCHAOIATH OTy HMHPOPMAIHIO, IOITOMY
pacroyioXeHue MIOCKOCTH BTOPOTO JENEHHs OmNpeieseHo MeHee ctporo. CleacTBHeM 3TOTo
ABIISIETCA BBICOKAs JOJIS1 HENPaBWIBHBIX TETpaJ, OTMEUYEHHBIX HaMu y Scheuchzeria. Ota
TUIoTE3a TpeOyeT MPOBEPKU Ha Oojiee MHUPOKOM KPyTe SIMIIUPUYECKUX JTaHHBIX.

UccnenoBanne mpoBeaeHo mpu (UHAHCOBOM TMoOjaepKke Poccuiickoro HaydHOTO
donna (mpoext Ne 14-14-00250).
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0.A. Volkova, M.V. Remizowa, D.D. Sokoloff, E.E. Severova
M. V. Lomonosov Moscow State University, Moscow
e-mail: centaurea57@yandex.ru

Scheuchzeria palustris L., the only member of Scheuchzeriaceae, is unique among
Alismatales in several characters, including pollen dispersed in permanent dyads. Our
investigation provides the first description of pollen development in Scheuchzeria with main
focus on the diversity of tetrad types.

The meiotic cytokinesis is successive. After meiosis I, a thick continuous callosic wall
lays down between the two cells, the wall formation is most likely centrifugal. At the end of
meiosis II, the different tetrad types can be seen. Tetragonal (35%), decussate (13%), and
irregular (42%) tetrads predominate, linear (7%) and T-shaped (3%) tetrads are rare. Different
types of irregular tetrads are observed: transitional type between T-shaped and tetragonal
(32%), transitional between linear and T-shaped (5%) and transitional between linear and
tetragonal (5%). During tetrad period, the microspores are surrounded by the callose special
wall of different thickness. Disintegration of tetrads into two dyads takes place along the
plane of the first cytokinesis, where the thickness of the callose wall is maximal. Pollen grains
are hold together within the dyads due to a simple fusion (Knox, McConchie, 1986) of tectal
layers, this fusion takes place at the late tetrad period. Apertures are absent.

It was shown earlier on the example of Asparagales that resulting tetrad shapes are
influenced by microsporocyte shape (Penet, 2012). Irregular tetrads develop from elongate
microsporocytes, while spherical microsporocytes give rise mostly to regular (decussate and
tetragonal) tetrads. We consider the term ‘irregular tetrads’ should be used only for those
tetrads where one or both second divisions are oblique with respect to the plane of the first
division. In formation of canonical types of tetrads, all divisions are either parallel or
perpendicular to each other. This may indicate that in addition to the major factor of
microspore mother cell shape positional information regarding neighbouring cells plays
certain role in determining planes of cell divisions in meiosis II. We speculate that the
formation of thick callose wall between the products of meiosis I, as seen in Scheuchzeria,
could reduce the influence of this positional information, so that the meiosis II occurs in a
more random plane. As a result we observe a high frequency of irregular tetrads. This
hypothesis requires further testing using empirical data on various angiosperms.

The work is supported by the Russian Scientific Fund, project 14-14-00250.
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ATIOMHMKCHC Y IBETKOBBIX PACTEHUM
Boponosa O.H.
bomanuuecxuti uncmumym um. B.JI. Komapoea PAH, Canxm-Ilemepoype
e-mail: o_voronova@binran.ru

Armomukcuc (B IEpeBOIC C TPEUECKOro: ano — 0e3, muxcuc — ciusane) GopMupoBaHUE
3apojpliia 0e3 CIUSHUS MYXKCKHX M JKEHCKMX raMeT: 0e3 OIUIOJIOTBOPEHUS SHLEKICTKH U
LEHTPaJIbHOW KJIETKU (aBTOHOMHBIM allOMHKCHUC) WM U3 HEOIUIOJOTBOPEHHOU SHULEKIIETKH,
HO TMpHU OIUIOJOTBOPEHUHU IIEHTPAJbHOM KJIETKH (ICeBAOraMHblii anmoMukcuc). VHoraa
JIOCTATOYHO JIMIIb BXOXAECHUS CIEPMHUS B LEHTPAIbHYIO KIETKY, YTOOBI CTUMYJIUPOBAThH
pasBUTHE 3HIOCIEpMa, KOTOPbIH MOXET MMETh Pa3HyIO IJIOWAHOCTb. ANOMHMKCHC HMHOTIA
IPOSIBISIETCS CHOPAAMYECKH Y OTAEIBHBIX 0co0eil Buaa ((paxyJIbTaTUBHBIN) WU SBISETCS
OCHOBHBIM M Ja)K€ €IMHCTBEHHBIM CHOCOOOM BOCHIpOM3BeNeHUs BHJA (OOIMraTHbIHN)
(«DOMmOpuomnorus ...», 2000).

[lepBoe ompeneneHue M Kiaccuukanus anoMukcuca ObUTM AaHbl B Hadane XX
cronerusi ['ancom Bunkimepom (Winkler, 1908). Ilo mepe HakomjeHHs TaHHBIX CTaJd
HOSBIATHCS U HOBbIE Kilaccudukanuu anomukcuca: A. Ernst, E. Strasburger, F. Fagerlind, G.
Stebbins, A. Gustafsson, S1.C. Mogunesckuii, P. Maheshwary, E. Battaglia, B.A. Ilogxyonas-
Apnonbau, C.C. Xoxinos, [1.®. [Terpo, M.I1. Connuena u apyrue (Haymona, 2008).

Haubonee nHTEpeCHBIMU C TEOPETUUECKON U MPAKTUYECKON TOUKU 3pEHUS SBISIOTCS T
COOBITHS, KOTOPbIE MPUBOAAT K (POPMHUPOBAHUIO HE MPOCTO ANIOMUKTHYHBIX 3apOJbIIICH, a
MOJIHOLIEHHBIX araMOCIEPMHBIX CEMSH: arocnopus — (OPMHUPOBAHHUE 3apOJBIIIEBOIO MEIIKa
HE M3 MEracrophl, a M3 COMAaTHYEeCKOM KIETKH (HyLe/ulyca, MHTETYMEHTa) MOCPEICTBOM
MHUTO3a M JUILIOCTIOPUS — (OPMHPOBAHUE 3apOJIBIIICBOIO MEIIKa M3 HepeIlylHMpOBaHHOU
Meracnopsl. AIMOCIOpUss M JTUIUIOCTIOpUsi, Hamboiee pacnpocTpaH€HHble U Haubosee
u3y4aeMble (JOPMBbI AIIOMUKCUCA Y PACTEHUH.

CyliecTByloT pa3Hble TOYKHM 3PEHUS W Ha TEHETUYECKYI0 MNPHUPOAY ANOMHUKCHUCA.
[lepBbie pabOTHI OBUTH CBS3aHBI C IOMCKOM «T'€HA alTMOMHUKCHCA, HO BCKOPE CTAJIO SICHO, YTO
9TOT Mpolecc uMeeT Oojiee ClOKHOEe reHerndyeckoe perynupoBanue (Nogler, 1994). J.
Carman (1997) npe/utoXuiT THIIOTE3y aCHHXPOHHOM IKCIPECCHU JTYyOIUPYIOMUX TCHOB IS
arlOMUKCHUCa, OMCIIOPUM, TETPACIOpUU M IMOJUIMOPUOHMM, M €r0 TOYKa 3pEHHs] HaXOAMUT
BIIOJIHE OIpEAEICHHbIE MOATBEPKIACHUS IPU H3YUYEHUM MPHUPOAHBIX MNOMYJSIUA U B
9KCHEPUMEHTAIbHBIX HCCIe0oBaHuAX. VHTepecHble naHHble noiydeHsl A.M.Koltunow
(2011) o pomu renoB LOA u LOP pnyis BOCCTAaHOBIIEHHS CEMEHHOTO DPAa3MHOMKEHUS Y
aIIOMUKTUYHBIX BUOOB Hieracium.

OBOJIIOLMOHHOE 3HAYE€HUE AallOMUKCHCAa OCTAeTCsl TUCKYCCHOHHBIM. IlepBoHauanbHO
CUUTAJIOCh, YTO AllOMUKCUC — 3TO SBOJIIOLMOHHBIA TYIHUK, TOCKOJIBKY IIPU HEM B IIOTOMCTBE
HE MPOMCXOMUT pEeKOMOMHAIMKM TeHoB. [lo Mepe HAKOIUIEHHS IAHHBIX MHEHHUS CTald
MEHSTbCSA, U Tenepb Bce OOJbIIE YYEHBIX IOJArarT, YTO AlOMHUKCUC - IPOTrPECCUBHOE
HBOJIIOLIMOHHOE HOBILECTBO B CHCTEME PENPOAYKLHH IBETKOBBIX pPACTEHUM, KOTOpOE
NO3BOJISIET BUAAM OBICTPO 3aBOEBBIBATH TEPPUTOPHIO, TUPAKUPYS «yAAUHBIE» T€HOTHUIIBL.
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APOMIXIS IN FLOWERING PLANTS
O.N. Voronova
Komarov Botanical Institute of the Russian Academy of Sciences, Saint-Petersburg
e-mail: o_voronova@binran.ru

Apomixis (in translation from Greek: apo - without, mixes — merger) is the formation of
an embryo without the fusion of male and female gamete: without fertilization (autonomous
apomixes) or from an unfertilized egg, but with central cell, giving rise to endosperm
(psevdogamous apomixes). Sometimes entering of the sperm just into the central cell is
enough to stimulate the development of the endosperm, which can have different ploidy.
Apomixis occurs sporadically in some individuals of species (facultative) or is the main and
even the only way of propagation (obligate) («kEmbryology ...», 2009).

The first definition of apomixis and its classification has given in beginning of the XX
century by Hans Winkler (1908). New classifications began to appear as the data accumulated
about apomixis. A. Ernst, E. Strasburger, F. Fagerlind, G. Stebbins, A. Gustafsson, Y.S.
Modilevsky, P. Maheshwary, E. Battaglia, V.A. Poddubnaya-Arnoldi, S.S. Khokhlov, D.F.
Petrov, M.P. Solntseva and others are engaged in apomixis research (Naumova, 2008).

The events that lead to the formation of not only apomictic embryos, but full
agamospermous seeds are the most interesting from a theoretical and practical point of view.
Apospory - the formation of the embryo sac not from megaspore, but from somatic cells
(nucellus, integument) by mitosis and diplospory - the formation of embryo sac from
unreduced megaspore. Apospory and diplospory are the most common and most investigated
forms of apomixis in plants.

There are different points of view on the genetic nature of apomixis. The first works
were related with searching for “apomixis gene”, it soon became clear that this process has
more complex genetical regulation (Nogler, 1994). J. Carman (1997) has offered a hypothesis
of asynchronous expression of duplicative genes, for apomixis, bispory, tetraspory and
polyembriony, and his point of view finds quite certain confirmations when studying natural
populations and in the experimental researches. Interesting data are obtained by
A.M. Koltunow (2001) about a role of genes LOA and LOP for recovery of seed propagation
at apomictic species of Hieracium.

The opinions about the evolutionary significance of apomixis are different. Earlier it
was thought that apomixis - an evolutionary deadlock, because at the apomixis the gene
recombination does not occurs in progeny. Some time later, opinions began to change and
now more and more scientists believe that apomixis — a progressive evolutionary innovation
in the system of reproduction of flowering plants that helps them quickly conquer territory
replicating successful genotypes.
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KOHCTPYUPOBAHUE AITIOMUKCHUCA - KJIIOYEBOE HAIIPABJIEHUE B
HNCCIEJOBAHHWHU BECITIOJIOCEMEHHOI'O PASMHOKEHUSA
I''A. I'epamenxoB, H.A. Po:knoBa, I'.P. SIcbioaeBa, A.B. Uemepuc
DedepanvHoe 2ocyoapcmeenHoe 0100xHcemHoe yupedxicoenue Hayku Unemumym
ouoxumuu u cenemuxu Ygpumcrkoeo nayunozo yenmpa Poccutickoti akademuu Hayk, Yeha
e-mail: apomixis@anrb.ru

KoncTpynpoBanue amnoMukcuca de novo 3a CUET JAEPETyJSLUM T€HOB AalOMUKTHYHOMN
Tpuaapl, a uMeHHo, (1) amomelios3a, (2) mapreHoreHe3a u (3) PHOOCHEPMOTeHE3a - BaKHOE
HampaBJICHUE B TOHUMAaHUM MEXaHU3MOB aramocriepmMun. aest KoOHCTpyHpOBaHHUS allOMHUKCHCA
BriepBbie ObU1a BhickazaHa emie B 1993 rogy (Chaudhury, Peacock. 1993). MuorouncienHbie
paboTHI, BBITOIHEHHBIE HA apaOuIorcHce, KyKypy3e M pUce MO3BOJIN BBIICIUTh MYTaHTHI C
HEKOTOPBIMH TPU3HAKAMM, HAIIOMUHAIOIIMMU DJIEMEHTHl allOMUKCUCA W OMPENEIUTh TEHBI,
oTBeTcTBeHHBbIe 3a 3T mpusHaku (Pupilli, Barcaccia 2011; Barcaccia, Albertini, 2013). V
pacTeHUi W3BECTHBI TEeHbI, KOHTPOIUPYIOIIUE MPU3HAKK, HEOOXOAMMBbIE AJs Tepexona ¢
MOJIOBOTO Pa3MHOXKEHHMsI HAa AaloOMHMKTUYHBIA IyTh (AamoMeio3, NapTeHOreHe3, aBTOHOMHOE
pasBuTHE SHAOCTIepMa). Tak, Moka3zaHa BO3MOXKHOCTh MHUIMAIIMH arloMeiio3a y apaduioncuca 3a
cueT MyTarwu B equHCTBeHHOM TeHe SWII (SWITCH1/DYAD), xomupytromiem ¢ocdomumazy C,
KOHTPOJIUPYIOILYIO HEPACXOXKICHUE CECTPUHCKUX XpoMaTua U (GOpMUPOBAHUE IIEHTPOMEPHI BO
Bpemsi crioporene3a (Ravi et al 2008). Bcecroponne m3ydeHa poJib TEHOB OTBETCTBEHHBIX 3a
pazsutue sua0cniepma MEA, FIE w FIS2, HacnenyembIx Onarofaps HMIIPUHTUHTY OTILOBCKOM
amtern y Arabidopsis thaliana.

B Hacrosimiem wuccrnenoBaHWM TPOBEICHO KOHCTPYHMPOBAHHE allOMUKCUCA de novo 'y
pacteHuii apabuoNCcHUca C UCHOIb30BaHUEM MYTAHTOB C «aHOMAJIMSIMI» 3MOpPUOTeHE3a, B TOM
yHciae MEHOTHUYECKMX MYTAHTOB, TaKUX Kak swil-1, swil-2, feml7 w pap.. DTo sBuseTcs
MIEPCTIEKTUBHBIM TIOIXO/IOM JUTSI BOCCO3JIaHUS allOMUKCHCA y (DOPM C TIOJIOBBIM Pa3MHOKECHHEM.
B pabore ucnonb3oBanm Oonee 20 dopm u nuuuMid A. thaliana v Boechera (B ToM 4mcie
MEWOTHYECKAX MYTaHTOB M (pOpM C HapyIICHHSIMH pa3BHTHS B dMOpuoreHese). [lomyuenue de
nOVO MYTaHTHBIX PAaCTEHUN apaOHIoICHca OCYIIECTBISUTM B HECKONbKO craaui. Ha mepBom
JTalie METOJOM PECTPUKTA3HO-IUIA3HOTO KIOHUPOBAHUS CO3AaBaIM T'€HHO-UHKEHEPHBIC
KOHCTPYKIIMH, COJEp)Kalllie MPOMOTOPbl U TEHbl B TPSMON WM OOpaTHOW OpHUEHTAIUH.
HNHTpOoayKIMST TEHHO-MHXCHEPHOW KOHCTPYKIIMM B TEHOM pACTEHUS OCYHIECTBIUIACH TIPU
nomomy  asmuasl pCambia 1301 (Bekropa) myTeM MOTPY>KEHHUs] LIBETKOB B CYCIIEH3HIO
Agrobacterium tumefaciens, copep’KallluX BCTPOECHHBIM BeKTOp. Jlajee MpOBOAMIM CEIEKLHUIO
TPAaHCTEHHBIX CEMSH Ha CpefiaX, COJIEPKAIMX aHTHOMOTHK TMIPOMUIIHH.

B pesynbrare mpoBeeHHOTO MccieoBaHus ObLTH KJIOHHpoBaHbl reHbl DYAD u SERKI B
MIPSIMOM OPHEHTAIMH 10T MeH03-ciernpruaHbIM TIpoMoTopoM pMS5. Takke ObUTH KIIOHUPOBAHBI
¢dparmentsl reHoB FIE, MEA v FIS2 B aHTUCMBICTIOBOM OpPHEHTAIMU B OWHAPHBIX BEKTOPAX
pCambia 1301 mox mpomoropom pMS5. IlomydeHo 1O OIHOMY PACTEHHUIO HECYIIEMY TEHBI
SERK1, DYAD n MEA cmutbix ¢ poMoTopoM pMS35. [lomydeHsl ceMeHa Tpanc(hOopMHPOBAHHBIX
pacternii B F1. ®enortumbl oTIMYamMCh pasznuyHONM (epTuiabHOCTRIO. Ha pactrenumsix
3aBsi3bIBAIoch OT 1 1o 5-7 crpyukoB. MccnmenoBaH XapakTep HacieIOBaHUS TPAHCTEHOB U
OTKJIOHEHHE OT MEHJIEJIEEBCKOrO pacUICIVICHUs] y TPAHCT€HHbIX pacTeHHid B MOoToMmMcTBe. B
notoMcTBe F2 Mpoucxoamiao pacHielyieHHe 10 CHOpO(UTHOMY THITy B OTHOIIEHHH 3:1.
Pacmieriennii rameropuTHoro tuma 1:1 HM B OmHOM cCiy4ae OOHApYKUTh HE YIaJOCh.
Jluckyccru 0 MepCHeKTUBHOCTH MCTIONB30BaHMS TEX WIIM UHBIX JIEMEHTOB OYIYIIMX KacCeT JUIs
WH)KMHUPHUHTA allOMUKCHCA MPOJoJpKatoTest A0 Hactosiiero Bpemenn (Hand, Koltunow, 2014).
OpHako coOOIICHUH MO JAaHHOMY BOMIPOCY, KpoMe padoT rpymisl e’ Ipdyp, TPaKTHISCKA HET
(d’Erfurth et al 2009, 2011). Takum o00pa3oM, TOJYYCHHBIE B HACTOSIIEM HCCIICIOBAHUH
pe3yIBTATHI SBISIOTCS OPUTHHAIBHBIMU U TIOJTyY€HBI BIIEPBEIC.

Pab6ora eimonHena npu noep:kke PODU, nmpoext Ne 14-04-97089.
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ENGINEERING OF APOMIXIS IS THE KEY DIRECTION IN RESEARCH OF
SEEDS-WITHOUT-SEX REPRODUCTION
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Institute of Biochemistry and Genetics of Ufa Research Center of the Russian Academy
of Sciences, Ufa
e-mail: apomixis@anrb.ru

Introduction. Engineering of apomixis de novo due to the deregulation of apomixis
triad genes is the important area in the understanding of seeds-without-sex mechanisms. For
the first time the idea of apomixis engineering has been stated in 1993 (Chaudhury and
Peacock 1993). The numerous works performed in Arabidopsis, corn and rice have allowed to
allocate apomixis-like mutants and the corresponding genes (Pupilli and Barcaccia 2011;
Barcaccia and Albertini 2013). In plants the genes controlling the apomixis miming features
are known (apomeiosis, parthenogenesis, autonomous development of endosperm). So, the
possibility of initiation of apomeiosis due to mutation in the only gene SWII
(SWITCH1/DYAD) encoding the phospholipase C (Ravi et al 2008) is shown. The role of
genes MEA, FIE and FIS2 involved in imprinting during the endosperm formation in
Arabidopsis is comprehensively studied.

Aim. To perform engineering of apomixis de novo at Arabidopsis plants.

Materials and methods. Obviously, the usage of Arabidopsis mutants with
embryogenesis "anomalies", including meiotic mutants, such as swil-1, swil-2, fem17, etc.,
is perspective approach for the engineering of apomixis in forms with sexual reproduction. In
the work we used more than 20 forms and accessions of Arabidopsis thaliana and Boechera
(including meiotic mutants). The producing of transformed plants was carried out at several
stages. At the first stage the molecular constructions containing promoters and genes at
different orientation were assembled. Then the construction was introduced into pCambia
1301 and the vector molecule was transferred into plant genome by floral spraying. Further
the selection of the produced plants was performed with antibiotic Hygromycin B.

Results and discussions. We have cloned DYAD and SERK genes in direct orientation
and fragments of genes FIE, MEA and FIS2 in antisense orientation under meiosis specific
promoter pMS5 in binary vectors of pCambia 1301. One transform plant was performed for
each molecular construction with used genes. Seeds of transformed plants were received in
F1. Plant genotypes were differed by various fertility. It was from 1 to 5-7 pods per plants.
Nature of inheritance of transgenes in posterity was investigated. There was a splitting on
sporophyte type 3:1 in posterity. Gametophyte type of splitting 1:1 was not found.
Discussions about perspective genes for engineering of apomixis are proceeding so far (Hand
and Koltunow 2014). However there are practically no reports except of d’Erfurth (d’Erfurth
et al 2009, 2011). Thus, our results are original. The work was supported by RFBR, a project
no. 14-04-97089.

61
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Ha xauecTBO mbUIbIIBI TIpencTaBuTene pona Tulipa L. 6omnbioe BAMSHHE OKa3bIBAIOT
abnoTnyeckre U OMOTHYECKHE (PAKTOPHI, a TaK)KE TeHOTHIIMYECKHE OCOOEHHOCTH copTa. B
CEJICKIIMHM TIOJNbIIaHA TIEPBOCTETICHHOE 3HAUYEHUE HWMEET HCCIENOBaHHe YCTONYHUBOCTH
MY’KCKOTO TamMeTO(uTa K TOKCHHAM NaTOT€HOB. AKTyaJlbHBIM HAlpaBJIICHUEM SIBIISICTCS HE
TONIBKO OTOOp pOAUTENBCKUX (OPM C BBHICOKMMH TPU3HAKAMHU JEKOPAaTHBHOCTU U
NPOJIOJDKUTEIBHBIM IIBETEHUEM, HO W BBIIEJICHWE YCTOWYHMBBIX K OOJIE3HSM T€HOTHIIOB Ha
TarioNIHOM YPOBHE.

B cBsI3M ¢ 3TUM 1IeNbI0 UCCIIEOBAaHUS OBUIO M3yUYCHHE BIUSHHS Ha PETPOyKTHBHBIN
MOTEHIIMAN COPTOB TIOJNbIIAHA TOKCUHOB Oaktepuu Pseudomonas, KOTOpas TECTUPYETCS W3
pa3IMYHBIX OPTaHOB PaCTECHUI.

MatepuanoMm Juist BiccleoBaHus ObLTH 9 COPTOB TIONBIIAHA, OTHOCSIIME K 5 Kilaccam,
COTJIACHO MEXKAyHaponHOW Kiaccupukanu. JKU3HECIIOCOOHOCTh TBUIBIBI  OMPEACIISIIN
nyteM e€ TMpopallMBaHUs Ha HWCKYCCTBEHHOW mHTareinbHOW cpene mpu t=+25°C ¢
MOCJIEIYIOIUM aHAJM30M IO CBETOBBIM MHKpOCKOmoM. [Ipemaparbl TOTOBWIIM IO
obmenpuuateiM MeTogukam (ITaymesa, 1980; Tomunbsckas, 1975). PactBop MeTrob0onuToB
NaToreHa MoJyJyalld IyTeM ero KyJbTHUBHPOBAHUS Ha )KMIKOW MHUTATEILHOU Cpelie B TCUCHHE
30 cytox mpu t=+25°C. [Insg mpoBeneHHs 0TOOpa T€HOTHUIIOB TIOJBIIAHA, YCTOMUYMBBIX K
0aKTepro3y Ha TalIOMJTHOM YPOBHE, CUHTAIN TMPOLEHT MPOPOCIIUX TBUIBLEBHIX 3€peH B
YCIIOBUSX MHTOKCUKAIIUU.

BbisiBiieHBI pa3znuuus B peakWH TBUIBIBI TIONbIIAHA HAa TOKCHH OakTepuu poja
Pseudomonas B 3aBUCUMOCTH OT €r0 KOHILIEHTPALMU B cpefie. Y CTaHOBIICHO, 4TO TpH 2,5% u
5,0% - HOM coziep>KaHUH TOKCUYECKMX METAa0OJIUTOB B CyOCTpaTe CpeHEEe 3HAUEHHUE CTEIIEHU
MpopacTaHus MBUIBIEBBIX 3€PEH MPEBBINIANO JAaHHBIA MOKa3aTelnb B KOHTpose Ha 35,2% u
12,0% coOTBETCTBEHHO. 3HAYUTEIIBHOE CHIXKEHNUE YPOBHS (PEPTUIIHLHOCTH IBLIBIBI TIOJIbIIAHA
B cpeaneM Ha 32,8% u 54,2% coorBeTcTBeHHO ObUIO OoTMeueHO B Bapuantax c¢ 10,0% u
20,0%-HbIM copep)KaHWEM TOKCHMHA. BaxkHO oTMeTuTh, uTO Yy copToB Negrita, Mariette,
Monsella npu ucnonp30BaHWU CyOCTpaTa C KOHIIEHTpalued (uiubTpara KyIbTypalbHOU
xuakoctn  10,0%, HaOmromanach CTUMYJSIIUS POCTa MBUIBLIEBBIX TPYyOOK, W TPOIICHT
npopactanus nbUIbIBL coctaBuin 108,1%, 121,2% u 153,8% ot xontpons. HaubGonee
BBIPQ)KEHHBIM TOKCHMYECKUM JICHCTBHEM 110 OTHOIICHHUIO K MbuIbLEe oOnanana cpena ¢ 20,0% -
HBIM COJIEp’KaHUEM MeTaboIHTa maroreHa. B cBsA3M ¢ 3TUM OHA MOXET ObITh PEKOMEHI0BaHa
s qudQepeHIaiud COpTOB TIOJbIIAaHA 10 MPU3HAKY YCTOMYMBOCTH K OaKTepHO3y Ha
rarionIHOM ypoBHeE. BbIsiBieHO, 4TO Hanbosee ycTOHYMBON K TOKCHHAM OaKTepUu SBIISETCS
nbUIBIA cOpTOB Mariette, Queen of Night, Negrita u Monsella (pOLEHT MPOPOCIICH MBUTBIIBI
= 97,0%, 96,0%, 94,6% u 76,9% ot xoHTposus coorBercTBeHHO). CopT Lambada 3ansin
IPOMEXKYTOUYHOE TOJIOKEHUE IO JaHHOMY mokazatento (41,7%). “Rococo”, “Renown”,
“Avignon” n “Red Shine” oxazamuch HauOoiiee IMOABEP)KEHHBIMU JECHCTBHIO TOKCHHOB
sHA0GMUTHOM OakTepuu. Tak, MPOLEHT MpopacTaHus MbUIbLEL “Rococo” coctaBuil — 6,3% ot
KOHTPOJIs, @ OCTAJIbHBIE COpTa XapaKTePU30BAJIUCH MOJIHBIM OTCYTCTBUEM CHOCOOHOCTH K
00pa30BaHMIO MBUIBIEBBIX TPYOOK B YCIOBUSX UHTOKCUKAIIUU.

[TpoBeneHHBIC HCCTENOBAHUS MTOKA3alu, 4TO copTa Mariette, Queen of Night, Negrita n
Monsella, oGnanarornye BHICOKUM YPOBHEM YCTOWYMBOCTH K TMOPaXEHUIO OakTepueu ponaa
Pseudomonas, MoryT OBITH pEKOMEHIOBAHBI JUI 03€JICHEHUS U BHITOHKH.
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The study of the viability of pollen grains cultured in-vitro on nutrient medium followed
by microscopy is a useful tool in breeding programs. It was noted that the quality of the pollen
of the genus Tulipa L. was strongly affected by abiotic, biotic factors and genotypic features
of the cultivar. The selection of genotypes resistant to pathogens is an important issue in tulip
breeding. The purpose of the study is to examine the influence of toxins of the Pseudomonas
bacterium.

In the study pollen grains from 9 tulip cultivars belonging to the 5 divisions were used.
The viability of pollen can be determined through the use of direct methods such as the
inducement of in-vitro germination on nutrient medium at t=+25°C. The specimens were
prepared according to conventional techniques (Pausheva, 1980; Topilskaya, 1975). The
solution of metabolites of Pseudomonas bacterium was prepared by culturing it on a medium
for 30 days at t =+ 25° C.

For the selection of genotypes resistant to bacteriosis, the percentage of germinated
pollen grains under conditions of intoxication was considered. The toxin of bacteria of the
genus Pseudomonas can cause different reactions, depending on its concentration in the
medium. 2,5% and 5,0% contents of toxic metabolites in the medium have increased the
germination of pollen grains up to 35,2% and 12,0% compared with the control group. A
significant decrease in the fertility of pollen to 32,8 % and 54,2% was observed in
embodiments with 10,0% and 20,0% content of the toxin. The stimulation of pollen tubes
growth and the germination of pollen up to 108,1%, 121,2% and 153,8% was observed on the
cultivars Negrita, Mariette, Monsella using the culture filtrate 10,0%. The most severe toxic
effect had a medium with 20,0 % content of the metabolite of the pathogen. In this regard,
different tulip cultivars may be recommended on the basis of resistance to bacteriosis. The
pollen of cultivars Mariette, Queen of Night, Negrita and Monsella are the most resistant to
toxins of bacteria of the genus Pseudomonas. The germination of pollen of the cultivar
Lambada is 41,7 %. The cultivars Rococo, Renown, Avignon and Red Shine were the most
susceptible to the toxins of endophytic bacteria.

The studies have shown that the cultivars Mariette, Queen of Night, Negrita and
Monsella have a high level of resistance to toxins of bacterium of the genus Pseudomonas.
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HOJYUYEHUE U30JIMPOBAHHBIX KYJIbTYP HEKOTOPBIX PEJIKUX U
HCYE3AIOIINX BUJTOB PACTEHUI ®JIOPHI BEJI'OPOJICKOM OBJIACTH
B YCJIOBMSX IN VITRO
H.M. I'yas', E.B. Macioa', M.T. Ierpocsin’
! beneopoockuii cocyoapcmeennulil HAYUOHATBHBIU UCCIEO08AMENLCKULL YHUBEPCUMEM,
beneopoo,
2Epeeauc;<ud 2ocyoapcmeennwiil ynusepcumem, Epesan
e-mail: gulia.natalya@yandex.ru

B coBpeMeHHOM MHpe Ba)KHOH 3KOJOTHYECKOW MPOOIEMOU SIBISETCS CTPEMUTEIBHOE
COKpAILEHUE apeajloB pPacHpOCTpPaHEHUs U O€3BO3BPATHOE HCUYE3HOBEHHE MHOTHX BHJIOB
pacrenuii (MexayHaponnas KouBeHIMsSs 0 coxpaHEeHHUM OHOJIOTMYECKOTO pa3HooOpasus,
1994). Ha tepputopuu benropoackoit o0macTv, pacnoyio)KEHHOM Ha IOKHBIX CKJIOHAX
Cpennepycckoif Bo3BblieHHOCTH, U3 1400-1500 BupoB pactenuit 6omnee 30 BirOYEHBI B
Kpacnyto kaury Poccuu (2008), eme 1o 200 BUIOB SBISIOTCS PEAKUMH U UCYE3AIOIMUMH Ha
peruoHanbHOM ypoBHE H TpeOyroT oxpansl (KpacHas kuura benropoackoit obmactu, 2005).
CBsi3u ¢ O3TUM aKTyaldbHBbIM SBJISETCA TIOUCK IyT€Hl COXpaHEHHUs OHOJIOTHMYECKOTO
pa3HooOpasus benropockoit 001acTu ¢ MPUMEHEHUEM COBPEMEHHBIX OMOTEXHOIOTHH.

[{enbto paboThI IBUIACHh pa3pabOTKa TEXHOJIOIHM YCKOPEHHOTO Pa3MHOKEHUS PEIKUX U
UCYE3aloINX BUAOB pacTeHuid benropoackoil ob6macTH B yCIOBUSAX KYIbTYPHI in Vitro s
pemieHus npobiaemMbl HMX coxpaHeHus. VccienoBaHus MO TMOJNYYEHHIO H30JIMPOBAHHBIX
KyJbTYp MPOBOJIWIA COBMECTHO C EpeBaHCKUM rOCyA1apCTBEHHBIM YHUBEPCUTETOM.

bbul mopgoOpaH ONTHUMAaNbHBIM pPEXUM CTEPUIIM3ALMM PACTUTENLHOTO MaTepuaia. B
KayecTBE IMEPBUYHBIX OSKCIUIAHTOB WCIONB30BaIu ceMeHa. Haumbornee 3¢¢dekTuBHBIMU
peXUMaMK CTEPUIIN3ALMN CEMSH SIBISIFOTCS BblaepkUBaHUE B 70%-HOM pacTBOpE 3TUIIOBOIO
CIUpTa ¢ PKCro3uIeit 1 MuH, ¢ mocnenyromum norpysxkenuem B 0,1%-Hel1ii pacTBOp AManuga
¢ skcnozuieit 7-8 muH; B 70%-HOM pacTBOpEe STUIOBOTO CHUPTA C IKCMO3UIMEH | MUH, C
MOCTEAYIOIUM TOTpyKeHrueM B 5-15%-Hblil pacTBOp Oenu3Hbl ¢ 3kcrnozunuei 20 MuH; B
70%-HOM pacTBOpe OTWJIOBOIO CHUPTAa C OJKCHo3uIiued 1 MHH, C TOCIEeIyIOIUM
norpyxenuem B 19%-HbIii pacTBOp rumnoxiopura Hatpus ¢ skcrnozuuued 20 muH. [lpu
JAHHBIX peXUMaXx CTEPUIN3ALUH MPOLIEHT KOHTaMUHAIMK He nipeBbian 16,4%.

Jnst MHKpOpa3MHOKEHHUSI HCIOIB30BalINCh MOIUUIIMPOBaHHBIE cpeabl Mypacure-
Ckyra (Murashige, Skoog, 1962) ¢ pa3HbiM cooTHomeHuem ¢uroropmonos. ITpopacranue
CEeMSH TPOU3BOAMIN Ha OE3ropMOHANBHON cpene. PocT CTEepUIbHBIX TPOPOCTKOB U
MUKpPOUEPEHKOB CTHUMYJIMPOBAJIM HAJMYMEM B MUTATEIbHOM cpefe IMTOKMHHUHOB.
Kamnycorene3 wu30nMpoBaHHONW TKaHM HAOMIONANCS TPU COOTHOUICHHMH AayKCHHOB U
U TOKUHUHOB 0.5:2.0 Mr/i.

[TonydyeHnue CTEpUIBHBIX MPOPOCTKOB MPOUCXOAWIO HE IMO3IHEE, YeM Ha 26 [IeHb
KyJbpTUBUpoBaHud. [Iponudepanns kamrycHoi TkaHu Habiroganach HE MO3JHEe, YyeM Ha 15
JeHb KyJIbTUBUpOBaHUA. KylbTHBHpOBaHME CEMSH M KaJUIyCHOM TKaHHM MNPOU3BOAMIN B
TEPMOCTATe, a MPOPOCTKOB U MHUKPOUEPEHKOB - B KIMMAaTHYECKOW CBETOBOM Kamepe ¢
dotonepuoaom 16/8. TemmnepaTtypa coctasisiia 22°C.

B pesynbrare ucciaenoBaHuil ObUIM BHEpPBbIE IMOMYUYEHBI M3OJUPOBAHHBIC KYJIBTYPHI
peoKMX M WCYE3alIUX BHJIOB pacTeHuit ¢iopbl benropoackoit obmactu (Astragalus
dasyanthus Pall., A. albicaulis DC., Linum ucranicum Czern., Centaurea taliewii Kleop.,
Androsace koso-poljanskii Ovcz.). JlaHHbIE KyJIbTYpbl SIBUJIMCh OCHOBOW IJisi CO3JIaHUS
TeHETHUYECKOTO OaHKa in Vifro peKuX U UCYE3aloINX pacTeHuit benropoackoii ob6macTw.

Takum 00pa3zom, mpuMEHEHNE COBPEMEHHBIX OMOTEXHOJIOTUYECKUX METOOB IO3BOJISET
HOJYYHUTh W30JIMPOBAHHBIE KYJIbTYPHI PEAKUX U HMCUE3AIOINX BUIOB pacTeHuit benropoackoi
00J1aCTH € LENbI0 UX JaJbHEHIIero COXpaHeH!sI U CO3AaTh KOJUIEKIIMOHHBIN (DOH/ B YCIOBUAX
in vitro.
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In today's world, an important environmental problem is rapidly reducing the spread of
habitats and irretrievable extinction of many plant species (the International Convention on
Biological Diversity, 1994). On the territory of the Belgorod region, situated on the southern
slopes of the Central Highlands, from 1400-1500 more than 30 species of plants are enclosed
in the Red Book of Russia, even up to 200 species are rare and endangered at the regional
level and require protection (Red Book of the Belgorod region, 2005). Links to this it is
urgent to find ways to preserve the biological diversity of the Belgorod region with the use of
modern biotechnology.

The aim of the work was the development of technologies on accelerated reproduction
of rare and endangered plants of the Belgorod region in conditions of in vitro culture. Study
on preparation of isolated cultures were carried out jointly with the Yerevan State University.

The optimal mode of sterilization of plant material was choosen. The seeds are used as
primary explants. The most effective mode of maintaining seeds is sterilization in 70%
ethanol solution with exposure 1 min, followed by immersion in a 0.1% solution of the diacid
7-8 minutes exposure; in 70% ethanol solution with exposure 1 min, followed by immersion
in 5-15% ethyl white solution with exposure of 20 min; in 70% ethanol solution with
exposure 1 min, followed by immersion in a 19% solution of sodium hypochlorite with 20
minutes exposure. In these modes, the sterilization percentage of contamination does not
exceed 16.4%.

For micropropagation the modified Murashige-Skoog medium (Murashige, Skoog,
1962) with different ratios of plant hormones was used. Germination of seed occurred on
nonhormonal medium. Sterile seedling growth and microcuttings were stimulated by the
presence of cytokinins in the nutrient medium. Callusogenesis of isolated tissue was observed
at a ratio of auxin and cytokinin 0.5: 2.0 mg / L.

Production of sterile seedlings occurred not later than the 26th day of cultivation. The
proliferation of callus tissue was observed not later than on the 15th day of cultivation.
Cultivation of seeds and callus tissue was performed in an oven, and microcuttings of
seedlings - in the light of the climate chamber with photoperiod 16/8. The temperature was 22
°C.

The isolated cultures of rare and endangered species of plants of the Belgorod region
flora (Astragalus dasyanthus Pall., Astragalus albicaulis DC., Linum ucranicum Czern.,
Centaurea taliewii Kleop., Androsace koso-poljanskii Ovcz.) were firstly obtained as a result
of the studies. These cultures were the basis for the creation of a genetic bank in vitro of rare
and endangered plants of the Belgorod region.

Thus, the use of modern biotechnological methods allows to separate the culture of rare
and endangered species of plants in Belgorod region with a view to further preserve and
create a collection fund in conditions in vitro.
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MOP®OI'EHE3 PENTPOAYKTUBHBIX CTPYKTYP "
3KCHEPUMEHTAJIBHOE U3MEHEHMUE I1OJIA Y 3EJIEHBIX BOJJOPOCJIEN
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Canxm-Ilemepbypeckuii cocyoapcmeennwiii ynusepcumem, Canxkm-Ilemepoype
e-mail: adesnitskiy@mail.ru, a.desnitsky@spbu.ru

KosionnasbHble BOIBBOKCOBBIE BOJOPOCIIH, BKItOUatonye 6onee 60 BUI0B, HHTEHCUBHO
M3yYalOTCsl B OTHOIICHUH SBOJIIOLUH, MU (dEepeHnanuy KIeToK, MopdoreHe3a 1 TeHOMUKA
(Ferris et al., 2010; Nozaki, 2014; Herron, Nedelcu, 2015). OcHoBHOEe BHUMaHHE MPUBICYECHO
k cepun Gonium — Pandorina — Eudorina — Pleodorina — Volvox, mnoka3biBaroliei
YCIO)KHEHHE OpraHM3allid W pa3BUTHA KOJOHUHM, a Takke K camomy poay Volvox,
BKJTIOYAOIIEeMy 22 BHJIA, Y KOTOPBIX HMEETCS CTOMKast qudpepeHIranus Ha HECKOIBKO COTCH
U JlaKe THICSY MAJIEHbKUX COMAaTHYECKHX KIETOK M HEOOJbIIOE YHUCIO KpPYIHBIX
PETPOTYKTHBHBIX KIETOK.

ComocraBieHue JaHHBIX 110 CEKBEHHUPOBAHMIO SIIEPHBIX TI'€HOMOB JByX Haumboiee
M3YUYEHHBIX, MOJICTIbHBIX BHJIOB BOJIbBOKCOBBIX, OJHOKIETOUHOU Chlamydomonas reinhardtii
(Merchant et al., 2007) u Volvox carteri, KolnoHUSI KOTOPOro cOCTOMT mpumepHo u3 2000
kietok (Prochnik et al., 2010), moka3zaio, 9T0 3TH OpPraHU3MBI UMCIOT IOYTH OJMHAKOBOE
YHCI0 TeHOB (B 000X ciydasx okono 14500). DBOMIOLMOHHBIA IMEpexo] A0 YpPOBHS
OpraHM3ali BOJIbBOKCA OCYLIECTBIISJICS MyTEM OTHOCUTENIBHO HEOOJBIINX T€HETHYECKHUX
n3meHenut (Pennisi, 2010).

VYV C. reinhardtii, a Takxke y KonoHMaNbHBIX Gonium pectorale n Pleodorina starrii
raMeToreHe3 MHAYLHMPYETCs B YCIOBHSX JeQHIMTa a30Ta U CBsS3aH OH C IKCIpeccHel reHa
MID (Goodenough et al., 2007; Hamaji et al., 2008; Nozaki, 2008). Onnako y V. carteri u
Ipyrux BUIOB  Volvox monoBoe pa3MHOXEHME MHAYLUPYIOT BUAOCHEUU(UYHBIE
rimkonporenHoBbie (epomonsl (Coleman, 2012). HemaBHo y rereporammudnoro V. carteri
TaKXe BBISBUIN PeryJsTopHbIi reHn MID, onpenenstonmii non (Sa Geng et al., 2014). beuio
MOKAa3aHO, YTO OH MpuoOpes HOBble (YHKIUHU (CBSI3aHHbIE C BO3HUKHOBEHHEM IIPOLIECCOB
criepMaToreHe3a U OoreHes3a B XOJI€ SBOJIIOLMH) [0 CPABHEHHUIO C POJICTBEHHBIM reHoM y C.
reinhardtii. Ten MID npucyTCcTByeT TOJBKO B T€HOME MYXKCKOTO KJIOHa BOJIbBOKCA, H
MOJJaBJIGHUE €r0 HSKCIPECCHU NPUBOIUT K (HOPMUPOBAHHMIO B CIEAYIOLIEM IOKOJEHUU
KOJIOHMM C sHleKyeTKkamu. HampoTwB, 3KCIpeccuss 3TOro IeHa IOCiIe €ro BBEICHUS B
KEHCKMH KiIoH V. carteri mnpuBOoAMT K (OPMHUPOBAHMIO KOJOHMM C MakeTamMH
cnepmaro3onioB. OJHAKO NMPU TaKUX TpaHCPOPMALMAX THUIA TOJOBBIX KJIIETOK (UL WU
aHPOTOHU/INI) UX YHUCIIO M XapaKTep PACHOI0KEHUs B KOJOHUSAX OCTAKOTCS HEM3MEHHBIMH,
YTO TOBOPUT B TOJIb3Y HAJIMYHUS “NO3MLIMOHHOM MH(POpManuu” Kak OJHOrO U3 (aKkTOpOB
T depeHranuy penpo yKTHBHBIX KIETOK y Volvox. OTMETHM TakXe, 4TO IKCIPECCHUs reHa
MID xnaMuIOMOHA/Ibl, BBEJEHHOIO B )KEHCKUH KJIOH BOJIbBOKCA, HE PUBOJAUT K CMEHE I10J1a.

B cBeTe maHHBIX MO M3MEHEHUIO NoJyia V. carteri BbICKa3aHO NMPEAIOJIOXKEHHUE, UTO Y
TOMOTAJUIMYHBIX BUJOB BOJIbBOKCA JKcmpeccus reHa MID HepocraroyHa Mg pa3BUTHUSA
MY>KCKHX PEenpoIyKTUBHBIX CTPYKTYp Y 100% kononuii (Sa Geng et al., 2014). bonee pannee
win 0Oojee Mo3AHEE BpeMs SKCIPECCHH 3TOTO TI'eHa, BO3MOXKHO, ONPEACISieT pa3BUTHE
COOTBETCTBEHHO JBYJOMHBIX WM OJHOAOMHBIX KojJoHWH. HakoHen, oTMeTum, 4TO Yy
TOMOTAJJIMYHOTO V. aureus WHOTAA BCTPEYAIOTCS MNApTEHOCIIOPOBBIE JMHHUH, B KOTOPBIX
MY’KCKHE KOJIOHMH (OPMHUPYIOTCS UpE3BBIYAHO PEIKO MIIM MOJHOCTBIO OTCYTCTBYIOT (Starr,
Zeikus, 1993; Desnitski, 2000). [IpencraBisier HHTEpeC MPOBEPUTH dKcTIpeccuto reHa MID Ha
9TOM MartepHaie.

66



MORPHOGENESIS OF REPRODUCTIVE STRUCTURES AND
EXPERIMENTAL SEX CHANGE IN THE GREEN ALGAE
OF THE GENUS VOLVOX
A.G. Desnitskiy
Saint-Petersburg State University, Saint-Petersburg
e-mail: adesnitskiy@mail.ru, a.desnitsky@spbu.ru

Colonial volvocine algae, including more than 60 species, have been studied with
respect to evolution, cell differentiation, morphogenesis and genomics (Ferris et al., 2010;
Nozaki, 2014; Herron, Nedelcu, 2015). The main attention is paid to the series Gonium —
Pandorina — Eudorina — Pleodorina — Volvox, showing the complication of colonial
organization and development, and to the genus Volvox, comprising 22 species, which are
characterized by differentiation into several hundred or even thousand small somatic cells and
a few large reproductive cells.

The data on sequencing the nuclear genomes of two model volvocine species, unicell
Chlamydomonas reinhardtii (Merchant et al., 2007) and Volvox carteri (Prochnik et al.,
2010), showed that they have similar number of genes (about 14500). Evolutionary transition
to the Volvox level of organization was produced by relatively small genetic changes (Pennisi,
2010).

In C. reinhardtii, Gonium pectorale and Pleodorina starrii gametogenesis is induced
under conditions of nitrogen deficiency and associated with gene MID expression
(Goodenough et al., 2007; Hamaji et al., 2008; Nozaki, 2008). However, in Volvox species-
specific glycoprotein pheromones induce sexual reproduction (Coleman, 2012). The
regulatory gene MID has been recently identified in heterothallic V. carteri (Sa Geng et al.,
2014). This VeMID acquired new functions (associated with the evolution of spermatogenesis
and oogenesis) compared to a related gene in C. reinhardtii. The MID gene is present only in
male clone Volvox genome, and suppression of its expression leads to the formation of
colonies with eggs in the next generation. By contrast, expression of this gene after
introduction into the female V. carteri clone results in the formation of colonies with sperm
packets. However, after such transformations of germ cells (eggs or androgonidia) their
number and distribution pattern in colonies remain unchanged. This favors "positional
information" as one of the germ cell differentiation factors in Volvox. Note that expression of
Chlamydomonas MID gene introduced into Volvox female clone fails to transform gender.

In the light of V. carteri data, it was suggested that in homothallic Volvox species, the
MID expression is insufficient for the development of male reproductive structures in all
colonies (Sa Geng et al., 2014). Relatively early or late expression of this gene during
development would produce dioecious or monoecious colonies respectively. Finally, let us
remind about V. aureus parthenosporic strains, in which male colonies appear extremely
rarely or completely absent (Starr, Zeikus, 1993; Desnitski, 2000). It would be interesting to
analyze the MID gene expression in this material.
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Pon Linaria otHocutcs k cemeiictBy [lomopoxxnukoBwix (Plantaginaceae). Ou
MHTEPECEH TE€M, YTO B IMpelesax poAa ONUCAHbl MPUPOJHO-TPAHCTEHHbIE pacTeHus. OHHU
Co/IepKaT B CBOMX T'eHOMax mocienoBaTenbHocTH, Tomonoruunsie T-JAHK Agrobacterium
rhizogenes, HazpiBaemble KIT-JIHK. B Hacrosiee BpeMss TpOBOASTCS HCCIIEIOBAaHUS
B03MOXHbIX QyHKIMi ki1 T-/IHK. OnHuM U3 HanpaBiieHuit nccienoBaHus SBISETCS aHAIU3 y
KOHTpacTHeIX 1o Hanuuuio knT-JIHK dopm pactenmii crnektpa BTOpUYHBIX METabOIHTOB,
BIMAIONMX HAa YCTOWYMBOCTh K OmoTmdyeckuMm QaxtopaMm. [l maHHBIX HMCCIETOBaHHUN
HeoO0XouMa cUcTeMa KOHTPOJIEH, KOTopasi BKIIIOYAeT B ceOsl B YHCIIE MPOYEro TPAHCTCHHbBIE
TKaHU, TOJYYCHHbIE Ha OCHOBE HETPAaHC(OPMHUPOBAHHBIX BHJIOB JBHAHOK. K X uuciy
otHocuTcst L. maroccana L. llenpio maHHO#N paboOThl SBIsUIaCh ONTUMHU3ALUA METOJA
TpaHchopMaIuu TKaHeH JTbHAHKU MapOKKaHCKOW (L. maroccana L.) arpobakTepusiMu.

B xome paboTbl mpoBOAMIM TpaHC(HOPMAILIUIO JTUCTOBBIX MTUCKOB U (parMeHTOB
MEXI0y3/Iui mTaMMoM A4 A. rhizogenes. JKCIUIaHTHI IOMEIIAIA HAa TBEPAYyIO cpexy MS c
nobaBneHneM pasnuuHbix KoHieHTparmuii BAIl u HVYK, a rtakke c¢ mpoGaBieHuem
aaTuOnoTHka medorakcuma (200 mr/m). YacTh IKCIUTAHTOB BBICAKHBAIA BEPTUKAIBLHO Ha
Cpeny, HAaHOCSl arpoOaKTepUr Ha HUX METJICH, a IPYTyI0 YacTh KOKYJIbTUBUPOBAIU B TEUCHUE
yaca B JKUAKOM cpene MS ¢ HouHOM KyJbTypoil arpobakrepuii (20:1), nepeHocs ux 3areM Ha
TBEPAYIO Cpely ¢ ehOTaKCUMOM.

MeTon  KOKYyJIbTUBHPOBAaHHUS OSKCIUIAHTOB MEXIOY3JIMH B JKHIKOH cpeie cC
arpo0axkTepusIMH U JajbHEWIIeH ux nepecaakoil Ha TBepAylo cpeny ¢ nobdasienneM HYK u
BAII B konneHTparmu no 0,1 Mr/i mokasan ce0st Kak HauTy4IIuii U3 UCIIOJIb30BAHHBIX.

JIaHHBIM METOJOM TIOJIyY€Hbl TPAHCI€HHBIE OMYXOJIM M KOCMaThle KOpHHU Ha
AKCIUIAHTAX MEXI0Y3/Iui. TpaHCreHHble TKaHU OyIyT UCHOJIb30BaHbl B UCCIEIOBAHUAX POIU
knT-/IHK y nbHSHOK, a Takke MOTyT OBbITh NPUMEHEHBI U SKCTPAKLIUU BTOPUYHBIX
MeTabOoIUTOB AJIs HY K] (apMaKOIOTHH.

Paborta BeimonHeHa mnpu ¢unaHcoBoil moxanepxkke PH® (mpoext Ne 16-16-10010
«Opranusanus reHoma NpupoAHO-TPAHCTEHHbBIX pacTeHuil Linaria u Nicotianay).
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OPTIMIZATION OF THE METHOD OF RECEIVING OF THE HAIRY
ROOTS CULTURE OF LINARIA MAROCCANA L.
D.A. Domoratskayal’z, T.V. Matveeva’*
! Russian State Agrarian University - Moscow Timiryazev Agricultural Academy,
Moscow
" Saint Petersburg State University, Saint Petersburg
e-mail: radishlet@gmail.com

The Linaria genus belongs to the family of Plantaginaceae. It is interesting that natural
transgene plants are described within the genus. They contain sequences in the genomes, that
are homologous to Agrobacterium rhizogenes T-DNA, called cellular T-DNA. Now
investigations of possible functions of cellular T-DNA are conducted. One of the directions of
the research is the analysis of the range of the secondary metabolites influencing resistance to
biotic factors in forms of plants differing by the existence of cellular T-DNA. These
investigations require the system of controls, including transgene tissues obtained on the basis
of not transformed types of toadflaxes, for instance, in L. maroccana L. The purpose of this
work was the optimization of the method of transformation of Moroccan toadflax (L.
maroccana L.) tissues by Agrobacterium.

During this work we transformed leaf disks and fragments of internodes by A4 strain of
A. rhizogenes. Explants were placed on the solid MS medium with addition of various
concentration of BAP and NAA, and also with addition of the antibiotic cefotaxime (200
mg/l). Some explants were landed upright on medium, applying Agrobacterium on them with
a loop, and others were co-cultivated within an hour in liquid medium of MS with addition of
Agrobacterium night culture (20:1), followed by their transfer to the solid medium with
cefotaxime.

The method of the co-cultivation of internode explants in liquid medium with
Agrobacterium followed by their transfer on the solid medium with addition of NAA and
BAP in concentration of 0,1 mg/l proved to be the best among tested methods.

Transgene tumors and hairy roots on the internode explants were successfully obtained
by this method. Transgene tissues will be used in the study of the role of cellular T-DNA in
toadflaxes, and also can be applied to extraction of secondary metabolites for needs of
pharmacology.

This work is performed with financial support of RSF, a project Ne 16-16-10010
"Genome organization in naturally transgenic Linaria and Nicotiana plants".

69



SMBPUOJIOTTYECKHUN AHAJIN3 CTPOEHUSI Y1 PASBUTHS
CEMSIBAYATKOB HEKOTOPBIX BU/JIOB PO/IA IRIS L. (IRIDACEAE)
M.M. JlopodeeBa
Ilepmckas 2ocyoapcmeeHnas cenbCKOX03AUCME8EHHASI aKa0eMus UMEeHU aKademMuKa
. H. lpanuwnukosa, Ilepmo
e-mail: dorofeevamm@gmail.com

HccnenoBanne TPOBENEHO C IENBI0  OINCHKH NPUMEHEHHS SMOpPHUOIOTHYECKUX
NPU3HAKOB, TaKUX Kak  HYLNEJUIAPHBIA  KONMa4yoK, (QyHUKyIsipHBI  0OTyparop,
MHTETYMEHTAJIBHBIM 00TypaTop M T.JI., AJs yTOYHEHMs] B3aUMOCBS3€M BHYTpH popa [ris.
CtpoeHue U pa3BUTHE CEMSI3a4aTKOB M3YUYEHO Y 7 BHJIOB, OTHOCALINXCA K MOAPOAy Limniris
cexkuuu Limniris: u3 cepun Sibiricae — I. chrysographes Dykes., 1. sanguinea Hornem. u I.
typhifolia Kitag.; u3 cepun Laevigatae — I. pseudacorus L., I. ensata Thunb., I. sibirica L., I.
setosa Pallas ex Link (Wilson, 2009).

Qdukcanus marepuana g UTOIMOPUONOTMYECKUX HCCIEAOBaHUN MPOBOAUIIACH C
ucnoip3oBanueM ¢ukcatopoB HaBammna. JlansHelnmas 00paboTka MaTepuaia mpoBOAHIACH
no oOmenpunarol Meronuke (Ilaymesa, 1988). OxpammBaHHe Cpe30B MPOBOJIMIOCH C
NOMOUIbI0 TaJUIOLUAHUHA—XPOMOBBIX KBAacIlOB U METOJOM TPOWHOTO OKpalIMBaHUs
(Kamenuna u np., 1992).

HccnenoBanue mnokaszano, 4TO CEMs3auyaTKU pACIOJIOKEHBl B IIAXMaTHOM MOPSIKE,
MOMAPHO, B KAKIOM U3 TPEX THE3/1 KOPOOOUKH U UMEIOT IIEHTPAIbHO-YTJIOBYIO TUIALIEHTAIIHIO.
Y [ setosa OTMEYEHbl Cilydau pacIHOJIOKEHUS ceMsA3auaTkoB Mo Tpoe. CemszayaTKu
U3YYCHHBIX BHJIOB KPaCCHHYLCJUIATHBIC, aHATPONHbIe, OuTerManbHble. HapykHbIi
WHTETYMEHT MHOTOCIONHBIN. Y BumoB [ sanguinea, I. typhifolia w I chrysographes
BXOJAIINX B ceputo Sibiricae, HapyXHbI WHTETYMEHT MO AJUHE pPaBeH BHYTpeHHeMYy. Y [
pseudacorus, 1. ensata v 1. sibirica, BXonaux B ceputo Laevigatae, HApYKHbI UHTETYMEHT
KOpo4ye BHYTPEHHET0 MMHUMYM Ha 48+2 MkMm. HapyskHblii uHTEryMeHT [. sefosa JJIMHHEE
BHyTpeHHero Ha 68+16 MkMm. Mukponwie 00pa30BaHO JBYXCIOWHBIM BHYTPEHHUM
UHTETYMEHTOM. Y U3YYEHHBIX BHIOB (opMupyercs omnepkyiayM. Y [ sibirica oTMe4eHO
pa3BUTHE PAUATBHO YJUIMHEHHBIX BaKyOJIM3UPOBAHHBIX KJIETOK, BBICTUIAIOIIMX MHUKpPOIUIIE
U 00pa3yIoNiX HHTErYMEHTaNbHbBIN 00TypaTop. Takue e paauaibHO YIJIMHEHHBIC KIETKH B
oOnactu Mukponuie orMeuensl y /. tenax (Wilson, 2001).

Y u3yudeHHBIX BUAOB MPOBOASIIMNA My4YOK 3aKaHYMBAETCS B Xaja3e, Kpome Buaa /.
chrysographes, B ceMs3adarkaXx KOTOPOrO HPOBOASILMN My4YOK IPOXOJUT J10 CEPEAMHBI
Hapy»XHOro HHTeryMeHTa. [lo CTpoeHuIo M pa3BUTHIO HYILEIIyca CEeMsA3auyaToK SIBISETCS
KPacCHHYLEUIATHBIM U XapakTepusyercs auddepeHnuanueil B HyIleulyce MapueTaabHON
TKaHU, HYLEJUIAPHOTO KOJMauka, mocTaMeHTa, noauyma. O0pa3oBaHue CI0€B MapueTaibHON
TKaHU OTPAHUYECHHO. Y H3YYEHHBIX BHJOB B pe3yJibTaTe JCJICHUN MapHeTaNIbHOM KIIETKH
obpasyercs 2-4 ciosi. Y W3YUYEHHBIX BHIIOB cepum Laevigatae w 'y 1. chrysographes B
pe3ysbTaTe MEepUKIMHAIBHBIX JICJICHUH MOBEPXHOCTHOTO CJIOSA HyIleJuryca oOpasyercs 2—3
CJIOWHBIA HYIEIUISIPHBIA KOJMa4dok. Y BHIOB [. sanguinea, Il. typhifolia, BXoasmmx B OQUH
KJacTep, SMUACPMHC HyIeJuTyca OTHOCIONHBIN. KieTku paauanbHO yIUIMHEHHBIE, CHIIBHO
BaKyOJIM3UPOBAHHbIE, UTO ITO3BOJISIET TOBOPUTH O (POPMUPOBAHUHU HYLIEJUIAPHOTO 00TYypaTopa.

VY Bcex M3y4YEeHHBIX BUAOB 00pa3yercst GyHUKYISApHBIH 00Typarop. Kinetku o6typatopa
BaKyOJIM3UPYIOTCS, MMEIOT YTOJIIEHHBIE HApy>KHbIE CTEHKH W IUIOTHYIO LUTOILIA3MY.
3apoJpllIeBble MEIIKM y HM3YYEHHBIX BHJOB pa3BuBaioTcs nmo Polygonum-tumy. [laHHble
SMOPUOJIOTUYECKHE TIPU3HAKH MOTYT OBITh MCIOJIB30BaHbI JIsl PEIICHUsI CIIOPHBIX BOIIPOCOB
CHUCTEMAaTHKH poAa [ris, MOCKOIbKY SMOPHUOHATIBHBIE CTPYKTYPBl YCTOHYMBBI U MajO 3aBUCST
OT UBMEHEHHI CPEeIbl.
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COMPARATIVE STUDY OF OVULE STRUCTURE IN SPECIES
OF IRIS L. (IRIDACEAE)
Dorofeeva M.M.
Perm State Agricultural Academy, Perm, Russia
e-mail: dorofeevamm@gmail.com

This study was undertaken to assess ovule characters such as nucellar cap, obturator in
the base of funiculus, obturator in the inner integument and others to help solve the problem
of relationships within the genus /ris. Ovule structure and development were studied in seven
species recognized within subg. Limniris sect. Limniris: ser. Sibiricae — I. chrysographes
Dykes., I. sanguinea Hornem. and 1. #yphifolia Kitag.; ser. Laevigatae (Diels) Lawrence — L.
pseudacorus L., I. ensata Thunb., I. sibirica L., I. setosa Pall. ex Link (Wilson, 2009).

Whole buds and flowers at various developmental stages were fixed immediately in
Navashin's fluid, dehydrated in ethanol series, infiltrated with xylene and embedded in
paraffin wax by conventional methods (Pausheva, 1988). Material sections were stained in
original Gallocyanin-chrome alum stain and in triple stain following Kamelina et al. (1992).

The ovary has axial placentation. Ovules are arranged in two rows within each of three
ovary locules. In /. setosa part of ovules are arranged in threes. The ovule is crassinucellate
and the mature ovule is anatropous and bitegmic. The outer integument is defined as a
multilayered ring of cells. The outer and inner integuments in 1. sanguinea, 1. typhifolia and L.
chrysographes of ser. Sibiricae are of about equal lengths. The outer integument is shorter at
least by 48+2 um than the inner in 3 species of ser. Laevigatae: I. pseudacorus, I. ensata and
L sibirica. The outer integument of /. setosa is longer at least by 68+16 um than the inner.
The inner, two-layered integument defines the region of the micropyle. The inner integument
is thickened to form the operculum. The inner integumentary cells lining the micropyle are
radially elongate and glandular to form the integumentary obturator in ovule of 1. sibirica.
The same cells were observed in ovule of 1. tenax (Wilson, 2001).

The vascular bundle that serves the ovule ends in the chalaza. In the ovule of I
chrysographes the vascular bundle spreads to the center of the outer integument. The mature
ovule is crassinucellate, with a well-differentiated parietal tissue, nucellar cap, postament,
podium. Development of parietal tissue is limited; no more than 2-4 layers of parietal cells
were observed. In species of ser. Laevigatae and I. chrysographes periclinal division in the
nucellar epidermis form a nucellar cap of 2-3 cell layers. In 1. sanguinea and I. typhifolia the
nucellar epidermis does not divide periclinally and the embrio sac lies directly under the
single-layered epidermis. The epidermis cells in the micropyle area become radially elongate
and glandular in appearance, constituting an nucellar obturator.

Epidermal cells at the base of the funiculus are enlarged radially and are glandular in
appearance, constituting an obturator. The investigated species have monosporic Polygonum-
type embryo sacs. These embryological characters may be used in solving taxonomic
problems in genus /ris since embryological characters are considered as relatively stable and
being less prone to adaptive stress.
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OU3NO0JIOTUA T'AIIVIONJTHOTI'O ITOKOJIEHUA CEMEHHbBIX
PACTEHU: MY)KCKOI TAMETO®UT
N.I1. Epmakos, H.II. MaTBeeBa, M.A. bpeiiruna
Mockosckuit I'ocyoapcmeennsiii Yuusepcumem um. M.B. Jlomonocosa, Mockea,
Poccus
e-mail: pollen-ions@yandex.ru

l'amonHOE TMOKOJIEHWE Yy CEMEHHBIX pPAacTEHMHM CWIBHO pENyLHpPOBAaHO M Ha
NPOTSDKEHUH OOJIBIIEH YacTH KU3HEHHOTO IUKJIA TECHO B3auMoJIeicTByeT co criopodurom. C
9THM CBSI3aH €ro Majblii pazMep U psan (uznonornyeckux ocobeHHocTed. K kimoueBbM
CBOMCTBaM (M3MOJIOTMH raMeTO(PUTOB OTHOCATCS pa3BUTasl CUCTEMA BOCIPUATHUS U MEepeIavu
CUTHAJIOB, & TAKXKE CTPOTUM NPOCTPAHCTBEHHBIA U BPEMEHHON KOHTPOJIb KJIIETOUHBIX ACJICHUN
¥ POCTOBBIX TPOIIECCOB. T€M CaMbIM JIOCTHTAETCsl OCHOBHAS 3a/1a4a MY)KCKOTro ramerodura —
azipecHas U ObICTpas JOCTaBKa MY>KCKHUX TaMeT, U JKEHCKOI0 — PYKOBOJCTBO IIPH JIOCTABKE
MY>KCKHX TaMeT U COOCTBEHHO OIJIOJIOTBOPEHHE.

Myxckoii rameTo(uT (IBUIBLIEBOE 3€pHO) Oojiee MpocTas cucTeMa Uil H3y4YeHHs
(U3UOTOTHH IO CPABHEHHUIO C ;)KEHCKUM TaMeTO(UTOM (3apOJBIMIEBBIA MEIIOK), TOCKOJIBKY
OH COCTOMT M3 MEHBILEro 4YHCIa KIETOK, Oosee MOOWJIEH M HaxXOJUTCS B COCTOSIHUU
¢dusuonormueckoro mokos. IIpUIbIEBYI0 TPYOKY TaBHO UCIIONB3YIOT B Ka4eCTBE OOBEKTA IS
U3Yy4EHHs IOJIIPHOTO pOCTa in Vitro, OAHAKO, B IOCIEIHEE BpPEMs yCOBEPIICHCTBOBAaHUE
ONTUYECKUX METOJOB MCCJIEI0BAaHUS MO3BOJIMIO MEPEUTH K M3YyUEHHUIO pOCTa in Vivo, TEM
caMbIM BKJIIOYMB B PAcCMOTPEHHME B3aMMOJACUCTBHUS MEXIY MNbUIBLOW M CIOPOPUTHBIMU
TKaHSAMM, BKJIIoYas OOMEH XHMHYECKMMM CUTHaJaMu. BHyTpukieToyHass cucTteMa
HOJ/Iep)KaHusl MOJSIPHOTO pocTa YK€ BO MHOIOM H3BECTHA M BKJIIOYaeT B ceds (akTopsbl
MOHHOTO TOMEOCTa3a, PEryJIATOpHble OENKM, LIUTOCKENET, aKTUBHbIE (POpPMBI KHCIIOpOAa U
npyrue. Ilpu 3Tom Hanbosee U3y4eHHbBIMU OCTAIOTCS MbUIbLIEBbIE TPYOKH MOKPHITOCEMEHHBIX
pacteHuil. ['ooceMeHHbIE pacTeHUsl U3y4YEHbl B MEHbILEH CTENEHHU, XOTS U3BECTHO, YTO UX
raMeTopUuThl UMEIOT PsJI MHTEPECHBIX M BAXKHBIX OCOOEHHOCTEH, TaKMX, KaK BO3AYILIHbIE
MEIIKH, MEJIIEHHBIN pOCT TpyOKH, THOE HAIPaBJIEHUE IBUKEHUSI OPTaHEeIUl U T.I1.
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THE HAPLOID GENERATION PHYSIOLOGY IN SEED PLANTS: THE
MALE GAMETOPHYTE
I.P. Yermakov, N.P. Matveyeva, M.A. Breygina
Lomonosov Moscow State University, Moscow
e-mail: pollen-ions@yandex.ru

The haploid generation of seed plants is highly reduced and exists in tight contact with
the sporophyte during most of the life cycle. In connection with this, it has a small size and a
number of physiological characteristics. The key properties of gametophyte physiology
include an advanced system of signal perception and transduction, as well as a strict spatial
and temporal control of cell division and growth. Thereby the main task of the male
gametophyte is achieved — male gamets are delivered quickly and accurately, and the main
goal of female gametophyte - pollen tube guidance and fertilization control — is achieved as
well.

Male gametophyte - pollen grain — is a simpler system for physiological studies
compared to the embryo sac, because it consists of a smaller number of cells, it is more
mobile and physiologically dormant. Pollen tubes have been for a long time used as an object
for in vitro studies of polar growth, however, recent improvements in optical methods allowed
to move further to in vivo studies, thereby including the interaction between the pollen and
sporophyte tissues into consideration. Intracellular system of the polar growth maintenance is
well known and includes the factors of ion homeostasis, regulatory proteins, cytoskeleton,
ROS, etc. Angiosperm pollen tubes are the most studied; much less is known for gymnosperm
pollen tubes. They have significant peculiarities, such as air sacks, slow growth, reverse
organelle movement, etc.
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BJUSAHUE T'HINEPITPOAYKIIMU AYKCUHA HA PABBUTUE MYXKCKOI'O
IFAMETO®UTA TABAKA
A.A. Epmomnn, C.A. 3umannkas, C.A. CtpekajioBa
Ypanockuii peoepanvruiii ynusepcumem, Examepunoype, Poccus

e-mail: zimn@list.ru

Haubonpiiee BiusiHEME Ha MPOLECCHI POCTAa M Pa3BUTHUSL OKA3bIBAIOT LIUTOKUHUHBI U
AyKCHHBI. AYKCHHBI — UCTOPUYECKH TIepBasi U3 OTKPBITHIX TPYI (pUTOropMoHOB. OCHOBHBIE
3¢ (dexThl, OKa3bIBaeMble UIMH Ha PACTUTEIBHBIA OpPraHu3M, BKIIOYAIOT: AenuddepeHualio
KJIETOK B KYJBTYpE€, POCT KJIETOK PAaCTSHKCHHEM, IO/IaBJICHHE Pa3BHTHSI OOKOBBIX MOYEK, U
aTTPaKIMIO ACCHUMHIISHTOB. VI3BECTHO, YTO AayKCHHBI BIMSIIOT Ha TEHEPATHBHYIO cdepy
pacTeHuM.

TpagunuoHHble CHOCOOBI OLIEHKHM pONH  (PUTOTOPMOHOB B JKHU3HENEATEIHHOCTH
pacTeHuil CBS3aHBI ¢ U3yYEHHEM DHJIOTEHHOTO YPOBHS TOPMOHOB B Pa3IMYHBIX OpraHax U
TkaHax. OIHaKo, IPU STOM HE BCEr/ia €CTh BO3MOXKHOCTh MOJIYYUTh JOCTATOUHOE KOTUYECTBO
MaTepHaa JUisi aHaJInu3a, €CII pedb WAET O MBUIbHUKAX MITH PBUIbIIE IeCTHKA. BTopoi moaxon
— U3y4YeHHE MYTAHTOB MO CHHTE3Y (PUTOTOPMOHOB WJIM YyBCTBUTEIHLHOCTH K HUM. TpeTuil u
Han0oJiee 9acTO MCIOIb3YEMBIH MOAX0J — SK30TeHHasi 00paboTKa rOpMOHAMH. DTOT METO.
UMeEeT Psi HeOCTATKOB, HAMPUMEP, HE SICHO, KaKOe KOJIMYECTBO ACHCTBYIOIIETO BEIIECTBA
MIOTIA1aeT HETIOCPEJACTBEHHO B OPTaHbl M TKAHU PAacTeHHS. BceX nmepedncieHHbIX HeJJOCTaTKOB
JIMIIEHBI TPAHT€HHBIE MO/IETTbHBIC PACTECHUS.

B pabote ucnonp3oBaiuCh TpaHCTeHHBbIE pacTeHus Tabaka (Nicotiana tabacum L.)
copra «CamcyH», Hecylue arpoOakTepHalbHbII TE€H CHHTe3a ayKCHHOB iaaM. Y
TPAHCTEHHBIX PACTCHHMH JJOKa3aHa WHCEPIUS M JKCIpeccHs IeieBoro reHa. IloBeimeHue
OPOAYKIIMM AayKCHMHOB TIpUBENO K MOp(donoruueckuM H3MEHEHHsIM pacTeHuil. B
PETNPOIYKTHBHOM cepe 3TO MPOSBIUIIOCH B OoJiee MO3/HEM 3alBETaHUH, MEHBIIIEM pa3Mepe
COLIBETHS, CHU)KCHUU BCXOXKECTH CEMSIH.

[enbto Hamiel paboOThl OBLIO BBISIBIEHHUE OCOOEHHOCTEW MUKPOCIIOPOTEHE3a U PA3BUTHS
MY>KCKOTO TaMeTo(uTa Yy TPAaHCTCHHBIX JTMHHIHA.

[Toka3aHo, 4TO MBUIBLIEBEIC 3epHA Tabaka y KOHTPOJBHBIX PACTEHHH MMEIOT OOJIBIIOE
Mopdonoruueckoe pasHooOpasue. 3epHa OKpyrible, Oe3amepTypHble, 3-5-00po3aHbIE WU
OOpO3THO-TIOPOBHIE.

YpoBeHb (PepTUIBHOCTH 3PEINbIX MBUIBLIEBBIX 3€PEH B KOHTPOJIBHOMN TPYyIIe COCTABISET
83,6%, B TO BpeMsl Kak y pPAacCTEHUN-TUIEPHPOAYLEHTOB ayKCHMHOB B 3pEJbIX MbUILHUKAX
deptunbpHO Beero 52,2% npliblieBbIX 3epeH. CTepunu3anus Habmo1aeTcst 1 Ha 0oJiee paHHUX
sTamax pas3BuTus. Ha cTagum MUKpPOCHOpPHI B KOHTPOJIBHOM Tpymme (epTUIbHOCTD
coctaBiseT 88,4%, a mpu runepnpoayKiuu ayKCHHOB — ToJbko 57,5%. Ha cragum terpan
MHUKPOCIIOp B KOHTpOJIE HOpManbHO cpopmupoBanbsl 59,6% Terpan, a y TpaHCTEHHBIX
pacrennii - Bcero 25,9%. IlpuumHOM cTepuian3anuu  SABISIOTCS  HApyLIEHUs B
MHUKPOCTIOpPOT€He3€, MPUBOAIINE K TOSBICHUIO MOHAJ, A U TPUA MUKPOCIIOP.

Crepunuzanus Ha MO3JHUX dTanax pa3BUTHUS MY>KCKOro rameTodura 0ObIYHO CBs3aHA C
HeOJaronpusATHBIMUA YCJIOBUSIMH BHEIIHEH cpenasl. HaOmiogaemble pe3ynbTaThl BIIOJHE
COTJIACYIOTCS C JAHHBIMH O TOM, YTO M30BITOK ayKCHHOB CHUKAET YCTOMUMBOCTh PACTEHUHN K
OK30T€HHBIM  cTpeccoBbIM  (pakropam. KonnmdecTBeHHBI aHalIM3 TOKa3bIBACT, UTO
CTEpUJIN3aIUsl MYKCKUX T€HEPATUBHBIX CTPYKTYP Ha Pa3HbIX dTarax pa3BUTHUS Y pacTEHUIl ¢
TeHOM iaaM TOoYTH B J1Ba pa3a BBIIIE, YeM B KOHTPOJE, MPH 3TOM KPUTHUECKUM HTAIIOM
SBJISIETCS. MUKPOCIIOPOTEHE3.
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AUXIN HYPERPDRODUCTION EFFECT ON TOBACO MALE
GAMETOPHYTE DEVELOPMENT
A.A. Ermoshin, S.A. Zimnitskaya, S.A. Strekalova
Ural Federal University, Ekaterinburg, Russia

e-mail: zimn@list.ru

Cytokinins and auxins has the most effect on processes of growth and development.
Auxins are historically the very first groups of phytohormones to be discovered. Their main
effects on plant are dedifferentiation of cells in culture, cells growth through dilatation,
seduction of lateral buds development and assimilants attraction. It is known that auxins affect
generative function of plants.

Traditional means of evaluation of the role of phytohormones in plant’s livability are
connected with study of endogenous levels of hormones in various organs and tissues.
However, sometimes it is not possible to obtain necessary amount of analysis material, in case
of anthers and stigma, for example. Second way involves mutants’ study through
phytohormones synthesis or sensibility. The third and the most widespread mean consist of
exogenous treatment with hormones. This method has several flaws, for example, it is
impossible to determine the amount of active substance that goes directly into plant’s organs
and tissues. Transgenic model plants have no one of the abovementioned flaws.

In the current study transgenic tobacco plants (Nicotiana tabacum L.), ”Samsun”
variety, bearing an agrobacterial gene of auxins synthesis iaaM were used. Insertion and
expression of the target gene in the transgenic plants have been proven. Increase in
cytokinins’ production led to the morphological changes in plants. In terms of reproduction
function it manifested in later flowering, decreased size of blossoms and decrease in seed’s
germination.

Our work was aimed at detection of peculiarities of microsporogenesis and development
of male gametophyte of transgenic lines.

It was shown that tobacco pollen grains of control plants possess great morphological
diversity. The grains are spherical, nonapertural, either 3-5-furrow or pour-furrow.

Fertility level of developed pollen grains of control group is 83.6%, while auxin-
hyperproductive plants have only 52.2% of fertile pollen grains in developed anthers.
Sterilization can be noticed at earlier development stages as well. The fertility at the stage of
microspore in control group is 88.4% while auxins hyperproductivity gives only 57.5%. At
microspores’ tetrads stage normally formed tetrads percentage is 59.6% for control and 25.9%
for transgenic plants. Irregularities in microsporogenesis, which leads to the appearance of
monads, diads and triads of microspores are the cause of sterilization.

Sterilization at later stages of development of male gametophyte is usually connected to
the unfavorable environmental conditions. Data observed correlates well with the data on
auxin excess increasing plant’s resistance to the exogenous stress factors. Quantitative
analysis reveals that sterilization of male generative function at different development stages
of iaaM gene bearing plants is almost twice higher than of the control ones, with
microsporogenesis being a crucial stage.
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OCOBEHHOCTHU CEMEHHOI'O PASBMHOXEHUSA
Y ORCHIS PURPUREA SSP. CAUCASICA (ORCHIDACEAE)
E.E. EBnokumoBa, E.B.AnnponoBa, A.B.Cemenon
bomanuueckuii uncmumym um. B.JI. Komaposa PAH, Canxm-Ilemepoype
e-mail: E.E.Evdokimova@mail.ru

N3yyenne ocoOeHHOCTEN Pa3MHOKEHUS IPEJICTABUTENEN PENKUX U MCUE3AI0LINX BUIOB
pacTeHUil JaeT BO3MOYKHOCTh IOHATh CIIOCOOBI MX €CTECTBEHHOI'O BOCIPOM3BENEHHUS U
pa3zpaboTaTh METOAUKHU X coxpaHeHusl. HamMu ObIM M3y4eHbl HEKOTOPBIE aCIEKThl OMOIOTHH
CEeMEHHOro pasMHOxeHus Orchis purpurea, 3aHeceHHoro B Kpachyio kuury P® (2008).
Marepuan 6su1 coOpan B A6unckom u HoBopoccuiickom pairionax KpacHomapckoro kpasi.
bbuio ycraHoBiI€HO, YTO CpeAHUIl MPOLEHT 3aBsi3biBaHMs MmiIoAoB B 2009-2014 rr. mpu
€CTECTBEHHOM OIbUIEHUU OblT oYeHb HU3KUM (1-4 %). Ilpu MCKYyCCTBEHHOM ONBUIEHUH OH
coctaBms B cpeaHeM 34 - 77 %. CemeHa M3 IUIOJOB, COOpaHHBIX C pa3HBIX OCOOE,
pa3IMyanuch MO KU3HECTIOCOOHOCTH, OKPAaCKE CEMEHHOW KOXKYpBHI M 3apOJIbIlIa, CTEIICHU
OJTHOPOJHOCTH MX pa3MEpHBIX MapaMeTpoB U (opMe, YTO CBHUAETEIBCTBYET O HAJIWYHUU
rerepocniepmuu. Koppemsiuuu Mexay METpUYECKUMH IapaMeTpaMH 3apojblllla U CEMEHU
ycraHoBieHO He Oblio. Kak okaszanoch, B OONBIIMHCTBE CEMSH HEKOTOPBHIX 00pasloB
3apOJIbII WJIK OTCYTCTBOBAJ COBCEM, WJIM OH ObLI HEAOPA3BUTHIM WIJIM HAXOAWJICS HA CTaUU
JereHepanyy. B cpeaHeM A01s1 HeXXU3HECTIOCOOHBIX CEMSIH MOJTYYEHHBIX MPU €CTECTBEHHOM
onbuleHnu coctaBuia 50 % (MakcumanbHO 10 82%). B sxcnepuMeHTax Mo MCKyCCTBEHHOMY
OTNBUICHHIO OBUIO TOKa3aHO, YTO JOJs HEKU3HECIIOCOOHBIX CEMSH, IOJYYEHHBIX HpHU
aBTOraMUU WJIM T€HTOHOTaMHUH, BBIIIE, YEM B IJIOJAX 3aBS3aBIIUXCS IOCIE MEPEKPECTHOTO
OTIBUICHUSI MEXKIY pa3HbIMU 0COOSMHU, T. €. OHA 3aBHUCENa OT TUMA CKpelMBaHus (AHIPOHOBA
u ap., 2015). Opnako pa3zmax BapbUpPOBAaHUS JaHHOIO TIpU3HAaKa OIpeAeseTCs
UHIUBUAYAIbHBIMU ~ OCOOCHHOCTSAIMH, U, BEPOSTHO, TIEHETUYECKMMM  IpPHU3HAKAMHU
MaTEPUHCKOI'O PACTEHUS.

bbu1 mpoBefieH  TecT Ha JKM3HECHOCOOHOCTh CEMSIH IyTeM NpOpallMBaHUS HX Ha
NUTaTeNbHOU cpene in vitro. Vcronb3oBaiu ceMeHa, IOJIYYEHHbIE B pe3yibTaTe Kak
€CTECTBEHHOI'0, TaK M MCKYCCTBEHHOTO ONbUICHHUS. B mocienHem ciydae MCIOJIb30Banach
nbUIbIIA He TONbKO O.purpurea, HO ¥ TuOpUnOB — Orchis x hybrida, O. x angusticruris, O. X
wulffiana, npou3pacTalouMxX Ha TOW ke TeppuTOpuU. Pa3HOKaueCTBEHHOCTh CEMSH IPU UX
IpOpAaILMBaHUU B KYJIbTYPE in Vitro NposBUIACH B IIPOLIEHTE U TEMIIaX MIPOPACTAHUS, a TAKKE
B KOJMYECTBE 0Opa30BABILUXCS CESHLEB HOPMAJIbHOro cTpoeHus. CeMeHa HEKOTOpBIX
ocobell He TTpopacTalii COBCEM, a Y APYTUX (OPMHUPOBAIKCH €IMHIUYHBIC IPOPOCTKH. B psye
CllydyaeB IpopacTaHHEe ObUIO MacCOBBIM, HO, BIIOCIEICTBUHM, Yy HEKOTOPBIX 0Opa3loB
HaOroanack rudenb MPAaKTUYECKH BCEX MPOPOCTKOB HAa PAHHUX CTATUSAX MX Pa3BUTHUSA
(IPOTOKOPM), YTO, BEPOSITHO, CBA3aHO C NEHETHMYECKHMMM OTKJIOHEHUSIMH. Y TeX PACTECHHH,
YTO IIPOJOJDKUIN CBOW POCT, JAJbHEHIIEE Pa3BUTHE IPOTEKAJIO IO-PAa3HOMY. Y HEKOTOpbIE
CPaBHUTEIBHO OBICTPO (POPMUPOBAIHCH 3€TIEHbIE JIUCTbA, a 3aTEM YTOJIICHHBIE 3aMacaroliye
KOpHU. Y JApyrux HaoOOpoT cHavana (HOPMHUPOBAIUCH 3alacarolllie KOPHU, a pa3BUTHE
3€JIeHBIX JIMCThEB NPOUCXOAMIO HOPMAIbHO, HO IMO3AHEE. Y CEsSHIIEB HEKOTOPBIX OcoOei
HaOJIOMaMNCh AaHOMANMKM Pa3BUTUS CTPYKTYp amekca mobera, M CIOCOOHOCTh K
(OpPMHMPOBAHUIO 3€JIEHBIX JINCTHEB Y HUX MOJHOCTHIO OTCYTCTBOBAJIA.

Bbicka3aHO NPEANOIOKEHNE, YTO HU3KHUH IPOLEHT 3aBA3BIBAHMS IIJIOJOB M HHU3KOE
Ka4ecTBO CEMSH MOIyT OBIThb CBSI3aHbl KaK C YCJIOBUSIMH MeCTa INPOU3pAcTaHUs 0COO0eH,
(rpanuma apeana), Tak U C HEONTHUMAJbHBIMU MOTOJHBIMHU ycinoBHAMHU. Huzkas peanbHas
CEMEHHasi MPOJYKTHBHOCTb MOXET OBbITh CJIEJCTBHEM MEXBUIOBOM HHTPOIrPECCUBHON
ruOpUIN3aMK W/WIM WHOPUIMHTA B CBSI3U C MaJIOW YMCICHHOCTBIO 0COOEH B M3ydaeMbIX
HOITYJIALHSIX.
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FEATURES OF SEED PROPAGATION
IN ORCHIS PURPUREA SSP. CAUCASICA (ORCHIDACEAE)
E.E. Evdokimova, E.V.Andronova, A.V.Semenov
Komarov Botanical Institute Russian Academy of Sciences, St. Petersburg
e-mail: E.E.Evdokimova@mail.ru

Study of the reproduction of representatives of rare and endangered species of plants
makes it possible to understand the modes of their natural reproduction and to develop
techniques for their conservation. We studied some aspects of the biology of seed breeding in
Orchis purpurea, listed in the Red Book of the Russian Federation (2008). The material was
collected in Abinsk and Novorossiysk, Krasnodar Krai. It was found that the average
percentage of fruit set in 2009-2014 period under natural pollination was very low (1-4%). At
artificial pollination, it was on the average 34 - 77%. The seeds of the fruit collected from
different individuals differ in the vitality, color of the seed coat and the embryo, the degree of
uniformity of size and shape parameters, indicating the presence of geterospermy.
Correlations between metric parameters of the embryo and the seed has not been established.
As it turned out, most of the seeds of some samples of the embryo were absent at all, or were
aborted or were in the process of degeneration. On average, the share of non-viable seeds
produced by natural pollination was 50% (to a maximum of 82%). In experiments on artificial
pollination, it was shown that a part of non-viable seed obtained by autogamy or
geytonogamy was higher than in fruits ensued after cross-pollination between different
individuals, ie. it depended on the type of crossing (Andronova et al., 2015). However, the
magnitude of variation of this feature is determined by the individual characteristics and
probably genetic traits of the parent plants.

Seed viability test was conducted by germination in medium in vitro. The seeds
obtained from both natural and artificial pollination were used. In the latter case, pollen is
used not only from O.purpurea, but from hybrids - Orchis x hybrida, O. x angusticruris, O. x
wulffiana, growing in the same area. Different quality of seeds at their germination in culture
in vitro manifested in the percentage and germination rate, and the number of seedlings
formed normal structure. The seeds of some species do not germinate at all, while others
formed single seedlings. In some cases, the germination was mass, but, subsequently, in some
samples the dead of almost all the seedlings at the early stages of their development
(protocorms) were observed, that was probably due to genetic abnormalities. In those plants
that continued to grow, the further development proceeded differently. In certain of green
leaves, and then thickened stock roots relatively quickly formed. In the others on the contrary,
the roots were firstly formed and green leaves development occurred normally, but later. In
seedlings of some species abnormalities of shoot apex structures were observed and the
ability to form green leaves have completely absent.

It is suggested that a low percentage of fruit set and the poor quality of seeds may be
associated both with the place of individuals growing (border area), and suboptimal weather
conditions. Low real seed production may be the result of interspecific hybridization
introgressive and / or inbreeding due to the small number of individuals in the populations
studied.
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PEINPOAYKTUBHASA BUOJIOI'USA BUJOB U KYJIbTUBAPOB POJIA
CUPEHD (SYRINGA L., OLEACEAE)
C.H. )KaKOBaI, JL.B. HoBocesoBa®
Mepmckas 2ocyoapemeennas cenvcroxossiicmeennasn akademus, uMeH aKademMuxa
J.H. [Ipanuwnuxosa, [lepmo
? [epmcruii 20cydapemeennblii HAYUOHATBHBLI UCCTEO08AMETbCKULL YHUGEPCUmMe,
Ilepmo
e-mail: S.Fetisova@mail.ru
e-mail: Novoselova@psu.ru

Ha ocHoBe cpaBHUTENBHOIO aHaIM3a JJAHHBIX 10 PENpPOAYKTUBHONW OHONOrHM 6 BUIOB,
2 MeXBUI0BBIX THOpUAOB U 11 copToB pona Syringa L. BbIABIEHBI XapaKTepHbIE NPU3HAKU U
OCOOEHHOCTH CTPOEHHUSI IIBETKOB, COIIBETHI, IMOpPHUOJOTMYECKUX CTPYKTYp U IPOLIECCOB
OTBUICHMSI, OIJIOJOTBOPEHMs, OOpa30BaHUs IIOAOB M ceMsH. V3yuyeHHble BUABI U
KyJBTUBAPBI OTHOCSITCS K JIBYM CEeKIUsIM noapoAaa Syringa: cexuuu Syringa L. (S. vulgaris L.)
u cekuuu Villosae C.K. Schneid. (S. josikaea J. Jacq. ex Rchb., S. emodi Wall. ex Royle, S.
wolfii C.K. Schneid., S. sweginzowii Koehne & Lingelsh., S. villosa Vahl, S. X prestoniae
McKelvey (S. komarowii subsp. reflexa % S. villosa (rubpun Ilpecron)), S. % henryi C.K.
Schneid. (S. josikaea x S. villosa (rubpun I'eapn)).

[[BeTOUYHbIE TOYKM Yy HCCIEAOBAaHHBIX TAKCOHOB 3aKJIQJbIBAIOTCS Ha KOHLAX
OJIHOJIETHUX TMOOETOB B T0j, MPEAIIECTBYIOMNNA IIBETEHUIO: Yy S.vulgaris BO BTOpOU AeKase
utond, S. josikaea, S. emodi, S. wolfii, S. villosa — B xoHUe utond, y S. X prestoniae — B
MEepBOil JeKaze aBrycTa, y S. sweginzowii u S. X henryi — B KOHIIE aBryCTa B YCJIOBUSX
UHTPOJYKIMU B ydueOHOM GoTaHnyeckoM cany umenu A.I'. I'enxens [ITHUY.

VYV Bcex mpencTaBUTENIC pa3BUTHE aHJPOIIEs omepekaeT pa3BuThe ruHenes. CTeHka
IbUIBHUKA MPEJICTaBlIeHa SMUACPMHCOM, SHAOTELMEM, CPEJAHHUM CJIOEM M CEKPETOPHBIM
TaneTyMoM. Y OOJIBIIMHCTBA BHUJOB M THOPUAOB (HOpMHUPYETCS OAMH P KIETOK CPETHETO
cios, y S. sweginzowii OTMeU€HO 00pa30BaHUEe JBYX PAIOB, Y S.vulgaris — 10 4eThIpeX psIOB.
TaneTryM MHOTrOSIIEpHBIN, OJHOCIOWHBIN, B 00JIACTU CBSI3HMKA — JABYCJIOWHBIM, MMOJHOCTHIO
OKpY’KaeT CIIOPOreHHYIO TKaHb. TeTpajbl MUKpOCHOp 00pa3yloTCs 0 CUMYJIbTAHHOMY THITY.
Y GONBIIMHCTBA BUIOB U THOpUI0B (hopmupyeTcst oauH GUOPO3HBIN ciol, y S.vulgaris u S.
villosa ormMedeHo o0Opa3oBaHHE JBYCIOHHOrO (PMOPO3HOTO SHAOTELHMS. 3peiible MbUIbLIEBbIE
3€pHa BCEX BUJOB U KYJIbTHBApPOB JABYKIIETOUHBIE, 3-00pO3AHO-IIOPOBBIE, CPEAHUX Pa3MEPOB
(27-39 MKkM), cheponaanbHOM UK CILTIONIEHO-ChEPOUnaaTbHON (POPMBL.

Jnst u3yueHHbIX 00BEKTOB Syringa XapakTepeH CUHKAPIHBIA rUHEIel. 3aBsa3b BEpXHis,
JIBYTHE3/1Has, 00pa3yeTcsi B pe3yJbTaTe CpacTaHUs JIByX IUIOJOJUCTUKOB. B onHON 3aBA3M
OOBIYHO 3aKJIAJBIBAIOTCS JBa cems3ayaTka, peako 1 mmm 3—4. Cems3ayaTku aHATPOIIHBIE,
TEHYUHYIEJUITHBIE U YHUTErMajabHble. EMUHCTBEHHBI UHTETYMEHT COCTOUT U3 9—12 croes
KJIETOK. ApXecrnopuaibHasi KJIETKa OJ(Ha, 3aKJIaJbIBAeTCsl y OOJBIIMHCTBA HCCIEIOBAaHHbIX
BHUJIOB M THOPHUIOB B TpeThell nekaae Mas, y S. villosa — Bo BTopo jaekane mas. Terpana
Meracnop JInHeiHas, (yHKIMOHaIbHasi Meracropa — XanasajibHas. Xana3ajlbHas Meracropa
ABJIACTCS MATEPUHCKOM KIETKOM 3apOJBIIIEBOrO MeIKa. MHUTOTHYECKHE JElIeHus B
3apOJBIIIEBOM MEIIKE HAOMI0JAUNCh Y BCEX BUJIOB Ha cTaguu OyToHa 4 — 5 MM JUIMHOH, Y
S.vulgaris — B OTKpBITBIX LBeTKax. CiusHHE MOJSAPHBIX sfep OOHApYKEHO 10 MOMEHTa
OIJIOJIOTBOPEHHST HA CTaguu OYTOHA, TOJYOTKPBITOTO IIBETKA M OTKPBITOTO IIBETKA.
HapymenusiMu B pa3BUTHM  3apOABIINIEBOTO  MeEIIKAa  sBIsgeTcs  Jedopmanus
MHTETYMEHTAJILHOTO TaneTyma y S. villosa, ocTaHOBKa B Pa3BUTHU 3apOABIIIEBBIX MEIIKOB B
IOJTHOLICHHO C()OPMUPOBAHHBIX ceMs3adaTkax y S.vulgaris u ap.

3aBsA3bIBAEMOCTh IUIOZOB y BHJIOB M KYJbTHBAPOB Syringa HEBBICOKAs, B YCIOBHAX
CBOOOZHOTO OmbUIeHUsT cocTaBisieT oT 1 1o 44,6 %. Ilnoast y coproB S.vulgaris 'Mme Jules
Finger', Marie Legraye', Mme Abel Chatenay' u 'Jules Simon' He 00pa3ytoTcst coBceM.
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S.N. Zhakoval, L.V. Novoselova®
"Perm state agricultural academy named after academician D. N. Pryanishnikov, Perm
’Perm state national research university, Perm
e-mail: S.Fetisova@mail.ru
e-mail: Novoselova@psu.ru

On the basis of a comparative analysis of the reproductive biology data of 6 species, 2
interspecific hybrids and 11 cultivars of the genus Syringa L. specific features and
characteristics of the flower formation, inflorescences, embryological structures and processes
of pollination, fertilization, formation of fruits and seeds are identified. The studied species
and cultivars belong to two sections of subgenus Syringa: section Syringa L. (S. vulgaris L.)
and section Villosae C.K. Schneid. (S. josikaea J. Jacq. ex Rchb., S. emodi Wall. ex Royle, S.
wolfii C.K. Schneid., S. sweginzowii Koehne & Lingelsh., S. villosa Vahl, S. x prestoniae
McKelvey (S. komarowii subsp. reflexa % S. villosa (hybrid Preston)), S. % henryi C.K.
Schneid. (S. josikaea x S. villosa (hybrid Henry)).

In the studied taxa flowers buds are laid down at the ends of annual shoots in the year
preceding flowering: S.vulgaris in the second decade of July, S. josikaea, S. emodi, S. wolfi,
S. villosa - in late July, the S. % prestoniae - in the first ten days of August, S. sweginzowii
and S. x henryi — at the end of August in the botanical garden of PSU.

The development of androecium advances development of gynoecium for all studied
plants. The anther wall consists of epidermis, endothoecium, middle layer and secretory
tapetum. Most species and hybrids form a single row of cells of the middle layer, in S.
sweginzowii formation of two rows was observed, and in the S.vulgaris - up to four rows.
Tapetum is multi-nuclei, single-layered, double-layered in the area of connective, it
completely surrounds the sporogenous tissue. Tetrads of microspores are formed by
simultaneous type. Most species and hybrids form a fibrous layer, in S.vulgaris and S. villosa
the formation of a two-layered fibrous endothoecium is noted. Mature pollen grains of all
species and cultivars are two-celled, 3-pored, medium size (27-39 microns), spheroidal or
oblate-spheroidal.

The studied objects of Syringa were characterized with syncarpous gynoecium. Ovary is
superior, bilocular, formed by the fusion of two carpels. In one ovary there are 1-4 (rarely)
ovules, two ovules are normal. Ovules are anatropous, tenuinucellate and unitegmatic. The
only integument consists of 9-12 layers of cells. Archesporial cell is alone, for the majority of
the studied species and hybrids it appears in the third decade of May, for S. villosa - in the
middle of May. Tetrad of megaspores is linear, functional megaspore is halazal. Halazal
megaspore is the parent cell of the embryo sac. Mitotic division in the embryo sac was
observed in all species in the bud with length of 4 - 5 mm and in S.vulgaris — in open flowers.
The merger of the polar nuclei was found before the moment of fertilization at the bud, semi-
open and open flower stages. Anomaly in the development of the embryo sac is deformation
of integumental tapetum development in S. villosa, stop of the development of embryo sacs in
a fully-formed ovules in S.vulgaris and others.

Fruit set of species and cultivars of Syringa is low, under free-pollination it is from 1 to
44.6%. The cultivars S.vulgaris' Mme Jules Finger ', Marie Legraye', 'Mme Abel Chatenay'
and 'Jules Simon' have no fruits.
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CPABHUTEJIbBHASA DMBPUOJIOI'USA BUIOB
POJA CAMPANULA (CAMPANULACEAE)
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[IpoBeneHO CpaBHUTENBHO SMOPHOJIOIMYECKOE HCClIeoBaHMEe 6 BHIOB poja
Campanula: C.latifolia L., C.patula L., C.carpatica L., C.rotundifolia L., C.persicifolia L.,
C.rapunculoides L. lloka3zaHO, YTO NBUIbHUKU 4-THE3/IHbIE, BCKPBIBAIOTCS MPOJOJIBHOU
HIeNIbI0, HWHTPO3HO, MPUYEM B 3aKPBITOM LBETKE. Pa3BUTHE CTEHKHM MMKPOCIIOPAHTHS
NPOMCXOTUT IEHTPOOEKHO, WM TO THITy IBYIOJIbHBIX. ChopMHpOBaHHAs CTEHKA THE3/a
NBUIBHUKA COCTOUT U3 3IMHJEPMBbI, HEPETYJSPHO-/IBYCIOMHOTO 3HIOTEIMS, OJJTHOTO, PEKE —
JIByX CPEIHUX CJIOEB M TaneTyma. TameTyM OJHOCIOWHBIM, KIETOUHBINH, 0€3 peopraHu3alyi.
Hekoropeie kietkn Taneryma cogepxat 2-4 sapa. CTeHKa 3peyioro NbUIBHHKA COCTOUT W3
AMUAEPMBl U HHAOTELMS, a OCTAJbHBIE CJIOU IOJBEPraloTCs IECTPYKLUHUU B IpoLEcce
pasButua. @opmupyercs MHOrocioiiHas croporeHHas TkaHb. ChOpMHpPOBAHHBIE TETpaJlbl
MHUKpPOCTIOp — TeTpadJpajibHble U HM300MIaTepaibHble, 00pa3yloTCs CHUMYJIBTaHHO. 3pelbie
NbUIBLIEBBIE 3€pPHA JIBYKJIETOYHBIC, IOPOBHIE, C IIHMIIOBATOM MOBEPXHOCTHIO 3K3UHBI,
3armoyHeHbl  KpaxmasioM. CQOopMHpPOBaHHBIA CEMs3a4aTOK AaHATPOIHBIN, YHUTETMaJbHBIH,
TEHYUHYLEJUIATHBINA, C TUIOCTa30id M IOCTaMEHTO- NOJAMYMOM B Xajla3aJIbHOW YacCTH.
Hyuemtyc B naTepalibHON 4acTH COCTOUT U3 4-5 psOB KIETOK. [ nmocraza oopa3zoBaHa AByMs
CIOSMU KJIETOK. MHTEryMeHT JMHIEepPMalbHOTO TMPOUCXOXKIEHUs, B CHOPMUPOBAHHOM
cemsizauaTtke coctour u3 9-10 cmoeB. YacTe BHYTpEHHEM SHuAEpMbl HMHTETYMEHTA
CHEIMAIM3UPYETCS B MHTETYMEHTAIbHBIN TaleTyM U OKpY’KaeT 3apO/IbIIIEeBhIi MEIIOK Ha 2/3.
EnuHcTBeHHAs apxecrnopuaibHas KiIeTKa (YHKIMOHHPYET KaK METaclopoIUT, TeTpajaa
MEracrnop JuHEHHas. 3apoAbIIEBBIA MEIMIOK MOHOCIOPDUYECKHM, pa3BUBAeTCI W3
XaJla3aJlbHOM Meracmopbl, B cOOTBeTCTBMM ¢ Polygonum-tunmom. OmogoTBopeHue
IPOUCXOOUT IO IPEMUTOTHYECKOMY Tuily. CHHEpPrHIbl W AHTUIIOABI [ETCHEPUPYIOT B
IPOLECCE  OIUIOAOTBOPEHUS. ODHIOCHEPM  KJIETOYHBIH, XapaKTepU3yeTCsl HAIUYUEM
TEPMUHAJBHBIX TayCTOpUEB.. B 3penoM ceMeHu HSHAOCIEpPM 3aloJHEH 3alacHbIMU
BEIIECTBAMH, TJIABHBIM 00pa3oM, KpaxmaioM. bonpmas dYacTe 3apojsiina oOpasyercs
MPOU3BOJHBIMU AMUKATBFHOM KJIETKH JIBYKIETOYHOTO MPO3IMOPHO, TpU 3TOM H3 0a3albHOI
KJIETKH 00pa3zyercss CYCHEeH30p, a THMO(PHU3UC OTCYTCTBYET. DMOPHUOTEHE3 COOTBETCTBYET
Solanad-tuny. 3aponbli B 3pejaoM CeMEHHM YJUIMHEHHOH (hOpMBbl, TUHEHWHBIN, 3aHUMaeT 2/3
JUIMHBI CEMEHH, Xopomro auddQepeHnupoBaH Ha OpraHbl — JBE CEMSIONH, THUIOKOTHIIb,
anekchl modera u kopHs. CeMeHHas KoxXypa (popMmupyercs U3 eAMHCTBEHHOI'O MHTETYMEHTA.
B 3penom cemeHu oHa mpeacTaBiieHa JIMIIb JBYMS CIOSMU — 9K30TECTOW, B BUAE KPYIHBIX
KJIETOK HapyXHOM SHUAEpMbl HHTETYMEHTa U OOJUTEPUPOBAHHBIMU OCTAaTKaMHU KIIETOK
MHTETYMEHTAJIBHOT'O TalleTyMa B BUJI€ TOHKOM IUIEHKH.

DMOpHONOTHYECKas XapaKTEepPUCTHKAa B IIEJIOM COOTBETCTBYET TaKOBOW cCeMeiCTBa
Campanulaceae (Kopob6osa, Xwunkuna, 1987, Kamenuna, XXunkuna, 1989; Zhinkina,
Shamrov, 1997). 910 moaATBepKIa€T MPABOMEPHOCTD CTAaTyca JAHHOTO POJia KaK TUITOBOTO.
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COMPARATIVE EMBRYOLOGY OF CAMPANULA SPECIES
(CAMPANULACEAE)
Zhinkina N.A.
Komarov Botanical Institute of Russion Academy of Sciences, Sankt-Petersburg, Russia
e-mail: -Zhinkina Nadezhda nazh13@mail.ru

The comparative embryological research of 6 species of Campanula genus: C.latifolia
L., Cpatula L., C.carpatica L., C.rotundifolia L., C.persicifolia L., C.rapunculoides L., was
carried out. All species studied are characterized by following features. Anther is 4-loculed,
mature anthers explosive by longitudinal aperture, intrusively, in closed flower. The
development of anther locus wall realizes centrifugally, according to dicot type. Anther wall
formed consists of epiderm, two-layered endotecium, medial layers (usually one, rare two)
and tapetum. Some tapetum cells are covered with cuticle from early developmental stage.
The tapetum is unilayered, cellular, without reorganization. Some tapetum cells contain 2-4
nuclei, at late stages the orbicules are absent in most species. The wall of mature anther
consists of epidermis and endotecium, the rest layers undergo destruction during
development. At microsporogenesis the multilayered sporogenous tissue forms. Microspora
tetrads, tetrahedral and isobilateral, form simultaneously. Mature pollen grains are two-
cellular, apertured with echinated exine surface, and are fill with starch. Ovule formed is
anatropous, unitegmal, tenuinucellate, with hypostase and postament-podium in chalazal part
and placenta obturator in micropylar part. Nucellus in the lateral portion consists of 4-5 cell
layers. Hypostase is formed by 2 cell layers. Integument is of epidermal origin, consicts of 9-
10 layers in the formed ovule. The part of inner integument epidermis is specialized in
integumentary tapetum and surrounds embryo sac on 2/3. The single archesporial cell
functions as megasporocitum, megaspore tetrad is linear. Embryo sac is monosporical,
develops from chalazal megaspore according to Polygonum type. Fertilization is of premitotic
type. Synergids and antipods degenerate during fertilization process. Endosperm is cellular,
characterized by the presence of terminal (micropylar and chalazal) haustoria. In mature seed
endosperm if fill with nutriments, mainly starch. The embryo is formed by derivatives of
apical cell of two-cellular proembryo, suspensor is produced from the basal cell, hypophyse is
absent. Embryogenesis confirms to Solanad type. The embryo in mature seed is long-shaped,
linear, occupies 2/3 of seed length and is well differentiated on organs — two cotyledons,
hypocotyl, shoots apex. Seed coat derives from a single integument. In mature seed it is
represented only by two layers — exotesta with large cells of outer integument epidermis and
obliterated remains of integumentory tapetum cells.

Their embryological characteristic in a whole corresponds to that of Campanulaceae
family (Korobova, Zhinkina, 1987; Kamelina, Zhinkina, 1989; Zhinkina, Shamrov, 1997).
This confirms the status of the genus given as typical.
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HHAYUOUPOBAHME IN VITRO T'AIIVIOUJHOI'O TAPTEHOI'EHE3A
T.IL. Ky:xxanosa, E.H. Bacuinbuenko, O.A. IloxBuruna
@I'bHY «Bcepoccutickuti Huu caxapuou ceekavl u caxapa um. A.JI. Masnymoea»
Pamonw, Boponesicckotii 00:.
e-mail: biotechnologiya@mail.ru

[TyTs WMHIYIMPOBAHHBIX BOZICHCTBHI Yepe3 KYJBIYpy in VIto OYeHb CTOKEH M TECHO CBSI3aH C
MopororMyeckMH  TIepUOIaAMH PAsBUTHST PACTEHMIA caxapHOi CBeKTbI (Beta vulgaris.l) B eCTECTBEHHBIX
YCJIOBHSIX, OOCTICUMBAsT YCIIeX — BBIRVICHUS JIOHOPCKMX TEHOTHIIOB. B TIporiecce MHIIMPOBAHKS in Vitro
TAITIOWIHOIO TIAPTCHOTCHE3a CAXapHOM CBEKIbl YCTAHORICHO, YTO CEMS3AYATKW OTOOPAHHBIX TCHOTHIIOB,
coniepyKariyie 8-sepHble WM 7-KIETOUHbIE, HO BOCBMUSIIEPHBIE 3apOIBIIIEBbIE MEIIKH, OOMIA/IA0T HAMOOMBIIIEH
CTEHEPAIIMOHHON  CIIOCOOHOCTHI0.  CTporasi TOMSIPHOCTH 3apOIIBIIICBOIO MEIIKA B 3TOT TIEPHO, a TaKoKe
TOTUIOTEHTHOCTh €10 SICP M HECTICLMATM3UPOBAHHBIX KIIETOK HKEHCKOTO TameTo(pura  0OCCTICUMBAIOT
HaMOOVIBIITYFO CKJIOHHOCTh K pEreHepali. JTO TO3BOIIIO CUMTATh  JIAHHBIA TICPHOI KPUTHHCCKHM,
CIIOCOOCTBYFOITUM TICPSKITFOUCHHFO TIPOIPAMMBI PA3BUTHS C TAMETO(PUTHOIO HA CIIOpO(HTHBIA 1y Th. OHAKO
HEJIOCTATKOM TAIVIONTHON TEXHOJIOMMHX SIRISICTCS HIBKAST YacTOTa PEereHepalivu, KoTopasi BapbHPYeT B Mpeieriax
1,7-10,5%. IlprievoM, TIOBBITIAIOIIM YACTOTy TAIUIOMIHOM PEreHepaiiy U CTUMYJIPYEOIIMM HHIYKIMO
CIIOPOPUTHOIO TIyTH Pa3BUTHSL SIBTSIETCS XQUOZIOBAST TIPEIO0palOTKa B TeueHHe 24 CYTOK TPH TIOJIOKHUTEIIHHON
Temmeparype 4-6 °C. T TaBHBIM JHMATHPYEOLIAM (haKTOPOM, ONPCISBIFOLIAM HEJIKIIAEO U ITyTH MOpOreHesa
TaITIOMTHBIX PEreHEPAHTOB IO CIIOPO(HTHO Tporpamme, sIRTISICTCS TATATENBHAS CPEZia HA OCHOBS MUHEPATBHBIX
cortet o ["'amoopry (Bs), coneprkartiast BATAMHHBI 110 YTy W pa3TYHbIA TOPMOHATBHBIA COCTaB. Jl00aricHrie
B cpelly TMOOCPIUTMHA B KOIMUSCTBE 2 MI/JT TO3BOVISICT MHIYIIMPOBATH TAIUIOWIHBIC PEICHEPaHTBI TyTeM
AMOPHIOHIOTEHE3a Yepe3 MPSMYTO pereHepar o, [ nrarensHast cperia, coneprrartiast ipmokuanH 6-bAIL TK 1 24
-J1 coumyIpyeT pasBUTHE Yepe3 KauTyC IyTeM opraHoreHe3a. CHITHHOE BO3ICHCTBIE HA aKTUBUBALIMIO TIPOLIECCa
npomQepaii sTep W KIETOK KEHCKOTO  TaMETO(HTa OKasbIBAeT TPEKYJIBTMBUAPOBAHKE JKCIUIAHTOB HA
TIUTATCIIBHOM CPETIC JKHTKON KOHCHCTCHIIMH, BBI3BIBAST PErCHEPALIMIO TAITIOWTHBIX TIPOPOCTKOB M TIOBBIIIIAS
00I1Iee KOTMHYECTBO FAITTONIOB B /BA pasa B 3aBUICKMOCTH OT TEHOTHIIA.

Ha ocHOBE SKCTIGPUMEHTATBHBIX —[MTO3MOPHOVIOTMYMECKHX JIAHHBIX, OTP@KAFOIIMX  OCOOCHHOCTH
MoporeHe3a caxapHoi CBEKIIbI B €CTECTBEHHBIX YCIIOBUSIX U IPY KyJIETUBHPOBAHUH 1 Vifr0 BBISIRIIEHO OOIIBILIOE
CXOZICTBO Pa3BUTHIS TIOJIOBBIX 3apOMIBIIICH 1 SMOPHOUIIOB. Y CTAHORIICHO, YTO SMOPHOHIIBL, (DOPMUPYFOLIIASCS 113
KIETOK TAMETO(HTA, MIMEFOT CTIeI(HKY PasBHTSL, TIPOSBISIFOITYFOCS B PATHUHBIX ATOpPHTMAaX Mop(oreHesa.
[Tpu 310M, B OTIMUKE OT TIOJIOBOIO 3apOIIBIIa, Y SMOPHOMIOB (HOPMUPOBAHKE SHIOCTICPMA, TISPUCTIEpMA 1
CEMEHM HE TIPOWICXOWT, a HAOMONASTCS OOpa3OBAHKME POCTOBOM TMOYKMA M 3aTeM Tpopoctka. (CoracHo
COBPEMEHHBIM TIPEIICTARTICHASIM B 3TOM TIPOSIBISIETCS.  NPHHIMITAATBHOE CXOZICTBO 3MOPHOUIA ¢ POCTOBOM
TIOYKOHM, YTO OOBCIMHSET WX KAaK WIEMEHTApHBIE CIPYKTYpHBIC EMHHMIIBI BErCTATMBHOIO Pa3MHOKEHUS
(barbmrvnHa, Bacibera, 2002).

OrnpenersirormM GakTopoM MopdoreHesa SIBISFOTCS WIEMEHTBI TTATETBHON CPEIbL, KOTOPBIE, FBMEHSIST
METa0OIIH3M TIOJIOBBIX ¥ COMATHYECKHX KIIETOK, BEIBBIBAFOT HOBBII XapaKTep PEryJII POCTOBBIX TIPOLIECCOB.
Tak, OuoxuMmrMeckas  OIGHKA  ANieKTpodopeTrueckold  momBikHOCTH  m3odepmeHToB  NADP-
wormTparervaporeHassl (KD 1.1.1.42) BeisiBra Y rarvionIHBIX 00paslioB B CIIEKTPe (pepMeHTa JIBE 30HBI
AKTUBHOCTH, OJTHA 113 KOTOPBIX MOHOMOpPGhHA 1 o0naziaeT R¢0.37, a apyrast B OTIHHFE OT KOHTPOJISL, TIOMAMOpgHA
Rr02610.31, 9410 MOXKET CITY>KATH J151 0TOOPA PECTUTYIIMOHHBIX JIMHHIA. | IpHHITMITHATEHO HOBBIE BO3MOYKHOCTH
UMeET TPoBeZicHHe TiommMepasHor rienHor peaxivm JIHK v aHamB nomivopdiBMa [JTHH PeCTPUKTHBIX
dparmentoB (RFLP) ¢ ucriornszoBanmem pectprikras Hind I n Alu 1. JlaHHBIH aHa3 MO3BOISIET KOHTPOJIPOBATH
Tiepesiady TeHETHYeCKOM MH(OPMALM OT JIOHOPCKUX PACTEHH M BEeCTH OTOOpP TOMOBUIOTHBIX TarUIOMIHBIX
ETeHEPaHTOB C TPH3HAKOM ITOITIa3MaTHyecKoi Myxkekoit crepribHocTy (LIMC). HarparneHHb1ii 0100p 10
OMOXMMHYECKHM, MOTIEKYJIIPHO-TEHETUHECKIM 1 MOPQ)OIIOTHECKIM MPHBHAKAM [T BOBMOKHOCTD CO3IATH TPU
PECTUTYIIMOHHBIE JIMHUH C 3aKPETUICHHBIM TeTePO3UCOM. JIBE M3 KOTOphIX Mverm mprsHak [[MC, omHa Obria
(eprbHON. Co3NaHHbIE JIMHUM TIepe/iaHbI CENIEKIIMOHEpaM [T KCTIONB30BAHKS B CETIEKIIOHHOM TIPOLIECCE.

Takim  00pa3oM, SKCTpeMTBHBIC YCTIOBUS I VIO — OKA3bIBAIOT OINPENETICHHOS RIMSHMC Ha
PETPOIYKIVBHBIC OPraHbl CAaXapHOK CBEKITbL, BbIBBIBAS PazTHUHbIC TEHETUUECKUE MBMEHEHIS,, KOTOPbIE MOTYT
CTaTh HOBbIM MCTOYHMKOM 3apOJIBIICBOM TUIa3MbI Y CITYXKUTH U1 CO3IAHMS  XO3SHCTBEHHO LIEHHBIX JIMHUI
CaxapHOU CBEKIThI 1 HOBBIX OTEYECTBEHHBIX TVIOPHIOB.
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IN VITRO INDUCTION OF HAPLOID PARTHENOGENESIS
T.P. Zhuzhzhalova, E.N. Vasilchenko, O.A. Podvigina
Federal State Budgetary Scientific Institution “The A.L. Mazlumov All-Russian Research
Institute of Sugar Beet and Sugar”, Ramon, Voronezh region
e-mail: biotechnologiya@mail.ru

Way of induced effects through in vitro culture is very complex and closely related to
morphological periods of sugar beet (Beta vulgaris L) plant development under natural conditions
that ensure success in revealing donor genotypes. It was determined during in vitro induction of
sugar beet haploid parthenogenesis that ovules of selected genotypes containing eight-nucleus or
seven-cell but eight-nucleus embryo sacs have the most regenerative ability. Strict polarity of
embryo sac during this period as well as totipotency of its nuclei and unspecialized cells of female
gametophyte provides the greatest regeneration activity. This has allowed considering the given
period to be critical, promoting developmental program change-over from gametophytic pathway
to the sporophytic one. However, defect of haploid technology is low regeneration frequency that
varies within 1.7-10.5%. Method increasing haploid regeneration frequency and stimulating
induction of the sporophytic developmental pathway is cold pre-treatment for 2-4 days at positive
temperature of 4-6°C. The main limiting factor that determines induction and ways of haploid
regenerants’ morphgenesis following the sporophytic program is Gamborg (Bs) nutrient medium
containing mineral salts, vitamins added according White and different hormons. Addition of
gibberellin in the amount of 2 mg/l to the medium allows inducing haploid regenerants by
embryoidogenesis through direct regeneration. The nutrient medium containing cytokinin 6-BAP,
gibberellin acid and 2,4-D stimulates development through callus by organogenesis. Pre-
cultivation of explants on a liquid nutrient medium has a strong effect on activation of
proliferation process of female gametophyte nuclei and cells causing regeneration of haploid
shoots and doubling total number of haploids depending on genotype.

On the basis of the experimental cytoembryologic data reflecting characteristics of sugar
beet under natural conditions and when cultivated in vitro, great resemblance in development of
embryos and embryoids has been revealed. It has been determined that embryoids formed from
gametophyte cells have development specificity revealing itself in different algorithms of
morphgenesis. Besides, opposed to embryo, in embryoids endosperm, perisperm and seed
formation does not occur, but formation of shoot bud and then a shoot is observed. According to
modern conceptions, fundamental resemblance of embryoid and shoot bud is displayed therein,
that unifies them as elementary base units of vegetative propagation (Batygina, Vasilyeva, 2002).

Morphgenesis deciding factor are nutrient medium elements which, by modifying
metabolism of sexual and somatic cells, induce new character of growth processes regulation. So,
the biochemical assessment of electrophoretic motility of NADP-isocytrate dehydrogenase
isozymes (KF 1.1.1.42) has revealed two zones of the activity of enzyme spectrum in haploid
samples, one of which is monomorphic, with R¢ 0.37, and another, unlike the control, is
polymorphic, with R¢ 0.26 and 0.31. This can be used for selection of restitution lines. Carrying
out polymerase chain reaction of DNA and the analysis of restriction fragment length
polymorphism (RFLP) using restrictases Hind III and Alu I provides radically new possibilities.
This analysis allows control of genetic information transfer from donor plants and selection of
homozygous haploid regenerants with the trait of cytoplasmic male sterility (CMS). Directional
selection for biochemical, molecular-genetic and morphological characters has enabled creation of
three restitution lines with fixed heterosis. Two of them have the CMS trait, and one is fertile.

Thus, extreme in vitro conditions have a certain effect on sugar beet reproductive organs
causing various genetic changes which can become a new source of germ plasm and could be
used for development of economically valuable sugar beet lines and new domestic hybrids.
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COBPEMEHHOE COCTOSHHUE U3YYEHUSA AIIUKAJIBHBIX
MEPUCTEM KOPHEM
B. b. UBanoB
Hncmumym @uzuonoecuu Pacmenuti PAH, Mockea
e-mail:ivanov_vb@mail.ru

HenpepeiBHBIE pocT KOpHA OOYyCIOBIEH (YHKIMOHUPOBAHUEM  ANUKaJIbHBIX
MEpUCTEM, B KOTOPBIX IOCTOSIHHO 00pa3yloTcsi HOBble KJIETKHM. PacTymias 4yacTb KOpHs
00byHO He JuiMHHee 10 MM M Gojee KOpOTKash B TOHKUX KOPHSX, YEM B 0O0JI€€ TOJICTBIX.
CornacHo HamMM JaHHBIM UIst 150 BUOB MOKPBITOCEMEHHBIX, AJMHA KOPHEBOH alMKaJIbHON
mepucteMbl (KAM) coctaBnsieT mpuOIU3UTENBHO Ba TUAaMETpa MEPBUYHOTO KOPHS B 30HE
pacTspkeHus. 30Ha pacTshHKeHUs NpuMmepHo B 2-5 pa3 mimHHee KAM. B camom KoHumke
KOPHsSI HaxoJIUTCS HeOonblllasg TIpynna OTHOCHUTENIbHO MOKOSILIUXCS KJIETOK, KOTOPYIO
Ha3bpiBaloT "mokosmmMcs neHtpom" (IIL[). B ero coctaB BXOAST HMHULMANIBHBIE KIETKU
pa3HbIX TKaHel. X nmpous3BoHbIE ENATCSI HECKOIBKO pa3, u JuinHa KAM noanepxuBaercs B
OTIpeNIeIEHHBIX Mpe/ieNax, TaKk KaK 4acTb OOpa3yoLUXCs KJIETOK MOCTOSHHO MEPEeXOAMT K
pacTsDKEHHI0, BO BpeMsl KOTOPOTO HX JUIMHA Bo3pactaeT 10 20 pa3 3a OTHOCHUTEIBHO
KopoTkoe Bpems. IIpomomkurenbHOCTh MUTOTHYECKMX LUKIOB B KAM y OGosiblIMHCTBA
BumoB oT 10 1mo 20 4YacoB M TOJNBKO B KOpHsX Liliaceae ¢ BBICOKUM TaruIOWTHBIM
conepkanneM JIHK minTenbHOCTP MUTOTMYECKUX LHMKIOB MOKET gocturartbk 120 4vacos.
[IpoaomKUTENBHOCTh MUTOTUYECKUX LIMKJIOB B CPEIHEM OJMHAKOBAa B Pa3HbIX TKAHAX U Ha
pasHbix paccrosHusx oT IIL[. Bpems or oOpa3oBaHusi KIETKHM B pe3yJbTare JeleHHs
WMHUIMAJIBHON KJIETKH /10 BBIXO/Ia BCEX €€ MOTOMKOB M3 MEPHCTEMBI Mbl OyJleM Ha3bIBaTh
BpPEMEHEM HM3HH KJIETOK B Mepucreme. OOBIYHO OHO HE JJIMHHEE HECKOJIBKHX CYTOK.
[ToaTomMy mnpopomkaromyecs AEICHUS HWHULMAIBHBIX KIETOK BaXKHBI I HENPEPBIBHOTO
pocta. AKTUBHOCTBh UX 3aBUCUT OT KieTok [ILl. B HacTosiee BpeMs HET €QUHOIO MHEHHS,
KaKhe KJIETKHM CUUTATh CTBOJOBBIMU — KJIETKU IOKOSIIETOCsl LEHTpa WU KIETKU K HEMY
npumsblkaromue. Crenudpuueckue 0COOEHHOCTH CTBOJIOBBIX KJIETOK B KOPHSX IO CPABHEHHUIO
CO CTBOJIOBBIMM KJIETKAMM JPYIMX OpPraHOB PAacTEHHUH U >KUBOTHBIX OyAyT oOCYy>KIaThCsl B
noknane. Ilocne pexkanuTanyuyu HE BBIIE ONPEICIICHHOTO Ipeneia B PEreHEpPUPYIOLIMX
KopHsX Bo3HMKaeT HOBBIM IIL. Takum oOpazom, gensdmuecss KIETKH KOpHEH MOTYT
BO3BpaIllaTbCs B CTBOJIOBOE COCTOsHME. Poib 3KcIpeccHu psiia T€HOB W TPaJMEHTOB
(UTOrOpMOHOB B BO3HUKHOBEHWH U moxnepxkanuu [1L] OyayT paccmarpuBatbesi B JOKIIAJE.
[TocTrenenHoe mpekpalieHue MNpoaudepaTUBHON aKTUBHOCTH NPOMCXOOUT B Oa3albHOU
MOJIOBUHE MEPHUCTEMbI. JTOT MPOIECC HE3aBUCHM OT Hayana OBICTPOTO pacTsbKeHUs. Mbl
paccMOTpUM, KakK CBA3aHbI MPOLECCH NMpoiHdepanuy U nepexoja KIETOK K pacTsKEHUIO U
POJIb PUTOTOPMOHOB B 3TOM IPOIIECCE, UTO Ceifuac sIBISAETCS pa3BUBAIOLIMMCS HANPABICHUEM
HUCCJIETIOBAHUH.
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ROOT APICAL MERISTEM: STATE OF THE ART
V. B. Ivanov
Institute of Plant Physyology, RAS, Moscow
e-mail:ivanov_vb@mail.ru

Uninterrupted root growth requires functional root apical meristem (RAM) where new
cells are continuously produced. According to our data, in about 150 Angiosperm species, the
length of the RAM is close to two diameters of the elongation zone. The elongation zone is
about two to five times longer than the RAM length. Relatively quiescent cells of the
quiescent center (QC) located at the very tip contain initial or stem cells that give rise to
different cell types. Their derivatives divide few times and the RAM length is maintained
within certain size limits and subsequently a fraction of the produced cells transit to
elongation, where cells increase their length up to 20 times during a relatively short time. The
growing part of the root is commonly no longer that 10 mm; usually it is shorter in thin roots
and longer in thick root tips. The duration of the cell cycle in the RAM in most species is 10
to 20 h and only in Liliaceae with high haploid DNA content it can reach 120 h. The duration
of the cell cycle is on average the same in all root tissues and at different distances from the
QC. Time from the first division of initial cell until its derivatives leave the RAM is defined
as lifespan of meristematic cells and usually this time is no longer that few days. Therefore,
continuous activity of stem cells is important for uninterrupted growth. This activity depends
on the QC which behaves as a population of stem cells. There is no consensus on whether all
the QC cells have the properties of stem cells. Specific features of stem cells in roots in
comparison with other plant organs and animals will be discussed. After root tip decapitation
close to the tip, a new QC is formed in the regenerating root. Thus dividing root cells are
capable to acquire back the stem state. This property is auxin- and other hormone- related.
Genetic regulation of the maintenance of the QC will also be discussed. The cessation of
mitotic activity takes place in the basal portion of the RAM. This process is independent from
the beginning of rapid cell elongation. It is not completely clear how cell proliferation and the
rate of transition to cell elongation are regulated and we will address this problem.
Particularly, the role of cytokinin and auxin will be considered.
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SJIEKTPOHHASA MUKPOCKOIIUS: OT KJIETOK 10 MOJIEKYJI
A.H. UBanoBa
bomanuuecxuti uncmumym um. B.JI. Komapoea PAH, Canxm-Ilemepoype
e-mail: alyx@bk.ru

DJeKTpOHHAss MUKPOCKOIIHS SIBJISIETCS] MOIITHBIM HHCTPYMEHTOM U3YYEHHS OHOJIOTMYECKIX
00BEKTOB, MO3BOJISIET MCCIEI0BAaTh KAaK TKaHH IPU YBEJIMUYEHUHM B HECKOJBKO ThICAY pa3, Tak W
OT/ICNIbHBIE MOJIEKYJIBl TIPH YBEJIMYEHHUSX B HECKOJIBKO COTeH ThICAY. llepnoj; cTaHOBIECHUS
IPOCBEUMBAIOIIEH 3JIEKTPOHHON MHUKpPOCKONMK B Onosoruu mpuiuesncst 60e-80-e roapl XX Beka.
OcHOBHOH 3amaueil ObUTO W3y4YeHHE M BBIIBICHHE OCOOCHHOCTEH YIIBTPACTPYKTYPBI KIIETOK
pa3nMUHBIX TKaHeW. [lpuMeHsBIIMecs Torja METOAbI M MOAXOABI 10 CHUX MOpP OCTaroTCs
aKTyaJbHBIMH ¥ HE TMPETEepIieNId CEePhe3HBIX M3MEHEHWH. B mocnenHue necsaTuineTus B
71a00paTOPHYIO MPAKTUKY BBOASATCA YCTPOWCTBA M TEXHOJIOTMH, 3HAUUTEIBHO PAaCLIMPSAIONINE
BO3MOJKHOCTH ITPOCBEUMBAIONICH 3JIEKTPOHHONH MHKPOCKOIUH, 3TO OOYCIOBHIO 3HAYUTEIIHHOE
BO3pacTaHue MHTepeca K Hel. OpHako MOIU(MKAIMK KJIACCUUECKUX METOJIOB IO3BOJIIOT
NOJTy4YaTh HHTEPECHBIC Pe3yJIbTAThI O3 MPUBIICUSHHUS JONOIHUTEIILHOTO 000PY/JOBAHHS!.

B noknazne OynyT paccMOTpeHbI METO/IbI ITPOCBEUMBAIOLIEH HIIEKTPOHHONW MHKPOCKOIHH,
MO3BOJISIFOIIE M3y4aTh CTPOCHHE KIIETOK, PACTpeleSICHHEe B KIETKAaX pa3IMYHBIX BEIECTB,
JMHAMUKY OT/IEJIBbHBIX KJIETOYHBIX KOMIIOHEHTOB.

Koppensmmonnas (koppenstuBHast) mukpockonus (CLEM, correlative light and electron
microscopy) Obula paspaboTaHa Kak KOMOMHAIMsS CBETOBOW  ((pIIFOOPECIIEHTHOM WM
KOH()OKAITBGHON) M TPOCBEUMBAIONICH AJICKTPOHHOW MHKPOCKONMHH. OTOT METO]| TIO3BOJISET
HOJTy4yaTh M CONOCTABIIATH JaHHbIE 00 OIHOM 00paslie (TKaHH, KJIETKH WM KOMIOHEHTHI KJIETKH)
Ha CBETOBOM M AJIEKTPOHHO-MHKPOCKOMMYECKOM YpoBHE. OH 0COOCHHO TIOJIE3eH /ISl N3yUCHUS
€IMHUYHBIX KJIETOK MHTepeca B reTeporeHHoM oOpasie. s 3Tama CBETOBOW MHUKPOCKOIUM
MOTYT HCHOJIB30BaThCsl KaK (DHMKCHPOBAaHHBIC, TaK W JKMBbIE OOpAa3lbl; B TOCIEIHEM CIydae
MOKHO M3Yy4aTh MHTEPECYIOIIUH Npolecc B JUHAMUKE WM BBIACIUTH OTAEIbHOE COOBITHE JUTs
UCCIIEIOBAHUS YIBTPACTPYKTYPHL.

DNeKTpOHHAsE THCTOXUMHS (YJIBTPAaruCTOXUMHS, LIUTOXMMUS) TIO3BOJIIIOT U3Yy4daTb
IPOCTPAHCTBEHHYIO OpPTaHM3aIMI0 OOMEHA BEIIECTB HA CyOKIETOYHOM YpOBHE. DTHM METOIOM
BBIBIISIIOTCS O€JIKH, YITIEBO/IB, JIUINIbI, HYKJICHHOBBIE KUCIOTbI, OMOTE€HHbIE AMUHBI, TOPMOHBI,
(epMeHTBI, HEOPraHUUECKHUE COSTMHEHHS, a TAKKe HEKOTOPhIe KOMITOHEHTHI KJICTOK (KOMILIEKC
[lonbpku, mnasmanemma, ¥ ap). IIpogykToMm yibTparuCTOXMMHYECKOW peakLuM sBIseTCs
3JIEKTPOHHO-TZIOTHOE  BEIIECTBO, IO PACIPENENCHHI0O KOTOPOrO CYAAT O JIOKAIU3ALUU
U3y4aeMOro KOMIOHEHTA. JI0OCTOBEPHOCTh TMCTOXMMHUUYECKUX TECTOB MOATBEPKIAETCA METOAAMU
AQHATUTUYECKON 3JIEKTPOHHON MHKPOCKOITMH, KOTOpBIC MO3BOJISIOT JIOKAJIM30BATh JIEMEHTHI B
oOpaslie Ha OCHOBE CTPOEHMs JJICKTPOHHBIX O0OJIOYEK MX aToMoB. MMMyHonoKamu3anus
(MMMyHO-TOMIT) — HauOoJIee aKTMBHO NMPUMEHSEMbI B HACTOSIIEE BPEMSI METOJ AJIEKTPOHHOU
MHKPOCKOIIMHU — (DAKTHUYECKH ABJIAETCS OJHUM M3 BAPUAHTOB IEKTPOHHOM TMCTOXUMUH.

Jns w3ydeHus: ¢GopMbl, pasMepoB M pacrpefesieHus] OakTepuii, BUPYCOB, OCIKOBBIX
KOMIUIEKCOB WJIM JAPYTUX YacTHI[ UCIOJb3YEeTCs METOJ] HEraTMBHOIO KOHTpacTupoBaHus. OH
OCHOBaH Ha HEpPaBHOMEPHOM pACMpPEIEJICHUH pAcTBOPOB COJICH THKEIBIX METAIOB Ha
HEpPOBHOCTAX o0Opaszua. HerartmBHOe KOHTPAacTUpOBAaHHE MCIONB3YeTCA TaKkKe I METoJa
YCTaHOBJICHUSI TPEXMEPHOU CTPYKTYpbl OMOJOTMUECKMX MAKpOYACTHUI[: BHPYCOB U OEJIKOBBIX
komiuiekcoB (SPA, single particle analisys). 3ToT merom MokeT OBITh peau3oBaH 0Oe3
NPUBJICYCHHUS JTOTIOJHUTEIHFHOTO O0OPYIOBAaHMS IS ANIEKTPOHHOW MHMKPOCKOIHH, HO TpeOyeT
CIELHAIBHOIO IPOrPaMMHOI0 00ECIIEYEHUSI.
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ELECTRON MICROSCOPY: FROM CELLS TO MOLECULES
A.N. Ivanova
Komarov Botanical Institute RAS, Saint-Petersburg

e-mail: alyx@bk.ru

Electron microscopy is a powerful instrument for the study of biological specimen, it allows
study both tissues at thousand magnification and molecules at magnification of several hundred
thousand. The period from 1960s to 1980s was the time for establishment of transmission electron
microscopy in biology. The main goal was the study of cell ultrastructure of different tissues. The
methods and approaches used at that time are still actual. The instruments and techniques were
developed at recent decades to increase facilities of transmission electron microscopy, that
provided the significant growth of interest in it. However modifications of routine methods allow
obtain interesting results without additional instruments.

Methods of transmission electron microscopy for studying cell structure, substance
distribution, dynamics of cell components will be presented in the talk.

The correlative light and electron microscopy (CLEM) was developed in the combination
of light (fluorescent of laser confocal) and high-resolution electron microscopy. This technique
allows the analysis of the same specimen with a combination of light and electron microscopy
tools. It is especially useful for selection of rare objects heterogeneous samples. Fixed or alive
specimen are used for light microscopy stage; in the latter case a process dynamics can be studied
or rare event can be selected for ultrastructural investigation.

Electron histochemistry (ultrahistochemistry, cytochemistry) studies the spatial organization
of metabolism at sub-cellular level. This method localizes proteins, carbohydrates, lipids, nucleic
acids, amines, hormones, enzymes, inorganic compounds as well as several cell components like
Golgi apparatus, plasmalemma etc. Reliability of ultrahistochemical tests was proved by
analytical electron microscopy techniques that localize elements in the sample for the structure of
electron shells. The widely used method of immuno-gold is in fact one of ultrahistochemical tests.

Negative staining is used to study the shape, size and distribution of bacteria, viruses,
protein complexes or other particles. In this technique the solution of heavy metal salt unequal
spreads on the sample surface. Negative staining is used in SPA (single particle analysis) that is
the technique for reveal 3D structure of biological particles like viruses and protein complexes.
This method can be realized without additional instruments for electron microscopy but it needs
specific software.
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PA3BUTHUE DACTYLORHIZA MACULATA S.L.. (ORCHIDACEAE) B
KYJIbTYPE IN VITRO ! B ITIPUPO/IHBIX YCJIOBUSIX.
7K.B. UBacenko
bomanuuecxuii uncmumym um. BJI. Komaposa PAH, Canxm-Ilemepoype
e-mail: ivasenko_zh(@mail.ru

Jisi coxpaHeHHs PEIKUX BHIOB OPXHMIHBIX BEIYTCS padOTHI MO Pa3MHOKEHUIO MX B
KyJbTYpE in Vitro v BbICAJIKE B IpUpogHbIe ycnoBus (Batygina, Makoveychuk, 1994; Ramsay,
Dixon, 2003; Batygina, Bragina, 2007; Aggrwal, Zettler, 2010; Yam et al., 2011; lupoxos u
ap., 2014; Parthibhan et al., 2015). Ha npumepe Dactylorhiza maculata, 61710 TIpOBEICHO
W3y4YeHHE TMPIDKUBAEMOCTH PACTEHUH IOCIE BBICAAKH W3 KYJIBTYPHI in Vitro B TIPUPOJHBIC
ycnoBus. Iloka3aHo CHM)KEHHE YUCIEHHOCTH IOCje MEepBOro 3uMHero nepuona. OmHoi u3
NPUYHH MOTJIH OBITh CTPYKTYypHBIE U (DU3MOJIOTUYECKHE OCOOCHHOCTH IKCIEPUMEHTATBHBIX
pacTeHM, CIOXKUBILUECS B YCIOBHSX KyJIbTUBUpOBaHUS in vitro (VBaceHko, AHApPOHOBA,
2011). B cBs3u 3tuM ObUIO MPOBENEHO MOP(POJIOTUUYECKOE M TMCTOJIOTMYECKOE H3yueHUE
pa3BUTHSA PACTEHUH JAHHOTO BHMJA B KyJIbType in Vitro W B TPUPOJIHBIX YCIOBUAX (IO
JUTEPATyPHBIM JaHHBIM).

B ecrectBenHbIxX ycnoBusix y D. maculata dopmupyercs ocoOblii OpraH exXeroxHoro
Bo300OHOBIeHUs (Sharman, 1939; Ogura, 1953; Kumazawa, 1956,1958; TuxonoBa, 1983),
KOTOPBbI ObUT Ha3BaH cTebiekopHeBbIM TyOepounom (Dressler, 1981; Tatapenko, 1996). On
uMeeT cTelie-KopHeBylo mpupony. FOBeHwnsHOe pactenme D. maculata wMeeT OAWH
HEOOJIBIION Y3KO-JIaHIETHBIM JHCT, HEOOJBIION NMPOJOATrOBaTO-BEPETEHOBUIHBIN KIyOeHb U
OJIMH mpuaaTouyHblii kopeHb (Baxpameesa, 2000). [y 10BEHWIbHBIX PACTEHUN XapaKTEPHO
MOHOMNOAMANbHOE HapacTaHue. [IpM3HaKOM OKOHYAHUS IOBEHWJIBHOIO IMEpHofa SBISETCS
nepexo]l K CUMIOJUAIIbHOMY THUITy HapacTaHuio nooera (Bunorpanosa, 1999; Tartapenko,
2007; Tatapenko u np., 2006; Vinogradova, Andronova, 2002).

B acuMOumorudeckoil KymbType in vitro nus pacteHuid w3 TpuObl Orchideae
XapaKTepHbl JUIMTENbHBIH MOHOMOIUANIBHBIA POCT Mo0Oera W TOPMOXKEHHE WM IIOJHOE
oTcyTcTBUEe au(QepeHnuanuu CTeOIECKOPHEBBIX TyOepougoB. Bwmecto 3Toro 4acTh
NPUIATOYHBIX KOPHEH YTOJIAaeTCsl ¥ BBIMOJIHSET 3anacaronyto GyHkiuo (AHIpOHOBA U Jp.,
2000; Kynukos, ®uumnmos, 2003).

Hamumu uccnepoBanussMu ObUTIO TOKa3aHO, 4To y D. maculata npu JJIUTEIBHOM
aCMMOMOTHYECKOM KYJIBTUBUPOBAHUH B TeUCHHE 4 JIET COXPAHSUICS MOHOIOTUAIBHBIA THIT
HapacTaHus nobera. Y yacTu pacTeHUH (POpMUPOBAJICS 3a4aTOK CTEOJIEKOPHEBOro TyOepouaa
U3 anuKajabHOW mouku. Jloyisg pacTeHU# ¢ 3a4aTKOM TyOepouaa yBEJIWYUBAIaCh C BO3PACTOM
(o1 50% B 2,51. 10 75% B 3r.9M.). Y HeKOoTOpBIX pacTeHuit 6onee crapiero Bo3pacrta (3r.9m.)
NPUCYTCTBOBAJIN JONOJHUTEIbHBIE TyOepouabl, cOPMHUPOBABIIMECS U3 MAa3yHIHOM MOYKU
(MBacenko, Auaponosa, 2011; MBacenko, 2012, 2015).

MopdomeTpuueckue napameTpsl pacTeHUH C MOHONOJUAIBHBIM THIIOM HapacTaHHS
nobera, pa3BUBABIIMXCA B ACHUMOMOTHYECKOM KyJIbTYype M B NPUPOAHBIX YCIOBHSX
pa3nuyanuch. DKCIIEPUMEHTAIbHBIE PACTCHUS UMeNU OOJIbIIee YHUCIIO MPUAATOYHBIX KOpHEH
U JIUCTHEB, APYTYI0 (OpMy JHCThEB (HEpPa3BEpHYThIC, Y3KO-JTHHEHHBIC), OOJbIIEEe YHCIIO
Na3ymHbIX TOYeK M CHOCOOHOCTh K OOpa30BaHUIO W3 HHUX JOMOJHHUTEIBHBIX I0OEroB
(BeTBNEHUE TIOOETA).

88



DEVELOPMENT OF DACTYLORHIZA MACULATA S.L. (ORCHIDACEAE) IN
CULTURE IN VITRO AND IN NATURAL CONDITIONS.
Zh.V. Ivasenko
Komarov Botanical Institute of RAS, Saint-Peterburg
e-mail: ivasenko zh@mail.ru

Works on reproduction of rare orchid species in culture in vitro and their replacement
into natural conditions are carried out for the purpose of their conservation (Batygina,
Makoveychuk, 1994; Ramsay, Dixon, 2003; Batygina, Bragina, 2007; Aggrwal, Zettler, 2010;
Yam et al., 2011; Shirokov et. al.; 2014; Parthibhan et al., 2015). A research of survival of
plants after replacement from culture in vitro to natural conditions was carried out on the
example of Dactylorhiza maculata. It was revealed that a number of plants decreased after
first winter period. One of the causes of this could be structural and physiological peculiarities
of plants formed in culture in vitro (Ivasenko, Andronova, 2011). In this relation a research of
the development of plants of this species in culture in vitro and in natural conditions
(according to literary data) was carried out.

In natural conditions D. maculata forms a special organ of annual renewal (Sharman,
1939; Ogura, 1953; Kumazawa, 1956, 1958; Tikhonova, 1983). It was called root-stem
tuberoid (Dressler, 1981; Tatrenko, 1996). Jvenile plants, which develop in nature, have one
small narrow-lanceolate leaf, a spindle-like tuber, and one adventitious root (Vakhrameeva,
2000). Juvenile plants typically have monopodial growth. The sign of the end of the juvenile
period is the transferring to sympodial growth (Vinogradova, 1999; Vinogradova, Andronova,
2002).

In asymbiotic in ivtro cultute the orchids from tribe Orchideae are characterized by long
monopodial growth and inhibition or full absence of differentiation of root-stem tuberoids.
Instead of them the plants form several thickened roots, which fulfill reserve function
(Andronova et. al, 2000; Kulikov, Philippov, 2003).

Our investigations revealed that D. maculata retained monopodial growth for a long
time of asymbiotic in vitro cultivation during 4 years. Some plants formed root-stem tuberoid
primordium from the apical bud. The part of plants with tuberoid primordium increased with
the age of plants. Some plants of older age had adventive tuberoid primordia which were
formed from axile buds (Ivasenko, Andronova, 2011; Ivasenko, 2012, 2015).

Morphometric parameters of plants with monopodial growth, developed in asymbiotic
in vitro culture and in natural conditions are differed. Experimental plants had a greater
number of adventitious roots and leaves, another form of leaves (folded, narrow-linear), a
greater number of axile buds and ability of formation of adventive shoots from this buds
(shoot brunching).
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INBUIBLHEBAS IMTPOAYKTUBHOCTDb U ®EPTUJIBHOCTD IIbLJIBIbI
IPEJICTABUTEJIEA POJIA FAGOPYRUM MILL.
JI.P. KanbipoBa
Kazanckuii peoepanvrwiii ynueepcumem, Kazano
e-mail:luizakadirova@mail.ru

B nocnennue roapl Oonbllive HAAEKIbl B CEJIEKIMOHHOM YIYUYIIEHUM KYJIbTYPHBIX
BUJIOB TPEUUXM BO3JaraloTcsi Ha MEXBHIOBYIO rubpuamzanuio (Decenko, 2013). [ns
NoBBIIEHUST 3()()EKTUBHOCTH CKpPEIIMBAHWH W B JaJbHEWIIEM - YCIEITHOTO CEMEHHOTO
Pa3MHOXKEHHUSI pacTeHUil, OOJbIIOE 3HAUCHHWE MMEET KOJIMYECTBO M KayecTBO 0Opa3yeMoi
nelUIblpl.  Llenp  HacTosiero  MCClIEOBAaHMSA: CpaBHUTEIbHAs OLIEHKA  IbUIBLEBOM
MPOAYKTHUBHOCTU M (PEPTUIBHOCTH MbUIbLIBI Y Fagopyrum esculentum Moench, F. tataricum
(L.) Gaertn. u F. giganteum Krotov. Hcmonb3oBaH CpaBHUTEIHHO-IMOPHOIOTUYECKHI,
CPaBHHUTEITHHO-MOP(OIOTHUECKHA METOA U HOMHBIM MeTOoHA ompeneicHus (QepTUIbHOCTH
nelbLel ([Taymesa, 1988).

KonunuecTBo HOpManbHO pa3BUTHIX THIYUHOK B I[BeTKE Y F. esculentum v F. giganteum
B CPEIHEM OKa3ajoch OJM3KHM K BOCHEMH, a y 00pasuoB F. tataricum coctraBuio 4,9 u 6,0
mtyk. B 1nBeTtkax F. tataricum TOCTOSIHHO OOHapy>KMBajlM pPeNyLHPOBAHHBIC MBUTBHUKU Y
THIUMHOK Hapy>KHOTO KpyTa.

PasBuTHe nBIIPHUKA Y BCEX BHAOB TMPOXOAWIO CXOAHBIM 00pa3oM. [IbUTbHHKH
TeTpacrnopanruaripie. CTEHKa NbUIBLEBOrO THE3Ja PAa3BUBAETCS 10 TUIY OJIHOJOJIBHBIX,
chopMUpOBaHHAs CTEHKAa COCTOMT M3 YEThIPEX CJOEB KIETOK: SIUACPMHUCA, SHIOTEIuS,
CpellHero cjos U tarneryma. KieTku cnoporeHHOH TKaHHW paciojlaratoTcsl B THE3/E MbUIbHUKA
B OAMH psii. TeTpaasl MUKPOCIIOp 00pa3yloTCs MO CUMYJIBTAHHOMY THITY. 3peNoe MbUIbLEBOE
3€pHO — TPEXKJIETOYHOE.

Paznuuuss  wmexnay npeactaButTensMu Fagopyrum  3aKIIOYAINCh B KOJIMYECTBE
Pa3BUBAIOIINXCS B THE3/I€ MbUIbHUKA MAaTEPUHCKUX KIJIETOK MUKpocnop. Mcxons U3 TaHHOTO
MOKa3aTelsl, PaCCYNTAIN CPEAHIOI U MOTEHIMAIBHYIO MBUIBIEBYIO MPOIYKTUBHOCTD IIBETKA.
[IeibIIEBast MPOAYKTUBHOCTH IIBETKA COCTAaBWIIA B cpeqHeM y F. esculentum, F. tataricum u
F. giganteum 1397, 778 u 750 nbUIbLEBBIX 3€PEH, COOTBETCTBEHHO.

OnHako peaiu3alMu MOTEHLIMATBHOM MBUIBLEBOM MPOAYKTUBHOCTA MPEHSTCTBYIOT
MHOTOUYHCJICHHbIE HApyIIEHUS B X0J€ 3MOPHOJOTHYECKUX MPOLECCOB. Y BCEX TpeX BHJIOB
BBISIBJICHBI TPHUOCTAHOBKM B PAa3BUTUU CIIOPOTE€HHON TKaHW 1O BCTYIUICHUS B MEH0O3 U
HapymeHus B xonae Mmeinosa. Y F. esculentum oOHapy>XeH HIUTOMHUKCHC. TakKe ONMUCAHBI
TETpaabl C YacTbl0 WM BCEMHM pa3pyLIAIOLIMMHUCS MHMKPOCIOpAaMU M  IOCJIEICTBUS
muchyHKIUY TareTyma. B pesynbrare OTKIOHEHHH B pa3BUTHH SMOPHUOIOTHYECKUX CTPYKTYP
MPOUCXOAT JIETeHEepaIs MbUTbHIUKOB M CHUKEHHE (DEPTUIIBHOCTH MBUIBIIEL.

VY Bcex Tpex BHIIOB OOHAPYKEH 3HAUYUTEIBHBIN MPOIEHT CTEPUILHON MBUTBITEL. J[axke B
OJIaronpuATHBIX AJI POCTa M PAa3BUTHUS PACTCHHI YCIOBHSIX Yy TETPAILIONIHOTO obOpasma F.
tataricum n'y F. giganteum pepTUIBHOCTH NBUIBIBI HE MpeBbIana 56 %. Ha npumepe copta
Yarelp Tay F. esculentum noKa3aHO CYIIECTBEHHOE BJIMSHUE 3acyXd Ha (PEepTHIBHOCTH
MBUTBIBL.

Takum obpazom, y F. esculentum, F. tataricum u F. giganteum B ycnoBusx PecryOnuku
TartapcTan BciencTBUE MHOTOYHMCIIEHHBIX HapylIeHUHl B 3MOPHOJIOTMYECKHX Mpoleccax
HaOJI0/1aeTCsl CHIKEHHME KOoIM4yecTBa (popMupyromlieics MbUIblbl U ee (epTuibHOoCTH. B
pe3ynbTare NOTEHIMANbHAS MbUIbLIEBAs IPOYKTUBHOCTD HE pean3yeTcs B MOJIHOM Mepe.
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POLLEN PRODUCTIVITY AND FERTILITY OF POLLEN
IN THE GENUS FAGOPYRUM MILL.
L.R. Kadyrova
Kazan Federal University, Kazan
e-mail:luizakadirova@mail.ru

In recent years, great hopes in breeding amelioration of cultivated species of buckwheat
have been imposed on interspecific hybridization (Fesenko, 2013). To improve the efficiency
of crossings and successful seed propagation later on, quantity and quality of formed pollen
are very important. The purpose of this study: a comparative evaluation of the pollen
production and fertility of Fagopyrum esculentum Moench, Fagopyrum tataricum (L.)
Gaertn. and Fagopyrum giganteum Krotov. We used comparative-embryological,
comparative-morphological method and iodine method for determining the fertility of pollen.

Number of normally developed stamens in the flower of F. esculentum and F.
giganteum on the average was close to 8.0, and of the samples of F. tataricum was 4.9 and 6.0
units. The flowers of F. tataricum consistently showed reduced anthers of the stamens of the
outer circle.

Anther development of all species was conducted in a similar manner. Anthers are
tetrasporangial. The wall of anther lobe develops by the type of monocotyledons; formed wall
consists of four layers of cells: the epidermis, endothecium, middle layer and tapetum. Tetrads
of microspores are formed by the simultaneous type. Mature pollen grain is three-celled.

The differences between representatives of Fagopyrum were in the number of
microspores mother cells developing in the anther lobe. On the basis of this index, the average
and the potential pollen production were calculated. Pollen production averaged 1397, 778
and 750 pollen grains of F. esculentum, F. tataricum and F. giganteum, respectively.

However, realization of the potential pollen production prevents numerous
abnormalities during embryological processes. All three species had interruptions in the
development of sporogenous tissue before the entry into meiosis and irregularities during
meiosis. We found cytomixis in F. esculentum. As a result of abnormalities in the
development of embryological structures degeneration of the anthers of stamens and pollen
fertility decline occurred later on.

A significant percentage of sterile pollen of all three species was discovered. Even in
favorable conditions for plant growth and development the tetraploid sample of F. fataricum
and F. giganteum pollen fertility does not exceed 56%. For example, Chatyr Tau variety of F.
esculentum proved a significant effect of drought on the fertility of pollen.
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OCOBEHHOCTH PENMPOJIYKIUU TUKOPACTYIHNX 3JAKOB
®JIOPHI CAPATOBCKOM OBJIACTH
9.1. Kaiioenena, O.U. IOnakoBa
Capamoeckuii 2ocyoapcmeennwiil ynusepcumem umenu H.I'. Yepuviuesckoeo,
Capamos
e-mail: kaybeleva-elmira@mail.ru

CemeiicTBO 371aKH SIBJISIETCS OJJHMM M3 CaMbIX KPYITHBIX CEMEHCTB MOKPBHITOCEMEHHBIX
paCTCHHIA, €ro BUIBI WTPAIOT OOJBIIYIO POJb B CIOKCHHH TPABIHUCTBIX T'PYITUPOBOK
pPaCTUTEILHOCTH, a KYJIbTYPHbIE (OPMBI MMEIOT BBICOKYIO XO3SMCTBEHHYIO ILIEHHOCTb.
CoxpaHeHHUE U UCTIONB30BaHUE B CEIEKIIMOHHO-TEHETHIECKHUX IPorpaMMax OHMOpa3HO00pasus
3]IaKOB HE BO3MOXXHO 0€3 3HAaHUS HMX PENPOIYKTHBHBIX OCOOCHHOCTEW. Llenbro paboTh
SBUJIOCh M3YYECHHE CHCTEM pEMPOAYKIMH TUKOPACTYyIIUX 37aKoB ¢uiopbl CapaToBCKOM
obmnacTH.

N3 132 BunoB cemelictBa Poaceae, mpouspacTarolux Ha TEPPUTOPUHM 00J1acTH,
IUTOAMOPHOJIOTHYECKH ObUIO HucclieoBaHo 42 Buga u3 24 ponoB. PenpomaykTuBHas
CTpaTerusi M3y4YCHHBIX BHJIOB, KaK TPABHJIO, OCHOBBIBACTCS HAa COYCTAHUU CEMEHHOTO M
BEreTaTHBHOT'O THITOB Pa3MHOXECHHS. B peIkux ciydasx y pacTeHH CEMECHHOE Pa3MHOXKCHHE
HE peanu3yeTrcs WM 3aTpyaHeHo. Tak, y Brachypodium pinnatum (L.) Beauv. (momuHaHTa
TpaBOCTOsl B Oepe3Hsikax M ayOpaBax bazapHo-KapaOymakckoro m XBaJbIHCKOTO paiOHOB)
3aIBETAIN U TUIOJIOHOCHIIN €AMHUYHBIC K3EMIUISPHI, PACTYIIHNE TOJBKO Ha JICCHBIX MOJISHAX.
[TocKoJBbKY B SIBJISIETCSI CBETONIOOMBBIM, TUMHTUPYIONIMM (HAKTOPOM JIJISl 3aIIBETAHUS MOT
OBITb YpPOBEHb OCBEIICHHOCTU. Y pacteHuit Hierochloé odorata (L.) P. Beauv c¢ o-Ba
Yapaeivckuii (BockpeceHCKuUil palioH) MpH aKTHBHOM IBETCHHU 3aBS3bIBAJIUCH CIMHUYHBIC
cemeHa. [laHHBIA BUA SBIAETCS OOJMMraTHBIM aoramoMm. IlepekpecTHOe OIbUICHHE Y
U3yYCHHBIX PACTCHUH MOTJIO OCIIOKHATHCS M3-32 TOrO, YTO OCTPOBHAS IOMYJISIIUS
npezcTaBieHa HeOOIBIINM YHCIOM 0CO0eH, 00pa3yIoINX OJHOKIOHOBEIE 3apOCIIH.

VY 25 BUIOB 3aperUCTPUPOBAH OOJUTATHBIN TOJIOBOI CIIOCOO pa3MHOKeHMUs (Agropyron
desertorum (Fisch. ex Link) Schult., Agrostis syreistschikowii P.Smirn, Alopecurus pratensis
L., Anisantha tectorum (L.) Nevski, Brachypodium pinnatum, Bromopsis inermis (Leyss.)
Holub, B. riparia (Rehm.) Holub, Bromus japonicus Thunb., Catabrosa aquatica (L.) Beauv.,
Digitaria sanguinalis (L.) Scop., Elymus caninus L., Elytrigia intermedia (Host) Nevski,
E. repens (L.) Nevski, Eragrostis suaveolens A.K. Becker ex Claus, Eremopyrum orientale
(L.) Jaub. & Spach, E. triticeum (Gaertn.) Nevski, Glyceria notata Chevall., Melica nutans L.,
Milium  effusum L., Phalaroides arundinaceae (L.), Phleum phleoides (L.) Karst.,
Ph. pratense L., Poa transbaicalica Roshev, Setaria viridis (L.) P. Beauv, S. verticillata (L.)
P. Beauv.).

Y 17 BugoB ycraHoBjieH (¢aKyJIbTaTUBHBIN amoMukcuc (Agrostis gigantea Roth,
Dactylis glomerata L., Festuca altissima All, F. gigantea (L.) Vill., F. polesica Zapal.,
F. pratensis Huds., F. rupicola Heuft,, F. valesiaca Gaudin , Hierochloé odorata, H. repens
(Host) Beauv., Koeleria cristata (L.) Pers., K. sabuletorum (Domin.) Klock., Poa angustifolia
L., P. bulbosa L., P.compressa L., P.nemoralis L., P.pratensis L.). 80% amnoMukToB
MPUHAJJICKUT K YUCITY HEPEIKUX U OOBIYHBIX JJISl U3yYEHHBIX (DUTOLICHO30B.

Kak moyoBble, Tak ¥ AalMOMHKTHYHBIC BUJBI SBISIOTCS aUIoTaMaMd, O 4YeM
CBUJICTEIHCTBYIOT BBICOKME 3HAYCHUS y HUX COOTHOIICHHUS KOJMYECTBA MBUIBIIEBBIX 3€PEH U
cemszavatkoB (P/O ratio) (ot 1032 y Anisantha tectorum no 30345 y Hierochloé odorata).

buoTtonuyeckas MpuypouEeHHOCTh 3JIaKOB peruoHa pazHooOpasHa. OHM IPOU3PaACTAOT
Ha BCEX THIAX ITOYB, BO BCEX (PUTOIEHO3aX, BKIIOYAs aHTPOIIOT€HHO-TPAaHC(POPMHPOBAHHBIC
tepputopuu. Kakux-mubo Koppemsinuii MeXIy YCIOBHSAMH MPOU3pPACTaHHS PACTEHUH U
CH0cO0OM CEMEHHOM PEeTPOYKIIMH HE BBISBICHO.
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REPRODUCTION FEATURES OF WILD CEREALS
OF THE SARATOV REGIONAL FLORA
E.I. Kaybeleva, O.I. Yudakova
Saratov State University by N.G. Chernyshevsky, Saratov
e-mail: kaybeleva-elmira@mail.ru

The family of cereals is one of the largest families of angiosperms, its species play an
important role in the composition of herbaceous vegetation groups, and their cultural forms
have a high economic value. The conservation and use of cereal biodiversity in selection and
genetic programs are impossible without the knowledge of their reproductive characteristics.
The aim of our work was to study the reproductive system of wild cereals of the flora in the
Saratov region.

Of the 132 species of the family Poaceae, growing in the region, 42 species of 24 genera
were studied cytoembryologically. The reproductive strategy of the species studied is based,
as a rule, on a combination of seed and vegetative reproduction. The seed reproduction of
plants is not realized or hindered in rare cases. E.g. in Brachypodium pinnatum (L.) Beauv.
(the dominant grass of birch and oak groves in the Bazarno-Karabulak and Khvalynsk
districts), single specimens blossomed and fruited, growing in forest clearings only. Since the
species is photophilous, the level of illumination could be the limiting factor of flowering. In
the Hierochloé odorata (L.) P. Beauv plants from the Chardymsky Island (Voskresensk
district), with intensive blooming resulting in a single seeds. This species is obligate
allogamic. Cross-pollination in the plants studied may be complicated due to the fact that the
island population is represented by a small number of individuals, forming single-clone
thickets.

The obligate sexual mode of reproduction was observed in 25 species (Agropyron
desertorum (Fisch. ex Link) Schult., Agrostis syreistschikowii P.Smirn, Alopecurus pratensis
L., Anisantha tectorum (L.) Nevski, Brachypodium pinnatum, Bromopsis inermis (Leyss.)
Holub, B. riparia (Rehm.) Holub, Bromus japonicus Thunb., Catabrosa aquatica (L.) Beauv.,
Digitaria sanguinalis (L.) Scop., Elymus caninus L., Elytrigia intermedia (Host) Nevski,
E. repens (L.) Nevski, Eragrostis suaveolens A.K. Becker ex Claus, Eremopyrum orientale
(L.) Jaub. & Spach, E. triticeum (Gaertn.) Nevski, Glyceria notata Chevall., Melica nutans L.,
Milium effusum L., Phalaroides arundinaceae (L.), Phleum phleoides (L.) Karst.,
Ph. pratense L., Poa transbaicalica Roshev, Setaria viridis (L.) P. Beauv, and S. verticillata
(L.) P. Beauv.).

Facultative apomixis was established in 17 species (Agrostis gigantea Roth, Dactylis
glomerata L., Festuca altissima All., F. gigantea (L.) Vill., F. polesica Zapal., F. pratensis
Huds., F. rupicola Heuft., F. valesiaca Gaudin, Hierochloé odorata, H. repens (Host) Beauv.,
Koeleria cristata (L.) Pers., K. sabuletorum (Domin.) Klock., Poa angustifolia L., P. bulbosa
L., P. compressa L., P. nemoralis L., and P. pratensis L.). 80% of the apomictic species are
frequent and usual for the phytocenoses studied.

Both sexual and apomictic species are allogamic, as evidenced by the high values of
their pollen-ovule ratio (P/O ratio) (from 1032 for Anisantha tectorum to 30345 for
Hierochloé odorata).

The biotopical correspondence of the regional cereals is diverse. They grow in all soil
types, in all plant communities, including anthropogenically transformed areas. No
correlations between the conditions of plant growth and their mode of seed reproduction have
been revealed.
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OCOBEHHOCTH HACJIEAOBAHUSA ITPU3HAKA ®EPTUJIBHOCTHU
NBLIbIBI Y MEXJIUHEXHOI'O T'MBPUJIA TTOJICOJTHEYHUKA
10. U. Kapabuuuna', U. H. Aaucumona’, O. H. Boponosa?, H. B. AJII[aTBEBaI,
B. A. I'aBpuJioBa'
'Dedepanvhbiil ucciedosamenvbCckull yeHmp Beepoccutickutl uHcmumym 2eHemu4eckux
pecypcos pacmernuti umenu H. U. Basunosa, Cankm-Ilemepoype
e-mail: galich1324.78@mail.ru
2bomanuueckuti uncmumym um. B. JI. Komaposa PAH, Cankm-Ilemepbype
e-mail: o_voronova@list.ru

CoBpeMeHHas cesleKIMs MOACOTHEYHNKA OPUEHTHPOBAHA IIPEUMYIIIECTBEHHO Ha CO3/IaHHE
MEXIJIMHEHHBIX THOPHUIIOB Ha OCHOBE IMTOIUIa3MAaTH4YEeCKOM MyKckoi crepunbHocTH (LIMC)
PET] tuma. B cenmekumu ruOpuioB MOJCOMHEYHHMKA BaXKHOE 3HAYEHUE HMEET IPU3HAK
¢deprrpHOCTH TBUTBIBL. Ecim rubpun ot ckpemuBanust smHnn LIMC ¢ deprunpHON THHUEH
OpOAyLMpYeT (EPTUIbHYIO MbUIbIYY, CUMTAIOT, YTO OTLIOBCKAs JIMHHUSA HECET I'eH (WM I'eHbl)
BOCCTaHOBJICHUS (GepTHIBHOCTU. [Ipu olieHKe (EePTUIBHOCTH MbUIBIBI IIUPOKO HCIOIB3YIOT
9KCIIPECC-METOJI, OCHOBAHHBIN Ha OKPAIIMBAaHUM LIUTOJIOTHYECKUX MIPEMapaToB alleTOKAPMHHOM.
[Toka3zarenu kauecTBa MbUIbIBI CBUAETENBCTBYIOT 00 €€ OIUIOJIOTBOPSIOIIEH CIOCOOHOCTH, a Ha
OCHOBaHUM JIaHHBIX O XapaKTepe HacjelOBaHUs B I'MOPUIHBIX IMOKOJICHHUSX MOYKHO C/IeNaTh
3aKJIIOYEHUs] O TEHETUYECKOM KOHTposie npu3Haka. OJHAKO y IMOJICOTHEYHHUKA OCOOEHHOCTH
NPOSIBIIEHHS TOTO MpPU3HAKA B TMOPHIHBIX MOKOJEHUSX M3ydeHbl Mano. B Hacrosiueil pabote
M3y4YeH XapakTep HAaClIeJOBaHHs TOKa3aresied (DepTHIBHOCTH TBUIBIEI B MEPBOM H BTOPOM
THOPUAHBIX MOKONeHUsIX oT ckpemmBanus JuHnu [IMC BUP116 ¢ nuHuel-BoccTaHOBUTEIEM
¢deprunbHOcTH BUP740. [ThU1b1ly aHAMM3UPYEMBIX PACTEHNI OTLOBCKOW JMHUM, TuOpunoB F1 u
F2 cobupamu B mepuon MmaccoBoro mnseTeHus. Jlonst (epTUIbHBIX MBUIBLEBBIX 3€peH
nojcunThiBajack 1o meroauke Hapammua (umt. mo Pockun, 1951) ¢ u3meHeHusmu, Ha
OKpAIIeHHBIX AIleTOKAPMUHOM IJIMLIEPUH-KEIATUHOBBIX —Tpernaparax ¢ HCIOJIb30BaHUEM
MHKpocKoma Zeiss Axioplan 2 imaging.

OTLoBCKas JIMHUS XapaKTepH30BajIach BHICOKO(EpTHIbHON (B cpenHeM okono 98%) u
BBIPOBHEHHOW TO auamerpy mbutblion. [ubpun F1 Opmr deprrmpaemM (90,1% depTrnbHbIX
NBUIBLIEBBIX 3epeH). JlnameTp MbUIBLEBBIX 3epeH BapbupoBan oT 19 go 35 mxMm. Bropoe
TIOKOJICHUE THOpH/Ia PACIIEIUIUIOCh Ha 2 (peHOTHIIIYeCKuX Kiacca — GpepTuiibHbIe (95 pacTeHuit)
U cTepwibHble (37 pacTeHMif), YTO COOTBETCTBOBAJIO TeOpeTHdecKH oxkuaaemomy (3:1) mpu
MOHOTEHHOM KOHTPOJIE€ MpHU3HAKa. OTU JAHHBIE MO3BOJIMIIM HPEANONOKHUTh, YTO OTLOBCKas
muans BUP740 HeceT moMUHAHTHBIN TeH BOCCTaHOBIIEHUS (hepTuibHOCTH (RfT).

JlnameTp MBUTBLIEBBIX 3€peH B pacuieruisitomeiics rudpuanoi nomyssiuun F2 BapsupoBai
takxke oT 19 1o 35 mxm. Kpome toro y 25,8% pacteHuil ¢ HOpMalbHBIMH ITbUIBLIEBBIMU 3€pPHAMHU
Ha LIMTOJIOTMYECKUX IIpenaparax MpUCyTCTBOBAIM OJHOBPEMEHHO MUKpPO (oT 11 mo 19 mxm) n
makpo (oT 35 no 40 mkm) mbUIbLieBbIe 3epHa. Y 95,9% pacteHuii BBIOOPKH OOJBIIMHCTBO
IBUIBLIEBBIX 3€PEH UMENO AMAMETP OT 26 10 29 MkM. Bocempaecar yeTblpe pacTeHus UMeENn
BBICOKHI MTpOLeHT PepTribHoi mbUIbLEI (0T 80 10 100%). llecTs pacTeHuii xapakTepru3oBaiach
oyeHb Hu3KUM (MeHee 60%) conepkanueM (GepTWILHOM MbUIBLBL [IeBATH pacTeHHi NpH
BU3YaJIbHOM aHAJIM3€ OIMCAHbl KaK «MaloNbLIbLOBEIE». Bce OHM XapakTepH3oBaauch Ooliee
HU3KUM TOKa3aTeneM GpepTHIbHOCTH MBUILIHI (MeHee 70%). CeMb «MaoNbUIBLIOBBIX)» PACTCHUI
uMenu (EHOTUN MaTEPUHCKOM CTepuibHOM JIMHMHU. JlBa pacTeHMs ObUIM BETBHCTHIMU (KaK
ornoBckass JwmHHA BUP740). OOmmii mokaszatenb (epTHIBHOCTH MBUIBLBI COBHAjal C
HEOJITHOPOJTHOCTBIO MBUIBLEBBIX 3€pEH IO IuaMerpy. Bce pacTeHus ¢ MOHMKEHHBIM YPOBHEM
(epTUIILHOCTH HECIIU MOJTYYEHHBIE OT OTIOBCKOTO POIUTEIISE MOJIEKYJISIpHbIE MapKepbl reHa Rf1
HRGO1, HRGO2 u STSI115. Otctoma, MOXHO TPEANOJIOKNATh, YTO HamOoJjiee BEPOSTHOU
NPUYUHON CHIDKCHUS! (PepPTUIIBHOCTH MBUIBLIBI Y 3TUX PACTEHUH OBbLJIO BIMSHUE JPYTUX T'€HOB,
BO3MOJKHO, TIOJTyYEHHBIX U3 T€HOTHUIIA MATEPUHCKON POANTEIBCKON JIMHUM.
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Modern sunflower breeding is focused mainly on the creation of interline hybrids based
on cytoplasmic male sterility (CMS) of PETI type. Pollen fertility character is of great
importance for breeding sunflower hybrids. If a hybrid from crossing the CMS line with a
male fertile line produces fertile pollen, it is believed that the paternal line carries a gene (or
genes) for fertility restoration. For the assessment of pollen fertility an express method based
on the staining of cytological preparations with acetocarmine is widely used. Characteristics
of pollen quality evidence its fertilizing ability, and on the basis of data on the inheritance in
hybrid generations one can draw conclusions on the genetic control of this trait. However, the
manifestation of this trait in sunflower hybrid generations has been little studied. In the
present work the inheritance of pollen fertility characteristics was studied in the first and
second hybrid generations from a cross between the CMS line VIR116 and the restorer line
VIR740. Pollen samples from male plants, hybrids F1 and F2 were collected during the
flowering period. The proportion of fertile pollen grains was counted according to Navashin
(see Roskin, 1951) with alterations, on the acetocarmine stained glycerin-gelatin preparations
using the Zeiss Axioplan 2 imaging microscope.

Male line was characterized by a highly fertile (average about 98%) pollen which was
homogeneous in grain diameters. The F1 hybrid was fertile (90.1% of fertile pollen grains).
Pollen grain diameter varied between 19 and 35 pum. The second hybrid generation segregated
for two phenotypic classes, the fertile (95 plants) and sterile (37 plants) that corresponded to
the theoretically expected (3:1) ratio for monogenic control of the character. These data
indicated that the male line VIR740 carried the dominant gene Rf7 for fertility restoration.

Pollen grain diameter in the F2 hybrid population also varied between 19 and 35 pm.
Moreover, in 25.8% of the plants with normal pollen grains both micro- (11-19 um) and
macro- (35-40 um) pollen grains were simultaneously present. Among 95.5% of the plants the
majority of pollen grains were of 26-29 um in diameter. Eighty four plants contained very
high amount of fertile pollen (80-100%). Six plants were characterized by a very low (less
than 60%) amount of fertile pollen. Nine plants were described as the ‘few-pollen” ones. They
were characterized by a lower (less than 70%) index of pollen fertility. Seven “few-pollen”
plants expressed phenotype of the maternal sterile line. Two plants were branched (as the
male line VIR740). General index of pollen fertility coincided with heterogeneity of pollen
grains by the diameter. All the plants with lower pollen fertility level carried the Rf7 gene
molecular markers HRGO1, HRGO02 and STS115 which have been obtained from the paternal
parent. Therefore, it can be concluded that the most possible reason for fertility reduction in
these plants was an influence of other genes probably obtained from the female parental line.
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HEKOTOPBIE ACITEKTBI AHT3KOJIOTHHA OXPAHSEMOI'O BUJA
SALVIA AUSTRIACA JACQ.
T. A. KapacéBa
FOoicnwiii hedepanvuwiii ynusepcumem, Pocmos-ua-/{ony
E-mail: takaras@yandex.ru

[Mandeit aBcTpuiickuit  (Salvia austriaca Jacq.) — CTENHOW TMAaHHOHCKO-
MPUYEPHOMOPCKHUM  CTEP)KHEKOPHEBOW  TPaBSHHUCTHI  MHOTOJIETHHUK, OXpaHsIeMBbId B
PocToBckoii obmactu (cTaryc 2a). PasHpIMu aBTOpaMyu M3ydaaucCh CICAYIONIHNE OCOOCHHOCTH
€ro pEenpoAyKTHMBHOM OHOJIOTHMHU: TOJOBasg CTPYKTypa THHOJUAIMYHBIX MOMYJSIUN
(dembsiHOBa 1 n1p., 1984), coctaB onbuiUTeNEH U OCOOCHHOCTH MEPEHOCA MBUIBIIBI B CBA3H C
npobaemoit BunooOpazoBanus (Claen-Bockhoff, 2004), cnenuduka paboTel THIMHHOYHOTO
prruaxksoro anmnapara (Thimm, 2008). M3yuenue antskonoruu S. austriaca B PocToBckoii
o0JacTu MpeacTaBIsieT MHTEPEC KaK B CBA3M C OXpPAaHHBIM CTaTyCOM BHJA, TaK U B IIENIAX
CpaBHEHMsI ¢ OMOJIOTHEH LIBETEHUs OJIM3KOPOICTBEHHBIX BUIOB Salvia.

HccnenoBanue npoBoaunock B 2015-16 rT. B MCKyCCTBEHHBIX MOMYJALMSX S. austriaca
B KoJuteknmax boranmueckoro cama HOxHoro denepansHoro yHuBepcutera u B 2016 1. B
JIBYX MPUPOJHBIX IeHonmonysiiusax Karanpauikoro u HekmmHOBCKOro paiioHOB.

[To xapakTepy NpOSsBICHUS MOJIOBOTO MOIMMOphu3Ma mandeid aBCTPUICKHA CXO/IEH C
OpyruMu BuaaMmu cekuuu Plethiosphace. JIns Hero XapakTepHbI clienyromue (Gopmbl
IIBETKOB: 000ENOJjble, HCTUHHO XECHCKHE, (YHKIMOHAIBHO XEHCKHE, PAa3HOTHIYMHKOBBIC U
My>kckue. ThIYMHOYHBIE IBETKU Y S. austriaca OTINYAIOTCS KOPOTKUM CTOJIOUKOM, CKPBITHIM
B UallleyKe, HEJIOPA3BUTHUEM JIOTIACTEN 3aBsA3H, 0O0Jiee MEJIKMM BEHUHMKOM. B HMCKyCCTBEHHOM
nomyJsiuy  mandes TUHOAMALUS COYEeTaeTCs C THHOMOHOSIMEH U aHAPOMOHOSLHUEH.
[Hoxcuér monoBoii cTpykTypshl 4-x nomyssiiuii B 2016 1. mokasai, yTo 10Jsl )KEHCKUX ocolei
B HUX Kozebraetcs ot 0,59 mo 2,00 %, uyTo cyuiecTBEHHO MeHbIe, 4yeM Obl1o BhisiBieHo E. U.
JlembsiHOBOM ¢ coaBT. (1984) mis nomynsuun Buna Xomytosckoi crenu (3,1 — 4,8 %). Jons
THMHOMOHOSIUYHBIX 0co0el B momynanusax Bapbuposana ot 0 1o 1,59 %.

[IBeTkam mandess aBCTPUHCKOTO, Kak W JpPYrux BUAOB cekuuu Plethiosphace,
cBoiicTBeHHa mpoTaHaApus. OCHOBHBIE U3MEHEHHUSI, TPOUCXOASIINE B TEUCHNUE KU3HU I[BETKA,
3aTparuBarOT JUIMHY CTOJOMKA, IOJIOKEHHE CTOJOMKAa M pbUIbLA OTHOCUTEIBHO JPYIHX
yacTeil 1BeTKa, (opMmy Jnomacted peuUiblia. ThiuuHOYHAs (aza mpojomkaercs oT 3 mo 15
4acoB B 3aBHCHMOCTH OT BpeMEHH CYTOK. JIomacTu pbulblia B 3TOT HEPUOJ COMKHYTHI,
CTONOMK HAaXOAWUTCSA BbIme ThIYUHOK. [lepexoxm k mecTuyHOW (haze COMPOBONKIACTCS
YAJMHEHUEM CTOJIOMKA, €ro JyrooOpa3HbIM W3THOaHUEM KHH3Y, PAacXOXICHHEM U 3aTeM
3aKpy4YMBaHHEM JomacTei peuibiia. [IpogomkuTenpbHOCTh IecTUIHON da3el 1 — 2 cytok. [Tpu
CBOOOZIHOM IIBETEHUH K Hadaldy MECTUYHON (pa3bl MBUIBHUKH, KaK MPABUIO, OCBOOOXKIEHBI OT
HBUIBIBL, YTO CBOJUT K MUHUMYMY BO3MOKHOCTh aBTOI'AMHUHU.

CyTouHast puTMHUKa 1BETEHUs S. austriaca MPOXOIUT MO JHEBHOMY TUIly. Makcumym
pacmyckaHusi IIBETKOB Npuxoautcss Ha 16 — 20 yacoB, ¢ MeHEe 3HAYUTEIbHBIMU MUKaMU
LBETCHUSI B TIEPBOM MMOJIOBUHE JHS.

B xomneknun boranndeckoro caga KODY mMaccoBbie cOOpIIMKH MBUTHIIBI M HEKTapa Ha
mandee aBCTPUICKOM — MEIOHOCHAs M KPYIHBIE OJUHOYHBIC MUENBL. DTO ITUCTPOIHBIE
MOCETUTENH, MpeObIBaHUE KOTOPBIX Ha I[BETKE JUOO HE MNPHUBOJUT K cpadaThbIBaHUIO
THIUMHOYHOTO PBHIYXHOTO MEXaHW3Ma, JIHMOO MPU ero cpadaThlIBaHUU HE TPOUCXOAUT
KOHTAaKTa MbUILHUKOB C TEJIOM OmNbUIMTENs. M3 4yucia 3yTpOMHBIX ONBUIMTENEH OTMEYEHbI
BUJIbI KCWJIOKOMBI, MPU pabOTe KOTOPHIX B IBETKAX IMBUIbIIA BHITPYXKACTCS HA TMEPEIHIOI0
YacTh CIIUHKH ONBLIUTEIS.
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Austrian sage (Salvia austriaca Jacq.) is steppe pannonic-euxine perennial herbaceous
plant including in the Rostov region Red Book. Some aspects of its reproduction have been
investigated (Demyanova et al., 1984; Claen-Bockhoff, 2004; Thimm, 2008), but the floral
biology of S. austriaca hasn’t elucidated completely yet.

The research was conducted during 2015-16 in both artificial populations of S.
austriaca in South Federal University Botany garden collections and natural populations in
Kagalnitskiy and Neklinovskiy districts of Rostov region.

Regarding to sexual polymorphism, Austrian sage is similar to the other Salvia species
from Plethiosphace section. It possesses flowers of different sexual forms, such as
hermaphrodite, true female, functionally female, male and flowers with different stamens.
Staminate flowers of S. austriaca are characterized by stylus shorter than the calyx tube,
abortive ovary lobes and reducing corolla size comparatively with hermaphrodite flowers.
Gynodioecy is accompanied with gynomonoecy and andromonoecy in S. austriaca artificial
population studied. Female individuals proportion in four populations examined in 2016 vary
from 0,59 up to 2,00 percent, i. e. less than was reported by Y. Demyanova et al. (1984) for
the sage population of Khomutovskaya steppe (3,1 — 4,8). Percentage of gynomonoecious
plants ranges from 0 to 1,59 percent.

Hermaphrodite flowers of S. austriaca are protandrous as well as other Salvia species
from Plethiosphace section. Alterations occurring within an individual flower life are mostly
connected with the stylus length, stigma and stylus position in relation to the other floral
structures, and character of stigma lobes. The length of staminate phase varies from 3 up to 15
hours according with the time of day. During this phase stigma lobes are closed, and the
stylus arises over the stamens. Pistillate phase features by stylus bending down and extension,
stigma protruding to corolla lower lip, and stigma lobes bifurcation with following twisting.
Duration of pistillate phase is between 1 to 2 days. Pollen sacs become empty to pistillate
phase starting in condition of open flowering that minimize opportunity of autogamy.

Most frequent visitors on S. austriaca flowers growing in Botany garden collection are
honey-bee and large single bees. Their behavior on flowers doesn’t trigger the staminal lever
mechanism, or staminal movements don’t result in the pollen deposition on visitor’s body.
Observations conducted demonstrate that carpenter bee may be considered as eutropic
pollinator of S. austriaca. Its contact with flower leads to pollen loading on dorsal side of the
insect’s body.
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OCOBEHHOCTHU PA3BUTHS IBETKA Y HEKOTOPBIX
MAJATACUMCKUX NPEJACTABUTEJIEN POJIA POLYSCIAS
(ARALIACEAE: APIALES)
I1.B. Kapnynnna, M.C.Hypaaues, A.A.Ockoabcknii, [1./I.CoxosoB
Buonozuueckuii paxynoemem Mockoeckozo 2ocyoapcmeeHn020 yHugepcumema umMeHu
M.B.JlomoHocosa,
bomanuuecxuii uncmumym um. B.JI. Komaposa PAH, Canxkm-Ilemepoype,
Department of Botany and Plant Biotechnology, University of Johannesburg
e-mail: p.karpunina@yandex.ru

Pon Polyscias, 1o COBpeMEHHBIM MPECTABICHUSAM, HACUUTHIBAET OKOJIO 160 BHIOB,
pacnpocTtpaHeHHBIX B Oacceitnax Muauiickoro u Tuxoro okeanoB ot Adpuku u1 Mangarackapa
no Ascrpamuu u [NaBaiickux octpoBoB (Lowry, Plunkett, 2010; Plunkett, Lowry, 2010). Jlns
OOJIBIIMHCTBA €r0 MpEACTaBUTENeH XapaKTepHbI NMEHTaMEpHbIC IBETKH C OMKApIEIUISTHBIM
THHELIEEeM, OJIHAKO B psijie Kian Polyscias HaO01al0TCs 3HAUYUTENIbHbBIE OTKJIIOHEHUS OT 3TOT0
TUTaHa CTPOEHUS I[BETKA (TUMHYHOTO W AJs ApYrux Araliaceae) Kak B CTOPOHY yBEIMYCHUS
YHUCJIa TBIYMHOK WM TUIOJOJMCTHKOB, TaK W B HANPAaBICHUH PEIYyKIUU SJICMCHTOB THHEIES U
dbopMupoBaHus OJHOTHE3MHOW 3aBsi3u. B mpenenax Polyscias BBISBIEHBI KaK MHUHHUMYM
YeThIpe HE3aBUCHMBIX MEPexXo/ia K THHEIEIO C OJTHOTHE3/IHOM 3aBSI3bI0 U OJHUM (hePTUIIbHBIM
cemsizauatkoM (Plunkett, Lowry, 2010; Karpunina et al., subm.), nBa u3 KOTOpBIX
HAOJIOAIOTCS Y MaJlaraCUMCKUX MpPEJICTaBUTENIEH, pPaHEe pacCMAaTPUBABLIMXCS B COCTaBE
pona Cuphocarpus.

Ms1 uccnenoBanu 2 Bupa Polyscias (P. compacta ¢ OIHOTHE3THOW 3aBsizbi0 U P.
schatzii — ¢ IATUTHE3THOW 3aBS3bI0), PHASMHUYHBIX JUIs Majarackapa, ¢ IeJIbl0 BBISICHEHUS
MyTei HBOJIOIMOHHBIX MPeoOpa30BaHUil THHEIEs U JPYTUX YacTeil I[BETKa B TOW TpyIIIe.
TeopeTnuecku, TUHENEH ¢ OOHUM (PEPTUIBHBIM ILIOIOJUCTUKOM MOT 00pa3oBaThCs THUOO
MyTeM CKa4YKOOOpa3HOTO TIIOJIHOTO HMCUYE3HOBEHMS BCEX IUIOAOIHMCTUKOB, KPOME OJIHOTO
(MOHOMepHs), THOO MyTeM CTEPUIU3ALUU U TIOCTETICHHON PEeIyKIIUN BCEX TUIOAOINUCTHKOB, 3a
UCKITIOUEHHEM OJHOTO, C COXpaHEHHEM CJENOB pEAyLUHUPOBAHHBIX IUIOJOJIMCTUKOB TIO
KpaifHeil Mepe Ha MepBBIX ATamax 3BOJIOLNUOHHBIX MPeoOpa3oBaHU (TICEBIOMOHOMEPHUS).
[Ipn M3y4yeHN¥ aHATOMHU W Pa3BHUTHS I[BETKA P. compacta HaMm HE YJIAIOCh BBISBHTH KaKHX-
anbo crnepoB Hanmuuus Ooliee uYeM OJHOTO IUIOJOJUCTHKA, YTO COIJIacyeTcs C
NpeCTaBICHUSIMH O MOHOMEPHOM Xapaktepe runenes y atoro Buaa (Lowry, Plunkett, 2010).

Bropoit uHTepecHOl OCOOCHHOCTHIO W3YYECHHBIX BHJIOB SIBIISIETCS  HAIUYUE
CBOEOOPA3HOI0 pacIIMpeHHsl B OCHOBAHUU LIBETKA. B nureparype 3Ty cTpyKTypy 0003HaUaIu
KaK IMojayalivie, OJHaKO MPUPOJa CTPYKTYp, ONUCHIBAEMBIX IMOJ 3TUM Ha3BaHUEM B Pa3HBIX
rpynmnax TIOKPHITOCEMEHHBIX, pa3iuyHa U TpeOyeT CpaBHUTEIHLHOTO aHanu3a. Bpems
3aJI0’KEHUSl MOAYAIIMs MO OTHOUICHHIO K JPYTMM OpraHaM IIBETKa pa3iHyaeTcs y JABYX
U3YYCHHBIX BHJIOB, YTO YKa3blBaeT HAa HAJIUYHME SBOJIOIHOHHBIX TeTepoxpoHuil. YUucio
jonacreit nogyamus He GUKCUPOBAHO, YTO 3aTPYIHIET €r0 BO3MOXKHYIO MHTEPIIPETALIUIO KaK
BUJIOM3MEHEHHOTO TIPUIIBETHUKA W/UITH MPUIIBETHUYKOB.

Pa6ota Beimonnena mpu noaaepxxkke PODOU (mpoekt Ne 15-04-05836).
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Botanical Museum, V.L. Komarov Botanical Institute,
Department of Botany and Plant Biotechnology, University of Johannesburg
e-mail: p.karpunina@yandex.ru

The genus Polyscias, as currently circumscribed, comprises about 160 species
distributed throughout the Indian and Pacific Ocean basins from Africa and Madagascar to
Australia and Hawaii (Lowry, Plunkett, 2010; Plunkett, Lowry, 2010). Although pentamerous
flowers with bicarpellate gynoecium are the most common in this genus (as well as in the
whole family Araliaceae), both increase of stamen and carpel number and their reduction
leading to unilocular gynoecia with single fertile ovule occurred in some clades of Polyscias.
Such unilocular gynoecia appeared in at least four clades of Polyscias (Plunkett, Lowry,
2010; Karpunina et al., subm.), two of them comprising Malagasy species previously
segregated in the genus Cuphocarpus.

We have examined flower morphology of two Polyscias species endemic to
Madagascar (P. compacta with unilocular ovary and P. schatzii with five locules per ovary) in
order to clarify trends of flower evolution in this group with emphasis on the gynoecium.
Generally, at least two pathways resulting in formation of unicarpellate and uniovulate
gynoecia can be recognized in angiosperms: (1) abrupt reduction of all carpels but one in
gynoecium (monomery) and (2) sterilization and gradual reduction of all carpels except one
(pseudomonomery). Our data do not provide any developmental or anatomical evidence of
the occurrence of sterile carpel(s) in flower of P. compacta and therefore confirm the idea of
monomery of gynoecium in this species (Lowry, Plunkett, 2010).

Another interesting feature of examined species is the presence of a distinctive rim at
the base of flower. This structure is commonly described as epicalyx, though its nature
remains obscure. Structures described under the term epicalyx in various angiosperm lineages
are obviously not homologous to each other, and a comparative analysis of these structures is
needed. The timing of initiation of the epicalyx in relation to the other floral organs differs
among two examined species thus indicating the occurrence of evolutionary heterochronies.
The number of lobes of epicalyx is not precisely fixed, so that it is problematic to interpret it
as flower-subtending bracts and/or bracteoles.

This work was supported by the Russian Foundation of Basic Research (project Ne 15-
04-058306).
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MNOJIMUMOP®U3M B TIONYJIALNUAX BUAOB CHONDRILLA
EBPOIEMCKOWN YACTH POCCHHU B CBSI3U C OCOBEHHOCTSIMU
CEMEHHOI'O PASBMHOXEHUSA
A.C. Kammmn, T.A. Kpunkas, H.A. Ilerposa, U.B. llInnoBa, A.O. Ilonosa,
A.C. I[IapxomeHKo
Capamosckuil HAYUOHAILHBIU UCCIe008AMENbCKUL 20CYOAPCMEEHHBI YHUBEPCUMEN
umenu H.I". Yepuviuescxkoeo, Capamos
e-mail: kashinas2@yandex.ru

Hywmepuueckuii aHanu3 MopQojaoru4eckoil U3MEHYMBOCTU B 26 MOMyJsALUAX 7 BUIOB
Chondrilla w3 Acrtpaxanckoii, Bonrorpanckoir u CaparoBckoil obmnacteit, Kpacnonapckoro
kpasi, PecnyOonmuk Kanmbikust u KpbIM MeTOAOM HEB3BELIEHHOI'O IOMAPHOIO CPETHETO
(UPGMA) mnoka3zan, yto u3 7 BUIOB poaa Toinbko C. ambigua obnagaer HECOMHEHHBIM
BUJOBBIM cTaTycoM. C BBICOKUM OyTCTpEN-TeCTOM pas3aeistorcs Mexay coboit C. juncea, C.
latifolia, C. brevirostris u «cMmewmannsle»y nonyisuuu C. juncea / graminea, - ¢ OJIHOU
CTOpOHBI, - U Bce nonyisiuu C. graminea n C. acantholepis, - ¢ npyroii. OgHaKko B 1eIOM
MeXay co0oil 3TH BHIBI cla0o u30IuUpoBaHbl. DAKTOPHBIA aHAIU3 METOJOM TJIaBHBIX
koopauHat (PCO) nan cxonHble pe3yabTaThl.

Metonom ISSR ananuza u3ydeHO TreHeTHyeckoe pazHooOpasue B 21 momynsuuu 7
BunoB Chondrilla Espomneiickoit uactu Poccuu. Knactepusiii anamu3z (UPGMA),
HEYKOPEHEHHOE JIepeBO, MOCTpoeHHoe MeroaoM Neighbour Joining, M aHanu3 MeTOJOM
IJIABHBIX KOOPAMHAT CXOJHO pa3leisioT BbIOOpKY Ha nBe rpymnmsl: 1. C. ambigua u C.
brevirostris B BUJie IByX yCTOWYMBBIX MOAKIACTEPOB; 2. BCE OCTalbHbIE 00pa3ubl. CX0ACTBO
pe3yJbTaToOB, TOJYYEHHBIX TIPH  HCIOJB30BAaHUHM  YETHIPEX  Pa3IMYHBIX  METO/OB
MaTEMaTHYECKOr0 aHaiHu3a, CBUAETEIbCTBYET 00 MX HaaeXHOCTH. CeMb HCCeOBaHHBIX
takcoHOB Chondrilla pa3nenunuce Ha Tpu ycronuusbie rpynnsl: 1 — C. ambigua, 2 — C.
brevirostris, 3 — C. acantholepis, C. canescens, C. graminea, C. juncea, n C. latifolia. Oun B
OCHOBHOM COTJIACYIOTCS C pe3yJbTaTaMd MOP(OIOTHYECKOTO aHaln3a paclpeeiIeHuUs
TaKCOHOMHMYECKU BAKHBIX MPU3HAKOB MEXKIY OTIACIbHBIMU PACTCHHUSIMH U TOMYJIALUIMU TeX
xe 7 BunoB pona. [lokazano, uro C. ambigua Bocipou3BOAUTCS aM(OUMHUKTHIHO, B TO BPeMs
KaK OCTaJIbHbIE UCCIIEOBaHHBIE BUIbI (PAKyIbTATUBHO AalIOMUKTUYHO.

B coorBercTBMM ¢  TONYYCHHBIMH  pe3yJbTaTaMH  HECOMHEHHA  BHJIOBas
camocrosTensHocTh C. ambigua u ¢ MeHblel BeposiTHOCThIO - C. brevirostris. B 1o ke
BpEMs OHHU TMO3BOJISIOT MPEANonoxuth, uto C. acantholepis, C. canescens, C. graminea, C.
juncea, C. latifolia He SBIAIOTCS CAaMOCTOATEIbHBIMU BUJIAMU M, CKOPEE BCETO, MPEACTABISAIOT
co0oii TakcoHbI Oojiee HM3KOro paHra. [lomyueHHbIE AaHHBIE MOANCPKHUBAIOT MHEHUE psijia
aBropoB (Mneun, 1930; EneneBckuit m np., 2008a, 6; Tamumes, 1928; dnopa..., 1936;
Uepenanos, 1995) o BUI0BOIM HECAMOCTOATENLHOCTH ATUX TAKCOHOB M, COOTBETCTBEHHO, HE
MOJJICPKUBAIOT MHEHUE JApyrux aBTopoB (Maesckuii, 1940, 2014; Jleonoma, 1989;
bnarosemienckuit u np., 1984; I'y6anos u ap., 1992) 06 ux BumoBoit camocTositensHOCTH. X,
CKOp€e BCEro, CJIeyeT CUMTaTh CHHOHUMAaMU C IPUOPUTETHBHIM Ha3zBanueM C. juncea.

[Ipennonaraercs, 4YTO HEsCHas  KapTWHa WM3MEHYMBOCTH B cekuuu Chondrilla
00yCIIOBJIEHa THOPUAN3AITMOHHBIMY TIPOIECCaMU U (DaKyJIbTATUBHBIM allOMHKCHUCOM U / WA
0TOOPOM MO/ JaBJIEHUEM SKOTOMUYECKUX (DAaKTOPOB.

Pabota BeimonHeHa npu (uHAHCOBOU Toamepxke rpanta PODU, mpoexkt Ne 15-04-
04087.
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POLYMORPHISM AND PECULIARITIES OF SEED REPRODUCTION
IN CHONDRILLA POPULATIONS OF EUROPEAN RUSSIA
A. Kashin, T. Kritskaya, N. Petrova, 1. Shilova, A. Popova, A. Parkhomenko
National Research Saratov State University, Saratov
e-mail: kashinas2@yandex.ru

The article presents the results of the numerical analysis of morphological variation in
26 populations of 7 species of Chondrilla in the following regions: Astrakhan region,
Volgograd region, Saratov region, Krasnodar Krai, Republic of Kalmykia, and Republic of
Crimea. UPGMA clustering (unweighted pair group method with arithmetic mean) showed
that out of the seven species of the genus found in European Russia, it is only C. ambigua that
has the status of undoubted species. Bootstrapping proved that within the genus a distinct
difference is observed between the two groups of populations: the first group comprising C.
juncea, C. latifolia, C. brevirostris, and mixed populations of C. juncea/graminea; and the
second group comprising the populations of C. graminea and C. acantholepis. However, in
general all the above mentioned species are poorly isolated. The principle coordinate analysis
(PCO) yielded similar results.

ISSR analysis was employed to examine the genetic diversity of 21 populations of 7
Chondrilla species in European Russia. The cluster analysis (UPGMA), the unrooted tree
built using the neighbour joining method, and the principle coordinate analysis all subdivide
the samples into two following groups: 1. C. ambigua and C. brevirostis as the two stable
sub-clusters; and 2. the other samples. The similarity of results obtained through four different
mathematical analysis methods confirms the results’ reliability. The analysed Chondrilla
species were broken down into three stable groups: 1 — C. ambigua, 2 — C. brevirostris, 3 — C.
acantholepis, C. canescens, C. graminea, C. juncea, and C. latifolia. In general, the groups
correspond to the results of morphological analysis of distribution of taxonomically
significant features in individual plants and populations of the same 7 species. It is shown that
C. ambigua reproduces through amphimixis, whereas all the rest analysed species reproduce
through facultative apomixis.

The obtained results demonstrate that C. ambigua and C. brevirotris (to a lesser extent)
may be considered as independent species. It is also assumed that C. acantholepis, C.
canescens, C. graminea, C. juncea, C. latifolia are not independent species and are, most
likely, taxonomic units of lower rank. The obtained results support the opinion of a number of
researchers (Ilyin, 1930; Yelenevsky et al., 2008a, b; Taliyev, 1928; Flora..., 1936;
Cherepanov, 1995) who argue the lower status of the above units; and, thus, do not support
those researchers (Mayevsky, 1940, 2014; Leonova, 1989; Blagoveshchensky et al., 1984;
Gubanov et al., 1992) who argue the independent species status of the above units. It is
proposed to unite the five discussed units under the name of C. juncea.

It is suggested that a complex pattern of interspecific variability in Chondrilla is due to
the hybridization by facultative apomixis and/or the selection impacted by the ecotopic
factors.

The research has been funded through RFBR grant Ne 15-04-04087.
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OEPTUJIBHOCTD IbLJIBIBI U 3APOJABIIIEBBIX MEIIIKOB YEPHUKH
OBBIKHOBEHHOM (VACCINIUM MYRTILLUS L.)
M.B. KetoBa, B.O. Ky3nenosa, M.A. /lannioBa
Ilepmckuii 2ocyoapcmeennvlii HaYyUOHANbHbIU UCCIe008AMENbCKULL YHUBEpCUMmen,
Ilepmo
e-mail: ruadry@list.ru

bbuta u3yuyena ¢epTUiIbHOCTD NbUIBLBL Y V. myrtillus B 4 momyasiuusx Ha TEPPUTOPHH
ITepmckoro kpas. Y npeactaBuTeneil pona Vaccinium NbUIbLEBBIE 3€pHA B HOPME CPEAHETO
pasmepa, 3-00pO3AHO-NIOPOBBIE, €IUHUIIEH PACIPOCTPAHEHMs SIBIISIOTCS TETpa’dJIpUUYECKHe
TETpaJbl, TPOPACTaHNE TBUIBIIEBBIX 3€PEeH HAUYWHACTCS HA PBUIBIE IMECTUKA OJHOBPEMEHHO.
Jliist Bcero posa 0ObIUHBI aHOMAJIMK Pa3BUTHS MBUIBLIEBBIX 3€PEH, IPUBOISLINE K MOSBICHUIO
CTEPHIIbHON TBLIBIIBIL.

VY wu3ydeHHOro BHJa ObIIM OOHapyXeHbl TeTpajbl M3 HOPMAJbHO PAa3BUTHIX,
(epTHIIBHBIX TBUTBIEBBIX 3€pPEH, MOJIHOCTHIO CTEpWIIbHBIE OOpa30BaHUS M TETPaiubl, B
KOTOPBIX YacTh MBIIBIEBBIX 3epeH OblUla cTepuiibHA. [0 MOTHOCTHIO (EPTHIIBHBIX TETpas
BappupoBaia ot 28,57% mnmo 100,00%, B cpemnem oHa coctaBwia 80,96%. OO6mias
(epTIIIBHOCTh MbUIBLBI I JaHHOTO BHUAA (BK/IIOYAs YAaCTMYHO (EpTHIIbHBIE TETpajibl)
BapbupoBaia ot 63,69% no 100,00%, B cpeanem cocrasmia 91,10%.

Terpanpl ¢ aHOMAJIUAMHU PA3BUTHUS MOXKHO ObUIO Pa3/eNMUTh HA TPU TPYHIBI: C TPeMs
(GepTIIBHBIMU TIBUTBIEBBIMA 3€pHAMH M OJHHM CTEPHJIBHBIM, C IBYMS (EpTHIBHBIMA
IbUIBLIEBBIMM 3€pHAMH M OJHUM CTEPWJIBHBIM U IOJHOCThIO cTepuibHble. [Ipeobnananu
AHOMAJIbHBIE TETPAABI C IBYMsI (PePTHIBLHBIMH MBUTBIEBBIMU 3epHaMU (16,94%) 1 TOTHOCTHIO
crepuiibHble TeTpaabl (17,78%), pexxe BCTpedamuch TeTpaibsl ¢ TpeMms (epTUIbHBIMU
NBUIBIIEBBIME 3epHamMu (4,79%).

JUis dYepHMKM OTMEYEHbl HW)KHAS 3aBsA3b, LEHTPAJIbHO-YIJIOBas IUIAllEHTalus |
MHOTOYHCIICHHbIE TeMHAHATPOIHBIE CeMsI3a4aTKU. 3apOIbIIIeBbIe MEITKA MOHOCTIOPHYECKHE,
pasBuBatoTcs 1o Polygonum-tumy. @epTHIBHOCTD 3apOJIBIIEBBIX MEIIKOB OIpeaessaach Ha
CTaJu¥ TMOIHOCThIO chopMupoBaHHOTO OyTOHA. B 0mHOI 3aBsi3m Haxoamsock oT 24 no 93
CeMsI3a4aTKOB, JI0JI CEMA3a4aTKOB C ()epPTUIIbHBIMU 3apO/IbIILIEBBIMU MEIIKaMH BapbUpoOBaa
ot 65,22% 1o 95,16%, B cpeanem coctasmia 81,32%.

B pa3HbIX nmomynsnusx MccleAOBaHHbIE XapaKTEPUCTUKU OTIMYAIUCh HE3HAUUTEIBHO.
B menom ¢epTuiabHOCTh MBUTBLBI U (QEPTHIBLHOCTh 3apOABIINIEBBIX MEIIKOB y V. myrtillus
JIOCTaTOYHO BBICOKH.
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POLLEN AND EMBRYO SAC FERTILITY OF VACCINIUM MYRTILLUS L.
M.V. Ketova, V.O. Kuznetsova, M.A. Danilova
Perm state national research university, Perm
e-mail: ruadry@list.ru

We studied pollen fertility of Vaccinium myrtillus in four populations of Perm region.
Usually the species of Vaccinium have medium size, tricolporate pollen grains, the dispersal
units are tetrads. The germination of pollen grains begins on the stigma simultaneously.
Different anomals in pollen development, which are resulted in sterile pollen, are not rare.

The studied species had normal tetrads of fertile pollen grains, entirely sterile tetrads
and tetrads that consists of both sterile and fertile pollen grains. The rate of entirely fertile
tetrads varied from 28,57% to 100,00%, approximately 80,96%. The total fertility of the
species (including tetrads with different pollen grains) varied from 63,69% to 100,00%,
approximately 91,10%.

We divided anomal tetrads in three groups: a) with three fertile pollen grains and one
sterile, b) with two fertile pollen grains and one sterile, c) entirely sterile. There were 4,79%
of the first group, 16,94% of the second group and 17,78% of the third group.

V. myrtillus has an inferior ovary, an axile placentation and numerous hemianatropous
ovules. Embryo sacs develop according to Polygonum-type. For study we took the well-
developed buds of V. myrtyllus. There were from 24 to 93 ovules in each ovary. The rate of
ovules with fertile embryo sacs varied from 65,22% to 95,16%, approximately 81,32%.

There is no significant difference between studied populations. The fertility of pollen
and embryo sacs of V. myrtillus are quite high and constant.
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OCHOBHBIE ITPOBJIEMbI TEHOMHOM BHOMH®OPMATHUKHA
PACTEHMI
C.®. Knusep
Llenmp eenomnoti ouourngpopmamuxu umenu .1 Jloopacanckoeo, CII6I'Y, Cankm-
Ilemepb6ype
e-mail: mahajrod@gmail.com

JlocTaToO4yHO YacTO COBPEMEHHOE COCTOSSHHE TEHOMHKH XapaKTEpH3yIOT —Kak
«TOCTTEHOMHYIO DJIOXYy», TOApa3yMeBass TE€M CaMbIM, UYTO YK€ HET TEXHUYECKHX U
METOJO0JOTUYECKHUX MPETSTCTBUN Ha IMyTH MOJIHOT€HOMHBIX HcciienoBanuil. OaHaKO, JTaHHOE
YTBEPKIACHHE MOKHO Ha3BaTh BEPHBIM JIHIIb YacTUYHO. COOpKa BUPYCHBIX U OaKTEpPHATbHBIX
T€HOMOB YK€ JIaBHO NPEBpaTHaCh B PYTHHHYIO 3a/ady, COOpKa T€HOMOB HEKOTOPBIX
TaKCOHOB KMBOTHBIX, HAMpUMEp, MIICKOMUTAIONUINX, TaKKe OOBIUHO HE TMPEACTABISACT
Oomnpmon mpobdiaemsl. OgHaKo, cOOpKa T€HOMOB MPOTHCTOB, OECIIO3BOHOYHBIX W PACTCHHI
BCE TAK)K€ OCTACTCS KpalHE CIIOKHOU 3aJa4e.

K ocHOBHBIM TIpo0IeMaM, BO3UKAIOIINM Tiepel OnonH()OpMaTHKaMu, pabOTAIOIIIMH C
T€HOMaMHU PACTEHUH MOYKHO OTHECTHU:

1. 0OJIBIIION pa3mMep reHoMa;
OTPOMHOE YHUCJIO TIOBTOPOB;
BBICOKYIO CTEIIEHb F€TEPO3UTOTHOCTH;
HIMPOKO PACIPOCTPEHHEHYIO MOTUILIONTHOCTD;
CKJIOHHOCTh K MEXBHUIOBOM THOPUAN3AIINN.

Eonsmon pasMep reHoMa TpeOyeT OOJBIIUX BBHIYUCIUTENBHBIX MOIIHOCTEH IS
coopku. OrpomMHOE UYHCIO TOBTOPOB NPHUBOAUT K HEOOXOAUMOCTH TIIATEIHHOTO
TUTAHUPOBAHMSI CXEMBI M BBIOOpA OJTHOM MIIM HECKONBKUX MIAaTGOpM CeKBEeHHpOBaHUS. Takum
00pa3oM, CEeKBEHHpOBaHHWE U COOpPKa T€HOMOB PACTCHHH SIBIISAIOTCS KpailHEe 3aTpaTHBIMH C
¢dbuHaHCOBOM TOYKHU 3peHUs. BrIcOKas cTeneHb reTepo3uroTHOCTH MPUBOANT K CYIIECTBEHHOM
dparMeHTaniK COOpPAHHON TMOCIEAOBATEIHPHOCTH TE€HOMA, OJHAKO YXKE CYIIECTBYIOT
nporpamMmMmubeie UHCTpyMeHTHl (Platanus, Meraculous), cmocoGHble, mMo-KpaifHel Mepe,
YAaCTUYHO peliaTh JaHHYIO MPooOieMy.

3amaya cOOpKHM TMONMILIOMIHBIX T€HOMOB Ha JaHHBI MOMEHT HE pelleHa Jaxke
YaCTHYHO — HU OJMH U3 CYIICCTBYIONTUX COOPITUKOB HE CIIOCOOEH cOOpaTh MOJUTUIONTHBIN
reHoM. COoOpka reHOMa, BO3HHKIIIETO B PE3yJbTaTe MEXBHIOBOW THOpUAM3AINH, SBISETCS
emie Oojee CIIOKHOW 3ajadeid, IOCKOJBKY B OTOM CiIy4ae HEOOXOJUMO TIOIYYUTh
TUIUIOUHYIO COOpPKY, TO €CTh Ka)KIbli W3 TallJIOTUIIOB, COOTBETCBYIOIIMX TaIllJIOTUIIAM
pPOIUTENBCKUX BHJIOB, [JOJDKEH OBITh TMPEACTaBIEH B BUIE OTACILHOTO Habopa
MOCJIE0BATEbHOCTE, @ HE B BHJE KOHCEHCYCHOM MOCJIEIOBATEIbHOCTH TaIIOUIHON
cOOpKH.

'eHoMuKa HauMHAeTCs C IOCIEIOBATENLHOCTEW T'€HOMOB M3yYaeMBIX OPTraHHU3MOB.
OpnnHako, B TEHOMHOW OMOH(OpPMATHKE JO CHUX TOP CYIIECTBYET MHOXKECTBO HEPEIICHHBIX
METOJO0JOTUYECKHUX MPOOJIEM, MPEMATCTBYIOMNUX MOTOYHON COOpKE TEHOMOB pacTeHui. Jlyst
TOCTHKEHUS TaHHOW 1enu TpedyeTcs pa3pa0dO0TKa HOBBIX TEXHOJOTHUH CEKBEHHWPOBAHUS U
ITOPUTMHUYECKHUX MOJIXO/IOB.

G
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MAIN PROBLEMS OF PLANT GENOME BIOINFORMATICS
S.F. Kliver
Dobrzhansky Center for genome bioinformatics, SPbSU, Saint-Petersburg
e-mail: mahajrod@gmail.com

Rather often current state of genomics is described as “post genomic era”. This means
that there is no technical or methodological barriers for whole genome studies. However, this
statement is right only partially. Assembly of viral and bacterial genomes have became a
routine task long time ago, assembly of mammalian genomes also often is not a problem.
Nonetheless, assembly of invertebrate and plant genomes is still a very difficult task.

Among complications that usually arise in plant genome bioinformatics the following
problems can be named:

1. large size of genome;
great number of repeats;
high level of heterozygosity;
large spread polyploidy;

. interspecific hybridization.

Large size of genome requires huge computational resources for assembly. Great
number of repeats leads to necessity of careful planning of sequencing scheme and choice of
one or more sequencing platforms. Thus, sequencing and assembly of plant genomes is very
expensive. High level of heterozygosity leads to significant fragmentation of assembled
genome sequence. However, there are tools (Platanus, Meraculous) that are able to solve this
problem at least partially. ~ Problem of assembly of polyploid genome is still not solved —
there is no genome assembler that can assemble polyploid genome. Assembly of genome
arisen from interspecific hybridization is even more challenging task, as in this case a diploid
assembly is required, i.e each haplotype needs to be assembled not as a part of consensus
haploid assembly but as separate set of sequences.

The genome sequences of studied organisms is the basis of genomics. However, there
are a lot of still not solved methodological problems in genome bioinformatics, that prevent
from massive assembly of plant genomes. The development of new sequencing technologies
and algorithmic approaches is required to achieve this aim

DR
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®UTOTOPMOHBI 1 TOJISIPHBINA POCT NNBUIBLIEBOM TPYBKH
JL.B. KOBa.neBal, E.B. SaxapOBaz, A.C. BOpOHKOBl, I'.B. TnMoq)eeBal, 10.B.
Munkuna’
]HHcmumym Gusuonoeuu pacmenuti um. K. A. Tumupsizeea PAH, Mocksa
’Kagpedpa eenemuxu, Guomexnonoeuu u cemenosoocmea MCXA um. Tumupssesa,
Mocksa
 Unemumym amomnoti snepeemuxu UATI HUAY MUDH, O6nunck
e-mail: kovaleva_l(@mail.ru

[Ipopacranue mpuiblieBbIX 3epeH (I13) u mommepskaHue MOJISIPHOTO POCTa MBLIBIEBON
TpyOku (I1T), kiroueBbie POIECCHl MPOTaMHOM (a3bl OMIIOJOTBOPEHUS Y BBICIIMX PACTCHU,
TpeOyIOT Kak BpPEMEHHOW, TaK MPOCTPAHCTBEHHOW KOOPAMHALMM MHOTUX KIJIETOUHBIX
GbyHKIMI, B TOM YHUCIe NUHAMUYECKOW OpPraHMU3alH 3JIEMEHTOB aKTHHOBOTO ITUTOCKENETa,
BHYTPUKJIETOYHOTO TPAHCIOPTa BE3UKYJ, HECYIIMX MaTepuai AJs MOCTPOCHUS KIETOUYHOMN
CTEHKH B XOJI¢ HK30- W DHJAOIMTO3a, U TPAHCIOPTa 4Yepe3 €€ IUIa3MaTHYecKyl0 MeMOpaHy
(ITM) OCHOBHBIX (DH3HOIOTMYECKH BaKHBIX HOHOB, Takux kak H', Ca®", K'.

006 yyacTu# (UTOrOPMOHOB B PETYJISILIMU MPOPACTAHHS M POCTA MYKCKOTO TaMeTopuTa
CBUJIETEJBCTBYIOT JAaHHBIE O TOM, 4TO npopactanue [13 nerynuu (Petunia hybrida L.) in vitro
U in Vivo CONMPOBOXKIAETCS W3MEHEHUSMHU B YPOBHE JHJOTCHHBIX TOPMOHOB (STHIICHA,
aykcuHa (MYK), a6cumsoBoii kucnotsel (ABK), ru66epennmnaoB, nutokunanHoB) (Kovaleva,
Zakharova, 2003; Kovaleva et al., 2009, 2011). [Tuk oOpa3oBanust 3TUIICHA TKAaHSIMHU MECTUKA
CBA3aH C CaMbIMM pAaHHUMHU COOBITUSAMU MEXKKJIETOUHBIX B3aUMOJEHUCTBUN B CHUCTEME
MBUTBIA-TIECTUK M COMPOBOXKIAET MPOIECCHl aare3uu, rufparanuu U mnpopactranus [13 B
TKaHAX pbUIbIIA. OTOT (aKT yKa3blBa€T HAa TO, YTO 3TUJIEH MOXET ObITh BOBJIEYEH B
MEXOPTaHHBIM CHUTHAll OMbUICHHS, KOTOPBIM TeHEpUPYETCS Ha phUIbLIE U TMepefaeTcs K
CTOJNOMKY, 3aBsi3M W JpyrMM OpraHaM IB€TKa, 4YTO U O0OecledyuBaeT YCIHEIIHOe
ormonoTBopeHue. O MOTEHIMATBLHOM BO3MOXHOCTH (D)YHKIIMOHHPOBAHHSI TOPMOHOB B 3THUX
mpoueccax B KayeCTBE CHUTHAJIBHBIX MOJIEKYJ CBUIETENLCTBYIOT HEJIABHO IOJY4YEHHbIE
JaHHBIE O TOM, YTO AKTUHOBBIM ITUTOCKENET MYXKCKOTO rameTo(ura MeTyHUU MOXKET ObITh
UHTETPaTOPOM CUTHAJIBHBIX MyTeH (UTOrOpMOHOB B mporecce mnoisipHoro pocrta IIT
(Kovaleva et al., 2015). IlonyueHHble NaHHBIE AAIOT OCHOBAaHHUE IMOJIaraTh, YTO AyKCUH
BOBJICYEH B NOJJepKkaHue nossipHoro pocra IIT, B3anmoneicTBys ¢ nutokunuHamMu 1 ABK.
[To-BunuMOMy, ayKCMH M LUTOKMHUHBI UTPAIOT BAXKHYIO POJIb B PETYJSIHH aKTHHOBOTO
nutockenera [T, Biauss Ha MOTMMEpPHU3ANMIO aKTUHA. DTH B3aUMOJCHCTBUS MOTYT OBITh
peanuzoBanbl corjacHo rumoteze (Hsu et al., 2010) o dbyHKIMOHUPOBAaHWUW B TBUIBHUKE
JUIUH B TIpOIiecce JeTuaApaTaliy IbLIbIbl 0coboro curHansHoro mytn ABK, uepes3 koTopsiii
perynupyercsi reH LLP-Ropl, SBIAIOUIMHACS  TO3UTUBHBIM PETYJIATOPOM ayKCHMHA U
HETaTUBHBIM  peryiaropoM cur”HaipHoro nyth ABK. VYcranoBneno, 4ro poct-
ctumynupytomuii 3gdekt YK nu ABK onocpenoBan ux neiicTBHEM HAa BHYTPHUKICTOUYHBIN
pH (pH.), memOpanHeii mnoremmuan IIM, akrtuBHocTh PM H'-AT®aspi, K'-xanamsl
(Voronkov et al., 2010). BrisiBieHbsI ABE€ BO3MOXHBIC MHUIIEHU JCHCTBUS (UTOTOPMOHOB,
y4acTByIOIIME B TOPMOH-HHIyIHpyeMoi ocMoperyisiuu IIT: (1) H'-ATdaza IIM,
3JIEKTPOTE€HHBIA MPOTOHHBIN HACOC, OTBETCTBEHHBIN 3a €€ MOJISIPU3aIiIo, TEHEepalMI0 Ha HEl
MeMGpanHoro notenmuana u (2) Ca*'-3aBucumsie K'-kamamsi, a ropmoHanbubie >(QeKTsI
OMOCPEAOBaHbI TPAH3UTOPHBIM YBEIIMYCHUEM YPOBHS Ca®" B uuTo3071E N renepanueit AOK.
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Pollen tube tip growth in vivo requires both spatial and temporal coordination of many
cellular functions, including ion fluxes, organization and dynamics of cytoskeletal elements,
vesicular trafficking, exocytosis and endocytosis.

To date, the data received provide evidence for the possibility of the participation of
plant hormones (ethylene, auxin, abscisic acid (ABA) and cytokinins) in petunia (Petunia
hybrida L.) pollen—pistil interactions, controlling uninterrupted pollen tube growth (Kovaleva
& Zakharova, 2003; Kovaleva et al., 2009; 2011). The peak of ethylene production by pistil
tissues observed relates to much earlier events during the first stage of the intercellular
interactions in the pollen-pistil system, accompanying adhesion, hydration and germination of
pollen grains in stigma tissues. This indicates that ethylene may be implicated in the
interorgan pollination signal that is generated in the stigma and transmitted to style and ovary,
and other floral organs, to ensure successful pollination (Kovaleva et al., 2011). The data
recently obtained showed that actin cytoskeleton of male gametophyte is capable of behaving
as integrator of signaling pathways of plant hormones during polar growth of pollen tube
(Kovaleva et al., 2015). Taken together, our results suggest that auxin is involved in the
maintenance of pollen tube polar growth interacting with cytokinins and ABA. Apparently,
both auxin and cytokinin play an important role in the regulation of the AC during pollen tube
growth via their effects on actin polymerization. Interaction of IAA with ABA can be realized
according to hypothesis (Hsu et al. 2010), which reported a desiccation-associated ABA
signaling transduction pathway, through which the LLP-Rop1 gene is regulated during pollen
dehydration in lily. It has been established that the growth-stimulating effect of IAA and ABA
is due to their action on intracellular pH (pH.), the membrane potential of plasmalemma
(PM), the activity of PM H'-ATPase, K'-channels (Voronkov et al., 2010). The data on the
participation of IAA and ABA in the osmoregulation of germinating in vitro petunia male
gametophyte were obtained. Two possible targets of the action of these compounds are
revealed. These are represented by (1) PM H'-ATPase, electrogenic proton pump responsible
for polarization of this membrane, and (2) Ca**-dependent K -channels. It was shown that the
hormone-induced hyperpolarization of the PM is a result of stimulation of electrogenic
activity of PM H'-ATPase and the hormonal effects are mediated by transient elevation of the
level of free Ca®" in the cytosol and generation of ROS.
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MOJISIPHOM JJOKAJIM3AIIMU PIN BEJIKOB B MEPUCTEME KOPHS
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"Huemumym Lumonoauu u Fenemuxu CO PAH, Hosocubupck, Poccus

2Hoeocu5upc;<uﬁ T'ocyoapcmeennviii Ynueepcumem, Hosocubupck, Poccus
3 Institute of Biology Il/Molecular Plant Physiology, Center for BioSystems Analysis
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@UTOrOPMOH AYKCHH SIBISIETCA OJHUM U3 TJaBHBIM PETrYJSTOPOB POCTa U Pa3BUTHUA
pacrenus. CyIliecTBOBaHME MHOTOUYUCIEHHBIX (uznonornyeckux 3¢dekToB aykcuHa
OOBSCHSIETCSI €r0 HEPaBHOMEPHBIM paclpeiielieHueM B TKaHSX, a TAKXKE J1030-3aBUCUMbBIMU
MeXaHM3MaMH ero AeiictBus. B koHumke kopHs, O6enku cemerictBa PIN (PINI1-PIN4, PIN7)
UTpAIOT KJIIOYEBYIO POJb B (DOPMHPOBAHMM HAIPaBJIEHHBIX MOTOKOB aykcuHa. CoBMECTHOE
¢yHnkunonupoanue PIN OenkoB reHepupyeT B TKaHU TPAJAMEHThl KOHIEHTPALUU 3TOrO
ropMoHa ¢ MakcumyMoM B nokosiiemcs nentpe (I1L). M3BecTHO, uTO CyliecTByeT oOpaTHas
CBSA3b OT AYKCHHA Ha DKCIIPECCUIO CBOUX TPAHCIIOPTEPOB.

OCHOBBIBasICh Ha ATHX JAaHHBIX, H COMOCTaBHUB MaTtTepHbl PIN OenkoB U pacnpenencHus
ayKCUHA, Mbl IIPEIIIOJIOKNIIN, YTO Pa3HbIE J03bl ayKCHHA aKTUBUPYIOT SKCIIPECCUIO PA3HBIX
PIN. A nmenno, PIN2 skcnpeccupyeTcst B TKaHSIX ¢ HU3KUM YPOBHEM 3HJOTEHHOIO ayKCHHA,
PIN1 npomexytounbix, a PIN3, PIN4 u PIN7 kak npu HU3KUX, TaK U IPH BBICOKHUX
KOHLIEHTpALUsAX dHAOTEHHOT0 aykcuHa. KpoMe Toro, aykCHHy NpUHAUICKNAT BeAyLask poJib B
MEXaHHU3Me YCTaHOBIICHUs noysipHoi nokanu3anuu PIN 6enkoB. Tak B komymene u I1L, roe
HaOJIro/1aeTCs BBRICOKHIA ypoBeHb aykcuHa, PIN Oenku mokanusyroTcst He moisipHo. HanpoTus,
B snuiepMuce — o0NacTH ¢ HHU3KUM ypoBHeM aykcuHa, PIN2 nokanmusyercst cTporo B
HalpaBJieHUU Mobera, a B COCYIAUCTON cucteMe — 00JacTh ¢ MPOMEXYTOUYHBIM YpPOBHEM
ayKCHHa Bce OeJIKM JIOKAIHU3YIOTCS B HAIIPAaBJICHUN KOHYUKA KOPHSL.

Jns mpoBepkHM HAMX MPEANONIOKEHUH MBI IIPOBEIM CEPUID 3KCIEPUMEHTOB C
Busyanuzaieil PIN OenkoB cneunpuyeckMMu aHTUTENaMH B PACTEHUSX C M3MEHEHHBIM
YpOBHEM aykcuHa (MyTaHThI yucl-D u nipu o6paborke HYK B pa3zaudHbIX KOHIICHTPALHSIX).
Amnanunz MukpousoOpakeHuit mpoBoauics B mporpamMax ZEN u Imagel.

B pesynbrate, y MyTaHTOB yuc/-D ObUIM BBISIBICHBI U3MEHEHUS MaTTepHA dKCIPECCUU
PIN2, a taxxe ypoBHs ero skcmpeccur. B oTBeT Ha 00paOOTKYy 3K30T€HHBIM ayKCHHOM
kaxapii n3 PIN yBeauuws pasmep JOMEHAa M WHTEHCUBHOCTH CBOEH DJKCIPECCUM, HO
MakcuManbHBIA ddext st pasHeix PIN Habmomancs mpu pasaeix go3ax HYK. UtoObr
KOJIMYECTBEHHO OLEHUTh 3TOT A(PQEKT, MBI CPaBHWIM HHTEHCHUBHOCTh CBEUYCHUS
penopTepHBIX OCIIKOB B MEPUCTEME KOPHS Tocyie 00pabOTKH U B KOHTpose. B urtore, pasHsie
KOHIIGHTPALlMM HK30I'€HHOT0 AayKCHHAa HMENH CHeuu(UYHOE BIMSHHE Ha SKCIPECCUIO
kaxxnoro PIN.

Kpome TOro, BH3yasibHbI aHanu3 HM300pakK€HUH MOATBEPIWI, YTO IMPH HW3MEHEHHH
pacnpenesieHus ayKCcMHa W3MeHsieTcs mnojsipHas Jsokanuzamuss PIN. Hanpumep, npu
o0OpaboTke sk3oreHHbIM aykcuHOM PIN1 u PIN2 umenu Gonee mpomoDKUTENBHBIN JTOMEH
JIOKQJIN3AaLlMM HA HIKHEH CTOPOHE B KOPTEKCE.

OTu JaHHBIE MOATBEPXKAAIOT, YTO AyKCUH J0303aBHCHMO PETYJIHUPYET SKCIPECCUIO U
noJisipHyto Jokanu3amnuio PIN 6enkos.

Pa6ota Bemonnena npu noaaepxke POOU (mpoekt Ne 15-34-20870).
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Phytohormone auxin is one of the major regulator of plant growth and development.
The existence of the multiple physiological effects of auxin can be explained by its
nonuniform distribution in tissues, as well as dose-dependent mechanisms of action. In the
root tip, PIN family proteins (PIN1-PIN4, PIN7) play the key role in in forming directed
auxin flows. Co-operation of PIN proteins generated concentration gradients of this hormone
in root tissue with a maximum in the quiescent center (QC). It is known, that there is a
feedback from the auxin to its transporters expression.

Based on these data, and comparing the PIN patterns and auxin distribution we
hypothesized that auxin different doses activate expression of various PIN. Namely, PIN2
expressed in tissues with low endogenous auxin levels, PIN1 - under intermediate auxin level
and PIN3, PIN4 and PIN7 - at both low and high concentrations of endogenous auxin. In
addition, auxin plays the general role in mechanism of PIN proteins polar localization
establishing. So in the columella and the QC, where a high auxin level was observed, PIN
proteins are located not polar. In contrast, in the epidermis - the area with low auxin, PIN2 is
strictly shootward localized, and in the vascular system - region with an intermediate auxin
level - all PIN proteins are rootward localized.

To test our hypotheses, we conducted a series of experiments with PIN proteins
visualization using specific antibodies in plants with altered auxin level (yuc/-D and at the
treatment by different NAA concentrations). Microimages analysis was realized in ZEN and
Imagel programs.

As a result, in yuc/-D mutants change in PIN2 expression pattern, as well as its
expression level were revealed. In response to the treatment by exogenous auxin, each of
PINs increased the domain size and intensity of its expression, but the maximum effect was
observed for each PIN at different NAA doses. To quantify this effect, we compared the
intensities of the reporter proteins fluorescent signals in the root meristem after treatments
with the control. Finally, different exogenous auxin concentration had a specific influence on
each PIN expression.

In addition, the visual image analysis confirmed that a change in the auxin distribution
affects PIN polar localization. For example, under the exogenous auxin treatment, PIN1 and
PIN2 had a longer rootward localization domain in the cortex.

These data confirm that auxin dose-dependent regulates the PIN expression and their
polar localization.

This work was supported by RFBR, project Ne 15-34-20870

109
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CoriacHO  WepapXMuecKOW  KOHIICMIIMM  €CTeCTBEHHOro  OTOopa,  KJeTKa
MHOTOKJIETOYHOTO OpraHM3Ma, COXpPaHSeT 4YepThl HMHAWBHUIYAIbHOCTH, CIOCOOHON K
KOJUIEKTUBHOMY IMOBEACHUI0, NMOUCKY U camoopranuzanuu (Buss, 1983; Hcaesa, 2012).
Opnoit u3 HopM KOJUIEKTUBHOTO MTOBEICHUS KJIETOK B MBUIBHHUKE SBISETCS] IUTOMUKCUC — TUIT
MEXKJICTOYHOTO B3aMMOJICHCTBHSI TIOCPEICTBOM OOMEHA SICPHBIM U ITUTOIIA3MaTHICCKUM
MaTepUajIoM.

B pabGore wcmonb3oBaHbl BUAB OMHOMONBHBIX (Lilium croceum Chaix, Allium
fistulosum L., A. cepa L., Hordeum distichum L.) n nBynonsubIx (Nicotiana tabacum L. cv.
Petit Havana, munams SR1). V¥V wuccnenoBaHHBIX BHAOB OJHOAOJBHBIX CIIOHTAHHBIN
MUTOMUKCHC HAaOIIOAANCS BO BCEX TKAHSX MbUTbHUKA. OCHOBHBIC IUTOMUKTHUECKHUE COOBITHS
MIPOUCXOAMIIN B paHHEH TTpodaze MUKPOCIIOPOTeHe3a — JIEITOTEHE, 3UT'OTCHE U MMaXUTEHE.

W3BecTHO, 4TO MHAWBUyAIN3AlUS MUKPOCIIOPOIIUTOB COMIPOBOXKIACTCS OTIOKEHHEM B
UX CTEHKE KaJUIO3bl, CIyXKamlel MOJICKYJSIPHBIM  (GWIbTpoM. VHAWMBUIYaTH3aIHs
MHUKPOCTIOPOIIUTOB ~ OTHOCUTENbHA, TMOCKOJIBKY  IUTOMHUKTHYECKHE KaHalbl  MOTYT
MIPOHU3BIBATH U KAJUIO3HYIO CTEHKY. Cpeln MEKPOCTIOPOIIMTOB MPe001a1auo KOOMePaTUBHOE
MOBEJICHHWE, B TO BpeMs KaK MEXIy MHUKPOCIOPOLUTAMU M TaleTalbHBIMH KIeTKaM (y
ONHOJMOJIBHBIX) W BHYTPH TamerymMa JIOMHHUPOBAIM KOHKYPEHTHBIC  OTHOIICHUS.
OcHOBBIBasACb Ha IMTOJIOTMYECKOM aHaJIM3€, Mbl pazluyalyd [Ba OCHOBHBIX THUIA
B3aMMOJICHCTBYSI: TIAPHO-TICTEIBHBIA W IEMOYCYHBIA. DT PAa3HOBHIHOCTH ITMTOMHKCHCA
MOTYT BCTPEYAThCA B MpeaeNax OAHOMN MOMYJISAIUA MUKPOCTIOPOIIUTOB, MOCIIEIOBATEILHO UITH
omHoBpemeHnHo. C  WHTCHCH(UKAIMEH  IUTOMUKCHCA  TapHbIE  B3aMMOJICHCTBHS
npeoOpas3yroTcs B CIOXKHbBIE IIETIOYEUHBIE C BOBJICYCHHEM B AJEPHYIO MUTPAIIUI0 MHOXKECTBA
KJIETOK U AuddepeHIranieii Ha «I0HOPOBY» M «PEIUIHCHTOB». B TOHOPHO-PEIUITUEHTHBIX
OTHOIICHUAX MHUKPOCTIOPOIIUTOB MOKHO 3aMEeTUTh YepTHI KOJUJIEKTUBHOTO
ATBTPYUCTUICCKOTO TIOBEICHUS, a B IEMOYHBIX — CaMOOPTaHM3alHMHd. B TOIB3y 3TOTO
CBUJICTEIBCTBYIOT JIaHHBIE O COXPaHEHHHM CTPYKTYpbl M (DYHKIHOHAJIBHOM aKTHUBHOCTH
murpupytomero xpomaruHa (Mursalimov et al., 2015). Konkypenmusi mpeoOiamaer B
OTHOIICHUAX MEXKIYy MHUKpPOCIOPOLUUTAMH M TaleTaJbHBIMHM KIJIETKaMH, a TakKe BHYTPHU
taneTyma. CioxHble GOPMBI TIEPETEKAHUS XPOMATHHA U SJIEPHBIX CIHUSIHHUIA C 00pa30BaHUEM
MOJUIUIOUAHBIX SIIEp MPOUCXOISAT B TaleTyMe B MPOIECCE €ro «Ieperyia3MONAU3aIiimy.
[MonmumnougHeie sapa TameTymMa W CHHIUTHH, KaK MOIIHBIE aKIENTOPbI, YCIEIIHO
KOHKYPUPYIOT C MHUKPOCIIOPOLMTAMH, HaIpaBisis TPAHCIOKAIMIO XpOMAaTHHA B CBOIO
ctopoHy. [Ipu4MHBI MEXTKaHEBHIX KOHKYPEHTHBIX B3aUMOJEHUCTBUH MOTYT  OBITh
00yCIJIOBJIEHBI OIpPaHUYEHHEM MPOCTPAHCTBEHHOTO U TPOPUUECKOTO PECYPCOB B MBLILHHKE.
OTCcyTCcTBHE MEKTKAHEBBIX KOHKYPEHTHBIX B3aMMOJCHCTBHI B MBUIBHUKE JBYIOJBHBIX,
BEPOSITHO, OTpakaeT JIy4llyl0 CcOaJTaHCUPOBAHHOCTh MpoIeccoB  auddepeHnuaim
COMAaTHYECKUX M TEHEPAaTHUBHBIX TKaHEW MMKpOCIOpaHTus. B oTHomeHnn OMoIoruyeckon
caMOOpraHu3allid IIUTOMUKCHC MOJKHO paccMaTpuBaTh KaK MEXaHH3M, KOTOPBIi
obecrevnBaeT Mo/ep:KkaHue TKAHEBOTO TOMEOCTa3a B MbLUTLHUKE.
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According to the multi-level hierarchical concept of natural selection a cell in a
multicellular organism reveals traits of individualization capable of collective behaviour,
cooperation, searching and self-organization (Buss, 1983; Isayeva, 2012). A cytomixis as a
type of intercellular interaction through the exchange of nuclear and cytoplasmic material
could be one of the cell collective behavior forms in the anther.

In this work monocotyledonous (Lilium croceum Chaix, Allium fistulosum L., A. cepa
L., Hordeum distichum L.) and dicotyledonous species (Nicotiana tabacum L. cv. Petit
Havana, line SR1) were used. Spontaneous cytomixis which is found in all tissues of the
anther is inherent for the studied species of monocots.

The main cytomictic interactions took place in the early prophase of microsporogenesis
- leptotene, zygotene and pachytene. Individualization of microsporocytes notoriously is
accompanied by the deposition of callose in their wall, which serves as a molecular filter.
Personalisation of microsporocytes is relative because cytomictic channels can penetrate the
callose wall. The cooperative behavior prevails among microsporocytes, while competitive
relationships dominate between microsporocytes-to-tapetal cells (only monocots) as well as
intra-tapetum cell interactions. Regarding cytological picture we differentiated cytomixis
according to pair-looped and chained varieties. These varieties could occur within a single
population of microsporocytes either sequentially or simultaneously. The increase of
cytomictic activity as a rule was accompanied by the transformation of pair-looped
interactions into complex chained interactions that involved multiple cells with differentiation
on «donor» and «recipient». In the donor-recipient relationships, collective altruistic
behaviour of microsporocytes can be discerned, as well as traits of collective self-organization
in chained interactions. This is supported by the data on preservation of the structure and
functional activity of migrating chromatin (Mursalimov et al., 2015a, b). Competitive
relationships dominate among microsporocytes and tapetal cells as well as intra tapetum.
Complex forms of chromatin interflow and nuclear mergers resulting in high-ploidy nuclei
occur in tapetal tissue during its “periplasmoidization”. Polyploid tapetum nuclei and syncytia
as powerful acceptors are able to compete with microsporocytes and guide the chromatin
translocation to their favor. The reasons of competitive interactions may be due to the limited
spatial and trophic resources in the anther tissue. The absence of intertissue interactions in
dicots probably reflects a better balance in differentiation of somatic and generative anther
tissues. With respect to biological self-organization cytomixis can be regarded as a
mechanism which ensures the maintenance of tissue homeostasis in an anther.
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O 3HAYEHUU CTPOEHUSI CEMEHHOM KOXYPBI 1)1 CACTEMATUKHA
IMOKPBITOCEMEHHBIX PACTEHUI
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CemeHHass KoxXypa (CK) — OJHa U3 OCHOBHBIX CTPYKTYp CEMEHH, IOIpaHUYHas
CTPYKTYpa, OTAEIAIONIAsl 3apO/bII U 3allaCHbIC NMUTATeJIbHEE BELIECTBA OT BHEIIHEH cpebl.
Jiist ck XapakTepHa MHOTO(YHKIMOHAJIHHOCTH: OHA BBITIOJHSIET TPOPHUUECKYI0 (QYHKIHIO BO
BpeMs pa3BUTHsS CEMEHHM MJIM JIOpa3BUTHUs 3apojblllla, a B 3pPEJIOM CEMEHHU 3allUTHYIO
GYHKIUIO M QYHKIMIO JUCCEMUHALMU. Pe3ynbTaThl H3y4YeHUs] CTPOCHUSI U Pa3BUTHUS CEMEHU
B HACTOsIIEE BPEMS HCHOJNb3YIOTCSA Ul PEIICHUS BONPOCOB CHUCTEMATHKH, YCTaHOBJICHUS
(UIOreHeTUYECKUX CBsI3eM MEXJy TaKCOHAMHM, BBISICHEHMSI aJalTUBHOIO 3HAYEHHS CK, B
KayecTBE T€HETUYECKUX MapKepoB [UIl MJIEHTH(UKALUKM TEHOTUIIOB B pa3AcieHUU
ruOpugHbBIX  1OoTOMKOB  (Zeng, et al., 2004). brnaromaps KOHCEpPBATUBHOCTH W
UH(POPMATUBHOCTH CTPOEHHUS CK €€ CpPaBHHUTEIbHO-aHATOMUYECKOE H3YUYeHHE SBISETCS
OJIHUM M3 BEIYIUX TPAIUIMOHHBIX METOJOB COBPEMEHHOW crcTeMaTuku pacteHuil. Ilepsbie
3HaYUTENbHbIE PA0OTHI MO W3YYEHUIO CTPOCHHMS CEMEHHM M CK U TOMNBITKU IMPHUBIEYb ITH
NpU3HAKU JUIsl PELIEeHUS TaKCOHOMHUYECKHUX BOMpPOCOB oTHOcATCS K 70-m romam XIX B.
Haubonpmmii Bknag B nzydyenue crpoenust ck BHecau F. Netolizky (1926) u E.J.H. Corner
(1976); mmpoxo m3BectHs! Takke cBoaku F.D. Boesewinkel u F. Bouman (1984), E.Werker
(1997), Tpynel oredectBeHHbIX KapmojoroB A.Il. Menuksana (1972, 1973, u np.), 2.C.
Tepexuna (1986; 1996, u np). Ilo unuumaruee akagemuka A.Jl. TaxrtamksHa 5310
HanpasieHue Obuto mpoaomkeno B bMHe: mox pykoBoactBom M.®. JlaHunoBoil Hadanach
HOJrOTOBKAa CBOJKU «CpaBHUTENbHAas aHATOMHUS ceMsiH». [IpU3HAaKM CK MOXHO YCJIOBHO
pas3fenuTh Ha NMPHU3HAKK MOBEPXHOCTH (MHKPOMOP(OIOrUs CK) U BHYTPEHHETO CTPOEHHUS.
CkaHUpyIOIMA 3IEKTPOHHBIH MHKPOCKOI IO3BOJIWI BBIIBUTH OTPOMHOE pazHooOpasue
NPU3HAKOB IOBEPXHOCTH CEMEHH, YTO 3HAUYMUTEJIBHO YBEIMYWIO YHCIO TaKCOHOMHYECKU
3HAYUMBIX MPU3HAKOB MUKPOMOP(OJIOTUN CEMEHHOM KOXYypbl. /locTaTouHO cKas3aTh, YTO B
3aBHCUMOCTH OT yBEJIMYEHUS BbIJeNsAeTCs 4 KaTeropuu mpu3HakoB nosepxHoctu (Barthlott,
Ehler, 1977; Barthlott, 1981): pacrnionoxeHue KIETOK; EPBUIHAS CKYJIBIITYpa, ONpeaeseMas
dopmoii smuAEepMaNbHBIX KJIETOK; BTOPUYHAs CKYJBOTYpa, ompenensemas penbedoM HX
Hapy»KHOW TaHTNE€HTAJIbHON CTEHKH, W TPETUYHAasl CKYJbOTypa, BO3HUKaroIias Omaronaps
OTJIOXEHUSAM Ha TOBEPXHOCTH KIETOYHOM oOosouku Bocka. [lozke Obutn pa3zpaboTaHbl
KJIaccu(UKaus U TEPMUHOJIOTHS THITOB AIIHKYTHKYJISIPHBIX BOCKOBBIX OTiIOkeHUH (Barthlott
et al., 1998), y cemsaHn BcTpedaronuxcsi HedacTo. OmnucaHue CKYJIBINTYPHBIX 00pa3oBaHH
KaXJIOTO YPOBHS 3aTPYJHEHO, TaK KaK OHHM YpPE3BBIYAHO Pa3HOOOpPA3HBI, C MEPEXOIHBIMU
dopmMamMu, ¥ HeT OOWENpPUHATON TepMuHOIOTHMH. OpPUEHTHPOM MOXKET CIIyKUTh
KJaccuQuKalus TUMOB MoBepxXHOCTH ceMsH M.R. Murley (1951), npuBenennas B Botanical
Latin (Stern, 1973). AmnaToMH4YeCKOE€ CTPOCHHE CK Y TIOKPBITOCEMEHHBIX OYCHb
MHOrooOpasHo. [To MHeHHUIO HccaenoBaresne, «H|M OJUH PACTUTEIbHBIN OpraH WM TKaHb HE
MOJKET CPABHUTBCS C CEMEHHOH KOXYpoH MO OOrarcTBy M pa3HOOOpa3nI0 aHATOMHYECKUX
ctpykryp» (Lunarep, 1958). Corner (1976) pa3pabotan kinaccudukaiyio TUIIOB CK, B OCHOBY
KOTOPOIl OH TMOJIOKWJI TPOUCXOXKICHHE €€ MEXaHHYECKHX CJIOEB. 3HAUYUTEIbHBIM
JOCTIDKEHHEM B JTOH o00jacTh  SBWIOCH pa3pabOTKa TMPEACTaBICHUH O KpUTEpUsIX
MPUMUTHUBHOCTH M CTICIIHAIM3NPOBAHHOCTH aHATOMUYECKON CTPYKTYphI ¢k (MenuksH, 1972,
1973). B panpHelinieM NEPCHEKTUBHBIM HAIpPaBJICHUEM IPEICTABISIETCS CONOCTaBIECHUE
9BOJIIOLIUOHHO-MOP(OJIOTMUECKUX PAIOB NMPU3HAKOB CK U MOJIEKYJISIPHO-(PUIOr€HETHUECKUX
PEKOHCTPYKLIHI TAKCOHOB.
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ON SIGNIFICANCE OF SEED COAT STRUCTURE FOR SYSTEMATICS OF
ANGIOSPERMS
T.I. Kravtsova
Komarov Botanical Institute of the Russian Academy of Sciences,Saint-Petersburg
e-mail: TKravtsova@binran.ru

The seed coat (sc) is one of the main seed structures, the boundary part that separates
embryo and storage tissues from the environment. The sc is multifunctional: it performs
trophic function during seed development or during additional development of
underdeveloped embryo, the protective function and function of dissemination in mature
seeds. The data on sc structure and development are employed currently to solve classification
problems, to establish relationships between taxa, to elucidate sc adaptive significance, and to
serve as genetic markers for the identification of genotypes in segregating hybrid progenies
(Zeng, et al., 2004). Due to the conservatism and information value of the sc structure its
comparative anatomical study is one of the chief traditional methods of modern plant
systematics. The first important research works on seed and sc structure and attempts to
involve these results for solving taxonomical problems refer to seventies of XIX century. The
greatest contribution in this field was made by F. Netolizky (1926) and E.J.H. Corner (1976);
the studies of F.D. Boesewinkel, F. Bouman (1984), E. Werker (1997), A.P. Melikian (1972,
1973), E.S. Teryokhin (1986, 1996) are also widely known. On academician A.L. Takhtajan
initiative this research direction was continued in Komarov Botanical Institute: the
preparation of the monograph “Comparative seed anatomy” began under the direction of M.F.
Danilova. The sc characters may be conventionally divided into characters of surface
ornamentation (sc¢ micromorphology) and characters of inner structure. Scanning electron
microscope made it possible to reveal a vast diversity of seed surface patterns, what increased
considerably number of taxonomically important features of sc micromorphology. Suffice it
to mention that depending on microscope magnification four categories of surface characters
may be distinguished (Barthlott, Ehler, 1977; Barthlott, 1981): cellular arrangements; primary
sculpture, determined by shape of cells; secondary sculpture, determined by fine relief of the
cell wall; tertiary sculpture (sculpture of epicuticular secretions). Subsequently the
classification and terminology of epicuticular waxes, rather rare in seeds, were elaborated
(Barthlott et al., 1998). Description of sculptural features of different level is complicated
because they are very diverse, the transitional forms occur, and there is no generally accepted
terminology. One may be guided by the classification of types of seed surfaces proposed by
M.R. Murley (1951), cited in Botanical Latin (Stern, 1973). Anatomical structure of sc is
multiform. The researches have the notion that “no one plant organ or tissue can match sc in
abundance and diversity of anatomical structures” (Tzinger, 1958). Corner (1976) suggested a
classification of sc types based on histogenetic origin of its mechanical layers. An advance in
this field was related with elaboration of the ideas on the criteria of primitivism and
specialization of sc anatomical structure (Melikian, 1972, 1973). At present the perspective
trend in comparative sc anatomy is seen in juxtaposing of evolutional-morphological schemes
and molecular-phylogenetic reconstructions.
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T'EHHBIN BAHK IN VITRO PEJIKUX Y UCYE3AIOIIINX PACTEHUI
CAPATOBCKOH OBJIACTH
T.A. Kpunkas, A.C. Kamun
Capamosckuil HAYUOHAILHBIU UCCIe008AMENbCKUL 20CYOAPCMEEHHBI YHUBEPCUME
umenu H.I'. Yepuviuescxkoeo, Capamos
e-mail: kritckaiata@gmail.com, kashinas2@yandex.ru

Co3nana KOJUJIEKIMS aCeNTHYECKUX KYJIbTYp in vitro 37 BuaoB 27 ponoB 17 ceMmeicTB
HOKPBITOCEMEHHBIX PACTEHUH, 3aHECEHHbIX B KpacHble KHMrM CapaTOBCKOH obOiactu u
Poccuiickoit @eaepanmu. g Kaxxaoro oopasna ONTUMU3UPOBAHBI MPOTOKOJIBI KIIOHATBEHOTO
MHUKPOPAa3MHOXKEHUS U MOJTYUYEHbI )KU3HECTIOCOOHBIE PACTEHUSA-PETCHEPAHTHI.

BrniepBeie monydena crepuiibHas KyibTypa Potentilla volgarica. BplsiBieHO BiIusiHUE
pa3IMYHbIX (PUTOrOPMOHOB Ha AKTHBALMIO NAa3yLIHBIX MEPUCTEM HCCIEAyeMOIro OOBEKTa.
YcranoBneno, uro coueranue 3earmHa (0.5 wmr/m) m BAIT (0.1-0.25 wmr/m) sBusercs
ONTUMAJIBHBIM JJIi OBICTPOrO MHUKPOPAa3MHOKEHHUS HKCIUIAHTOB. PH30reHe3 oTMeueH Ha
NUTATENBHON cpene 0e3 ¢uroropMonoB, ymbo ¢ nodasienuem MYK 0.05 mr/n. Beissien
ONTUMAJIbHBIA TOYBEHHBIH CyOCTpaT Uil aJanTallid PEreHepaHTOB K HECTEPHIIbHBIM
YCIIOBUSIM, COCTOSIIIMHA M3 HEUTpalIbHOIO CaJ0BOrO TpYHTa, MeJa, BEPMUKYJIUTA U
JPEHa)XHOTO CJO0s M3 KepamM3uTa. AJANTUPOBaHHbIE PACTEHHUsl YCIEUIHO BBICAXKEHBI B
IPUPOJIHBIE YCIOBUS U MO T[OKa3aTeNsM CEMEHHOM MPOAYKTUBHOCTH HE YCTyHaroT
pacTeHUsIM-ZJOHOpaM, KOTOPbIE ObIIIM HCHOIB30BAHBI [T MOIYUYEHHS aCENITUYECKUX KYJIIBTYP.

Pazpaboran 3¢ (eKkTUBHBIH MPOTOKON KJIOHAIBHOTO MHKpOpa3MHOXeHHs Silene
cretacea — UCUE3AIOLIETO BUAA C Y3KOH SKOJIOTMYECKON aMIUIUTYJOH, OCTPO HYXKIAIOLIErocs
B BOCCTaHOBJICHUM YHCJICHHOCTH MOIMYJIALUNA U SBISIOLIETOCS NEPCIEKTUBHBIM UCTOYHUKOM
HOJY4YEeHUsl JIEKAPCTBEHHOro ChIphs. Jloka3aH mpsMOil oOpraHoreHe3 U OTCYTCTBHE
KaJUTyCOreHe3a Ha MPOTSKEHUH BCEr0 BPEMEHU KyJIbTUBUPOBAHUS HKCIUIAHTOB HA YKAa3aHHOM
BapuaHTe nuTareiabHoil cpenpl (mareHT PD Ne 2552174 Cl). BeigBieHO, YTO MHOKYJISALUSA
KyJIbTypbl S. cretacea puzobaktepusiMmu Azospirillum brasilense Sp245 oxa3biBaeT
3HAYUTENbHBIM MOJNOXKUTENbHBIN 3((EeKT Ha NPUKUBAEMOCTb pPETECHEPAHTOB ex Vifro,
TIOBBIIIAs TEM caMbIM 3()(PEeKTUBHOCTB BCETO MPOIECCca KIOHATBHOTO MUKPOPa3MHOKCHHSI.

Metonom ISSR ananu3a u3y4yeHO TIeHETHUYECKoe pa3HooOpasue B 18 mpHpOIHBIX
nonyssiusix Tulipa gesneriana L. (= T. schrenkii Regel, T. suaveolens Roth) Ha ceBepe
Hwmxnero IloBomxbst ¢ 1enplo orOOpa MaTepuana JUlsl COXpaHEHHUs in vitro. Jlecsatsb
ucnonb3oBaHHBIX ISSR mpaiimepos mo3Bosmm BeisiBUTH 102 TP dparmenTa, U3 KOTOPBIX
50 okazanuck nonumopdueMu (49.0%). Ha ocHOBaHMM NaHHBIX, MOTYYEHHBIX B PE3yJIbTAaTE
KJIaCTEpHOTo aHanu3a nmo kodduuuenty XKaxkapa u Neighbor Joining, 65U10 ycTaHOBIEHO,
YTO HCCIIEAyeMble MOMyJSIIMU OOBEAMHAIOTCS B 2 OCHOBHBIX  KJacTepa IO CTENEHH
reHetudeckoil 6muzoctu. Pesynsratel AMOVA mnoka3anu AOCTOBEPHBIE pa3IU4HA
(Fer = 0.430; p = 0.000) mexay stumMu rpynnamu. JIokanbHbIC TOIMYJISAIUNA T€HETUYECKH
3HAUUTENbHO AuddepeHimpoBansl apyr ot apyra (Fsy= 0.632) 1 mpakTUYEeCKH HE CBS3aHbBI
COBPEMEHHBIM IIOTOKOM I'€HOB, O YEM CBUJETEJIbCTBYIOT pe3yJlbTaThl TecTa MaHTens
(r=—-0.118; p = 0.819). B cBs3u ¢ 3tum, 0TOOp Marepuana JUisi COXpaHEHUsS BUJA in Vitro
PEKOMEHYeTCsI TPOU3BOANUTD U3 MOMYJISILMNA ABYX KOHTPACTHBIX TPYIII.

PaboTa BbIOIHEHA IPU YaCTUYHOW (PrHAHCOBOM monaepxkke rpanta POOU, nmpoekt Ne
16-04-00142, a taxxxe MunoOpHayku Poccun B pamkax 0a30BOil 4acTH TOCYAapCTBEHHOTO
3amaHus B cepe HaydHOU AesrenbHocTH 1o 3aganuio Ne 2014/203, kox npoekta 1287.
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IN VITRO GENEBANK OF RARE AND ENDANGERED PLANTS
OF SARATOV REGION
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The collection of in vitro aseptic cultures was created comprising flowering plants
(Angiospermae) of 37 species of 27 genera of 17 families in the Red List of Saratov region
and the Red Data Book of the Russian Federation. A protocol for efficient clonal
micropropagation of every species was established that resulted in obtaining viable
regenerants.

It is the first time that the culture of Potentilla volgarica has been obtained. The impact
of various plant-growth regulators on the development of axillary shoot buds was studied. It is
established that the combination of zeatin (0.5 mg L") and 6-benzylaminopurine (0.1-0.25
mg L") is the best enhancer of the explants’ micropropagation. Rhizogenesis is observed
either on the hormone-free medium or on the medium containing IAA 0.05 mg L. It is
proved that the best substrate for ex vitro planting and acclimatization is the mix of neutral
soil, chalk, vermiculite, and drainage layer of LECA. After ex vitro transfer, seed productivity
of plantlets was the same as the one of donor plants, that were used to obtain asentical
cultures.

A protocol was established for efficient clonal micropropagation of Silene cretacea, an
endangered species with a narrow ecological amplitude that needs population boosting as it is
a promising source of pharmaceutical raw materials. A direct organogenesis and a lack of
callus formation throughout the time of explant cultivation on the defined medium (Russian
Federation Patent Ne 2552174 C1) were demonstrated. It is proved that inoculation with
Azospirillum  brasilense Sp245 rhizobacteria significantly strengthens S. cretacea
acclimatization to ex vitro conditions and, thus, improves the effectiveness of clonal
micropropagation of the species.

The genetic diversity of the eighteen natural populations of Tulipa gesneriana L. (= T.
schrenkii Regel, T. suaveolens Roth) found in the north of the Lower Volga region was
subject to the ISSR analysis. The utilised inter-sequence simple repeat (ISSR) primers showed
102 PCR-fragments, 50 of which were polymorphic (49.0 %). The clustering analysis
(UPGMA) allowed subdividing the samples into two large clusters. The unrooted tree which
was built using the Neighbour Joining analysis had the similar topology. The first cluster
includes the populations with the low variation of markers while the highly-variable
populations comprise the second cluster. The analysis of molecular variance (AMOVA)
showed the consistent differences (Fcr = 0.430; p = 0.000) between the two groups. The
Mantel test confirmed that the local populations show significant genetic differentiation from
each other (Fsr = 0.632) and have nearly no links via actual gene flow (r = — 0.118; p =
0.819). It 1s assumed that the degree of genetic proximity of populations depends on the
period and peculiar features of the species introduction on this territory.

The research for this paper was partially financed through RFBR grant Ne 16-04-00142
as well as supported by the Ministry of Education and Science of Russia within the
framework of the basic part of the government commission in the field of research,
Commission Ne 2014/203, project code 1287.
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MHUKPOCITIOPA KAK MOJEJIBHASI CUCTEMA JIJIs1 U3YUYEHUS
CIHOPO®UTHBIX MYTEA MOP®OTEHE3A PACTEHUM IN VITRO
H.H. Kpyraosa, O.A. Ceabaumuposa, /I.1O. 3aiiues, U.P. I'anumn,
A.E. 3unarty/iimHa
Ypumcxuii Unemumym o6uonoeuu PAH, Ypa
e-mail: kruglova@anrb.ru

B »skcnepuMeHTanbHOM MOJAENBHOM CHUCTEME KYJIbTYpPbl in  Vitro TIpU CTPOrO
OTIPENICIEHHBIX KOHTPOJUPYEMbIX YCIOBUSX MOP(OreHEeTHYECKH KOMIIETEHTHAs KJEeTKa
NBJIPHUKAa Ha OIpPEAEJICHHOW CTaJuK CBOETO pa3BUTHUSA CIIOCOOHA K CMEHE IPOrpaMMbl
pa3BUTHA C OOBIYHON ramMeTopUTHOM Ha CHOPOPUTHYIO, BEAYLIYI0 K (OPMHPOBAHUIO
pacTteHHss Mo cxeme penpoaykiuu cnopopur —> crnopodur (bareirura u ap., 2010).
BoisiBneHo, 4Tto Takoii MOpP(OreHeTHYECKH KOMIIETEHTHOM KIETKONH y SpOBOM MSTKOMH
NIIEHUIB!  SBIISIETCS MHUKPOCIIOpa B CHJIBHOBAaKyOJHM3HUPOBaHHOW (haze paszButus (1o
nepuoguzanuu Kpyriaosoit, 1999). CriocoOHOCTh K MEPEKITIOUEHUI0 MPOTrpaMMbl Pa3BUTHUS
CHJIbHOBAKYOJIM3UPOBAHHON MHKPOCIIOPHI ¢ TaMeTO(QUTHON Ha Cropo(pUTHYIO ompeaessieTcs
psinoM MOMEHTOB. 1. OCOOGEHHOCTb CTPYKTypHOW OpraHM3allMU 3TOH KIETKU: HalIu4yue
XOpOILLIO Pa3BUTON LEHTPAJIbHON BaKyOJdd M KPYyHHOIO $pa, PACIOJIONKEHHOIO HAIpOTHB
Hopbl  MpopacTaHus. TeM camMbIM MHKpOCIOpa XapaKTepU3yeTcs XOpOIIO BbIpaKEHHOU
nojsipHocThio. [lo 3TOoMy mpu3HaKy (amuKaibHO-0a3abHAs OpraHU3alHsi) MHKPOCIIOpa
CTPYKTYPHO CXOJIHA CO 3peJioil sifliekIeTKOW OOJBIIMHCTBA LIBETKOBBIX PAaCTeHUH. DTO ere
pa3 CBHUJAETEIbCTBYET O CYIIECTBOBAHMU MPUHIUIHAIBHOTO CXOJCTBA B OpraHU3alUH
MHHULHAIBHBIX KJIETOK HOBOTO MHAMBUAYYMAa IPU Pa3IUYHBIX CUCTEMAaX PENpPOIYKIMH KaK B
€CTECTBEHHBIX YCJOBMSIX, TaK U B KynbType in vitro (bareiruna, 1997, 2014). 2. AKTUBHbBIE
npolecchl MeTaboau3Ma MUKPOCIIOPHI, YTO MOATBEPIKIACTCA JAHHBIMU YJIbTPACTPYKTYpPHOTO
aHayIM3a.

OKCIEPUMEHTAJIBHO YCTAHOBJIEHO, YTO XOJIOAOBOE BO3/EHCTBUE MPOBOLUPYET OTPHIB
MHUKPOCTIOPbl OT CTEHKHU MbUIbHUKA. Takol OTpPHIB MPUBOJAUT K HAPYIIEHHUIO IEJIOCTHOCTU
IbUIBHUKA KaK CHCTEMbl, HapyLICHUI0 MOP(OreHEeTHUECKUX KOPPESALHMA MEXIy TKaHIMHU
CTEHKM TIbUIbHMKA W MHKPOCHOPOW M, TEM CaMblM, K HapyUICHHIO JETEpPMUHALUU
HOPMaJIbHOT'O F'aMeTO(UTHOTO pa3BUTHSI MbUIBLIEBOTO 3epHa. Kpome Toro, OTpbIB NpUBOIUT K
HapyLIEHUIO MOJISPHOCTH MHUKPOCIOPHI U K J€reHepali TKaHeW CTEHKH NbUIbHHMKA. Takum
o0pa3oM, CTpeccoBO€ BO3AEHCTBHE XOJOJOM SBJISIETCS TPUITEPOM  CIOPO(GUTHOTO
MopdoreHe3a MUKPOCTIOPHI.

VYCTaHOBIIEHO, YTO B YCJIOBHUSX KYJBTYpBl in Vitro CIHOPOQUTHBIH MOpQoreHes
MHUKPOCTIOpPB ~ IPOXOIUT MO TYTH SMOPHUOHMIIOTeHE3a/TONUIMOPHONIOTEeHE3a  WIIN
TeMMOPH30TEeHE3a, B 3aBUCUMOCTH OT OaJlaHCa PHJIOTCHHBIX (B MBUIBHUKE) U SK30TCHHBIX (B
UHIYKIIMOHHOW TNHTATeNbHOW Cpele) TOpPMOHOB. BBIABICHBI 3MOpPUOJIOTHYECKUE U
UTOMU3UOIOTUYECKHE OCOOCHHOCTH KaXJOTr0 U3 CIHOPOPUTHBIX IyTeHd MopdoreHesa
MHUKPOCTIOPBI, BEAYIIMX MPHU ONTHUMAIBHBIX YCJIOBUSAX KYJIbTUBUPOBAHHS K (POPMHPOBAHUIO
MTOJTHOIIEHHBIX PACTEHUM.

Pa3zpabGotanbsl naboparopHble 00pa3ibl OHOTEXHOJOTHH TMOJYYEHHS PEreHEepaHTOB
NILIEHUIIB HA OCHOBE Pa3IMYHbIX CIOPO(UTHBIX ITyTel Mopdorenesa in vitro.
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MICROSPORE AS A MODEL SYSTEM FOR THE INVESTIGATION
OF SPOROPHYTE PATHWAYS OF PLANT MORPHOGENESIS IN VITRO
N.N. Kruglova, O.A. Seldimirova, D.Yu. Zaitsev, I.R. Galin, A.E. Zinatullina
Ufa Institute of Biology of RAS, Ufa
e-mail: kruglova@anrb.ru

The morphogenetic competent anther cell at the definite stage of its development is
capable to change development program from usual gametophyte to sporophyte one leading
to formation of plant according reproduction scheme sporophyte -> sporophyte in
experimental model system of in vitro culture under strictly determined controlled conditions
(bateiruna u ap., 2010). It was revealed that such morphogenetic competent anther cell in
spring soft wheat is the microspore at the highly vacuolated phase of development (by the
periodization of Kpyrmnosa, 1999).

The ability to switching over the program of development of highly vacuolated
microspore from gametophyte to sporophyte one is determined by a number of moments. 1.
The peculiarity of structural organization of the cell: the presence of wall central vacuole and
a large nucleus located opposite to a germ pore. Thus, a highly vacuolated microspore is
characterized by well expressed polarity (apical-basal organization). It should be noted that by
this attribute a highly vacuolated microspore is structurally similar to a mature egg cell of the
majority of flowering plants. It confirms the existence of principal similarity in the
organization of initial cells of new individual at different systems of reproduction under
natural conditions and in culture in vitro (bateruna, 1997, 2014). 2. Active metabolism
processes in highly vacuolated microspore, which were confirmed by the data of
ultrastructural analysis.

It was experimentally established that cold stress provoked break-off of highly
vacuolated microspore from anther wall. Such break-off leads to the break of anther integrity
as a system, disturbance of morphogenetic correlations between anther wall tissues and highly
vacuolated microspore and by that to infringement of determination of normal gametophyte
development of pollen grain. Besides, this separation leads to the change of microspore
polarity and to the degeneration of anther wall tissues. Thus, a trigger of sporophyte
morphogenesis of highly vacuolated microspore morphogenesis in vitro is a cold stress effect.

It was established that in vitro conditions the microspore sporophyte morphogenesis
was proceeded by pathway of embryoidogenesis/polyembryioidogenesis  or
gemmorhizogenesis depending on balance of endogenous (in anther) and exogenous (in
induction culture medium) hormones. The embryological and cytophysiological peculiarities
of each of sporophyte morphogenesis pathway of microspore which leaded to normal plant
formation under optimal culture in vitro conditions were established.

The laboratory samples of biotechnology of production of wheat regenerants on the
base of different sporophytic pathways of morphogenesis in vitro were elaborated.
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HAYAJIBHBIE TAIIbI B PA3BUTHUMU PSIJIA PEJIKUX PACTEHUI
YIAMYPTHUU B YCJIOBUSAX IN VITRO
E.H. Ky3nenoBa
Yomypmcerkuii 2ocyoapcmeennwiii ynusepcumem, Hoicegck
e-mail: pteris-2008@mail.ru

B Hacrosimiee BpeMsi MUKpPOKJIOHAJIbHOE pPa3MHOKEHHE pPEAKUX BHUIOB pacTEeHUI
HNOJYYMJIO IIMPOKOE paclpoCTpaHEHHE KaK OJUH W3 HHCTPYMEHTOB COXpaHEHHUs
O6uopaszHooOpasus. BBog B KydbTypy in vifro JUisl NMOCIEAYIOIIErO0 MHKPOKIOHMPOBAHUS
MOYET OBITh OCYLIECTBJIEH C IMOMOIIbIO Pa3HOOOPA3HBIX HKCIUIAHTOB, B TOM YHCIIE U CEMSH.
OpHaKo Tpu BBOJIE CEMSH B KYJBTYPY in Vitro JOJDKHO OBITh YYTCHO BIIMSHUE HCIIOIB3YEMbIX
XMMHUYECKMX peareHTOB (KaK CTEPWIM3YIOIIMX areHTOB, TaK M IUTATENbHOM cpeabl) Ha
IIpOpacTaHue U pa3BUTHE IPOPOCTKOB.

Jis uccnenoBanus OblTM BBIOpaHbl 3 peAKMX BUAA, 3aHECEHHbIX B KpacHylo KHUTY
Yamyprckoit Pecriyomuku (2012): Adenophora liliifolia (L.) A. DC., Aster amellus L.,
Cortusa matthioli L.. BBugy pas3lIn4HbIX OCOOEHHOCTEH CTPOEHHUS CEMEHHOW KOXYpbl U
pa3HOIl CTENEHU pa3BUTHs 3apoAbllia JUIsl CEMSH JaHHBIX BHJIOB ObUIM OCYIIECTBIICHBI
pasnyHble BapUaHThl MPEANOCEBHOM NOATOTOBKM M cTepwinsanuu. lIloceB ceMsH B
CTEpUJIbHBIX YCJIOBHSAX NPOM3BOAWICA Ha MMUTarelbHylo cpeny Mypacure-Ckyra. Beoa B
KYJIBTYPY in Vvitro M JanbHeHIas OLEeHKa CTENEHH BIUSHHS CTEPUIM3YIOUIMX areHTOB ObUIN
OCYUIECTBJIEHBI COTJIACHO OOIIETIPUHATHIM MeToAuKaM (MexayHapoaHble MpaBujia aHaau3a
cemsiH, 1984; Bytenko, 1999 u np.).

OKCHEepUMEHTHI MOKa3aJId, YTO JIJISl BCEX MCCIIEOBAHHBIX BUIOB BHE 3aBUCHUMOCTH OT
TUINA CTEPUIM3YIOLIEr0 areHTa M OCOOCHHOCTEH CTPOEHHUS CEMSH XapaKTepHO 3aMelJIeHHUE
popacTaHus U JAJbHEHIIEro pa3BUTHUs NPOPOCTKOB. COrjiacHO MOIYYEHHBIM JAHHBIM, IS
ceMsiH Adenophora liliifolia w Cortusa matthioli onTUMaabHBIM BapUAHTOM MPEIIOCEBHON
NOJTOTOBKK sIBJIsieTcsl crparudukanusi. BcxokecTp B 1a0OpaTOpHBIX  (HECTEPHIIBHBIX )
ycnoBuAX coctaBuna ans Adenophora liliifolia 80,0%=5,8; nns Cortusa matthioli —
50,0%=3,2. Tluk npopactanusi Habmogancs Ha 7-9 nenb u 10-14 1eHb OT 3aKIaJKU OMBITA
cooTBeTcTBEHHO. [Ipu 00paboTKe CTepMWIM3YIOIIMM areHTOM 3HAYUTEIbHO CHMXKAeTCs
YKU3HECIIOCOOHOCTh CEMSIH JIaHHBIX BUJOB, HAWIIYUILIUE PE3YJIbTaThl BCXOXKECTU B YCIIOBUSX in
vitro coctaBuiu ansa Adenophora liliifolia 40,0%+5,0 u nns Cortusa matthioli 33,3%=3,3.
[luk mpopacTanust B CTEpUIIBHBIX YCIOBUAX Oosiee cMelieH Ha 7-10 cyTOK 1O OTHOLIEHUIO K
HECTEPUIIbHBIM YCIIOBUSIM.

Cemena Buma Aster amellus o6manaroT MOp(OJOTHUYECKUM THIIOM TIOKOS, YTO
NO3BOJISIET HE TPUMEHATh MPEINOCEBHYIO MOJIrOTOBKY. BCX0XeCTh B HECTEpUIIBHBIX
ycnoBuax cocraBwia 60,0%+5,8; muk mnpopacraHust HaOmonancs Ha 5-7 gesnb. [lpu
00pabOTKEe KOMIUJIEKCOM CTEPUJIM3YIOIIMX AareHTOB BCXOXKECTb CEMSIH CHMXKAaeTcs
HE3HAUUTENbHO U cocTaBisieT 52,5%+7,5. OnHako MUK MpOpacTaHUsl CEMSIH B YCIIOBUSIX in
vitro npuxonurcs Ha 12-17 geHs.

[Tepuon hopMupoBaHHs Kak CEeMsIOIBHBIX, TAaK U HACTOSIIMX JINCTHEB B CTEPHIIBHBIX
YCIOBHSX YJUIMHSETCS IPUMEPHO B 2-3 pa3a 0 CPaBHEHHIO C aHAJIOTHYHBIM B JJAOOPAaTOPHBIX
YCIOBHSAX ISl BCEX MCCIIEOBAHHBIX BHJIOB. TarkKe I JaHHBIX BHJOB OBLJIO OTMEYEHO
NOSBJICHUE aHOMAJIUN B PAa3BUTUU MPOPOCTKOB: OCTAHOBKA B POCTE, (OPMHPOBAHHE OYEHB
KOPOTKOT'O IIEPBUYHOTO KOPHS, U3MEHEHHE LIBETA BET€TATUBHBIX OPraHOB U T.J.
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THE INITIAL STAGES IN DEVELOPMENT OF SOME RARE PLANTS OF
UDMURTIA IN THE CONDITIONS IN VITRO
E.N. Kuznetsova
Udmurt state university, Izhevsk
e-mail: pteris-2008@mail.ru

Now the microclonal propagation of rare plants is widely used as a tool for the
conservation of biodiversity. Input in culture in vitro for subsequent micropropagation can be
accomplished with using a variety of explants, including seeds. But the chemical’s (sterilizing
agents and nutrient medium) influence on germinating and development of seedlings should
be considered in cases of input in culture in vitro with using seeds.

The objects of research are three rare species listed in the Red Book of Udmurt
Republic (2012): Adenophora liliifolia (L.) A. DC., Aster amellus L., and Cortusa matthioli L.
The different variants of presowing treatment and sterilization were realized in view of
different features of the structure of seed coat and differing degrees of embryo’s development.
In sterile conditions the sowing was made on nutrient medium of Murashige-Skoog. Input to
culture in vitro and further assessment of the effect of sterilizing agents was carried out
according to standard techniques (MexayHapoaHble paBuia aHanu3a cemsiH, 1984; bytenko,
1999, etc.).

The experiments showed that all studied species irrespectively of the type of sterilizing
agent and features of seed anatomy are characterized by delay of seed germination and further
development of seedlings. According to the obtained data stratification is optimal variant of
presowing treatment for seeds of Adenophora liliifolia and Cortusa matthioli. In the
laboratory (unsterile) conditions germination of Adenophora liliifolia was 80,0%=5,8;
Cortusa matthioli — 50,0%3,2. The peak of germination was observed on 7-9 days and 10-14
days from the start of experiment respectively. Processing by sterilizing agent significantly
reduced the germinating power of these species, germination of Adenophora liliifolia was
40,0%+5,0 and of Cortusa matthioli — 33,3%+3,3. The peak of germination in sterile
conditions more shifted by 7-10 days compared to the same period in unsterile conditions.

The seeds of Aster amellus have a morphological type of dormancy, that’s why
presowing treatment wasn’t used. Germination in unsterile conditions was 60,0%+5,8; peak
of germination was observed on 5-7 days. Seed germination after processing by complex of
sterilizing agents is reduced slightly (52,5%7,5). However, the peak of germination in vitro
accounts for 12-17 day.

The period of formation of cotyledon and true leaves in sterile conditions is lengthened
by approximately 2-3 times in comparison with the same period in laboratory conditions (for
all studied species). Also the appearance of anomalies in the development of seedlings was
noticed: stasis, formation of very short primary root, change of color of vegetative organs.
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KPUTUYECKHUE CTAIUU B PASBBUTUU CEMSH
KAHHBI CAJIOBOW U JJUJEWHUKA TUBPHUHOI'O
T.H. Ky3bMuHa
«Huxumcxuii bomanuueckuii cao — Hayuonanonwiii nayunvii yenmp PAH», . Anma
e-mail: tnkuzmina@rambler.ru

Kanna canoBas (cem. Cannnaceae) u numneitHuk rubpuansiii (cem. Hemerocallidaceae)
—  BBICOKOJICKOPATHBHBIE KYJIBTYphl, OTHOCAIIMECS K KIAaccy OJHOAOJNBHBIX, OHHU
MPEJCTaBICHBl MHOTOYMCICHHBIMU COPTaMU OTEUYECTBEHHOW M 3apyOeHOW CeNeKIUU.
OpHako yBeJIMUYEHHE MOMYJISIPHOCTH HCIIONB30BAaHUA JAHHBIX KyJIbTyp B JaHAMIA()THOM
Iu3ailHe W O3€JICHEHWH BO MHOTOM OIPEAENSeTCs ycleXaMH CelIeKIIMOHHOW paboThl,
HaNpaBJICHHOW  HAa CO3/IaHUE COPTOB, AJAaNTHPOBAHHBIX K ITOYBEHHO-KIMMATHYECKUM
ycnoBusM FOxkHoro 6epera Kpeima u apyrux roxxHbix paiioHoB Poccum (ILlonoxoa, 2004;
Vnanosckas, 2012). Pabota B JaHHOM HaIpaBJIEHUU SIBJISETCS OAHOW M3 IPHUOPUTETHBIX
3a/lay CeNeKlIUU ACKOPATUBHBIX KynbTyp Hukurckoro Gotanmyeckoro cana (r. fnra). B
TPaJUIIMOHHON MPAKTHKE CENIEKIIMOHHOW PabOThI MOTYYCHHUE TTOJTHOIICHHBIX CEMSH SIBIISICTCS
OJIHUM U3 Hambosiee Ba)KHBIX JTAIOB, MAIOUIUX MPEICTaBICHHE 00 yCHEIIHOCTA MPOBEACHUS
ruOpumu3anuu. Ilpu 3ToM B XOme TeHe3Wca CEMEHH OOXOIUMO YYHTHIBATH MEPUOJIBI
CTPYKTYpPHO-(QYHKIIMOHAIBHOHN MEPECTPOUKHU B Pa3BUTHH 3apOJIbIIIA U TKAHEH, OKPYKAIOIINUX
€ro, 4YTO COIVIACHO COBPEMEHHOM TEPMUHOJIIOTMM B LUTO3MOPHOJIOTHMM PACTEHUH,
xapakrepusyeTcs kKak kputudeckue ctaauu ([lampos, 1997), u mo3BoseT BBIIBUTH NEPUOIBI
HanOOJbIIeH BEPOATHOCTH a0OPTHPOBAHUS TUIOJIOB M CEMSIH.

Jns uaeHTHQUKAMN KPUTHYECKUX CTaAUNA PpPa3BUTHS CEMSH MOKPHITOCEMEHHBIX
pacTeHuil WCIONB3YIOT CPAaBHUTEIBHOE KOMIUIEKCHOE HW3yYeHHE IUHAMHUKH WX pOCTa M
mubdepeHIMaul  CTPYKTYp, a TakkKe TMPOBOAAT THUCTOXUMHUYECKHE HCCIEIOBAHUS,
BBISIBIISIIONINE W3MEHEHHS HAKOIUICHHS OCNIKOB, HYKJICHHOBBIX KHCJIOT M YIJICBOJOB B
3apojblllie M TKaHAX, OKpyxkaroumx ero (Batygina, Vasilyeva, 2003; Ihle, Dure, 1972;
Erdelska, 1981; bareiruna, KosecoBa, BacunbeBa, 1983; IllampoB, Hukurnuera, 1992;
[MampoB, Auucumosna, 1993; Illampos, 1997; u ap.).

Ha ocHOBaHUM TaHHBIX CTPYKTYPHOTO 1 MOP(HOMETPHUECKOTO aHAIIN3a PA3BUTHUS CEMSH
KaHHbl canoBoil (Canna x hybrida hort.) copra Jlap BocToka HamMu yCTaHOBIEHO, UTO
MepHoIbl MAaKCUMAaJIbHOM WHTEHCHMBHOCTH POCTa 3apojpllia mpuxoasTcs Ha 2, 4, 8, 10, 14
CYTKH TIOCIIE OTBIJICHHS, @ CHU)KCHHE HMHTEHCUBHOCTH POCTOBBIX MPOIECCOB HAOMIOaeTCs Ha
3, 6-7,9, 11-13, 15-16 cyTtku. ComnocTtaBieHue JUHAMUKH POCTa U TIEPUOIU3AINHN Pa3BUTHUS
3apoJiplllla MMOKAa3ajo, YTO M3MEHEHHE MHTEHCHBHOCTH €ro pOCTa COOTBETCTBYIOT CTaIHsIM
npodMOpro (TIepBBIE JIENEeHHs), TIOOYISPHOrO 3apojblllla W HAdadbHBIM JTalaM €ro
OpraHoreHesa.

[Tuku MakcMMallbHOW HMHTEHCHMBHOCTH pOCTa 3apojbllla JIWICHHUKA THOPHIHOTO
(Hemerocallis x hybrida hort.) copra Cherry Eyed Pumpkin ormeuatorcst va 1, 7, 11, 23, 27
CYTKH 1ociie onbuieHus. CHI)KEHUEe MHTEHCUBHOCTH POCTa 3apo/bliia MPUXOJUTCs Ha 5, 9, ¢
13-21 m 25 cyTku mocjie OMbUICHHS, YTO COBHAAaeT C MEPUOJAMU €ro CTPYKTYypPHOM
NEepeCcTPOWKH, B YACTHOCTH, NEPBBIX MACICHHHA 3UrOTHI U TMPO3IMOPHO, (OPMHPOBAHUS
SMOPHOIEPMBI, @ TAKXKE CTaUN OPraHOreHe3a U, COOTBETCTBEHHO, MO3TAITHOMY IMOBBILIEHUIO
YPOBHSI €r0 OpraHU3aIHH.

[Ipu 5TOM yCTaHOBJIEHO, YTO Y HCCIEAYEMbIX KYJbTYp B MEpBble JIBE€ JeKaibl MOCIE
OMBUICHHS, T.€. HA HAYAIbHBIX CTagusAX (opMHpOBaHUS 3apOJBIINIA, oTMeYaeTcs
CUHXPOHHOCTh MHTEHCHUBHOCTU POCTa CEMEHHU U 3apobllia, YTO MO3BOJSET paccMaTpUBaTh
Mop(hoMeTpUYECKHUEe TapaMeTphl CEeMEHH, KaK KOCBEHHBbIC NPHU3HAKU HAYaJIbHBIX CTATUuU
Pa3BUTHSA 3apO/bIIIA JUIsSl ONPEEICHUS IEPHUOI0B HauOOJbIIeH BEpOSITHOCTH a0OpTUPOBAHUS
IUIO/IOB U CEMSIH.
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CRITICAL STAGES IN SEED DEVELOPMENT OF
GARDEN CANNA AND HYBRID DAYLILIES
T.N. Kuzmina
Nikita Botanical Gardens — National Scientific Centre
of the Russian Academy of Sciences, Yalta
e-mail: tnkuzmina@rambler.ru

Garden canna (family Cannnaceae) and hybrid daylilies (family Hemerocallidaceae) are
highly decorative cultures from the Monocotyledonous and are represented by numerous
cultivars of domestic and foreign selection. However, an increase in popularity of these
cultures used in landscaping and planting is predetermined in many ways by the results of
selection work designed to create the sorts adaptable to the soil and climatic conditions of the
South Coast of the Crimean and other southern regions of Russia (Sholokhova, 2004;
Ulanovskaya, 2012). The work in this area is one of the priorities in selection of decorative
cultures of Nikita Botanical Garden (Yalta). In the traditional practice of selection, obtaining
of plump seeds is one of the most crucial stages as it provides an indication to the success of
hybridization process. Herewith, in the course of the seed genesis it is important to take into
account the period of structural and functional adjustment in the development of embryo and
tissues surrounding it as according to the modern terminology of plant cytoembryology it is
characterized as the critical stages (Shamrov, 1997), and allows to identify the periods of the
greatest probability of abortion of fruits and seeds.

To identify the critical stages of flowering plants seed development, a comparative
complex study of their growth dynamics and structure differentiation is used, as well as
histochemical researches allowing to find changes in accumulation of protein, nucleic acids
and carbohydrates in the embryo and tissues surrounding it (Batygina, Vasilyeva, 2003; Ihle,
Dure, 1972; Erdelska, 1981; Batygina, Kolesova, Vasilieva, 1983; Shamrov, Nikiticheva,
1992; Shamrov, Anisimova, 1993; Shamrov, 1997; etc.).

Based on the data of structural and morphometric analysis of development canna seeds
(Canna x hybrida hort.) cv. ‘Dar Vostoka’, we have determined that the periods of peak
intensity of the embryo growth are seen on 2, 4, 8, 10, 14 day after pollination, and decrease
of growth intensity is seen on 3, 6-7, 9, 11-13, 15-16 days. Comparison of the growth
dynamics and periodization of the embryo development showed that the change in the
intensity of its growth corresponds to the stages of proembryo (the first divisions), formation
of globular embryo and initial stages of organogenesis.

The peaks of maximum growth intensity of the embryo of daylily (Hemerocallis x
hybrida hort.) cv. ‘Cherry Eyed Pumpkin’ are seen on 1, 7, 11, 23, 27 days after pollination.
Decrease of embryo growth intensity is seen on 5, 9, from 13 to 21 and 25 day after
pollination that complies with the periods of its structural change, in particular, the first
divisions of zygote and proembryo, formation of embryoderme, as well as the stages of
organogenesis, and, respectively, gradual increase of its organization level.

It is determined that the cultures under study within the first two decades after
pollination, i.e. at the initial stages of embryo formation, show synchronous growth of the
seed and the embryo that allows to consider the morphometric parameters of the seed as
indirect characteristics of initial stages of embryo development for determination of the
periods of the greatest possibility of abortion of fruits and seeds.
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AHAJIN3 MYTAIITMOHHOM AKTUBHOCTHU LONICERA CAERULEA
(CAPRIFOLIACEAE) B JIOKAJIbHOM CEUCMOTEKTOHUYECKU AKTUBHOM
30HE
A.N. Kyn1ukoBa 1, M.B. CkanmoB 2
" [JCBC CO PAH, Hosocubupcxk
? Anmaiickuii 2ocyoapcmeennwlil ynusepcumem, bapunayn
kulikovaai@ngs.ru

B pesynpTaTe CpaBHMTEIBHOW OLIEHKM W3MEHYMBOCTH IIPU3HAKOB DPENPONYyKTUBHOM
chepsl Lonicera caerulea s. 1. B pa3nuuHbiXx paiioHax ['opHoro Anras Obula BBIACIICHA
HOMyJIAUS B OKpecTHOCTH moc. Bepxuuii VYiimon (Ycrb-KokcuHckuii p-oH), rae
HaOJI01a7IOCh 3HAYMTENIFHOE YBEIMYECHHE NOoIMMOphr3Ma MOpQOIOTHUECKUX TPH3HAKOB
IIBETKOB, M aHOMaJluu B HUX cTpoeHuu. Ha OCHOBaHMM pe3yNbTaTOB TI'€OMAarHUTHOM,
palualMOHHOM, PAJOHOBOM, T'€0JIONO-T€OXUMHUUYECKON U MOYBEHHO-T€OXHUMHUYECKON CHEMOK
Ha 3TOM Y4YaCTKE B CXOJAHBIX I'€000TAHWYECKHMX YCJIOBUSAX OBIIM BBIOpAHBI IUIOILAIKH,
pasnuyaromuyecss Mo TreoQU3NYeCKHM M TEeOXMMHYECKHM XapakTtepuctukam. Ilmomaaka
«A2+» Haxomunachb B 30HE IIOJIO)KMTEIBHOW MAarHUTHOM aHOManuu, «A2-» — B 30HE
OTpULIATENIbHOM MAarHUTHOM aHOMajuH, IomWaaku «3amaan» U «BocTok», MO JaHHBIM
reoMop¢oJIOr1H, HaXOAWIUCh B 30HE pa3noma. «OCHOBaHUE XpEOTHUKa» — 30HA MEePECeUCHHs
pPa3IoOMOB, XapaKTEPU3YIOMIAsICs BBHICOKUM COJIEpKaHUEM TOANOYBEHHOTO panoHa (mo 3200
Bi/M’). KOHTPONBHBIH y4acTOK XapaKTepH30Baics (hOHOBEIMHU MOKA3aTENAMH MATHATHOTO U
PaAMaLMOHHOTO MOJIEH U OTCYTCTBUEM M€OXUMHUECKUX aHOMAJIH.

B stux nomymnsiuusax Oblio npoBeneHo nzydenue konuyectsa JJHK metonom npotounoit
nuToMerpuu. Hanbomnpiass ©3MEHYMBOCTh pa3Mepa T'€éHOMa OTMEYEHAa B MHUKPOIOMYJISIUU
«ocHoBaHue xpeodtukay (CV=7,6%), B OCTaJbHBIX MHUKPONOMYJALUIX KO3 UIueHT
Bapuanuu He mnpesbiman 5%. Ilo mosydyeHHBIM JOaHHBIM TakXke ObUT NPOBEICH aHaIu3
AMOVA, KoTOpBI# OKa3aJl, YT0 MUKPOHOMYJISIMH TOCTOBEPHO Pa3IHUaOTCs MEKIY cO00it
10 pa3Mepy reHoMa.

ITosrydyeHHBIE pE3yabTaThl COTJIACYIOTCS C IPEACTAaBICHHBIMU paHee IaHHBIMU I10
(GepTUIBHOCTU MbUIbLIBI, CEMEHHON MPOAYKTHUBHOCTH, BCXOXECTH M 3HEPIHMM NPOpPACTaHUS
CEeMfAH, a TakkKe C LHUTOTCHETUYECKHMMM IIOKa3areiasiMu. Ha OCHOBaHMM IOJyYEHHBIX
pe3yIbTaTOB MOXKHO CJEJIaTh BBIBOJ 00 YCHJIEHUU MYTAllMOHHOW aKTUBHOCTU B OTIEJbHBIX
HOMYJIAUUAX, TPUBOJAIIEH K YBEJIMYEHUIO NOIMMOp(H3Ma MPU3HAKOB PENpPOAYKTUBHOU
chepsr.

UccnenoBanue yactuuno noaaep:kano rpantoM PODU mpoekt Ne 16-34-00199\16.
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ANALYSIS OF MUTATION ACTIVITY OF LONICERA CAERULEA
(CAPRIFOLIACEAE) IN LOCAL SEISMOTECTONIC ACTIVE ZONE.
A.L Kulikova ', ML.V. Skaptsov *
I Central Siberian Botanical Garden SB RAS, Novosibirsk
? Altai State University, Barnaul
kulikovaai@ngs.ru

As a result of the comparative evaluation of variability of Lonicera caerulea s. 1.
reproductive system features in various regions of the Altai Mountains population was
allocated in the neighborhood of the Upper Uimon village (Ust-Koksinsky District), where
there was a significant increase in the polymorphism of morphological characters of flowers,
and anomalies in their structure. Based on the results of geomagnetic and radiation, radon,
geological, geochemical and soil geochemical surveys in this sites in similar geobotanical
conditions the platforms were selected, differing by geophysical and geochemical
characteristics. The site «A2+» is in the area of positive magnetic anomaly, «A2-» — in the
area of negative magnetic anomaly, sites «West» and «East», according to the
geomorphology, were in the fault zone. «The base of the ridge» — the intersection of the fault
zone, characterized by a high content of subsoil radon (up to 3200 Bq/m3). A control site was
characterized by normal values of the magnetic field and radiation and lack of geochemical
anomalies.

In these populations the study of quantities of DNA by flow cytometry was conducted.
The highest variability observed in the genome of micropopulation «The base of the ridge»
(CV = 7,6%), in other micropopulations coefficient of variation does not exceed 5%.
AMOVA analysis was also held, which showed that micropopulations significantly differ in
genome size.

These results agree with previous data represented on pollen fertility, seed production,
germinating capacity and energy of seed germination, and also with cytogenetic
characteristics. Based on these results, we can conclude on enhancing of mutational activity in
certain populations leading to increase polymorphism of reproductive system characters.

The study was partially supported by grant RFBR, project Ne 16-34-00199\16.
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TPEXMEPHASI KAPTA ITIPOJIM®EPAIIMOHHOM AKTUBHOCTH B
KOHYUKE KOPHS ARABIDOPSIS THALIANA: PAJINAJIBHAS,
BUJIATEPAJIBHASA U ITPOJOJIBHASL CUMMETPHUMN.
B.B. JIaBpexal’z, T. HaCTepHaK3, B.B. anononal’2
"Hnemumym Lumonoauu u Fenemuxu CO PAH, Hosocubupck
2Hoeocu6upc1<uﬂ HAYUOHATILHBILL UCCe008AMENbCKULL 20CYOAPCMEEHHbLI
yHugepcumem, Hosocubupck
I Unemumym 6uonoeuu Il/ monexynsiphoti usuonozuu pacmenuii, Opaiibype, Fepmarus
e-mail: vl@bionet.nsc.ru

CTpyKTypHas oOpraHu3alMs KOpHS pAacTeHHs I03BOJIIET OTCIIEKHUBATh TPACKTOPHUU
pa3BUTHs WHUIHMAJCH Yepe3 WX MOYepHUE KIETKH O TOJHOCTBIO TH(QepeHIIMPOBAHHBIX
KJIETOYHBIX THUIOB. /lIMHA KOpHS OTpa)kaéT M CKOPOCTh KJIETOYHOW mponudepanuu, u
CKOpOCTh yJUTHHEHUS KJIETOK. J{eleH s KIeTOK MPOUCXOUT B allMKaJIbHON MepUCTEME KOPHS
(AMK), kortopass mpencTaBiasieT coOOM JAMHAMHUUYECKyl0 cucteMy. bamanc wmexny
MHUTOTHYECKOW aKTUBHOCTBIO M KJIETOYHOW crienn(UKaLUei onpeaesseT JTUHY MEPUCTEMBI.
B HacTosi11ee Bpemst CTpyKTypa MEpUCTEMBI (IJIMHA MPOIU(epaliMOHHOIO JOMEHA, Iepexoa K
YAJUHEHUIO, PACIOIOKEHUE OTAENBbHBIX PSIOB KJIETOK) B OCHOBHOM H3Y4aeTcsl Ha OCHOBE
JBYMEPHBIX HM300paXeHUH, M HTOT MOAXOA HUMEET HEIOCTaTKH IPH HUCCIIeAOBAaHUU
OounarepansHOl cummeTpun. HenmaBHo Obta pa3paborana mporpamma iRoCS (Schmidt, 2014)
JUIs aHHOTUPOBAHMS TPEXMEpPHOW OpraHu3allui KOHYMKa KopHs. Bmecre ¢ mepepaboTaHHOM
IPOLEAYPON SKCIIEPUMEHTA 10 JETEKTUPOBAHUIO COOBITUM MPOXOKAEHUS KJIETOUHOIO LUK
(Pasternak, 2015) »Ta nporpamMMa npeAoCTaBiseT OONBLIIOW MOTEHLHAN B H3YYCHUU
MEXaHU3MOB PEryJsUH KJIETOYHOIO LIMKJIa BO BceM opraHe. B cBoeil pabote, ucnomnp3ys 3T
TEXHUKHU, Mbl IPOAHATIU3UPOBAIIN PACIIPEICIICHUS KITIOUEBBIX MPOIECCOB KIETOUYHOTO LUKJIA -
permukammii  JIHK u  muTo30B, B KOHUMKE KOpHA A. thaliana. B skcniepuMente
CTepHJIN30BaHHbIE CEMEHA BBIpALIUBAIUCh B yamikax [letpu Ha AM cpene npu temneparype
22°C u cBeroBoM nHe 16/8. [TatuaaeBHBIC TIpOpocTKU oOpadaTeBauck 200 pg/l DAPI nmmn
10 uM EdU u xonxuuuHoM B TeyeHMH 90 MHMHYT. 3aTeM KOHYMKHM KOpHEH CHMMaiu Ha
KOH(OKaJIHbHOM CKaHUpylomeM Ja3zepHoM Mmukpockorne (LSM 510 Duo Live). s
AHHOTAIMU KOH(OKAIbHBIX M300paKeHUI KOHYMKOB KOpHeH A. thaliana ¢ okpackoit EAU un
DAPI mbl ucnionb3oBanu nporpammy iRoCS, koTtopast mo3BoJiniaa HaM 10-HOBOMY B3IJISIHYTh
Ha 30HUpoBaHMe KOpHs. [lokazaHo, uTO mponudepalvoHHAs AKTUBHOCTb OTIMYAETCS B
pa3IMYHBIX TKAaHAX KOPHS M pslaX KIETOK. OTH pa3iuuusi CBS3aHBI C DPagualibHOMH,
OunarepaJbHOW M NPOJOJBHOW THUIIAMH CUMMETPHSIMHM B KOHYMKE KOpHA. MBI cospanun
TPEXMEPHYI0 KapTy MpoiauQepalliOHHON aKTHMBHOCTH B KOHYUKax KopHeu A. thaliana,
KOTOpasi TIOKa3blBaeT paJualibHyl0, OujaTepalibHyl0 U MPOJOJIbHYI0 AacHUMMETpUU B
pacripenenenun MuTo30B. Pabora mognepkana bromkernsiM mpoexktom Ne 0324-2015-0003 u
PH® (npoext Ne 14-14-00734).
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3D MAP OF PROLIFERATION ACTIVITY IN ARABIDOPSIS THALIANA
ROOT TIPS: RADIAL, BILATERAL AND LONGITUDINAL SYMMETRIES
V.V. Lavrekhal’z, T. Pasternak3, V.V. Mironova
! Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia
2 LCT. EB, Novosibirsk State University, Novosibirsk, Russia
3 Institute of Biology Il/Molecular Plant Physiology, Centre for BioSystems Analysis,
BIOSS Centre for Biological Signalling Studies University of Freiburg, Freiburg, Germany
e-mail: vl@bionet.nsc.ru

The plant root arrangement allows tracing developmental trajectories from initials
through their daughters till fully differentiated cell types. Total root length reflects both cell
proliferation and cell elongation rates. Cells proliferation occurs in the root apical meristem
(RAM). The RAM is a dynamical system which length is balanced by the mitotic activity of
its cells and their specification. Up to date the RAM structure (length of the proliferation
domain, transition to elongation, arrangement of specific cell lineages) was mainly analyzing
on 2D images, and this approach has some weaknesses considering bilateral symmetry of the
root. Recently, iRoCS toolbox was developed (Schmidt, 2014) for annotation of the root tip
organization in three dimensions. Together with the refined experimental procedure for
detection of cell cycle progression events (Pasternak, 2015) it gives a great potential to study
the cell cycle regulation mechanism in an entire organ. Here, using these techniques, we
analysed the distributions of the key cell cycle events — DNA replication and mitosis in the
root tips of Arabidopsis thaliana. In experiment seeds were sterilized and grown on AM
medium in plates with 22°C temperature under 16/8 light cycle conditions. 5-th day old seeds
were incubated in 200 pg/l DAPI/10 uM EdU and 1 mg/ml colchicine for 90 minutes. Then,
the root tips were investigated using a confocal laser scanning microscope (LSM 510 Duo
Live). Annotation of the confocal images with EQU and DAPI labelling using iRoCS toolbox
allowed us to give a new insight on the Arabidopsis thaliana root tip zonation. Namely, we
quantitatively showed that the proliferation activity differs for distinct cell types and files. The
differences were associated with bilateral, radial and longitudinal symmetries of the root tips.
We created 3D map of proliferation activity in Arabidopsis thaliana roots tips, which shows
radial, bilateral and longitudinal asymmetries of mitosis distribution. This research was
supported in by the Budget project Ne 0324-2015-0003 and RSF 14-14-00734.
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PEJOKC-PET'YJISIIIUSI TIPOTAMHOM ®A3bI OIIVIOJOTBOPEHUSI
H.M. MakcumoB
Mockosckuit I'ocyoapcmeennsiii Yuusepcumem um. M.B. Jlomonocosa, Mockea,
Poccus,
e-mail: nmmaksimow(@gmail.com

AxktuBHble  ¢Qopmbl  kuciopoga (ADK)  aBusroTCs  BBICOKOPEAKIIMOHHBIMH,
METAacTaOMIBHBIMH areHTaMH, O0JaNaloMMMK M30BITOYHON SHEPruei Mo OTHOIICHUIO K
MOJIEKYJIAPHOMY TpHIUieTHOMY Kuciopoay (CO,). ITepoxcua Bomopoma (H,0,) sstercs
HanOonee monroxuBymnien APK, criocobHol mudpyHaupoBaTs B IUTOIUIA3ME U MIPOHHUKATH
yepe3 6uonornueckue memOpansl (Apel, Hirt, 2004). Y6enurtensHo nokaszano ygactue H,O; B
IMIMPOKOM cHeKTpe (usnonorndeckux mpoueccoB (Niu and Liao, 2016), B Tom uucie H,O,
UrpaeT BaXXKHYIO pOJIb B MPOraMHOW (pa3e OIMJIOJOTBOPEHHUs y CEMEHHBIX pPACTEHHM.
[IponemoncrpupoBano HakoruieHne A®K (rmaBaeiM o6pasom H»O,) B phutblie mpH
HOJATrOTOBKE K OMNBUICHUIO Y Pa3HBIX BHJOB, YTO BEPOSITHO CIOCOOCTBYET aKTHBAaLUU
IBUTBLIEBBIX 3epeH Ha moBepxHOcTH pbutblia (Mclnnis et al., 2006). Ilokasano yuactue
suporeHHbix ADK B perynsuuu pocta mbUiblieBoi TpyOku in vitro (Potocky et al., 2007).
OnHako, KOHKpeTHbIE Qu3noiorndeckue wMexaHusmMbl ADK-perymsmum B My»XCKOM
ramerodure 10 CUX MOpP BO MHOI'OM OCTAalOTCSI HE BBISIBIICHBI.

B cBoeit pabote mMbI uccnenoBanu usnonorndeckue d3pdexter HrO», ynenss ocoboe
BHUMaHWE MOHHOMY CTaTyCy HpOPAcCTAOLIETrO IMbUIBLEBOIO 3€pHA M pacTylled NbUIbLEBON
TpyOku. OMBITHI TPOBOAMINM B CHCTEME in Vifro, B KadyeCTBE YIPOIICHHOW MOJEIH
UCIIOJIb30BAJIM MPOTOIUIACTBI M3 MbUIBLEBBIX 3€peH M MbUIbLEBBIX TpyOok (Breygina et al.,
2016; Maksimov et al., 2016). JIByMs He3aBUCUMBIMHA METOJIaMH MOKA3aHO, YTO KIIFOUEBHIM
MomyneM perymammp  seasercss  HoO,-mHmymmpoBaHHas aktéBarms Ca’ -POBOSIIKX
kaHanoB. Takxke Obl1 06HapyxeH H,O,-MHIyIMpOBAHHBIA BBIXOAAUMI ToK K', KOTOpBIii
MOYKET UIpaTh Ba)XKHYIO pOJIb B aKTUBAIMM IbUIBLEBOrO 3epHa. Kpome Toro, 6bu10 U3yueHO
Biusane H,O, Ha MHTErpanbHBIA MMOKa3aTellb MOHHOTO CTaTyca: MEMOpaHHBIA MOTEHIUAI
wiazMaieMMbl (Em). beuta nmokasana rumepnossipuzanus Iula3MajieMMbl MPOTOIUIACTOB U3
IBUTBLIEBEIX TPYOOK, B TO BpeMsi KaKk MEMOPAHHBIA MOTEHIIHAN MPOTOILUIACTOB, MOTYYSHHBIX
U3 IBUIBLIEBBIX 3€pEH He n3MeHsuics npu aerictsun H,O,. [ToaydyeHHble JaHHbBIE JONOIHSIOT U
pacIIUpSIOT MPEICTABICHHUSI O PEIOKC-PETYIISIINH POPACTaHUS MBUIBIIEBOTO 3€PHA U POCTA
IbUIBLIEBOI TPYOKH.
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REDOX-REGULATION OF PROGAMIC PHASE OF FERTILIZATION
N.M. Maksimov
Lomonosov Moscow State University, Leninskie Gory, Moscow, 119991, Russian
Federation, Moscow, e-mail: nmmaksimow@gmail.com

Reactive oxygen species (ROS) are a group of metastable chemicals with excesive free
energy compared to triplet oxygen (*0,). Hydrogen peroxide (H,O,) is one of the most stable
and long living ROS; it can diffuse in the cytoplasm of the cell and pass through biological
membranes (Apel and Hirt, 2004). H,O, participates in many physiological processes (Niu
and Liao, 2016), including progamic phase of fertilization in seed plants. ROS (mostly H>O,)
accumulate in receptive stigma before pollination in many species; these ROS could stimulate
pollen grain activation and/or pollen tube growth (Mclnnis et al., 2006). The regulation of
pollen tube growth in vitro by endogenic ROS, produced by plasma membrane NADPH
oxidase (Potocky et al., 2007), has been reported as well. Nevertheless exact physiological
effects and mechanisms of ROS-regulation in male gametophyte remain unclear.

We have investigated physiological effects of ROS in male gametophyte, with especial
attention to ion dynamic on the plasma membrane. We have used protoplasts from pollen
grains and pollen tubes as an experimental in vitro model to study ion dynamic (Breygina et
al., 2016; Maksimov et al., 2016). Two independent approaches shows that crucial regulatory
hub is H,O,-induced activation of Ca2+-permeable channels. Also we have indentified H,O,-
induced outward K -current, which could play a role during the activation of pollen grain. We
have investigated changes of membrane potential (Em) induced by H,O,. It was shown
hyperpolarization of plasma membrane protoplasts from pollen tubes, while the Em of
protoplasts derived from pollen grains was stable during H,O, application. This data expands
our knowledge on ROS function and their physiological effects in male gametophyte.
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OLIEHKA )KU3HECIIOCOBHOCTH NBLIbIBI PACTEHUM POJIA
CERASUS B YCJIOBUSAAX TOKCUYECKOI'O JTEMCTBUSI METABOJINTOB
BAKTEPUU PSEUDOMONAS
M.B. Mac.osa', M.JL I[y6p013c1c1/11712
'®rE0Y BO Muuypunckuti 2ocyoapcmeeHtblil azpapHbiil YyHUepcumem
‘@I'BHY BHUUTw CIIP um. B.M. Muuypuna
Poccusa, o. Muuypunck
e-mail: marinamaslova2009@mail.ru

bakrepuanbHbie 60IE3HH MIOJOBBIX PACTEHUI HAHOCAT 3HAUUTEIBbHBIN yIIepO, MPUBOAS K
CHIDKEHUIO TIPOTYKTUBHOCTH CaJI0B, MIOTEPE YPOKAWHOCTH, THOSIM MHOTOJIETHUX HAaCAKICHUH.

B OmaronpusTHBIX yCHOBUSIX OakTepud HAYMHAIOT OBICTPO pPa3MHOXKATHCS B
MEKKJIETOYHBIX TPOCTPAHCTBAX M B COCY/JaX PACTCHHUS-XO35MHA, BBIICISISI TOKCHYECKHE
METabOIUTBI, CHOCOOHBIE IPUBECTH K THOENN KIICTKH.

B cnoxuBimxcs yciaoBusiX BO3HHMKIIA HEOOXOIMMOCTh W3yUEHHs XapaKTepa BO3JEHCTBUS
METa00IUTOB SHAOPUTHOW OAaKTEpHH, BBIICIMBIICHCS MPU TECTUPOBAHUU MOOETOB BUILHH, HA
TKaHU PACTCHUSA-XO03SMHA B PA3JIMUHBIX KOHIIEHTPAIUSAX, YTO IO3BOJIUT OTOOpPATh TE€HOTHUIIBI
YCTOMYMBBIE K AEHCTBUIO TOKCHHOB OaKTEPHU JIJIsI CENIEKIIMOHHOM PaOOThI U 3aKJIAKH CaJIOB.

B  pabore  wucCmonmp30BaHBI  CTAHAAPTHBIE  METOABI  W3OJSIMUA  SHAOPHUTHBIX
MHUKPOOPTaHW3MOB, KyJIFTHBUPOBAaHHMS WX HA HCKYCCTBEHHBIX MUTaTeNbHBIX cpemax ([yzaxa,
1982; Bbérrxep, 1987). Ouenka BnausHUS SHAOGUTHOM Oakrtepuu poma Pseudomonas wHa
pacTeHre-X039MHa TPOBOAMIACE C WCIOJNB30BAHMEM B KAueCTBE CENEKTHPYIOUIETO areHTta eé
KYJIbTypaJIbHOTO (PUIIbTpaTa, KOTOPHIN ObUT TOJTYYEeH B pe3yJIbTaTe KyJbTUBUPOBAHMS MATOTCHA
Ha KHUIKOW KapTo(enbHON cpele B TEUYEHHE Mecslla C IMOCIETYIOUIMM aBTOKIABUPOBAHUEM.
PactBop MeraGonmuToB M00aBisi B CyOCTpaT AJisi MHKYOMPOBAaHUS JIUCTHEB W THUIBIBL. B
KayeCTBE OMBITHBIX ObUTM B3ATHl BapUaHThl C KOHIIEHTpalueill QuibTparta KyJIbTypalbHON
xuakoct 2,5%, 5,0%, 10,0%. Kontposnem ciay i1 BapuaHT ¢ MCIOJIB30BAHUEM CyOCTpara, He
cofeprkaniero TokcuH. OIEHKY MOpaKeHUs JTUCTHEB MPOBOIMIN MO MX (DOTOCHHTETUYECKON
aKTUBHOCTU C momomibio xiopodmmidiayopumerpa PAM — Junior (I'epmanusi, Heinz Waiz
GmbH). JXXu3HecnocoOHOCTh MBUIBIIBI OMPEACTSUTN MyTEM €€ MPOpAIIMBaHHs Ha UCKYCCTBEHHON
nuTarenbHON cpene mnpu  t=+25°C B Tepmocrtare. Ilpemaparbl TOTOBWIM — COTJIACHO
oOmmenpuHATEIM Metoaukam (Tonmnbekas, 1975; [Taymesa, 1980).

C uensio BeisiBICHUS TU((EpSHITMPYIONEH KOHIICHTPAIIMA TOKCUYECKUX METa0OJIHMTOB B
KayeCTBE MOJICNbHBIX HCIOJBb30BAIM copTa BUIIHU Pomanmuxa, @es, Ilpesocxoonas
Benvsamunosa. [l BblAENEHHs TEHOTHIIOB YCTOHUYMBBIX K OaKTEpHO3y B HCCIICIOBAHUS
JIOTIOJTHUTENTLHO OBUTH B3STHI copTa JKykosckas, Typeenesckas, Xapumonosckas, Posecnuya. B
XOZIe OLIEHKH PEaKIUH MYMXKCKOrO rameTro(uTa MOJETHHBIX COPTOB BHUIIHH HAa WHTOKCHKAIIAIO
BBISIBJICHO, YTO HAWOOJBLIME pa3uuusi MEXKIY HUMH 10 >KH3HECTIOCOOHOCTH IBUIBIIBI
OTMEYal0TCs B BapuaHte ¢ 2,5%-HbIM coziepKaHieM OaKTepHaIbHOIO TOKCHHA B cperne: Ha 19,9%
— 79,6% ot cpennero 3HaueHus (B koHtpose Ha 4,5% — 10,2%). Ilpu stoM 1o copram
YCTAHOBJICHA KOPPENSLMS TOKa3aTeNel >KU3HECTIOCOOHOCTH THUIBIBI U (POTOCHHTETUYECKOM
AKTUBHOCTH JIUCTHEB B YCIOBUAX MHTOKCcHKarmu (1=0,91).

[Tpu ucnonb3oBanuu AU HEpeHIPYIOIEH KOHIEHTPAIMH TOKCHYECKOTO METa0oIuTa B
cpene (2,5%) oTMeueHO, 4YTO BBICOKOM CTENEHbIO YCTOMYMBOCTM K OakTepuoszam
xXapakrtepusyrorcsa copra Pomanmuka, Typeenesxa, Posecnuya, ®es, y KOTOPBIX INPOLIECHT
MPOPOCIINX MBUIBLEBBIX 3epeH Konedaica oT 138,2% no 72,9% ot xontposns. JlaHHble copta
PEKOMEH]TyeTCsI UCTIONIL30BATh ISl NATLHEHUIIeH CEeJIeKIIMOHHON paboThl, a TAKKe YIS 3aKJIAJIKH
caioB. My»kckoit rametodut coptoB JKykosckas, [Ipesocxoonas Benvamunosa, Xapumonosckas
OKa3aJICsl MEHEee YCTOMYMBBIM K JEHCTBHIO TOKCHHOB OAKTEPHHU, O YeM CBHUIETENHCTBYET HU3KHUIMA
YPOBEHB KU3HECTIOCOOHOCTH MBUIBIIBI B onbITe (32,1% — 49,7% oT KOHTpOIIs).

BbusiBieHre peakiue COPTOB BUIIHU Ha JCHWCTBHE META0ONUTOB OaKTepuu poja
Pseudomonas 1o3BoMnsieT Ha TaIIOWJHOM YpPOBHE NMPOU3BOIUTH OTOOP LIEHHBIX T'€HOTHIIOB IO
MPU3HAKY YCTOMYMBOCTH K MATOT€HY ISl CEJIEKLIMU U TTPOU3BOJICTBA.
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Bacterial diseases of fruit plants cause significant damage, leading to reduce
productivity of gardens, yield losses, distruction of perennial plants.

In the current circumstances, there is a necessity to study the impact of metabolites of
endophytic bacteria, released during the test shoots of cherry, on the tissues of the host plant
in various concentrations.

Evaluation of the effect of the toxins of the bacteria on the plant host was performed
using culture filtrate of endophytic bacteria from the genus Pseudomonas as a selective agent.
A solution of metabolites was added to the substrate for incubation of leaves and pollen.
Options with the concentration of the filtrate culture liquid of 2,5%, 5,0%, 10,0% was taken
as a handling pilot. The substrate containing no toxin was used as a control. Assessment of
leaf lesions was carried out according to their photosynthetic activity using PAM
chlorotrifluoromethane — Junior (Germany, Heinz Waiz GmbH). The viability of pollen was
determined by germination on artificial medium at t=+25°C in the thermostat.

The toxin of bacteria of the genus Pseudomonas can cause different reactions,
depending on its concentration in the medium. 2,5% (???) For the selection of genotypes
resistant to bacteriosis, the percentage of germinated pollen grains under conditions of
intoxication was considered. To identify differentiating concentrations of toxic metabolites
the varieties of cherry Romance, Feya, Prevoskhodnaya Veniaminova were used as a model.
For the selection of genotypes resistant to bacteriosis in the study were additionally taken
varieties Zhukovskaya, Turgenevskaya, Kharitonovskaya, Rovesnitsa. The evaluation of the
reaction of the male gametophyte of the model cherry cultivars to toxicity revealed that the
greatest differences in viability of pollen are observed in the variant with a 2,5% content of a
bacterial toxin in the environment: 19,9% — 79,6% from the average value (in the control to
4,5% to 10,2%). Wherein the correlation of indicators of the pollen viability and
photosynthetic activity of leaves in conditions of intoxication (r=0,91) on varietes was
established.

When using differentiating concentration of the toxic metabolite in the medium (2,5%)
it was noted that a high degree of resistance to bacterial diseases are characterized to the
varieties of Romance, Turgenevka, Rovesnitsa, Feya, where the percentage of germinated
pollen grains varied from 138,2% to 72.9% of the control. These varieties are recommended
for further breeding work, as well as for orchards. Male gametophyte of the varieties
Zhukovskaya, Prevoskhodnaya Veniaminova, Kharitonovskaya proved to be less resistant to
the action of toxins of bacteria, as evidenced by the low level of viability of the pollen (32,1%
—49,7%).

The studies have shown that the reaction of cherry cultivars to metabolites of bacteria of
the genus Pseudomonas allows to make the selection of valuable genotypes for haploid level
on the basis of resistance to pathogens for breeding and production.
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CUCTEMHAS BUOJIOTUS PACTEHUI
C.C. MengBenes
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e-mail: s.medvedev@spbu.ru

CuctemHass  Ouoiorus —  MEKIUCLUIUIMHAPHOE  HAy4yHOE  HaIpaBlieHHE,
oOpa3oBaBlleecsl Ha CTbIKE OHOJOTMM M TEOPUU CIOXKHBIX cucteM. C TOYKH 3peHUs
CHUCTeMHOU Ouosyoruu j1r000i 6HoNornyeckuii 0ObEKT paccMaTpUBaeTCs KakK cucmema, T.e.
IIEJIOCTHBIA KOMIUIEKC B3aUMOCBSI3aHHBIX M B3aMMOJEHCTBYIOUIHMX d1emenmos. CUcTeMHas
OMoJIOrusl OPUEHTHUPOBAHA HAa M3YyYEHHUE CIIOXKHBIX B3aUMOJACWUCTBUI B JKHMBBIX CHCTEMax U
UCIIOJNIB3YET LENOCTHBIN (holistic) moaxoa Ans aHanu3a OMOJIOTMYECKHX IMPOLIECCOB HA BCEX
YPOBHSIX OpraHU3allH KUBON MPUPOJIBI.

OCHOBHOW METOHOJOTMYECKHI TOIXOJ CHUCTEMHOW OWOJIOTUM 3aKII0YaeTcs B
BOCIIPUATHM  OOBEKTa HCCIENOBaHMS KaK LEJIOro M IOHMMaHMEe MEXaHU3MOB,
00eCTIeYNBAIOIINX IIETIOCTHOCTh OpraHu3Ma. CHCTEMHBIA IOAXOJ| SBISIETCS HE CTOJIBKO
METOZOM pELICHUsl 33aJa4, CKOJIBKO MemoooM NOCMAHOBKU 3a0ay, TIOCKOJIBKY KaK HWHOT/A
TOBOPAT «IPAaBHJIBHO 33JaHHBIA BOMPOC — TIOJIOBMHA OTBETa». JTO KAdeCTBEHHO OoJee
BBICOKHI, HEXXEJH MPOCTO MPEAMETHBIN, CIOCO0 MO3HAHMUS.

B cucremHOli OHWONOTMM OCHOBHOE BHHMAaHHE YJENSETCS TaK Ha3bIBAEMBIM
SMEp/KEHTHBIM CBOMCTBaM OHOJIOTHUECKUX OOBEKTOB (CHUCTEM), TO €CThb CBOWCTBaM,
KOTOpbIE HEBO3MOXXHO OOBSICHHTH C TOYKH 3PEHHS CBONCTB TOJBKO HMX KOMITOHEHTOB
(371eMeHTOB).  Dmepdocenmuocms (0T aHTI. emergent - BOSHHKAIONIME, HEOKHIAHHO
HOSIBJISIFOIIMNCSA) - 3TO HaJIM4YUe y KaKOH-JIMOO CHCTEMbl OCOOBIX CBOMCTB, HE NMPUCYIIUX €€
9JIEMEHTaM WJIM HECBOJUMOCTh CBOHCTB CHCTEMBI K CyMME€ CBOMCTB €€ KOMIIOHEHTOB.
CHHOHUM «OMEpIDKEHTHOCTH» - «CHUCTEMHBIH 3(¢deKT». OMEep/HKEHTHBIE CBOHCTBA U
MOBEJICHUE CHUCTEMbl HEBO3MOXXHO MpEJCKa3aTh, €CIM OrPAaHUYMBATHCS TOJBKO MPOCTHIM
paccMOTpEHHEM OTICIBHBIX AJIEMEHTOB, COCTABIISIONINX 3Ty CUCTEMY.

CuctemMHass OMOJIOTHSL BBISIBIIIET SMEP/KEHTHBIE CBOMCTBAa KJIETOK, TKaHeW u
OpPraHU3MOB ITyTEM MOACTUPOBAHHUA (MAaTEMaTHYECKOTO, KOMIBTEPHOTO) M TIOCTPOCHUS
TeHETUYECKUX, METa0OJIMYECKUX M CUTHAIbHBIX ceTed. [ MOCTpOEHHus Takux ceTe
HanOoJiee BaKHYIO POJIb MTPAIOT TaK HA3bIBAEMbBIE «OMHKOBBIE TEXHOJOTHW» - 2eHOMUKA,
MPAHCKPUNINOMUKA, NPOMEOMUKA, MEMAOOIOMUKA, UOHOMUKA U T.[I.

N3-3a CIIO)KHOCTH OMOJIOTHYECKUX OOBEKTOB, OOJIBIIOrO KOJMYECTBA IMAPAMETPOB H
NEPEMEHHBIX HMX OIMCBIBAIOIIMX, CUCTEMHas OWOJIOTHUS HEMBICIMMA O€3 HCHOJIb30BAHUS
KOMITBIOTEPHBIX TEXHOJNOTWH. [l 3Toi memm Cciayxutr — Ououngopmamuxa, KOTOpas
«W3BJIEKAET» HOBBIC 3HAHMS ITyTEM KOMIIBIOTEPHOIO aHaliM3a OWOJOTMYECKUX [aHHBIX U
CHOCOOCTBYET CHCTEMHOMY IMOHMMAaHHUIO OMOJIOTHYECKUX IpoueccoB. «buonndopmarika —
3TO CIMOCcOo0 3aHMMAThCsI OMOJIOTHEH, HE HAOJI01ast KUBBIE CYIECTBA, KaK 300JI0TH, HE Jemas
OTIBITOB B MPOOUPKE, KaK SKCIICPUMEHTAIbHbIE OMOJIOTH, a aHATU3UPYS PE3YJIbTaThl MACCHBOB
JAHHBIX WU 1enbIX mpoekToBy (M. I'enbdanm, 2009).

CuctemHass OHOJOTHS HM3y4yaeT CIOXKHBbIE OHOJIOTMYECKHE CHCTEMBI C YYETOM UX
MHOIOKOMIIOHEHTHOCTH, HaJM4us NPSMBIX W OOpaTHBIX CBs3€H, a TakkKe Pa3sHOPOAHOCTU
HKCIIEPUMEHTANBHBIX JaHHBIX. VICronb3ysi KOMIBIOTEPHBIE M OMHKOBBIC TEXHOJOTHH,
CHUCTEMHasi OMOJIOTHs, N3ydaeT BCE O B3aMMOCBS3SX HAa BCEX YPOBHIX OPraHM3allUU >KUBOU
MaTepuH.

B noknane npuBoasATCS KOHKPETHBIE MPUMEPBl IPUMEHEHUSI CUCTEMHOI0 MOAXO0Aa IS
aHaJM3a MPOLIECCOB POCTA U PAa3BUTHUS PACTCHUH.
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PLANT SYSTEMS BIOLOGY
S.S. Medvedev
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Systems biology is an interdisciplinary research area, formed on the crossroad between
the biology and the theory of complex systems. From the viewpoint of systems biology, any
object considered as a system, i.e. complex of interrelated and interacting elements. Systems
biology is focused on the study of complex interactions in living systems, and uses the holistic
approach to the analysis of biological processes at all levels of life organization.

The main methodological approach of systems biology - is the perception of the study
object as a whole and the understanding of the mechanisms that ensure integrity of the
organism at different levels of its organization. A systemic approach - it is way of not only to
solve a problem, but also the method of goal setting, because, as some say, "correctly asked
question - half of the answer." This is qualitatively higher than just a substantive way of
knowing.

Systems biology focuses on the so-called emergent properties of biological objects, that
is, only those properties that cannot be explained as product of the properties of their
components (elements). Emergence - it is the presence of the system special properties not
inherent for its elements, or properties of the system that cannot be reduced to the sum of the
properties of its components. Synonym “emergence” - “systemic effect”. Emergent properties
and behavior of the system is impossible to predict if limited only to a simple consideration of
the individual elements constituting the system.

Systems biology reveals the emergent properties of cells, tissues and organisms by
means of mathematical and computer modeling as well as the construction of genetic,
metabolic and signaling networks. In the construction of these networks the most important
role belongs to so-called ‘‘omics’®, such as genomics, transcriptomics, proteomics,
metabolomics, etc. Systems biology study everything about interrelationships at all levels of
life organization by means of omics approaches and computer modeling.

Due to the complexity of biological objects, a large numbers of parameters and
variables describing them, systems biology is unthinkable without the use of computer
technologies. For this purpose serves bioinformatics, which "extracts" the new knowledge by
using the computer analysis of biological data, and promotes systemic understanding of
biological processes. Bioinformatics - a way to engage in biology, not watching the living
entities as zoologists, not doing experiments in vitro, as experimental biologists, but analyzing
the results of datasets or entire projects (Gelfand, 2009). Systems biology study the complex
biological systems in accordance with their multicomponent properties, direct and feedback
connections, as well as the heterogeneity of the experimental data, precisely because of
bioinformatics opportunities.

Report provides the specific examples for application of system approach to analyze the
processes of growth and development of plants.

131



HUCTOPUSA NU3YUYEHUS PENNPOJAYKTUBHOM BUOJIOTUA U
TEHETHYECKHX PECYPCOB PACTEHHUI B IEPMHA
JI.B. Honocenonal, B.A. Bepemamnal, H.JL. KosisicHukoBa®
'Mepmckuii 2ocyoapemeennviii nayuonanbhblii ucciedosamensekull yHugepcumen,
?[epyckas 20cy0apcmeennas cenbekoxosaticmeennas akademus umenu akademuxa JI.H.
Ipanuwwnuxosa, [lepmo
e-mail:novoselova@psu.ru
"Perm state national research university, Perm
’Perm state agricultural academy named after academician D. N. Pryanishnikov, Perm

V3yueHne TEHETHYECKHX pPEeCYpcOB — MHOTOSTAITHBIA TPOIECC, B KOTOPOM 0CO0OE MECTO
3aHMMAaeT UCCIeZIOBaHue perpoayKkTuBHON Orororun. B Ilepmckom yHuBepeutere npodeccopom B.A.
Bepemarutoi Obii HavaThl MccienoBaHusi Mo Teme «PerpoaykTrBHas OWONIOTHS pacTeHUH U3
Pa3HBIX XO3SMCTBEHHO 3HAYMMBIX TPYTII B IIEJISX OXPaHbl FeHO(OH/Ia, MHTPOMYKIMH U ceneKuumy. C
1981 r. Obula M3y4eHAa pPENpONYKTUBHAs OHOJNOTHs JEKOPATUBHBIX JIMKOPACTYIIMX PACTEHUH,
MIEPCIIEKTUBHBIX JUISl MHTPOMYKIMHU U CENEKLINH, U3 ceMeUcTB Liliaceae, Ranunculaceae, Orchidaceae,
Poaceae n nexotopbix KynbTuBapoB u3 Rosaceae n Compositae. B COOTBETCTBUM C 3TOM TEMOM
MPOBEZICHO JeTAILHOE U3YUeHHE PEeNpoayKTHBHOM Oronorun 38 BUIoB pomna JlronepHa (Medicago L.,
Fabaceae). Ha ero ocHOBe omnycaHa CHCTEMa CEMEHHOTO Pa3MHOMKEHHUSI OHOJIETHUX M MHOTOJIETHUX
BHUJIOB, BKJTFOYAIOIIAsi MOP(OIOrUUecKre MPUCTIOCOONICHHSI B IBETKE K OMNPEACNICHHOMY THIY H
crioco0y onbUIeHHs], (YHKIOHATBHBIC aCIeKThl OWOJIOTMHM IBETKA M WX CBS3b C BHYTPCHHUMH
TEHETMYECKHMHU MEXaHW3MaMH, TaKMMH, KaK YHCIIO XPOMOCOM, HECOBMECTUMOCTh, CTEPHIIBHOCTD. B
XOJIe MCCIICIOBAHUM TOATBEPIWIACH HIES O BBICOKOM CTENCHHM KOPPEILMUA MEXKIY TUIIOM
YKM3HEHHOTO IMKJIa ¥ CHCTEMOM Pa3MHOKEHUsI IIBETKOBBIX. MHoronerHue Bupl Medicago B BBICOKOM
CTENICHU aBTOCTEPWIbHBI U ayTOpEHBI, OAHOJIETHUE BUABI aBTO(EpTWIbHBI U HHOpEIHBL Y
CaMOOTMBUTIOMINXCS  OMHOJIETHUX BHIOB JIIOLEPHBI, KaK M y MHOTOJETHHX, HAOMIOIaeTCs
ABTOTPUIIIMHT LIBETKOB, B TO BPEMsI KaK CUCTEMbI CAMOHECOBMECTUMOCTH, OOBIYHBIE JTsI MHOTOJIETHHX
BUJIOB, OTCYTCTBYIOT. [Ipy 3TOM IIBETKM OJHOJIETHMX BHUJIOB JIFOLEPHBI COXPAHSIOT BCE NMPH3HAKU
SHTOMO(MIIEHON OpraHW3aIMF — OHHM PACKPHIBAIOTCS, UMEIOT HEKOTOPOE KOJIMYECTBO HEKTapa; WX
MHOT/IA TIOCEIIAI0T HACEKOMBIE. JTO O3HAYaeT, YTO OAHOJIETHUE BUABI poaa Medicago cOXpaHSIOT
JWIIb BHEIIHWE aTpUOyThl KCEHOraMMM, KOTOpBIE COBEPIIEHHO HE aKTHBHBL Pe3ynbTarbl 3THX
HCCIIEIOBAHMI HECOMHEHHO BayKHBI /1715 UCTIONBb30BaHNS B CEJIEKLIMOHHBIX ITPOrPaMMax.

B 2007 r. B IlepMckOoM TOCYIapCTBEHHOM YHHBEPCHTETE OpraHW30BaHa J1abopaTopust
IUTOTEHETUKN U TEHETHYECKUX PECYpCOB PacTeHHH, 3aBemyroias Jaboparopueil mpodeccop JLB.
Hogocernoga. [1ox ee pyKoBOICTBOM M3y4Y€HbI SMOPHOIOTMUYECKHE OCOOEHHOCTH CTPOEHHS M pa3BUTHS
CEMSI3aYaTKOB M 3apOJIBIIIIEBBIX MEIIKOB HEKOTOPHIX BHIOB poxaa Iris L. mompona Limniris (Tausch)
Spach.), penpoaykTrBHas OHONIOTHSI HEKOTOPBIX BHIOB M KyJbTHBapoB poma Cupens (Syringa L.).
Marepuanbl SMOPHOIOTHIECKUX HCCIICIOBAHKI TOTIONHSIOT XapaKTepPUCTHKY CeMEWUCTB Iridaceae,
Oleaceae W BaXHBI Kak JUIA CENEKIMH, TaK M JUId cHCTeMaTuKd. [lonydeHHble pe3yNbTaThl
BOCTpEOOBaHbI B CEJIEKIIMOHHOM paboTe UIsl CO3/IaHusl KyJIbTUBAPOB, XapaKTEPU3YIOIIMXCS HOBBIMU
JIEKOPAaTUBHBIMU KQUECTBAMH B COYETAHNH C Pa3HBIMHU CPOKAMU U TIPOJIOJDKUTEIIBHOCTBEO LIBETEHHUSL.

C 2011r. B IlepmcKoii TocyTapCTBEHHOM CEITLCKOXO3SMCTBEHHOW aKaJIeMUM UMEHHU aKaJIeMHKa
JLH. IpsuymnkoBa nox pykoBozctBoM mpogeccopa H.JL. KomsicHukoBoit peanmsyeTcst mporpamMma
«['eHeTryecKre pecypchl U penpoayKTHBHAs Ouonorust pactenuii [lepmckoro kpas». B pamkax stoid
IPOTpaMMbl  HICCIICYETCSl PENpOAyKTUBHA OWOJIOTHS psiia BaXKHEHIIMX KOPMOBBIX KyJIBTYp W3
cemeiictBa Fabaceae, 1 VX IUKOPACTYIIMX POIMYEH, TEPCICKTHBHBIX YIS CENEKIMH. V3ydeHs
OCOOCHHOCTHM IBETCHHMsI M ONbUICHUS HEKOTOPbIX BUIOB poxpa Trifolium, Galega. BoisBieHbI
0COOEHHOCTH 3MOPHOJIOTHM W HApYILEHHs B Pa3BUTUM PEMPOAYKTHBHBIX OPTraHOB M HX XapakTep.
VYCTaHOBIEH KOMIUIEKC MPWYMH, NPUBOMAIIMX K HU3KOM pEAIbHOM CEMEHHOM IPOAYyKTUBHOCTU.
[lokazana wHa 1M(poBOM Mareprasie JMHAMUKA CHIDKCHHS TIOTCHIMATBHOW  CEMEHHOU
NPONYKTUBHOCTH, YyKAa3aHbl KPUTHMYECKUE TIEPHOABI  IpoLecca  penpoiyKuuu. M3ydenue
PENPOIYKTUBHON OHOJNIOTMH PACTeHM OTKPBIBAET IEpPCHIEKTUBY HCIIOIB30BAaHUS MCCIIEI0BAHHbBIX
BUJIOB B KQYECTBE NCXOJHOT'O CEJIEKIIMOHHOT'O MaTepHaJa.
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Studying of genetic resources is a multiple-stage process in which researching of
reproductive biology has a special place. Professor of the Perm State University V.A.
Vereschagina has initiated researches on reproductive biology of plants from different
economically important groups for the purpose of protecting the gene pool, plant introduction
and plant breeding. Reproductive biology of ornamental wild plants of the Liliaceae,
Ranunculaceae, Orchidaceae, Poaceae families and some cultivars of Rosaceae and
Compositae which are promising for the introduction and selection, has been studied. This
research began in 1981. In keeping with this topic, a detailed research of the reproductive
biology of species of Alfalfa genus (Medicago L., Fabaceae) affecting 38 species has been
conducted. On this basis, a system of seed reproduction of annual and perennial species was
described, including description of morphological adaptations in the flower to a specific type
and method of pollination, the functional aspects of the biology of the flower and their
connection with the internal genetic mechanisms, such as the number of chromosomes,
incompatibility, sterility. The researches confirmed the idea of a high degree of correlation
between the type of life cycle and reproduction system of flowering plants. Perennial species
Medicago are highly self-sterile and outbred, annual species are self-fertile and inbred. In self-
pollinating annual species of alfalfa, as well as perennial flowers, self-tripping is observed,
while the self-incompatibility system common to perennial species is absent. At the same time
flowers of annual species of alfalfa keep all the features of the entomophilous organization -
they can be opened, they have a certain amount of nectar and insects sit on them from time to
time. This means that the annual species of Medicago keep only external attributes of
xenogamy and they are completely inactive. The results of these studies are_undoubtedly
important for the use in breeding programs.

In 2007, the laboratory of cytogenetics and plant genetic resources was organized at the
Perm State University; the laboratory is headed by Professor L.V. Novoselova. Under her
direction, embryological features of the structure and development of ovules and embryo sacs
of some species of the genus Iris L., subgenus Limniris (Tausch) Spach.) and reproductive
biology of some species and cultivars of the genus Lilac (Syringa L.) were studied. Materials
of embryological researches make the characteristic of [ridaceae, Oleaceae families more
complete and it is important both for breeding and for taxonomy. The results are particularly
important for breeding work to create cultivars, which are characterized by new decorative
qualities, combined with different terms and duration of flowering.

Since 2011 at the Perm state agricultural academy named after academician D. N.
Pryanishnikov the program called "Genetic resources and reproductive biology of plants of
Perm region" is realized under the direction of Professor N.L. Kolyasnikova. This program
studies the reproductive biology of a number of the most important forage crops of the
Fabaceae family, and their wild relatives, which are promising for breeding. The features of
flowering and pollination of some species of the genera Trifolium, Galega are studied. The
features of embryology and developmental disorders of the reproductive organs and their
character are defined. The complex of reasons of low real seed productivity is found out.
Dynamics of reducing the potential seed production is shown on the digital material, and also
the critical periods of the reproduction process are given. The study of the reproductive
biology of plants opens a prospect of using the studied species as an initial breeding material.
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MOAYJBbHBIE OPTAHU3MbI KAK OB BEKTbI UCCJIEJOBAHUSA
PENPOJAYKTUBHOM BUOJIOTUA
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e-mail: anotov@mail.ru

MonysbHast opraHu3arys SBISETCs YI00HBIM MOJIETBHBIM OOBEKTOM B HICCIIEIOBAHHISIX, CBS3aHHBIX
C pa3MHBIMHE acriektamu ouororuu passutust (Hotog, 2010; Notov, 2011; Bareirusa, 2014). Criendrka
MOMYJBHBIX ~ JKMBBIX  CYIIECTB Kak OOBEKTOB  pENpOAyKTHBHOM  Ouonoruu  oOyclOBJIeHA
(yHIaMEHTATIbHBIMU IPUHLIMIIAMU MX OpraHW3allid, KOTOpbIE B3aMMOCBSI3aHbI C IPYTUMH OCOOEHHOCTSIMU
(Notov, 2015a, b). B coBokymHOCTH OHM OOECTIEUMBAIOT BO3MOKHOCTH BETETATUBHOIO M OECTIONoro
Pa3MHOYKEHHSI, OPraHUYecKOe EIMHCTBO AMOpHOreHe3a, MOPQOreHes3a, POCTOBBIX, PEPONYKTUBHBIX H
PEreHEepaLFOHHBIX TIPOLIECCOB. B OTIMYME OT YHHTApHBIX OPraHM3MOB, SMOPHOTEHE3 MOMYIBHBIX
OpraHU3MOB CJ1a00 000COOJICH OT MOCTAMOPHOHATIHHOTO Pa3BUTHSL. IMOPHOTEHE3 «ITPOJIOHT UPYIOT HOBBIC
Mop(oreHeTHIecKre IMKIIbL, a (POPMHUPOBAHKE MOTYIJIHHOTO OpraHM3Ma MPOUCXOIUT B TEUCHHUE BCEH €ro
sxuzau (Notov, 2005; Tatityx, 2008).

braromaps 1mkmideckoMy MopdoreHesy W IIMPOKOMY —PaclpOCTPAHEHHIO BEreTaTMBHOIO
Pa3MHOYKEHHIS] PENPOTyKTHBHBIE CHCTEMBI MOIYJIHFHBIX OPTaHM3MOB (DYHKIIMOHMPYIOT MEHEe aBTOHOMHO.
[Tporiecch! opraHoreHe3a HEpeIKO COMPSDKEHBI Y HUX C pasMHOKeHHeM. DopMUpyoIIHecst B pe3yIibTare
OpraHOTeHe3a YacTH Tella MOTYT OOSCIIeUHBATH PEMPOIYKIMIO U JIaBaTh HAYAIO HOBBIM MHIMBHIYYMAaM.
Hapsimy ¢ 3TuM HeKoTopble CIEIMATM3HPOBAHHBIE CTPYKTYPBL, CIHOCOOCTBYIOIINE BETETATHBHOMY
Pa3MHOYKEHHIO, MOTYT COXPAaHSATh CBS3b C MATEPHHCKAM OPraHM3MOM JIOCTATOYHO TIPOJIOJDKUTENBHOE
BpeMsi U BBINONHSATH «COMATHYECKUE» (DYHKUMH, HampuMep TpohHUUecKylo (KOpPHEBbIC OTIPBICKH,
BBIBOJIKOBBIE TTOYKH Y PACTECHHIA).

Peammzaimist  mpakTideckd BceX MOP(OTNEHETHYeCKMX MPOrpaMM Y MOMAYJIBHBIX  OOBEKTOB
OPUEHTHPOBAHA HA YBEIMUYEHHME YMCIIA YaCTel OpraHn3Ma MM HOBBIX MHAMBUTYYMOB. OHa B OOJBIIICH T
B MEHBIIICH CTENEHN OCYILECTRISIET «PENpOAYKIMIO» Ha PasHbIX YPOBHSX OHWOCHCTeMBL EmMHCTBO
MOP(OTEHETHYECKIX W PEMPOIYKTHBHBIX TIPOIIECCOB HA BCEX OJTalax OHTOreHe3a O00eCTIeurBaeTCs
0COOCHHOCTSIMU (DYHKITMOHMPOBAHHS CTBOJIOBBIX KIIeTOK (Batygina, 2011; bateiruna, 2014). B s1oii cBsizu
NpU M3YYCHWH TIPOTPAMM Pa3BUTHS 11eJIeCO00pasHO aHAM3UPOBATH HE TOJBKO OpPraHoreHe3, HO
TPOLIECCHI PETPOTYKIHHL.

HeonHokpaTHO BOCIIPOM3BOIISIIMECS PE3EPBbI CTBOJIOBBIX KJIETOK M BBICOKWH YPOBEHH TOTH-
IUTIOPUIIOTEHTHOCTH Y MOJYJIBHBIX ~ OPraHM3MOB — OOYCIOBIMBAIOT BO3MOMKHOCTH M IIIMPOKOE
pacrpocTpaHeHie BereTatuBHOro u Oecriosioro pasmHoxkeHust (barbmruna, 2010, 2014; Hcaesa, 2010;
Ucaera, bareruna, 2010; Horos, 2010; Notov, 2015a, b). B ommme or yHHTapHBIX, MOJIYJIBHBIC
OpraHM3MBbI XapaKTEPU3yIOTCs OOJBIINM CIIEKTPOM CIIOCOOOB U THIIOB Pa3MHOKEHHSI M BOCTIPOM3BEICHNS,
pazHO00pa3ueM KWU3HEHHBIX IMKIIOB, 3HAYMTEILHOM YacTOTOM BCTPEUAEMOCTH CIIOMKHBIX SKHM3HEHHBIX
LIMKJIOB ¢ yepeioBaHreM nokorennii (QKykosa, 1983; Horos 2010; Notov, 2011, 2013).

HanexxHocTh  pernpoayKTHBHBIX CHCTEM OOECTICUMBACTCS  PAa3HOOOpAasMeM CIOCOOOB M THIIOB
pasmHoxkennst (barpiruna, 1994, 2014; baremruna, BacunbeBa, 2002; Horto, 2010; Notov, 2015b).
BapuaHTh! BereTaTBHOTO pa3MHOMKEHHS BBICTYTIAIOT B KQYECTBE TyOIMPYIONTX 1 (DOPMUPYIOT CIIOKHYTO
CHCTEMY PE3EPBOB, UTO TOBBIIIACT HA/ISKHOCTB PEMPOTYKLIUH.

[Hpxmraeckuii MopdoreHes ¥ OTHOCUTESbHAST ABTOHOMHOCTD TIPOTPaMM Pa3BHUTHSI CIIOCOOCTBOBATI
IIMPOKOMY PacHpOCTPaHEHHIO Y MOMYJIBHBIX OOBEKTOB TOMeO3HCHBIX CIpykTyp (Notov, 2015a).
['omeo3rcHbIe TpaHchopMAIK UTPATH ONPENIETICHHYIO PO B (DOPMHUPOBAHMH HOBBIX (P(HEKTHBHBIX
PEMpPOIYKTHBHBIX CTPATETUH, a UX IIIMPOKOE PACIIPOCTPaHEHHE CIOCOOCTBOBAIO TMOBBILICHUIO HAJICKHOCTH
PENPOMYKTUBHBIX CHCTEM MO/ IbHBIX KUBBIX CyITiecTB (Notov, 2015b).

AKTyasieH aHai3 PEMPOTYKTUBHBIX CUCTEM B Pa3HBIX TPYIIAX MOIYJIHHBIX OopraniMoB. OH OyzieT
CITOCOOCTBOBATH TATTBHEHIIIEMY KOHIIETITYTBHOMY Pa3BUTHIO PEIPOIYKTUBHON OHOJIOTHIH.
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Modular organization is a convenient model object in study connected with various
aspects of developmental biology (Notov, 2010, 2011; Batygina, 2014). The specifics of
modular living beings as objects of reproductive biology is caused by fundamental principles
of their organization, which are interconnected with other peculiarities (Notov, 2015a, b). In
total, they provide the possibility of vegetative and sexless propagation and organic unity of
embryogenesis, morphogenesis, growth, reproductive, and regeneration processes. As
opposed to unitary organisms, embryogenesis of modular organisms is slightly separated from
the postembryonal stage of development. It is «prolonged» by new morphogenetic cycles, and
the development of the modular organism occurs throughout it’s life (Notov, 2005; Gattsuk,
2008).

Due to cyclic morphogenesis and wide distribution of vegetative propagation,
reproductive systems of modular organisms function less autonomously. The processes of
organogenesis in them are quite often coupled with propagation. The developing (as a result
of organogenesis) parts of the body can provide for the reproduction processes and give rise
to new individuals. Along with this, some specialized structures providing vegetative
propagation can preserve the association with the maternal organism for quite a long time and
fulfil «somatic» functions (root suckers, brood buds in plants).

Realization of almost all morphogenetic programs in modular objects is directed toward
an increase in a number of organism parts or a number of new individuals. It, to a greater or
lesser extent, performs «reproduction» at different levels of biosynthesis. The unity of
morphogenetic and reproductive processes at all stages of ontogenesis is provided by
peculiarities of stem cell functioning (Batygina, 2011, 2014). In this regard, it is reasonable to
analyze not only organogenesis, but also the processes of reproduction during the study of
programs of development in modular objects.

Repeatedly recurring reserves of stem cells and high levels of toti-pluripotency in
modular organisms allows the possibility and wide distribution of the vegetative and asexual
reproduction (Batygina, 2010, 2014; Isaeva, 2010; Isaeva, Batygina, 2010; Notov, 2010,
2015a, b). In contrast to unitary organisms, modular organisms are characterized by a variety
of methods and types of reproduction and breeding, a variety of life cycles, a significant
frequency of occurrence of complex life cycles with alternation of generations (Zhukova,
1983; Notov, 2010, 2011, 2013).

Diversity of modes and types of reproduction and propagation is provided by the
reliability of the reproductive system (Batygina, 1994, 2014; Batygina, Vasilyeva, 2002;
Notov, 2010, 2015b). The variants of vegetative propagation act as doubling variants and
develop a complex system of reserves that increases the reliability of reproduction.

Cyclic morphogenesis and the relative autonomy of programs of development cause
wide distribution of homeotic structures in modular objects (Notov, 2015a). Homeotic
transformations played a certain role in the development of new efficient reproductive
strategies, and their wide distribution favored an increase in the reliability of reproductive
systems of modular organisms (Notov, 2015b).

The analysis of the reproductive system in the different groups of modular organisms is
topical. It will contribute to the further conceptual development of reproductive biology.
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e-mail: JOsadtchiy@binran.ru

OnHUM U3 XO3SUCTBEHHO 3HAYMMBIX CEMEHCTB I[BETKOBBIX PACTCHUM SIBIICTCS CEM.
KkpecTouBeTHbIe (Brassicaceae), Bkmtovaromee 6osee 370 poaoB, M3 KOTOPBIX alOMHKCHUC
obnapyxeH (Bocher, 1951) u moapoOHO M3y4eH B €AMHCTBCHHOM poje Boechera. JlaHHBII
pon BkmoyaeT 110 mMONOBBIX W AlNOMUKTUYHBIX  BHUAOB  TJABHBIM  00pazom
CEBEPOAMEPUKAHCKUX JIBY- UM MHOTOJETHHUX TpaB C 0a30BBIM YHUCJIOM XpPOMOCOM n=7
(Windham, Al-Shebaz, 2006, 2007a, b). Ero npencraButenu, coctosiie B OJIM3KOM POJCTBE
¢ Arabidopsis thaliana, SBASIOTCS YpPE3BBIYANHO yJAOOHBIMH MOJCIHHBIMH OOBEKTAMH JIJIS
u3y4eHus Mop(o-hu3noNIornuecKoil 1 MOJEKYISIPHON PErysIuu aloMUKCHCA.

[TepBBIMU IUTOAMOPUOIOTHICCKUMH HCCIICIOBAHUSAMU allOMHUKCHUCA B poje Boechera B
cepenuHe XX B. moka3zaHo Hamuuue y B. holboellii s. 1. anomukcuca Ha AUITIOUTHOM U
TPUIUIOUTHOM YpOBHE. bBBIT TMpOCIEeKEH MeracmoporeHes u MHUKPOCIOPOTE€HE3 Ipu
HOpMaJIbHOM XOJI€ Mei03a U amomMelio3e y psaa reorpaguueckux (GopM, OTMEUEHO HATHUUE
pacTeHUl C pa3IMYHON CTENEHBIO HAPYLIECHHUS CHHAIICHCA XPOMOCOM B MEHOTHYECKOU
npodase. BoisiBieHs! GopMbl pa3snTuUHON MIOUTHOCTU M aHdyIwiouasl (Bocher, 1947, 1951,
1954, 1969).

B mavane XXI B. gmanHele BoOcher ObuiM  CYIIECTBEHHO  JOTOJHEHBI
IIUTOPMOPHUOJIOTHYECKAMH HCCIiefoBaHUsIMHU psina Gopm B. holboellii s. 1. ¢ ucnonszoBanuem
COBPEMEHHBIX MHUKPOCKOIMUYECKUX HSKCIPECC-METOAUK. BbUIM BBISBIECHBI MEHOTHUYECKUN U
aroMeNOTHYECKUH Iy TH MeracrnoporeHesa. BriepBrie 1aHa WX KOJIMYECTBEHHAS OLICHKA ITyTEM
BU3YaJbHOTO CKPUHHMHTA OOJBIIOrO 4YHCIA MPOCBETIAEHHBIX ceMs3auaTkoB. [lokazano
pa3BUTHE HEPEAYIIMPOBAHHOTO 3apOIBIIIEBOI0 MEIIKA B COOTBETCTBHUHM C Taraxacum-TUIIOM U
napTeHOTeHEeTHYeCcKoe pa3BuThe 3apojpima. C HCMIONb30BAaHHEM MPOTOYHONW HUTOMETPUHU
(FCSS) Obuto mokazano mpeoOiafaHue TCEBAOTaMHOTO M PEAKUE CIIydyau aBTOHOMHOTO
dbopmupoBanusa sHAocnepMa. OTMEUEHO ydacThe TOJIBKO HEPEAYHUPOBAHHBIX JKEHCKHX M
MYKCKHX TaMeT B 00pa3oBaHWU 3apojibplllia M 3HIocmepMa y amomukToB (Naumova et al.,
2001).

Jns menoro psiga BUmIoB Boechera Obl1 yCTaHOBJIEH MPOIEHT anioMeiio3a U MpoBeieHa
KOJIMYECTBEHHAs] OLEHKa JOJH IMOJIOBBIX M MapTEHOICHETUYECKUX 3apOJIbIIIeH, a TakkKe
M0JIOBOT'O, MICEBJOTaMHOT0 U aBTOHOMHOT'O SHJI0CTIEPMA, TTO3BOJIMBIINE YCTAHOBUTH T€HOTHII-
crien(pUUHYI0 KOPPENSAIUIo MeXITy 3TUMHU Tokazatensmu (Aliyu et al., 2010; Mau et al.,
2015).

OpnHo¥lt 13 MpUYrH 0co00r0 MHTEpeca K allOMHKCHCY Y TpecTaBuTeseit poma Boechera crano
HATMYKE TUTUIOUTHBIX alfOMUKTHYHBIX (opM. OIHAKO, HETABHUE IUTOICHETHYECKUE MCCIICIOBAHUS
MOKa3ajli HEOJHO3HAUYHOCTh BOMpoca 00 armOMHUKCHCE Ha JUIUIOMIHOM YpOBHE. PSI0M Te€HOMHBIX
WCCIIEZIOBAHMI TIOKA3aHO, YTO AllOMHUKTUYHBIC JIMHUW JIEMOHCTPHUPYIOT MPU3HAKKA THOPHIOTEHHOTO
NPOUCXOXKICHUS, M CTPYKTypa HMX XPOMOCOM CHJIBHO TMpeoOpa3oBaHa TAKUMH IIOCIEACTBUSIMU
THOPUIM3AIINY, KaK aJUTOTUIOWINS, aHAYTUIOMAMS U 3aMEIeHHs] TOMEOJIOTUUHBIX XpOMOocoM. Taroke,
OHH XapaKTepH3yIOTCs HATMUMEM OTHOM WK JIByX a0eppaHTHBIX XPOMOCOM C BBICOKUM COJIEpYKaHUEM
rerepoxpoMarrHa (Kantama et al., 2007; Mandakova et al., 2015). ATIOMHUKTBI ¢ XapaKTepHBIM JIIsT
JMIUIONIIOB YHCIIOM XPOMOCOM HE SIBJISIFOTCS. CTPOTMMH TUTUIOMAMU, TIO3TOMY MPaBHJIbHEE TOBOPHTD
00 ¥X moMrarioniHoM nporicxoxxaeHnd (Cokorno u p., 2011).

B Hactosmieit pabore NpoaHATM3UPOBAHBI OPUTMHAIBHBIE U JIMTEPATypHbIE JaHHbBIE IO
AIMOMUKCHCY B poJie Boechera, 0 BOSMOMKHBIX TIPUYUHAX €0 BOSHUKHOBEHHSI 1 MEXaHM3MaX KOHTPOJIS,
a TaKKe TPOBOJUTCS CpaBHEHHE pE3yJbTaTUBHOCTH  KJIACCHMYECKUX M COBPEMEHHBIX
BBICOKOTEXHOJIOTHYHBIX METOJIOB, HCTIOIb30BAHHBIX MPH MOTYUYEHUH 3THX JITAHHbIX.
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The mustard family (Brassicaceae) is the one of the most economically important
families of angiosperms including more then 370 genera, whereof the apomixis was found
(Bocher, 1951) and studied in details in the single genus Boechera. This genus includes 110
sexual and apomictic species of mainly North American biennial and perennial herbs with
basic chromosome number n=7 (Windham, Al-Shebaz, 2006, 2007a, b). Its representatives
are the extremely convenient model objects for study of morpho-physiological and molecular
regulation of apomixis, at that being closely relatives of Arabidopsis thaliana.

The first cyto-embryological investigations of apomixis in genus Boechera in the
middle of 20" century had demonstrated the presence of apomixis in B. holboellii sensu lato
at diploid and triploid level. The course of megasporogenesis and microsporogenesis upon the
normal meiosis and apomeiosis was described in a number of geographical forms, and
presence of individuals with different degree of chromosome synapsis disturbance in meiotic
prophase was noted. The forms of various ploidy and aneuploids were revealed (Bocher,
1947, 1951, 1954, 1969).

At the beginning of 21% century the data provided by Bécher were sufficiently
accomplished with cyto-embryological investigations of a number of B. holboellii s. 1. forms
with usage of modern microscopical express-techniques. The presence of meiotic and
apomeiotic megasporogenesis pathways was shown and their quantitative estimate was
performed for the first time by means of visual screening of a large number of cleared ovules.
The development of unreduced embryo sac following the Taraxacum-type and
parthenogenetic embryo development were shown. The prevalence of pseudogamous and the
rare cases of autonomous endosperm formation were shown with Flow Cytometric Seed
Screen (FCSS). The fact was noted that only unreduced female and male gametes participate
in formation of mature seed in apomicts (Naumova et al., 2001).

Later the quantitative estimates of the percentage of apomeiosis, sexual and
parthenogenetic formation of embryos, as well as sexual, pseudogamous and autonomous
endosperm development were done for a wide range of Boechera species, which allowed
establishing the genotype-specific correlation between these characteristics (Aliyu et al.,
2010; Mau et al., 2015).

One or the reasons of especial interest toward apomixis in representatives of genus
Boechera was the presence of diploid apomictic forms in it. However, the recent cyto-genetic
investigations have shown the ambiguity of the issue on apomixis at diploid level. A number
of genomic investigations had shown that the apomictic lines exhibit signs of hybridogenous
origin, and the structure of their chromosomes is highly transformed by such consequences of
hybridization as alloploidy, aneuploidy and substitutions of homeologous chromosomes. Also
they are characterized by presence of one or two aberrant chromosomes with high
heterochromatin containment (Kantama et al., 2007; Mandékova et al., 2015). The apomicts
with the diploid chromosome number are not the strict diploids, and it is more correct to refer
to their polyhaploid origin (Sokolov et al., 2011).

In the present work the analysis of the original and literature data on apomixis in genus
Boechera is given, the possible causes of its appearance and the mechanisms of the control, as
well as the effectiveness of classical and modern high-technology techniques used for
obtaining these data are analyzed.
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AHAJIN3 TEHETUYECKOM CTABMJIBHOCTH JIVIMTEJIBHO
MPOJIM®EPUPYIOLIUX DMBPUOI'EHHBIX KYJbTYP U NIOJIYYEHHBIX OT
HUX CAKEHIEB JIUCTBEHHUIIbI CHBUPCKOM ITPH UCITIOJIb30BAHUN
MUKPOCATEJIJIMTHBIX MAPKEPOB
M.D. Ilak, A.C. UBannukas, U.A. JIucenkas, U.H. TperbsikoBa
Hnemumym neca um. B. H. Cykauesa CO PAH
e-mail: mtavi@bk.ru

Comaruueckuif  smMOpuoreHe3 — Haubojee  MEPCIEKTUBHAs  OMOTEXHOJIOTHUs
JIECOBBIPAIIUBAHMS 32 PyOEKOM, ITO3BOJISIONIAS MOTyYaTh MACCOBOE HEOTPAaHMUECHHOE YHUCIIO
OJTHOPOJIHBIX BETETaTUBHBIX KJIOHOB BBICOKOMPOJIYKTHBHBIX M YCTOWYMBBIX K BPEAUTENISIM
nepeBbeB (rmporpamma Multi-Varietal Forestry) (Park et al., 2014).

B pesynbprare skcnepuMeHTa OblIO MosydeHo 17 mpoiaudepupyromux 3MOpHOreHHbIX
kinetounblx JuHUN (Ki) Larix sibirica w3 SMOpPHOKYJIBTYpPEl OT 3 JI€pEBHEB-IOHOPOB,
YCTOWYMBBIX K JIMCTBEHHUYHOW MOUYKOBOM rayumne PoxkoBa Dasineura rozhkovi Mam. et
Nick. (ITak wu gap., 2016). Ilpommdepupyromas >MOpuoreHHas KynbTypa L. sibirica
npeicTaBisuia  coboil AMOpHOHaNIbHO-CycleH30pHYl0  Maccy  (OCM).  JlnurenbHo-
nposmpepupyronfe KIeTOUYHble JUHUH (OT JBYX 1O CEMH JIET) COXPAaHSUIM BBICOKYIO
nposinepaTUBHYI0 aKTUBHOCTb, HO OTJIMYAIUCh COJEPKAHUEM M Pa3MEPOM COMATHYECKHX
3apojblllleld, WX CHOCOOHOCTBIO CO3peBaTh W IpopacTaTb, a TakXke OOpa30BbIBATH
KHU3HECTIOCOOHBIE pEereHEPaHTBhI.

Uucno rnoOyisipHBIX COMAaTUYECKHX 3apoJbliieil B Monoabix Ki (Bo3pacT 10 OJHOTO
roga) B 1 r ceipoii OCM B cpennem konebanocs ot 2040 mo 11103. IIpu nobaBneHuu B
MIUTATEIbHYIO cpeny AU (mareHT 2456344;
http://www.freepatent.ru/images/patents/5/2456344/patent-2456344.pdf) abc1M30BOM
kucinotel (ABK) mpoucxomun mMopdorenes um co3peBaHHE COMATHYECKUX 3apOABIIIEH B
TedyeHue 45 cyTok. Uncao co3peBIIMX cOMaTHYEeCKHX 3apoblieil y pasHeix Ki konebanoch
or 12 mo 1221 mr. Ha 1 r. OK. Menkue comaTudeckue 3aponbimy rudpugHoi Kid He
co3peBanu. IIpopactaHue comMaTWdyecKMX 3apoAbllieil MPOUCXOAMIO Ha Oe3ropMOHATIBLHOU
cpene AW u HauMHANOCH C PACTSKEHHS] TUIIOKOTWUIS M YJUIMHEHUs Kopeluka. [Ipopociiue
pereHepaHTbl YKOPEHSIM B MOYBEHHOM cyOcTpare (Topd : mecok : BepMUKyauT 1:1:1) B
YCIIOBUSIX POCTOBOM KamMephl.

Jis nanbHEHIIero MCIojb30BaHMUs B IUIAHTALMOHHOM JIECOBBIPAIIMBAHUU XBOWHBIX,
OLICHEHA TeHEeTHYecKasi CTaOMIIbHOCTh SMOPUOTEHHBIX KyNbTyp L. sibirica v IOJyYEHHBIX OT
HUX KIOHHUPOBaHHBIX CaxeHLEB. KIeTku riao0yssipHBIX 3apoAblliell IpU UIMTEIbHOM
KyJIbTUBUPOBAHUM OCTaBAJINCh JUIUIOMIHBIMU. [ eHeTH4yecKuid aHaau3 3MOpPHUOTECHHBIX
KYJIBTYp 10 9 MUKpOCATEIUIMTHBIM JIOKYCaM IMoKa3aJl caalyro ajjiesbHyl0 U3MEHUUBOCTh. 1o
aokycam bcLK066, bcLK224, bcLK232, bcLK260, UBCLXtet 1-22 BO BceX KJIETOYHBIX
JVHUAX HAOJII0Janach MoJHasi UIEHTUYHOCTD C JIEPEBOM-IOHOPOM, UCKIIIOUEHHE COCTaBIIsAIa
mums K5, xoropas mo nokycy bcLK066 umena renotun 151/141, Torma kak TeHOTHIT
JepeBa-A0HOpa 1Mo JaHHOMY JIoKycy Obut 151/151. OcobGoe BHMMaHUE U3 BCEX MPOBEPEHHBIX
KJICTOYHBIX JIMHUH 3aciyxuBaer Kb, y KoTopoll cemb JOKYyCOB M3 9 mccienyembIX Obuin
NOJHOCTbIO WJAEHTHYHBl TEHOTUIy JepeBa-noHopa. Ot »stoi Kin Obui  mosydeHsl
KJIOHUPOBAHHbIE  CAXEHIIBI  JIMCTBEHHHMILIBI  cHOupckod. ['eHoTunupoBanue  15-1n
KJIOHUPOBAHHBIX CESHIIEB MTOKA3aJI0 MOJIHOE COOTBETCTBUE caxkeHIleB U Ki6. KinoHupoBaHHble
CaKEHIIbl OBLIM BBICA)KEHBI B TEIUIMIE AKCHEPUMEHTANIBHOro Xo3sicTBa «lloropenbckuii
00p», I/Ie OHU PACTYT B TE€UEHUE YETHIPEX JIET.

Pa6ota Bemonnaena npu noanepxke POOU (mpoekt Ne 15-04-01427).
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ANALYSIS OF GENETIC STABILITY IN LONG-TERM PROLIFERATING
EMBRYOGENIC CULTURES AND DERIVED PLANTLETS IN SIBERIAN LARCH
USING MICROSATELLITE MARKERS
M.E. Park, A.S. Ivanitskaya, I.A. Lisetskaya, I.N. Tretyakova
V.N. Sukachev Institute of Forest SB RAS
e-mail: mtavi@bk.ru

Somatic embryogenesis is the most perspective biotechnology of forest growing abroad,
it allows to receive an unlimited number of homogeneous mass vegetative clones highly
productive and pest-resistant trees (Multi-Varietal Forestry Program) (Park et al., 2014).

As a result of experiments 17 proliferative cell lines (Cl) of L. sibirica were obtained
from embryo culture from three donor trees resistant to larch bud gall midges Rozhkova
(Dasineura rozhkovi Mam. et Nick.) (Pak et al., 2016). Proliferating embryogenic culture of
Larix sibirica is embryonal suspensor mass (ESM). Long-term proliferating cell lines (age
from two to seven years) maintained high proliferative activity, but Cls differed in size and
content of somatic embryos, their capability to maturate, germinate and to form viable
regenerants.

The number of somatic embryos ranged from 2040 to 11103 per 1 gram of fresh weight
of ESM in young (age up to one year) Cls. Morphogenesis and maturation of somatic
embryos was observed during 45 days on the medium Al (patent number 2456344;
http://www.freepatent.ru/images/patents/5/2456344/patent-2456344.pdf) added with abscisic
acid. The number of matured somatic embryos ranged from 12 to 1221 per 1 gram of ESM.
Small somatic embryos of hybrid CI5 do not mature on Al medium. The germination of
somatic embryo occurred on medium Al without hormones and due to elongation of
hypocotyls and roots. Somatic seedlings were transferred to soil substrate at the condition of
growth-chamber.

The genetic stability of embryogenic cultures of L. sibirica and the plantlets were
assessed to their further using for forest plantation. The cells of globula embryos remained
diploid during prolonged culturing. Genetic analysis of embryogenic cultures for 9
microsatellite loci showed weak allelic variation. All cell lines showed complete identity with
the donor tree in loci bcLK066, bcLK224, bcLK232, bcLK260, UBCLXtet 1-22. Only CI5
had genotype 151/141 on locus bcLK066, while the genotype of the donor tree on this locus
was 151/151. Cl6 deserves particular attention of all tested cell lines. In this Cl the seven loci
from 9 were completely identical genotype of the donor tree. From this Cl cloned seedlings
were obtained. Genetic analysis showed complete similarity of Cl6 and somatic embryo-
derived plants originated from this Cl6. Somatic embryo-derived plants of L. sibirica were
planted in the greenhouse of V. N. Sukachev Institute of Forest SB RAS where they
successfully grow for four years.

This work was supported by the Russian Foundation for Basic Research and
Krasnoyarsk regional Fund competitions for scientific and technical activity (no. 15-04-
01427).
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CPABHUTEJIBHASA MOP®OJIOTO-AHATOMUYECKAS
XAPAKTEPUCTUKA OJHO- U IBYCEMSJOJIbHBIX
3APOJBIIIEN U TIPOPOCTKOB PINGUICULA VULGARIS L.
(LENTIBULARIACEAE)
JI. A. llymkapeBa
bomanuuecxuti uncmumym um. B. JI. Komaposa PAH, Cankm-Ilemep6ype, Poccus
e-mail: pushkareva-lubov@mail.ru

Pinguicula vulgaris — B HOpME OIHOCEMSIOJBHBIA BHUJ, KOTOPBIA TIPOSBIISIET
CTaOUIBHYIO CKJIOHHOCTD (TOMYJISIUS U3 OKpecTHocTel [ msauno, Jlenunrpaackas o0macTp)
K (OPMHPOBAHHUIO JIBYCEMSIZIONBHBIX TPOPOCTKOB W TIEPEXONHBIX (OpM Ha OCHOBE
yaumaprutanbHoit  cunkotwnu  (YC) (TurtoBa, 2012). Ilenp pabGoThl - oOleHKa
noauMopdu3mMa 3aponsimei, (HOpMUPYIOMIMXCS B TpeAenax IUIOAOB €€ pacTeHWid (Iuis
MPOBEPKU CIMOCOOHOCTH Pa3HBIX 0co0el K 00pa30BaHUIO JIBYCEMSIOIBHBIX M TMEPEXOTHBIX
($hopM) U CpaBHUTETHHBIN aHAIU3 UX CTPOCHHSI.

B cemenax kaxmoro miofa BbisiBIeHO 6 THmoB 3apojsimeii: (I) kpymusie (0.5 mm)
nBycemsiionbHble 0e3 cpactanus cemsgonedl u (II) ¢ ux wyacTMuHBIM cpacTaHuEM B
ocnoBanuy; (I1I) kpymnasie (0.5 MM) oTHOCEMsIIONBHBIE ¢ OOPO30H HA BEPXYIIKE CEMSI0NU U
(IV) 6e3 60oposasl; (V) menkue (0.35-0.40 mm) onHOCEM0IbHBIE C OOPO3/10H HA BEPXYIIKE
cemsigonu u (VI) 6e3 6opo3abl. 3apoabliy Becex TUTMOB MU PepeHIIUpOBaHbl HA CEMSIIOMIO(-
1), TUIIOKOTHJIb, alleKChl KOPHS M 100€ra, COCTOSAT U3 MapeHXHMMHBIX KJIETOK C 3allacHbIMU
BemiectBaMu. OHU Pa3NUYalOTCS MO CTENEHH M30THYTOCTH OCH, CIOCOOY CIOXKEHUS
cemsgoau(-ei) 1 o0beMy anukaibHOM MepucTeMsl nodera (AMII) (opranu3zaius MepruCTEMbI
KOpHsT cxoaHa). 3aponpimi [-II-ro THUMOB mpsiMble, C TIIOCKUMHU, PAaBHBIMH IO JJIUHE
TUIOKOTWJII0O M COMKHYTBIMH CEMSIOJISIMHM, MOJHOCTBbIO cKpbiBatoumu AMIL; AMII
mwiockasi, u3 3 cnoeB kieTok. 3aponpiuu [[[-IV-ro TunoB mnpsmbie, UX CHHTETHUYECKAs
CeMS0Ns CUMMETpUYHAsl, IJIMKATHO CJIO’KEHHAs, paBHasl MO JUIMHE TMIOKOTUIIIO, €€ Kpas
CJIeTKa pa3[BUHYTHI, IPUOTKpPbIBas JaTepanbHyto yacTh AMII (cxomnoro ctpoenus ¢ AMII
3apozsiie [-II-ro Tunon). 3apoasimim V-VI-ro THMOB ¢ U30THYTOW OCBIO, ACHMMETPUYHOM,
CBEpHYTOM M 0Oojiee KOPOTKOM CHHTETUYECKOW CeMsI0Nei; Kpass MOCIeAHEW CMEIIEHBI 0
BEPTUKAIU W Pa3[BUHYTHI, NMPUOTKpbIBas yBenuueHHyro AMII (5-6 cnoeB kietok). [lpu
yBenuueHuu creneHu cuHkoTwiuu (I-II — V-VI Tumbel) xapakTepHO yCUJICHHE CABHTra
o0uieil cummerpuu 3apojpima (nepeopuentanuss AMII u npoBozsiiel cucteMsl B CTOPOHY
OJIHO W3 cpacraromuxcs cemsigoneit) u cmenienrne AMII U3 ropu30HTAILHOTO B HAKJIOHHOE
MOJIO’KEHHUE (32 CUET BCTABKHU KIJIETOK C JIOPCaJIbHOW CTOPOHBI 3apOAbIIIA MO JUHUM CIAUSHUS
ceMsazonel; o0coOeHHO BeIpaxkeHo Yy V-VI-ro TumoB 3aponpliieit, Tae BCTaBKa
pacIpoCTpaHseTCsl B OCHOBAHUE OJJHOW U3 CPACTAIOIIUXCS CEMSI0IIEN).

Takum o00pazom, (OpPMHPOBAHHME DPA3HBIX THIOB 3apOJBIINICH CBONCTBEHHO KaKIOW
ocobu P. vulgaris (06brHO 1 0cO0B — 1 KOpOOOUKA), @ UX OJHOCEMSAOIBHOCTD IOCTUTACTCS
Ha ocHOBe NBYX popm YC — cummerpuunoit (III-IV Tumer 3aponplmieii) 1 aCUMMETpUYHOMN
(V=VI Tunsl) (mo tepmunonorun Haccius, Trompeter, 1960), nmpuuem kaxaas u3 ¢opm
BBI3BIBACT XapaKTEPHBIA TUI M3MEeHEeHHU. Tak, nmpu acummerpuaHord Y C poct oobema AMII
COMPSIKEH C COKPALIEHUEM ILIOLAAN CEMSJO0JH, YTO CBUIETEIBCTBYET O KOMIIEHCATOPHBIX
B3aMMOCBSA3SIX MEXKIY opraHamMu (KOMIIEHCAIUSl PEIYKIUH CEeMSIO0NHM 3a CUET YCKOPEHHS
pasButust AMII). OO6cyxnaercs BO3MOXKHBIM MEXaHHM3M CJBHra CHMMETPHUU 3apoJIbIlIa
(«ceMAI0IbHBIA MU(TUHTY) U €T0 POJIb B IBOJIIOLIMOHHOM CTAHOBJIEHUU OJTHOCEMSIIOIBHOCTH
B pone Pinguicula: Bce BBIABICHHbIE THIBI CHUMMETPHM M CIOXKEHHUS CEMSI0NIU
(CUMMETpHUYHBIN, aCUMMETPUYHBIA, IIMKATHBIA, CBEPHYTHIM), XapaKTEPHBIC IS Pa3HBIX
BUJIOB OJHOCEMSIONBHBIX KupsiHOK (Degtjareva et al., 2004), cBOWCTBEHHBI 3apOJIbIIIAM,
dbopMupyOMUMCS B TIpeiesax oHOro iona P. vulgaris.
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COMPARATIVE MORPHOLOGY AND ANATOMY
OF MONO- AND DYCOTYLEDONOUS
EMBRYOS AND SEEDLINGS OF PINGUICULA VULGARIS L.
(LENTIBULARIACEAE)
L. A. Pushkareva
Komarov Botanical Institute, Russian Academy of Sciences, St. Petersburg, Russia
e-mail: pushkareva-lubov@mail.ru

Monocotyledonous Pinguicula vulgaris (Glyadino, Leningrad region, Russia) stable
forms dycotyledonous seedlings and transitional forms based on unimarginal syncotyly (US)
(Titova, 2012). Purpose - to estimate polymorphism of embryo formed in the fruits of plants
(to test the ability of different individuals form dycotyledonous seedlings and transitional
forms), and comparative analysis of their structure.

In the seed of each fruit six types of embryos were identified:(I) the large (0.5mm)
dycotyledonous without cotyledon fusion and (II) with a partial fusion of the base;(IIl) large
(0.5mm) monocotyledonous with furrows at the apex of the cotyledon and (IV) without
furrows;(V) small (0.35-0.40mm) monocotyledonous with furrows at the apex of the
cotyledon ;(VI) without furrows. Embryos of all types are differentiated on the cotyledon(-es),
hypocotyl, and the apexes of shoot and root, composed of parenchyma with storage
compound, but differ in the degree of curvature of the axis, the manner of the cotyledon(-es)
folding and the volume of the shoot apical meristem (SAM) (organization of
root apical meristem is similar). Embryos of I-II- nd type are erect, with flat, equal to the
length of the hypocotyl and stocked cotyledons, completely hiding the SAM; SAM is flat,
consists of three layers of cells. Embryos of III-IV-th type are erect, their synthetic cotyledon
is symmetric, conduplicate built, equal to the length of hypocotyl, its edges are slightly apart,
opening the lateral part of the SAM (SAM with a similar structure of embryo of I-II-nd type).
Embryos of V-VI-th type are with a curved axis, asymmetrical, folded and shorter synthetic
cotyledon; its edges are offset vertically and moved apart, opening the enlarged SAM (5-6
cell layers). With increasing the degree of syncotyly (I-Il — V-VI types) shifting force of
general symmetry of the embryo (reorientation of the SAM and the conduction system in the
direction of one of the intergrows cotyledons) and the displacement of the SAM from
horizontal to inclined position (due to the insert cells of the dorsal side of the embryo through
the merger of the cotyledons; especially pronounced in V-VI-th embryo types, where the
insert extends into the base of one of the intergrows cotyledons) are characteristic.

Thus: the formation of different types of embryo is typical for each individual of P.
vulgaris (usually 1 specimen - 1 box); and their monocotyledonous species is achieved on the
basis of the two forms of unimarginal syncotyly - symmetric (III-IV type embryos) and
asymmetric (V-VI types) (terminology according Haccius, Trompeter, 1960), each of the
forms causes characteristic type of changes. Thus, at asymmetrical US the growth of volume
is associated with a reduction in the area of the cotyledons, suggesting compensatory
relationships between organs (cotyledons compensation reduction by accelerating the
development of SAM).

A possible mechanism of the shift of the embryo symmetry ("cotyledonary shifting")
and its role in the evolutionary formation of monocotyledonous in the species Pinguicula: all
types of symmetry and folding of cotyledons (symmetrical, asymmetrical, conduplicate,
folded), identified in embryos formed in the fruit of P.vulgaris, are marked in different
species Pinguicula (Degtjareva et al., 2004).
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«..0T UHCXOJHOI'O EIMHOOBPA3US, YEPE3 MAKCUMAJIBHO
BBICOKOE PA3BHOOBPA3HUE, K KOHEYHOMY EJUHOOBPA3HUIO»
- TEHOMHBIH HIOK U BTOPUYHAS TUILIOUTA3ALIMA KAK DTAIIBI
HA ITYTH CTAHOBJIEHHUS HOBOT'O BUJIA.
A.B. Ponunonos
Bbomanuuecxuii uncmumym um. B.JI. Komaposea PAH, Cankm-Ilemepbype

Axanemuk B.JI. KomapoB B 1940 r. nucan: «boipnioe UCKyIIEHUE — NPEAIOIOKHUTS,
YTO MPOLIECC BO3HUKHOBEHUSI HOBBIX BUOB, IPUCIOCOOIECHHBIX K HOBBIM YCIOBUSM, UAET 110
MyTH U3BECTHOW TETelIeBCKON TPHAIbl — OT MCXOIHOTO €IMHOOOpa3usi uyepe3 MaKCUMAIIbHO
BBICOKOE pa3zHo00pa3re K KOHEYHOMY eAHMHO000pa3uioy». J[aHHble CpaBHUTEIHHON T€HOMUKH U
OKCIIEPUMEHTHI TI0O PECUHTE3y TMOPUOTEHHBIX BUOB MOPA3UTEILHBIM 00pa30M COTTIACYIOTCS
¢ nmpensuaeHbeM B.JI. KomapoBa o myTsx Bu10o00pa3oBaHus y pacTEHUH.

W3ydyeHne TeHOMOB TIpEICTaBUTENEH BCEX OCHOBHBIX (DHIOTCHETUYECKUX BETBEH
LBETKOBBIX PACTEHUH IOKAa3bIBAE€T, YTO B HCTOPUM KAXKJIOTO U3 COBPEMEHHBIX TAKCOHOB
HEOJTHOKPATHO TOBTOPSIICS LHUKI: MEXKBHIOBAas THOpUIAM3AIUS — HECTAOWIBHBIA TEHOM
rubpuzia HEOroMoIUIONJa WM HEOMOJUIUIONAAa—OTHOCUTEIBHO CTAaOWIBHBI T'€HOM
SYNOJUIUIONJIA WX JUIUIOWJAa — BTOpUYHAs JuIonauzanus (y NOJUILIONIOB) —
MeXXBUA0Bas THOPUAN3AIINS — TEHOMHBIN MIOK... ¥ T. 1.

OObenuHEHNE B OJHOM SIIpE JBYX WU 0oJiee TEHOMOB Pa3HOTO MPOUCXOXKICHUS B
MEPBBIX MOKOJEHUSX THOPUIOB YacTO WJIM BCEr/la COMPOBOXKIAaETCs (PEHOMEHOM «T€HOMHOTO
II0Ka» - HKCIIAHCHEN TPAHCIIO30HOB, HEAAUTUBHBIMU U3MEHEHUSIMU B TPAHCKPUIITOME U T.II.
«I"eHOMHBII 1IOK» SBISETCS UCTOYHUKOM Pa3HOOOPA3HBIX U MHOXECTBEHHBIX F€HETHUECKUX
U SIUTCHETUYECKUX HM3MEHEHUH B MOTOMCTBE HEOMOJIMIUIOWJA WM HEOTOMOIUIOMAA, TEM
caMbIM (OpPMUPYS YHUKAJIbHBIA 1O Pa3HOOOPA3UI0 BApUAHTOB MOJUTOH JUISl €CTECTBEHHOTO
orOOpa OpraHM3MOB, B TOW WMJIM HWHOW CTENEHU aJalTHPOBAHHBIX K YCIOBHUSAM cpeabl. B
NecTaOUIN3UPOBAHHBIX TMOPUAHBIX T'€HOMAaX, B M30JMPOBAHHBIX MOMYJSIUAX, IPU Yy4aCTUU
orOopa ® BCJIEACTBUE JHpeiida TeHOB, TMOCTENEHHO OyAyT HAaKaIIMBaThCS TEHHBIE U
XPOMOCOMHBIE Pa3iuyusi, BKIIOUYAKOIINE B JCHCTBUE BCE HOBBIE U HOBBIE PENPOIAYKTHUBHBIE
M30JIUPYIOIIME MEXAaHU3MBbl, YCUIMBAKOLIME CTENEHb NEHETHYECKOW H30JISIHMKA HOBOWM pACHI,
HOBOro BHUAA. COXpaHEHUIO OTOOPAHHBIX HOBBIX T'€HOMHBIX M SMUTC€HOMHBIX KOMOWHAIUil
CIOCOOCTBYeT  TOCTENEHHAas  CcTa0WwinM3amus TeHOMa Ha  CTaaud  dyMNOJUILIONA,
3aBeIIAIONIAsACS MOCTENEHHOW BTOPUYHOW JUTUIOMIM3allMe TeHOMA U KapUOTHIIA.

W BplIeOnrCcaHHbIN LUK MOKEH HAYaThCs CHAavyaja...
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"..FROM THE ORIGINAL UNIFORMITY THROUGH THE HIGHEST
POSSIBLE VARIETY TO THE FINAL UNIFORMITY":
GENOMIC SHOCK AND SECONDARY DIPLOIDIZATION AS STAGES ON
THE PATH TO BECOMING NEW SPECIES.
A.V. Rodionov
Komarov Botanical Institute, St. Petersburg

Academician Vladimir L. Komarov in 1940 wrote: "the Great temptation is to assume
that the process of origin of a new species adapted to new conditions, follows the path of the
famous Hegelian triad — from original uniformity trough the highest possible variety to the
final uniformity". Comparative genomics and experiments on the resynthesis of hybridogenic
species is wonderfully consistent with the Komarov’s prediction on ways of speciation in
plants.

The study of the genomes of plants belong to all the main phylogenetic branches of
flowering plants shows that there were repeated cycle in the history of each of modern taxon:
interspecific hybridization — unstable genome of the either homoploid or polyploid
hybrid—relatively stable genome of eupolyploid or diploid — secondary diploidization —
interspecific hybridization — etc.

The union in one nucleus of two or more different genomes in the first generations of
hybrids is often or always accompanied by the phenomenon of "genomic shock" — an
expansion of transposons, negativnye changes in the transcriptome, etc. "Genomic shock" is
the source of varied and multiple genetic and epigenetic changes in the offspring of
neopolyploids and neohomoploids, thereby forming an unique testing ground for natural
selection of organisms. In destabilized hybrid genomes with the participation of selection and
by genetic drift, will gradually accumulate the genetic and chromosomal differences that
migth effect on new reproductive isolation mechanisms that increase the degree of genetic
isolation of a new population, new race, new species. The conservation of selected new
genomic and epigenetic combinations contributes to the gradual stabilization of the genome at
the stage of eupolyploids or homoploids followed by secondary diploidization of karyotype.
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®WJIOTEHETUYECKHUE CBSI3U CEMEWCTB MOPSIIKA CAPPARALES T10
JAHHBIM CPABHUTEJIbHOM SMBPHOJIOTMUA U AHATOMUU CEMSH
I'.b. PonnonoBa
Mockosckuil 2copoockotl nedazosudeckutl ynusepcumem, Mockea
e-mail: rodionova.g.b@yandex.ru

K nopsnky Capparales otHocsatest cemeiictBa  Capparaceae, Brassicaceae,
Tovariaceae, Resedaceae, Moringaceae (Cronquist, 1968, 1988; Taxrtamxksn, 1966,
Takhtajan, 1980), koTopble MPUHUMAIOTCS KaK OJIM3KO POJICTBEHHBIE.

Capparaceae UMEIOT BCE MPHU3HAKH, MPUCYIIUE OOMIEMY MPEIIOIaraeMoMy MpeaKy, a
Cruciferae npsimo mpousBoiHbl oT Capparaceae. B mo3gHeM BapuaHTE CBOEH CHCTEMBI
A. Cronquist (1988) moarBepkmaeT HECOMHEHHOE POACTBO Brassicaceae ¢ Capparaceae,
OJIHAKO CYHUTAET, YTO MPUPOJA ITOU CBSI3U CIOPHA, KaK CIIOPHA U BO3MOXKHOCTH TECHOTO
poactBa mexnay Stanleya (Brassicaceae) n Cleome (Capparaceae). AJl. Taxtamxsu (1987,
1991) Beinenun Moringaceae B caMOCTOSITENbHBIN nopsnok Moringales, J. Hutchinson (1973)
npusHaeT nopsnok Capparales c cemeiictBamu Capparaceae, Moringaceae, Tovariaceae,
TOTJ]a KaK CEMENCTBO Brassicaceae moMeniaet B mopsanok Brassicales BMecte ¢ Cleomaceae n
Oxystilidaceae, a Resedaceae paccmaTtpuBaeT B cocTaBe nopsika Resedales.

AHann3 OpUTHHANBHBIX JAaHHBIX O CPaBHUTEIHLHON SMOPHOJIOTHN M aHATOMUU CEMSTH
oomee 40 BuaOB u3 mnATH Ha3BaHHBIX cemeicTB (Pommonoma, 1992, 1993, 1997)
CBUJCTENLCTBYET O Oonbiieit apeBHoctu Capparaceae TO CpPaBHEHUIO C JIPYTUMU
cemeiictBamu  mopsinka. OTiawuus, Kacaromuecss MOpQOJIOTHH  CeMsA3a4aTKOB, THIIOB
SMOpUOTeHe3a U TeHe3uca CEeMEHHOU KOoXypwl y BuUnoB Capparis u Cleome (PonnoHosa,
2010), coOTBETCTBYIOT BBIACICHUIO ABYX MojacemeiicTB Capparoideae u Cleomoideae.

VYHukanpHas i1 [BETKOBBIX I[EHOLMTHAs CTPYKTypa BHYTPEHHEro MHTETYMEHTa Yy
BUNIOB Brassicaceae (Heliophila u Succowia), sHA0TeCTaIbHbIE CEMEHA, HE XapaKTEPHBIC ISt
Capparaceae, Tovariaceae u Resedaceae, xakx W napyrue >MOpPHOJOTHYECKHE TNPU3HAKU
(Ponuonoga, 1972, 1983, 1992), noarBepx1atoT 000CHOBAaHHOCTH BbIACNICHUS Brassicaceae B
camocrosTenbHblil  mopsinok Cruciales (Kozo-lTlonsHckuit, 1945). Te e naHHbIe HE
MOJTBEPKIAIOT BO3MOKHOCTH oObenauHeHust Cleomaceae n Brassicaciae B o0beme 0011ero
nopsiaka Brassicales (Hutchinson, 1973). DOm0Opuonoruueckue otnuuus Brassicaciae, Kak 1
OTCYTCTBHE Y HHX JK30TEIMHHAIBHBIX CEMSH, XapaKTepHBIX i BUIOB Cleome, OTINIUS
YIBTPACTPYKTYpbl HOBepXHOCTU TecThl Stanleya u Cleome (PonuonoBa, 1992, 1993)
POTUBOpPEYAT MPEACTaBICHUSIM psiga cuctemMaTukoB (Janchen, 1942, TaxrtamksH, 1966,
1987) 0 BO3MOXXHOCTH TECHOTO pOJACTBA MEXAy NPUMUTHBHON Tpuboit Stanleyeae
(Brassicaciae) u noacemerictBoM Cleomoideae, a Takke HEMOCPEICTBEHHOTO BBIBEICHUS
Brassicaceae u3 Cleomoideae.

Me3zoTectanbable ceMeHa Moringaceae ¢ TPSMBIM, a HE HW30THYTBIM 3apOIBIIIEM,
HalIu4yue 2-THE3HBIX NbUIBHUKOB, MOMHUMO 4-THE3HBIX, COIJIACYIOTCS C BBIACICHUEM
Moringaceae B 0co0Obit mopsiok Moringales.

Pacrnipenienenrie nmpu3HakoB MO Pa3HOOOPA3UIO TUIOB YKEHCKOTO apXeCHOpHs, 3pesbIxX
OBUTBIEBBIX 3€PEH, HSMOpPUOTEHEe3a, CTPYKTYpbl 3peloro CEeMEeHH Y TpeACcTaBUTENeH
Capparaceae, Tovariaceae, Brassicaceae, Resedaceae n Moringaceae CBUACTEIBCTBYET KaK
0 TMapaUIelbHON SBOIONHHA YMOPHUOIIOTUYECKUX CTPYKTYp BHYTPU Ka)kJIOTO CEMEWcTBa U
BHYTpU TMOpsKa, TaK U MapajljieIbHOM 3BOJIIONHMHM CEMEHCTB OT OOIIEro aHiecTpalbHOTO
TaKCOHa.
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PHYLOGENETIC INTERACTIONS OF FAMILIES IN ORDER CAPPARALES
ACCORDING TO DATA OF COMPARATIVE EMBRYOLOGY
AND SEED ANATOMY
G.B. Rodionova
Moscow state pedagogical university, Moscow
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The order Capparales includes the families Capparaceae, Brassicaceae, Tovariaceae,
Resedaceae, Moringaceae (Cronquist, 1968, 1988; Takhtajan, 1966, 1980) that are considered
to be closely related.

Capparaceae possess all features typical for the common expected ancestor, and
Cruciferae is directly derived from Capparaceae. Cronquist in the late variant of his system
(Cronquist, 1988) confirms undoubted relationship of Brassicaceae with Capparaceae, but
believes that the nature of this relationship is debatable as debatable and the possibility of a
close relationship between Stanleya (Brassicaceae) and Cleome (Capparaceae). A. L.
Takhtajan (1987, 1991) distinguished Moringaceae in the independent order Moringales, J.
Hutchinson (1973) accepts the order Capparales with the families Capparaceae,
Moringaceae, Tovariaceae, whereas the family Brassicaciae places in the order Brassicales
together with Cleomaceae and Oxystilidaceae, and regards Resedaceae as a part of the order
Resedales.

The analysis of original data on the comparative embryology and anatomy of seeds of
more than 40 species from the five families marked (Rodionova, 1992, 1993, 1997) indicates
the great ancientry of Capparaceae compared to others families of the order. The differences,
concerning ovules morphology, types of embryogenesis and the genesis of seed coat in the
species Capparis and Cleome (Rodionova, 2010), correspond to the distinguishing of two
subfamilies Capparoideae and Cleomoideae.

The unique for the flowering plants coenocytic structure of inner integument in the
species of Brassicaciae (Heliophila and Succowia), endotestal seeds, not typical for
Capparaceae, Tovariaceae and Resedaceae, as the other embryological features (Rodionova,
1972, 1983, 1992) confirm the validity of separating Brassicaceae into independent order
Cruciales (Kozo-Polaynsky, 1945). The same data doesn’t confirm the possibility to unite
Cleomaceae and Brassicaciae in a general volume of the order Brassicales (Hutchinson,
1973). Embryological differences of Brassicaciae, as well as the absence of exotegminal
seeds in them, typical for Cleome species, the differences of ultrastructure of the testa surface
in Stanleya and Cleome (Rodionova, 1992, 1993) contradict to the views of some systematists
(Janchen, 1942, Takhtajan, 1966, 1987) about the possibility of close relationship between the
primitive tribe Stanleyeae (Brassicaciae) and subfamily Cleomoideae, and also to the
immediate deriving of Brassicaciae from Cleomoideae.

The mezotestal seeds of Moringaceae with the straight but not curved embryo, the
presence of 2-loculed anthers besides 4-loculed ones are consistent with separating of
Moringaceae into a special order Moringales.

Distribution of characteristics on the diversity of female archesporium types, mature
pollen grains, embryogenesis, the structure of the mature seed in the representatives of
Capparaceae, Tovariaceae, Brassicaceae, Resedaceae and Moringaceae evidences both of
the parallel evolution of embryological structures within each family and within the order and
of the parallel evolution of families derived from a common ancestral taxon.
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C nomomrsto COM cemena 73 BuaOB U3 23 POJOB TBO3IUYHBIX M3 TpuObl Sileneae
(Caryophyllaceae), no xnaccupukanuun H.H. IlBeneBa (2001), Obliv BrepBble JETaIbHO
W3yYeHBI C BEHTPAJILHON CTOPOHBI (CO CTOPOHBI pyOYHKa), 4TO MO3BOJIMIIO BEISIBUTH UX HOBBIC
Mopdosoruueckue oco0eHHOCTH. OOHapyKeHHOe pa3HOOOpa3ue CTPOEHUS CEMEHU B ITOU
00JacTH CBSI3aHO C COXPAaHEHUEM Yy HEKOTOPBIX BUAOB U PA3IMYHOW Tomorpadueil TKaHeil
¢GyHUKyIyca, y4acTBYIOLUIMX B (POPMHPOBAHUU NPUIATKOB CeMEHH. BwigeneHo 5 TumoB u
HECKOJIbKO BapHAHTOB IEPEXOJHOTO CTPOEHUS OKOJIIOpyOUMKoBOi obnmactu cemenu: 1) Ges
BBICTYNOB, «OTKpPBITBII» THII, 2) CO CKJIaJKaMH, 3) ¢ BaJukoMm, 4) ¢ JaTepaJbHBIMU
IpUJIaTKaMHU, IPUKPHIBAIOLIUMH PYOUHK, 5) ¢ BosockaMu. OKOIOPYOUHUKOBBIN BaIUK OOBIYHO
xapakrepusyet pofsl (Ixoca, Lychnis, Melandrium, Silenanthe, Ussuria). Iloka3zaHo, 4To
UMEETCsl HEKOTOpasi 3aBUCUMOCTh MEXIY THUIIOM CTPOEHHS OKOJOPYOUYHMKOBOW OONACTH U
BEJIMYMHON CEMEHH, a TaKKe TaKCOHOMMYECKHM TIIOJI0O)KEHHEM BHUJIA, a HMEHHO, €ro
NPUHAIISKHOCTRIO K POAY WM rpynmne Onm3kux ponoB. Haiimeno, 4ro 3TOT mpu3HAK
JIOBOJIBHO TTOCTOSTHEH Y MHOTMX BHJIOB, OJHAKO, MOXET 3HAYMTEIbHO MEHSTHCS B Ipeesax
OTHOW CEKIMW M pOJa, YTO TIO3BOJIIET HCIOJB30BATh €ro, B KOMIUIEKCE C JPYTHMHU
NpU3HAKaMU, JUIsl TUarHOCTUKU BUOB U MOHOTUITHBIX HAJBHJIOBBIX TaKCOHOB. CBOE0Opa3HOE
CTpOCHHE JaHHOH oOnactu cemeHu Yy Silene gallica (omylIeHHBIH THN) SBISIETCS
JMArHOCTUYECKUM IPU3HAKOM 3TOrO BHJA. BBIACHEHO, YTO HET YETKUX Pa3IUuuil MExXIy
poaamMu 1O JaHHOMY TIpU3HaKy, B ponae JSilene HaWACHbI BCE 5 THUIOB CTPOCHUSA
OKoJOpyOunkoBoi oOmactu cemeHu. OpHako, Mexay TIpynmnamu OJM3KUX POJOB,
YCTaHOBJICHHBIX C TIOMOIIBIO TPAJAUIIMOHHOTO CPAaBHUTEIHLHO-MOP(OIOTHUECKOTO METOoa
(IBenes, 2001), ompexneneHHble pa3auuusi HMMEIOTCS. B JIUXHUCOBOM M MenaHapueBoH
Tpynmax TpeoOsaaroT OTKPBITEI PYOYHMK W OKOJOPYOUMKOBBIH BajHMK, JIaTepabHBIC
CKJIAaJKA W BBICTYyNBl BCTPEYAIOTCA pPEIKO, B OCHOBHOM HUX HeTHNHU4Hbe ¢Gopmbl. B
CUJICHOMJIHOM Tpymme, Hao0OpOT, PEAKO BCTPEUaeTCs OKOJIOPYOUMKOBBIM BajuK, a
npeo0iagatoT JaTepalibHble CKIAJKU U B pa3HOW CTENEHU Pa3BUTHIC JIaTE€PajbHbIC BBICTYIIBI
(mpuaaTku) ceMeHu, NpuKpbiBaomue pyounk. CpaBHEHUE C MOJIEKYJISPHBIMU JaHHBIMU IS
TpuObI Sileneae (Oxelman, Liden, 1995; Muxaiinosa u np., 2014) mokasasno, 4To HU3-3a TOTO,
YTO B BEPXHHE KJIAJbl MOJIEKYJIPHO-(PHIOTEHETUIECKUX JIEPEBHEB BOILIM HEKOTOPHIE POJIBI
MEJIaHAPUEBOM I'PYyMIIbI, 3T JOBOJBHO CTPOMHAs KapTHHA pacIpeAeieHHUs THUIIOB CTPOCHUS
OKOJIOPYOUMKOBOH 00JIaCTH ceMeHM Hapymaerca. Jias poaoB 0Oa3albHBIX TPYNI 3THX
nepeBbeB (Agrostemma, Eudianthe, Viscaria group, Lychnis group) xapakTepHbl OTKPBITBIN
TUN 00JacTh pyOUYMKa M OKOJOPYOUMKOBBIA BaJlMK, 0OpPa30BaHHBIH B OCHOBHOM KIIETKaMH
¢dbynukynyca. B Viscaria group mpeobiamaeT OTKPBITHIN TUN (MCKIIOUYEHHE — pon Ixoca ¢
OKOJIOPYOUMKOBBIM BaJIMKOM), B Lychnis group — okosiopyO4YHKOBBIM BaqUK (MCKIIOYEHUE —
pon Coronaria). JlaTepaipHble CKJIaJAKU M TUIIMYHBIE JIaTepaJIbHbIE BBICTYIBI (IPUAATKH),
NPUKPBIBAIOIINE PYOUMK, YACTO BCTPEUAIOTCS B BBINIEC CTOSIIMX Kianax (Silene group unm B
CHJICHOUJHON M COOpHOW KJIaAax), YTO TOBOPUT O TOM, YTO 3TO, MO-BUAUMOMY, MO3JHHE
HBOJIIOIIMOHHBIE TPHOOPETEHNUS, KaK U pyOUHK ¢ MEJIKUMH BOJIOCKAMH, XapaKTEPHBIH TOJIBKO
st Silene gallica.
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STRUCTURE REGIONS OF SEED’S HILAR REGION IN MEMBERS OF THE
TRIBE Sileneae DC (Caryophyllaceae Juss.)
V.0O. Romanova, T.I. Kravtsova.
Komarov Botanical Institute RAS, Saint Petersburg, Russia

The seeds of 73 species from 23 genera of the tribe Sileneae (Caryophyllaceae)
(presumably of Russian flora), according to N.N. Tzvelev (2001) classification, were firstly
examined in details using SEM on ventral side, in the hilum region, that permitted to discover
their new morphological peculiarities. Structural diversity of this seed region is connected
with maintenance in some species and different topography of funicular tissues, participating
in appendages formation. Five types of hilar region structure are distinguished: 1) without
appendages, “open” type, 2) transverse, narrow up to slit-like, accompanied by lateral folds,
3) surrounded by incomplete rim, 4) with lateral appendages, covering the hilum, 5) with
small hairs and papillae; transitional forms between the types occur. Hilar rim applies to
several genera entirely (Ixoca, Lychnis, Melandrium, Silenanthe, Ussuria), e. g., characterizes
usually all their species. Possible biological significance of hilar region structure is discussed.
The results suggest that “open” hilar type is primitive one, initial to all other, more specialized
types. The observations show that there is certain dependence between the structure of hilar
seed region and seed size, moreover, between this one and taxonomical position of the
species. It is found that this character is rather constant within many species, but can show
infrasectional and infrageneric variation, what makes it useful (in the complex with other
morphological characters) for diagnosis of species and monotypic taxa above species level.
Unique structure of this seed region in Silene gallica (pubescent type with small hairs) is
diagnostic feature of the species. In the genus Silene thus all five types of hilar seed region are
present. It is revealed that there are no clear differences by the character between genera
studied, but they exist between groups of closely related genera, established using traditional
comparative-morphological approach. In “lychnisoid” and “melandrioid” groups (Tzvelev,
2001) open type of hilar region structure and hilar rim dominate, lateral folds and lateral
appendages are rare, generally their atypical forms occur that uncover the hilum. In
“solenoid” group, on the contrary, lateral folds and typical lateral outgrowths (appendages),
more or less covering the hilum, have been evolved, and hilar rim is rare. The comparison
with molecular-phylogenetic trees of the tribe Sileneae (Oxelman, Liden, 1995; Mikhaylova,
et al., 2014) does not give such clear pattern of the character distribution because of upper
clades include several genera of melandrioid group. For the low branches (clades) of these
trees (Agrostemma, Eudianthe, Viscaria group, Lychnis group) primitive open hilar type and
hilar rim formed mainly by funiculus cells are characteristic. In Viscaria group open type
prevails over the other types (with the exception of Ixoca, hilar rim), in Lychnis group hilar
rim prevails (with the exception of Coronaria with some other types). In the upper branches
(Silene group or solenoid and combined groups) such specialized types as narrow one with
lateral folds, provided with typical lateral appendages, covering the hilum, are widely
distributed, and moreover, the hairy hilum type occur (in Silene gallica).
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BosBieHne MexaHm3MOB  (DYHKUIMOHMPOBAHUSI CTPYKTYPHO —PA3TMYAIOIIMXCS  AlUKATBHBIX
MmepricteM Tmio0era (AMII), oOpasyrommX pa3TMdHbIE IO METaMEpHH TOOCTOBBIE CHCTEMBI Y
TpeJICTAaBUTENEl 3BOJIOLMOHHO JIPEBHUX TAKCOHOB PACTEHMI, MOKET IMPOSCHUTH KITFOYEBBIE BOIPOCHI
Mopdornorudeckoit 3Bormormu. [Ipenmnonaraercs, uto AMII ¢ eIMHCTBEHHON AMKATEHOM WHUIHATHIO
(AW), xapakrepHas Uil OOJBIIMHCTBA BBICIIIMX CIOPOBBIX PACTCHHH, IUIC3MOMOphHA W SIBISICTCS
€/IMHCTBEHHO BO3MOXKHBIM THIIOM OpraHM3AlMM Y OPraHM3MOB, HE OOJAIAIOIMX CIOCOOHOCTBIO
(GhopMHUpOBaTh BTOPUYHBIC  (TIOCT-IUTOKUHETUYECKHE) TUIa3MOJCCMBL.  BO3HMKHOBEHHE  TIOCTIECIHHX
CKOPPEIMPOBAHO C TIOSBIICHHMEM HECKOMBbKMX Al W, BEpOSTHO, OHM TMPOM3OLUIM HE3ABUCUMO Y
PaBHOCTIOPOBBIX TUIAYHOOOPa3HBIX M CEMEHHBIX pacTeHui. BakHas ponb npu xapakrepuctuke AMII ¢
HECKOJIbKMMY MHULMASIMA  TIPUJACTC HATMYMIO WIM OTCYICTBUIO BHEIHHMX CJIOEB KJIOHAIBHO
000COOJICHHBIX KJIETOK - TYHHKH, XapaKTEPHOM TOJIBKO Il THETOBBIX M IBETKOBBIX. Bee b AMII,
HEe3aBUCHMO OT urcia AV, TpakTyrOTCs KaKk MHOTOKJIETOYHBIC U XapaKTepH3YIOTCS TIOAPasZeiieHeM Ha
PATUYALOIIHECS TIO IATOJIOTMYECKIM XapaKTePHCTUKAM TISHTPATTbHYIO 1 Tieprdepideckyto 30HbI (L3 1
I13). Ces13p pasHbIX cTpykTypHBIX TUIIOB AMII ¢ Mopdornorueii modera, a Takke MX TAKCOHOMHMYECKAST
HPUYPOUEHHOCTb, HE OUEBH/IHBL.

OTKpBITHE KITIOUEBBIX PETYJIATOPHBIX TPAHCKPUMIMOHHBIX (hakTopoB (TD) B AMIT LiBETKOBBIX U
KapTHPOBAaHHE WX SKCTIPECCUM TTONTBEPIMIO €€ (hyHKIMOHATBHYIO KoMITapTMeHTam3aio Ha 13 u I13,
BBISIBIIIO HEOJHOPOIHOCTH B mpezerax L3, mokasano QyHkimoHansHyto anagoruto AMII ¢ Hueit
CTBOJIOBBIX KJICTOK JKMBOTHBIX. PacKpBITHI HEKIIETOYHOABTOHOMHBIN XapakTep JCHCTBUS OOJBIIMHCTBA
TO, ux ropMoHzaBHCHMAas MPUPONA. BbIIRIEHA HMCKITIOUUTEBHAS PONb HAPYKHOTO CJIOSi TYHHKHU B
TPAIMEHTHOM pacTpeiesieHuH (PUTOrOpMOHA ayKCHUHA U B (DHJITOTAKCHCE.

BbronHdpopmartideckuii aHanm3 reHOMOB U TPAHCKPHIITOMOB TmpezictaButenieid, Lycopodiophyta,
Monilophyta n Pinophyta BbIIBII HamMuEe TOMOJIOTOB MapKEpOB ANMKATBHBIX WHHIMATICH, KIETOK
“HMIIIN”, BCEX MEPHUCTEMaTHUeCKUX KIIETOK U mHuImaneit mcra (CLE, WOX, KNOX, HD-Zip Ill) y Bcex
BBICILIMX pacTeHni. V3yueHrie maTTepHOB MX SKCIPECCUH Y HEKOTOPBIX I1ayHOOOPa3HBIX, XBOLIEBU/IHBIX 1
MAropOTHUKOOOPa3HbIX TIOKa3a7I0 KaK CXOJICTBO, TaK u TaKCOHOCTIEIM(pUYHbIE
0COOCHHOCTH,KOPPEITHPYIOHIHE ¢ MOP(OIOrMYEcKON NPUPOIO JIMCTAa M TATIOM BETRIICHWSI ToOera M
MOATBEPIIO  (DYHKIMOHATBHYI0O ~ MHOroknerouHoctb  AMII ¢ emuHctBenHot AW u  ee
KOMITAPTMEHTATIM3ALIMIO Ha HECKOJIbKO JIOMEHOB. BbricHuoch, uto KNOX-ARP B3auMONEHCTBUSI HE
SIBJISIFOTCS] aHTATOHMICTHYHBIMU TIPH 3aJIOXKEHNH KaK MUKPO(HILIOB IUIayHOOOpa3HBIX, TaK U MerauILioB
MarNopOTHUKOOOPasHbIX, a JKcrpeccksi TomonoroB HD-ZIP Il y pa3HOCTIOpOBBIX IUIAYHOOOpas3HbIX HE
NpUypoYeHa K JIMCTOBBIM 3auaTkaM U, BEPOATHO, HE OMNpEAeisieT HX JIOPCOBEHTPAILHOCT.
3aperucTpUPOBAHHBINA Y TUIAYHOOOPA3HBIX TIOJSIPHBIA TPAHCTIOPT AyKCHHA CO3/IaeT MakcumyM B AU u
peryampyer He (PUILIOTAKCHC, HO TMXOTOMUYECKOE BETBIICHHE.

HcenenoBanyst KOJIIEKTHBA TOCBAILCHB! M3YYEHUIO CUMIUIACTUYECKON OPraHM3alK U KIIETOYHBIX
aCreKTOB  OpraHoreHesa B pasHeix Thmax AMIL  paspaborke Bompoca O  BO3HHMKHOBEHUM
HEKJIETOYHOABTOHOMHOM perysisitir AMI T mmyTeM cpaBHUTEIIBHOTO M3yYeHHS JIOKATA3ALY TPAHCKPHUITTOB
u OenkoB romorioroB KNOX-TeHOB y MpeACTaBUTENCH IUIayHOOOPAa3HbBIX, MANOPOTHUKOOOPA3HBIX U
roJioceMeHHbIX. Hamu cekBeHMpOBaH M aHHOTHUPYETCS TpaHCKpHUIIToM Huperzia selago - tumayHa c
Heckonbkuvu AW B AMII. CriopoBoe pactenue ¢ takuM turioM AMII BrepBble CTO MOZIENBIO VIS
MOJIEKYJIIPHO-TEHETUYECKHX HccrieioBanuil. Pabota Benercst pu omeprkke PODU (poextst NeNe (7-
(04-00851, 12-04-32168, 13-04-02000, 14-04-01397).
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Unrevealing how structurally distinct shoot apical meristems (SAMs) originate different
in metameric structure shoot systems in representatives of evolutionarily ancient plant taxa
can enlighten the key issues of morphological evolution. It is assumed that the SAM with
single apical initial (AI), which is characteristic for the majority of lower vascular plants is
plesiomorphic and constitutes the only possible type of organization in organisms that are
unable to form secondary (post-cytokinetic) plasmodesmata. The emergence of the latter
correlates with the appearance of several Als and is most likely homoplasious in
homosporous lycophytes and seed plants. An important character of SAM with several Als is
the presence or absence of the outer layer(s) of clonally isolated cells — the tunic,
characteristic only for gnetophytes and angiosperms. All types of SAM, regardless of the Al
number, are considered multicellular and characterized by compartmentalization into the
central and peripheral zones (CZ and PZ) differing in cytological characters. Correlation of
different SAM structural types with shoot morphology and their taxonomic confinement are
controversial.

Discovery of key meristem-specific transcription factors (TFs) and mapping of their
expression patterns in the angiosperm SAM have confirmed its functional
compartmentalization into the CZ and PZ, revealed heterogeneity within the CZ and exposed
SAM functional analogy with the stem cell niche. Most TFs were shown to be non-cell-
autonomous and hormone-dependent, and the outer tunic layer was demonstrated to play the
exceptional role in a gradient distribution of phytohormone auxin and phyllotaxy.

Bioinformatic analysis of genomes and transcriptomes in model Lycophytes,
Monilophytes and Pinophytes have revealed the presence of homologues of apical initials
cells, niche cells, all meristematic cells, leaf founder cells markers (CLE, WOX, KNOX, HD-
Zip III) in all land plants. The study of their expression patterns in some of spike mosses,
horsetails and ferns have showed both similarities and taxon-specific features correlated with
the morphological nature of the leaf and the type of shoot branching; confirmed the functional
multicellularity of the single Al SAM and its compartmentalization into several domains. It
was found that KNOX-ARP interactions are not antagonistic during the inception of both
lycophyte microphylls and fern megaphylls, the expression of HD-ZIP III homologs in spike
mosses 1s not confined to leaf primordia, and probably does not determine their
dorsoventrality. The polar auxin transport detected in lycophytes creates maximum in Als and
presumably controls not phyllotaxy, but dichotomous branching.

Research of our group is focused on symplasmic organization, cellular aspects of
organogenesis, non-cell-autonomous regulation of the SAM in the evolutionary context,
specifically by a comparative study of the localization of transcripts and proteins of KNOX
genes homologs in model lycophytes, ferns and gymnosperms. We have sequenced and are
annotating transcriptome of Huperzia selago — a clubmoss with several Als in SAM. Lower
vascular plant with this SAM type has for the first time become a model for molecular genetic
studies. The work is supported by RFBR (07-04-00851, 12-04-32168, 13-04-02000, 14-04-
01397).
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MATEMATHUYECKOE OIIUCAHUE MOP®OTI'EHE3A PACTEHUM
N.B. Pyackmii
bomanuueckuii uncmumym um. B.JI. Komaposa PAH, Canxm-Ilemepoype
e-mail: ivrudsky@mail.ru

Llenpto pabGoTbl ObUIO pa3paboTka crocoba, s3bIKa Ul ONMCAHUS KJIETOYHOM
ApXUTEKTYphl PACTCHWH W TKAHEBOTO TpaduKa, a TAaKKe s3bIKA JUIA ONMCAHUS W aHAJIN3a
MOp(OreHETHYECKUX NTPOrpPaMM pa3BUTHsI pacTEHUI.

Bunocnenmduynasi mpocTpaHCTBEHHAs OpraHW3alMs TKaHEH W OpPraHOB PacTEHHM
BO3HHMKAET B pe3yJibTaTe JIeATeIbHOCTH 00pa3oBaTeNbHbIX TKaHedH. OHa mpeacTaBiseT coOon
TOHYANIIIYIO TPAHCIIOPTHYIO CETh, COCIMHSIONIIYIO KAKIYIO KJIETKY Teja PacTeHHUs IMOTOKOM
BemlecTB. JlesTenbHOCTh 00pa3oBaTelIbHBIX TKaHEH 3aKiIioyaeTcss B IMpeoOpa3oBaHUU
TPAHCIOPTHBIX TOTOKOB B IIOTOKH KJIETOK, UCXOJAIINE U3 MEPUCTEM, KOTOPBIE NOMOJIHSIOT U
OOHOBIIAIOT coMaTHuyeckue TkaHu. IlocienHue, B cBOIO ouepeib, MPeoOpa3yroT BXOIAMIMN
NOTOK  KJIETOK B  TPAaHCHOPTHbIE TIOTOKM  BEIIECTB, KOTOPbIE  IMOTPEOIISIFOTCS
oOpa3oBaTeNbHBIMU TKaHAMH. [laHHbIEe NpeoOpa3oBaHMs YHPABISIOTCS B COOTBETCTBHM C
BUAOCTICIH(DUIECKON TPOTPAMMOM Pa3BUTHS.

B nannoit pabote mMbl gaéM hopMann3oBaHHOE NPEACTABICHNE TPAHCIIOPTHBIX TOTOKOB
¥ KJIETOYHOU apXUTEKTYphl paCTeHUH, paccMaTprUBaeM MpeoOdpa3oBaHKE ITHX MOTOKOB JPYT B
Jpyra W COINpsDKEHHE 3TUX MNpeoOpazoBaHuil. Vcnoiab3oBaHHE MaTEeMaTHYECKOTO s3bIKa
rpadoB, kareropuit u ceteii [leTpu mo3BossieT 1) paccMOTPETh BHY TPUKIETOUHBINA M TKAHEBOM
TPAHCHOPT M XUMHMYECKHE MpeoOpa3oBaHUs BELIECTB, KaK pe3yJbTaT KOMIApTMEHTAIHH
TpauKa B COOTBETCTBUM C KIJIETOUHOM apXWUTEKTYypoOM; 2) paccCMOTPETh AENEHUE KIETOK U
BO3HHKAIOIIYI0 B 3TOM IIPOLIECCE MPOCTPAHCTBEHHYIO OpraHu3aluio, kak ¢popmy Tpaduka u
B3aMMOJIEHCTBHSI BEIIECTB; 3) MOCTPOUTH CXEMY MPOTPAMMHOIO KOHTPOJSI TPAHCHIOPTHBIX U
MOP(OreHETHYECKUX MTPOLIECCOB.

s Bcex oOHapyKEHHBIX 3aKOHOMEpPHOCTEN OyIyT NMPUBEAECHBI IPUMEPHI, JOCTYIHbIE
JUISL IPSIMOM ITPOBEPKH.
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MATHEMATICAL DESCRIPTION OF PLANT MORPHOGENESIS
Rudskiy I.V.
Komarov Botanical Institute, Saint-Petersburg
e-mail: ivrudsky@mail.ru

This work was aimed to develop a description language for the cellular architecture and
traffic in plants, and to elaborate a formalistic language for the description and analysis of the
morphogenetic programs in plants.

Species-specific spatial organization of the tissues and organs in plants appears as result
of activity of the formative tissues. It is delicate traffic network which connects every cell in
plant body by means of the transport of substances.

Activity of the formative tissues is transformation of the streams of substances into the
streams of cells, which leave meristems and become the somatic tissues. Somatic tissues in
their turn convert the incoming stream of cells into the stream of substances. These
transformations are under control of the species-specific developmental program.

In the present work we provide formalistic representation of the transport and the
cellular architecture in plants and we consider the relation and adjunction of their mutual
transformations. With help of the approaches of graphs, categories and Petri networks we
were enabled to : 1) to consider the inner cellular and tissue traffics as result of the traffic
compartmentalization according to the cellular architecture; 2) to consider the cell divisions
and spatial relations between cells resulted as a form of the traffic and reactions of substances;
3) to construct a scheme of the programming control of the transport and morphogenetic
processes.

All revealed regularities are supported by the observable examples.
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BUOTEXHOJIOTUYECKHUE NOAXO/AbI K CO3JAHUIO KOJUIEKIIUHU
TEHOPECYPCOB PACTEHUH
Camapuna JI.C.
Bcepoccuiickuti nayuno-ucciedosamensCkuti UHCMUmMym y8emogoocmed u
cyomponuueckux kyromyp, Couu
e-mail: samarinalidia@gmail.com

Pa3BuTre OWOTEXHONOTHI TIPOW3BEIIO PEBOJIONUIO B O0JIACTH COXpPAaHCHHUS U
HCIIOJIb30BAaHUS T€HETUYECKUX pecypcoB. biaromaps KylbType M30JIMPOBAHHBIX 3apOJbIIIECH
U TPOTOIUIACTOB N Vitro, ObUTH TIPEOJIOJICHBI TeHETHUSCKHE Oaphephl, U CTAIA BO3MOKHBIMHU
OTJIaJIeHHbIE MeXBUAOBbIe ckpemiuBaHus (Tomes, 1990; Withers, 1990). MonekynspHo-
T€HETUYECKUE TEXHOJIOTMH TO3BOJWIM YCTAHOBUTH T'€HETUUYECKHE CBSA3M MEXIY BUIAAMHU U
COCTaBUTh XapaKTEPUCTUKH TEPMOILIA3Mbl B KOJUIEKIUAX. MUKpPOKIOHUPOBAHUE in Vitro
MO3BOJIICT OBICTPO PA3MHOXKAThH IIEHHBIC 00Pa3Ibl U 0€30MaCHO MPOBOIUTE OOMEH AT THBIMU
reHotunamu. KynbTypa MepucreM M MHUKpPONPUBUBKA B COYETAHMHM C METOJAMH TEpanuu
JAI0T BO3MOKHOCTH O37I0POBUTH PACTEHUSI OT MATOTC€HHBIX BHUPYCOB, YTO OCOOCHHO Ba)KHO
JUTSL BETETAaTHBHO pa3MHOkaeMbix TeHoTunoB (Withers, 1990).

Bce stu mpeumyiectBa OMOTEXHOJIOTHH MOXKHO pEaTUu30BaTh B CEJICKIIMOHHBIX
nporpaMMax umesi HaIeXKHY0 6a3y. DToi 0a30if sABIsIETCS KOJJISKIUS TepPMOILIa3Mbl BUJIOB U
COpPTOB PACTEHUH, U, YeM OOJIbIIIE TCHETUICCKOE Pa3HOOOPa3Ue B ITON KOJUICKIIUU, TEM BBIIIC
€€ CeNeKIMOHHBIA MOTEeHIUAN ISl MOJMy4YeHHs] KaueCTBEHHO HOBBIX (DOPM C XO3SIICTBEHHO
[IEHHBIMU TIpU3HaKamMu. Takuhe KOJJICKIIMM JIOJDKHBI BKJIIOYAaTh B Ce0S HE TOJIBKO
OKYJIbTYpPEHHBIE BUJbI, HO U X JUKHE poanudd. Kpome mosieBoi U TEMJIUYHOU KOJIJIEKLIUU B
HACTOSIIIIEe BPEMSI BaXXHBIM CTAJI0 COXPAaHEHUE TEHOPECYPCOB in Vitro, NAOIIEe U3BECTHBIC
npeuMyIiecTBa. BakHoe MecTo B CO3MaHMU TeHOOAHKa in Vitro 3aHMMaeT MOATOTOBKA
perucTpanys KOJUICKIIMOHHBIX 00pa3loB, co3laHue 0a3bl JAHHBIX, YTO JCNACT KOJIICKITHUIO
HaJeKHOM Oazoi s cenekuuonepa. llepen peructpamueil M BKIIOYEHHEM o0pasla B
TeHOOaHK €ro CTaTyC, TOJKEH ObITh BEIBEPCH.

Kaxapiii oOpasern, BKIIOYaeMblii B TeHOOAHK JODKEH HMMETh MaclopT, B KOTOPOM
yKa3aHbl Ha3BaHHE KYJbTYPhl, POJA, BHJAA, KOJUICKIIMOHHBI HOMEp, paCIHOJIOKEHHE B
KOJUIEKIIUY, CTpaHa MPOUCXOKACHHUSI, AaTa BKIIOUEHUS B KOJUICKIHIO, (DEHOIOTHS, NICTOYHHUK
MOJTyYCHUs, KOJHMYECTBO PACTCHUH Ka)XJOro TeHOTUmna. J[Is CeNeKIMOHHBIX 00pa3IoB
HEOOXOMMO TaKKe BKJIIOYHTH JaHHBIC O POJUTENHCKHUX Mapax, OT KOTOPHIX OH MPOU3OIIET.
Kpome Toro, xaxaprii o0pasell B KOJUISKIIHA JIOJDKEH UMETh (PUTOCAHUTAPHBIN cepTU(UKAT B
paMKax BHYTpEHHEH (UTOCAaHUTApHON peryssiuu cTpaHbl-Aepxarens Kouekuuu. Kaxmaoro
oOpa3sia B KOJUIEKLIUU JTOJIKHO OBITh MUHUMYM TpHU MOBTOPHOCTHU
(http://cropgenebank.sgrp.cgiar.org/).

Jlns xapakTepucTuku o0Opas3loB B reHobanke in vitro JIHK mapkepbl, Takue Kak
AFLPs, SSRs and SNPs gBisarorcss Hambojiee HaneKHbIMUM. OHH HE TOJBKO IO3BOJISIOT
BBISIBUTh OJIMHAKOBBIE OOpa3ibl B KOJUICKIHSX, HO ¥ KOHTPOJIHPOBATh T€HETUYECKUE
OTKJIOHEHHMSI, KOTOPbIE MOTEHIIMAIBHO MOTYT BO3HUKATh IPU JOJITOCPOYHOM XPAHEHUHU in
vitro.

[Ipu BBIMONHEHMHM BCEX ATUX TpeOOBaHWUK OOpa3Ibl MOTYT MPOUTH MPOIEAYPY
perucTpanyu JUis BKIIOUYEHUS B TeHOOAHK, KOTOpas 3aKIIYaeTcs B IMPUCBOCHHUH
KOJUIEKIIHOHHOTO HOMEpa, BHECEHUH B 0a3y JaHHBIX B al(aBUTHOM HJIM HOMEPHOM MOPSAKE
Y BHECEHHE BCEX MACTIOPTHBIX JAHHBIX B CUCTEMY JOKYMEHTAIIUU KOJUICKIIUH.

In vitro xonnexuuss BHUNIuCK nacuutThiBaeT 87 BUAOB U COPTOB, U3 KOTOPBIX 59
00pas3IioB — IBETOYHO-ACKOPATUBHBIC KYIbTYPHI, 13 00pa3iioB — ATOAHBIE KYJIbTYpPbI, 6 BHIOB
npupogHoit (mopsl 3amamHoro KaBkaza, 9 BHIOB — 4Yail W IUTPYCOBBIC KYJIbTYPBHI.
PazpabateiBatorcst Mmetonsl JIHK-mapkupoBanus [UIsi  XapakTepHUCTUKUA 00pas3loB H
OTIpeIeTICHUSI UX TeHETUYECKON CTAa0MIBHOCTH TIPpH Toepkke PODU.
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BIOTECHNOLOGYCAL APPROACHES TO PLANT GENETIC RESOURCES
CONSERVATION
L.S. Samarina
Russian Research Institute of Floriculture and Subtropical Crops, Sochi
e-mail: samarinalidia@gmail.com

The development of biotechnology has made a revolution in conservation and
utilization of genetic resources, and distant crossing become possible using embryo culture
and protoplast culture, which help to overcome wide genetic barriers (Tomes, 1990; Withers,
1990). With the help of molecular techniques describing the genetic relationships between
genotypes and complete characterization of germplasm in collections have become possible.
Clonal micropropagation made propagation and exchange of elite genotypes more convenient
and reliable than ever before. Micrografting technique together with therapies allow to release
plants from pathogenic viruses, this is especially important for vegetatively propagated
genotypes (Withers, 1990).

All of these benefits of biotechnology can be implemented in breeding programs when
we have a basis — a germplasm collection of plant species and cultivars, and the more genetic
diversity in this collection, the greater its potential for breeding for qualitatively new cultivars
with agronomically valuable traits. These collections should include not only the cultivated
species but also their wild relatives. In addition to field and greenhouse collections in vitro
conservation of genetic resources is important, giving the well-known advantages. Preparation
and registration of samples are important for in vitro genebank establishment, which makes
the reliable basis for the breeder. Sample status must be verified prior to registration and
inclusion in the genebank.

Each included sample in the genebank should have a passport. Minimum required
passport data are the crop name, genus, species, collection number, location of sample in
collection, country of origin, date of inclusion in the collection, phenology, the source of the
sample and the number of plants of each genotype. The parents must also be enabled for the
samples obtained from the breeding programs. Furthermore, each sample in the collection
should have phytosanitary certificate within an internal regulation of the country. Plants and
seeds in  collection  must  have a  minimum  of  three  replicates
(http://cropgenebank.sgrp.cgiar.org/).

DNA markers such as AFLPs, SSRs and SNPs are the most reliable to characterize
the samples in the genebank. DNA markers can be used for revealing the identical samples in
the collections as well as a tool to control the genetic changes that can potentially occur
during the long-term storage in vitro.

If all these requirements are performed samples can be registered and included in the
genebank, which is to assign the collection number, entry in the database in alphabetical order
and submission of passport details in the genebank documentation.

In vitro collection RRIFSC includes 87 species and cultivars, of which 59 samples -
ornamental crops, 13 samples - berries, 6 species of the Western Caucasus natural flora, 9
species - tea and citrus crops. The markers for DNA fingerprinting and genetic fidelity
assessment in collection are under development and supported by RFBR.
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MEPHOCTbD IIBETKA U ®AKTOPBI, BJIUAIOIIINUE HA HEE
A.A. CHHIOIIVH
buonocuueckuii paxyromem MI'Y umenu M.B.Jlomonocosa, Mockea
e-mail: asinjushin@mail.ru

JIro6oe MopdosIoTHYeCKOe ONHMCAHWE PACTEHUS, MPUBOIUMOE B ONPEACITUTEIIAX WU
UHBIX MCTOYHHKAX, MPEACTABIACT COOOW M3BECTHOTO POJia «yCPEeTHEHHE». DTO CBS3aHO CO
3HAYUTEIBHON IUIACTUYHOCTHI0O MOP(OTreHe3a pacTeHUH W BO3MOXHOCTBHIO (DOPMHUPOBAHHS
OJIHOTHITHBIX OPTraHOB (JINCTHEB, I[BETKOB), PA3INYAIOIIMXCS IO CTPOCHUIO B MIpeieiax OJHON
0co0M, T.e. HE3aBUCUMO OT I€HOTUIIA. DTO OTHOCUTCS U K MEPHOCTHU LIBETKa, MOJ KOTOPOIl
MOHUMAIOT KOJIHYECTBO CTPYKTYpP B Kpyre (HampuMmep, YUCIIO YaIeTUCTUKOB WU JICTIECTKOB
IPY UX KPYTOBOM PaclojIoXKeHnn ). MexaHnu3Mbl (GOpMUPOBAHHS MEPHOCTH TaKUeE )K€, YTO U B
Clly4ae  BEreTaTUBHBIX MOOEroB, M  HUMEIOT OTHOIIEHHE K  3aKOHOMEPHOCTSIM
JMCTOPACTIONOXKEHUs ((pritoTakcuca). MepHOCTh IIBETKA 3a4acTyl0 MEHSETCS B pe3yJbTaTe
MyTauuid (Hampumep, MNPUBOIALIIMX K Qacuuanuu), HO OCOOBIH WHTEpeC MPEICTaBISIOT
0COOEHHOCTH HOPMAJIBHOTO BapHbHPOBAHUS MEPHOCTH B MPEJIENIaX OJHON OCOOH.

B xome mnpenctaBneHHO#l paOOTHl OBUTM MpOAaHATM3UPOBAHBI IBETKU 37 BHUIOB,
OTHOCAIIUXCSA K 23 ceMmeiicTBaM JBYIOJIbHBIX pacteHuit EBpomeiickoit Poccuu. Coop
MaTepuasa MpOBOAMIN TaK, YTOOBI MUHUMHU3UPOBATh TEHETUYECKUE Pa3anuus (Kak MpaBuio,
¢ oxHOM ocobm). OTMeHanu TMOJIOKEHUE I[BETKA B COI[BETHH, MOJCYUTHIBAIA KOJUYECTBO
OpraHoOB BO BCEX KpyTax.

VY mopaBnsroniero OOJMBIIMHCTBA BHIOB OBUTM OTMEYEHBI KOJEOAHHWsST MEPHOCTH BCEX
WJIM YaCTH KPYTOB I[BETKa. B 11e110M MOKHO chopMyIrpoBaTh CleAyOMNe 3aKOHOMEPHOCTH.

1. TepMuHaNbHBIM LBETOK B 3aKpbITHIX colBeTusAX (Ha ocu | mopsaka) oObIUHO
Haubosee CHUIBHO YKJIOHSETCS OT «TUITUYHOTO» CTPOSHUS B CTOPOHY, KaK YBEITUYEHUS, TaK U
yMeHblIeHus MmepHoctu (Acer, Campanula, Ruta, Saponaria). BepositHee Bcero, 3T0 CBsI3aHO
C HEOOXOAMMOCTBIO OBICTPOTO U3MEHEHHs pa3MepoB U (HOPMBI ANTMKATBLHOW MEPHUCTEMBI MPU
nepexoje OT JIMCTOBOM CEpUM BEreTaTUBHOTO TMoOera (OOBIYHO €O  CIHPaIbHBIM
dbumoTakcucoM) K 3aklafKe KPYroB LIBETKa. DTOT MPOIECC MOABEPKEH OONBIIEMY YHUCITY
OIMOOK, YeM TpHU OO0Pa30BAHHH JIATEPATLHBIX IIBETKOB. Y HEKOTOPBIX pacTeHwid (Lythrum,
Ruta) 1BETKU Ha OCAX Pa3HBIX MOPSAIKOB PETYISIPHO UMEIOT Pa3HYI0 MEPHOCTb.

2. Uem BbllIE CpelHSss MEPHOCTh, TEM OoOjee OHA CKJIOHHAa K Quiykryanusm. Tak,
yalieyka, COCTOSIIass M3 JAUMEPHBIX KpYroB (Brassicaceae), CKIOHHa K BapbHPOBaHUIO
MEpPHOCTH B MEHBIIECH CTENEeHH, YeM TMeHTa-, TeKca- U 0cobeHHo rentamepHas (7rientalis).
OTO MOXHO OOBSCHUTH B MaTeMaTHMYECKUX TEPMHUHAX, €CJIH IMPEANOJIOKHUTh, YTO Pa3Mepbl
NPUMOPIMEB OpPraHOB IIBETKA HE MEHSIOTCS, a KoJeOaHWs MEPHOCTH CBS3aHBI JIHUIIb C
M3MEHEHUEM pa3MepoB (diiopaibHOi MmepucTembl (DM).

3. 3uromopdusie uBetku (Balsaminaceae, Fabaceae, Lamiaceae, Plantaginaceae) B
IIEJIOM OKa3zaJiuch Oosiee CTaOWIBHBIMHU, YeM akTHHOMOp(]HBIC. BeposTHO, CyIIEeCTBYIOT
CHenuanbHble MeXaHu3Mbl, cradunusupyiomme ®M B cioywyae 3uromoppuu. B noknane
o0cy>kaeTcsi Mpupoja 3TUX MEXaHU3MOB.

4. V xynerypHbix (opm (copra Fragaria, Rubus) cTaOWIBHOCTH IIBETKa ObLIa
MEHBIIEH, YeM Yy JMKOPACTYIIMX pOJAWYEH. DTO CBSA3aHO C 3aKPEIUICHHEM B TEHOTHIIE
MyTaluii, necrabmmmsupyonmx @M u, cienoBaTeabHO, IPUBOAALINX K 00pa3oBaHHIO Oosee
KPYMHBIX IBETKOB U TUIO/IOB.

Pabora wactuuno noxnepxkana PODU (mpoekt Ne 15-04-06374).
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FLORAL MERISM AND FACTORS AFFECTING IT
A.A. Sinjushin
Lomonosov Moscow State University, Biological Dept., Moscow
e-mail: asinjushin@mail.ru

Any morphological description of a plant comprises a certain kind of generalization. It
deals with an outstanding degree of phenotypic plasticity in plants, together with a possibility
to produce serial organs (leaves, flowers) which differ within the same individual, i.e.
independent of genotype. This also applies to floral merism (merosity) which indicates a
number of floral structures (e.g., sepals or petals) per whorl. Mechanisms of merism
formation are the same as in vegetative shoots and related to phyllotaxis rules. Floral merism
can be altered by some mutations (like ones causing floral fasciation) but the most intriguing
thing is a normal merism variation within an individual.

During presented work, flowers of 37 species belonging to 23 dicot families were
analyzed, all from European Russia. To reduce a genetic variation, flowers were preferentially
collected from the same individual. Flower positions in inflorescence and number of
structures in all domains were scored.

Most of species were characterized with merism fluctuations in all or several floral
domains. The following regularities can be ruled out.

1. In closed inflorescences, a flower terminating 1st order axis is usually most deviating
from “typical” morphology, having either increased or decreased merism (Acer, Campanula,
Ruta, Saponaria). It is most probably connected with a necessity to change size and shape of
apical meristem rapidly when shifting spiral phyllotaxis of frondose leaves to whorled
initiation of floral phyllomes. This process is highly error-prone compared with the formation
of lateral flowers. Some of plants (Lythrum, Ruta) normally exhibit position-dependent floral
merism (flowers on different axes differ in morphology).

2. Increase of average merism leads to higher disposition to fluctuations. For example, a
calyx composed of dimerous whorls (Brassicaceae) is more stable than penta-, hexa- and
especially heptamerous (7rientalis) one. This phenomenon has a geometry-based explanation,
if assume that primordia of floral structures have constant size and merism fluctuations are
connected only with alterations in floral meristem (FM) sizes.

3. Monosymmetric flowers (Balsaminaceae, Fabaceae, Lamiaceae, Plantaginaceae)
appeared more stable than polysymmetric. Some mechanisms probably exist which stabilize
FM in case of monosymmetry. A nature of these mechanisms is discussed in report.

4. In cultivated plants (Fragaria, Rubus), floral stability was lower than in their wild
relatives. This phenomenon is connected with introduction of mutations which decrease FM
stability into genotypes of cultivars, thus obtaining larger flowers and fruits.

The work was partially supported by the Russian Foundation for Basic Researches
(project no. 15-04-06374).
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®OTOCHUHTE3 B CEMEHAX XJIOPOOMBPUO®UTOB
I'.H. CmosmnkoBa
Canxm-Ilemepoypaeckuil 20Cy0apCcmeer bl YHUSepCUmem
e-mail: g.smolikova@spbu.ru

B 3aBucuMocTH OT HamWyus WIA OTCYTCTBHA XJOPOQWIIOB B  3apOJbIIIC
MOKPBITOCEMEHHBIE PACTEHUS JIENST Ha XJI0poaMOpuodutsl u neiitkoamopuodurs! (Yakovlev,
1969; Sxomnes, XKykosa, 1973; Periasamy et al., 1986). XinoposmMOprHOPHUTHI OTIUIAFOTCS
TEeM, 4YTO B TMpolecce 3MOpUOreHe3a 3apOABIHN COAEPKAT (OTOXMMHUYECKH aKTHBHBIC
XJIOPOIUTACTHI, KOTOpBIEe 00amaT crmocoOHOoCcThiI0 K (oTocuHTedy (Ruuska et al.,, 2004;
Puthur et al.,, 2013; CmonukoBa, Mensenes, 2015). OcHoBHasi (YHKIMS XJIOPOIUIACTOB
3akmouaercs B reHepauun HAJIOH m AT®, koTopble pacXOAyIOTCS Ha CHUHTE3 3alacHBIX
MUTATEeNbHBIX BEUIECTB, B TIEPBYIO ouepeab kUpHbIX KucioT (Ruuska et al., 2004; Allen et al.,
2009). Y neiikoamMOpuoguToB (GOTOCHMHTE3 B 3apOJBIINIAX HE MPOWCXOJIUT, U OHU 3amacaroT
NHUTaTeIbHbIC BEIIECTBA 3a CYET IPHUTOKA METa0OJIMTOB W3 MAaTEPHMHCKOTO pacTeHHS,
TUTOZIOBBIX M CEMEHHBIX o0omouek (Zhang et al., 2015).

[TokazaHo, 9TO BCE OCHOBHBIE (POTOCHHTETUYECKUE KOMIUIEKCHI XJIOPOILIACTOB 3€IEHBIX
3apoJbIIIeH MPHUCYTCTBYIOT B TOW K€ CTEXMOMETPHH, YTO W y 3€JCHBIX JIHCTHEB, OJIHAKO
MpUCTIOCOONIeHBI K (DYHKIIMOHUPOBAHUIO B YCIOBUSAX HHU3KOHM ocBemeHHOCTH (Asokanthan et
al., 1997; Ruuska et. al. 2004; Puthur et al., 2013; Allorent et al., 2015).

OCo0eHHOCTh «TEeMHOBBIX» peakiuid (oTocuHTE3a Y XJIOpOIMOPHOPHUTOB 3aKITIOYACTCS
B TOM, YTO OCHOBHBIM MCTOYHHMKOM yrieponaa siBiasercss He CO; Bo3ayxa, a caxaposa,
nocTynaromiasi u3 MaTepuHckoro pacreHusi (Asokanthan et al., 1997; Ruuska et al., 2004).
[Ipu oOpazoBanuu anetun-CoA u3 nupyBara NpoUCXOIUT JOMONHUTENbHOE BbiAeneHne COa,
KOTOpOE MOJKET BBI3BIBATh IIOJKHUCIECHHE NUTO30i1s. [loaToMy B cemeHax OOHapy»KeHa
BeicoKasi akTuBHOCTH PybucKO (Ruuska et al.,, 2004). BaxHo Takxe, 4To B mpolecce
doTocuHTe3a mpoHCcXoAUT BhiAeNeHHE (), YTO NPEAOTBpAILACT pa3BUTUE THIIOKCUU U
noJiIepKuBaeT MuToxoHIpuanbHoe apixanue (Weber et al. 2005; Borisjuk, Rolletschek,
2009; Tschiersch et al., 2011).

Ha mo3mamx cramusx sMOpHOreHe3a CeMeHa NepexXoAiT B COCTOSHHE TOKOS. DTOT
IPOLIECC COMPOBOKAAETCS O00E3BOKMBAHHMEM, pacmagoM (OTOCHHTETHYECKOTO armapara,
Jerpaganyeld XJI M MpeBpalleHueM XJIOPOIUIACTOB B IUIACTUBI, 3aIOJIHEHHBIC 3allaCHBIMH
NHUTATEeIbHBIMU BEIIECTBaMU. M3BECTHO, YTO BCE 3TH MPOLECCH HAXOAATCS IO/ KOHTPOJIEM
ABK-3aBucumoro ¢akropa tpanckpunimu ABI3 (Clerkx et al, 2003; Delmas et al., 2013).

OnHako yacto XJI B CEMEHaxX pa3pyliatoTcsl HE MNOJHOCThIO. [IpHuMHON MOXKeET
SBIISATBCSI  TEHETHYECKass TeTepOreHHOCTh CEMsH, YCJIOBUS  BHEIIHEH cpedsl |
MECTOHaXOXJeHue Ha maTtepuHckoMm pacteHuu (bateirmna, 2000; Matilla et al.,, 2005).
VYCTaHOBIIEHO, YTO TMPHUCYTCTBUE HE MOJHOCTHIO pa3pyHIMBIIMXCS XJI TPUBOIUT K
CYIIECTBEHHOMY CHIJKCHHIO YCTOWYHMBOCTH CEMSH K JUINTEIBHOMY XpaHEHHIO U
abuotnyecknM ctpeccopam (Cmomukosa u nip., 2011).

CymiecTByIOT TaKkKe BUJBI XJIOPOIMOPHO(PHUTOB, Y KOTOPBIX MPH CO3PEBAHUN CEMSH XJI
COBCEM He paspymarorcsa. KilaccmueckuMm NpHMeEpoOM SIBIISIOTCS 3elieHble ceMeHa Pisum
sativum L. 3eNeHplii 1IBET CEMsIH ropoxa ompenensercs myTtamnueil B reHax SGR (STAY-
GREEN), koTOpble KOIUPYIOT (epMEeHTHI, yyacTBylomue B pacrnange Xiu (Armstead et al.,
2007). OcobeHHocTH (PYHKITMOHHPOBAHUS XJIOPOTUIACTOB 3apOABIIICH Ha TO3AHUX CTaTUAX
IMOpHOTeHe3a Y TAaKUX BUIOB PACTCHUH €Ille MPEJICTOUT BBISICHUTb.
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PHOTOSYNTHESIS IN THE SEEDS OF CHLOROEMBRYOPHYTES
G.N. Smolikova
Saint Petersburg State University
e-mail: g.smolikova@spbu.ru

Depending on the presence or absence of chlorophylls in the embryos, the angiosperms
are divided on the chloroembryophytes and leucoembryophytes (Yakovlev, 1969; Yakovlev,
Zhukova 1973; Periasamy et al, 1986). The chloroembryophytes differ in that during the
embryogenesis the embryos contain photochemical active chloroplasts, which have an ability
to photosynthesis (Ruuska et al, 2004; Puthur et al, 2013; Smolikova, Medvedev, 2015). The
main function of chloroplasts is to generate NADPH and ATP, which are consumed for the
synthesis of reserve nutrients, first of all, fatty acids (Ruuska et al, 2004; Allen et al, 2009).
The leucoembryophytes’s embryos have no ability to photosynthesis, so they reserve the
nutrients due to the inflow of metabolites from the parent plant, fruit and seed coats (Zhang et
al., 2015).

It was shown that all major chloroplasts photosynthetic complexes in the green embryos
have the same stoichiometry as in the green leaves, however, they are adapted to low light
conditions (Asokanthan et al, 1997; Ruuska et al, 2004; Puthur et al, 2013; Allorent et al,
2015).

The specificity of "dark" photosynthesis in the chloroembryophytes is that not CO, from
the air is considered to be the primary source of carbon, but sucrose, which is coming from
the mother plant (Asokanthan et al, 1997; Ruuska et al, 2004.). During the formation of
acetyl-CoA from pyruvate there is an additional release of CO,, which can cause the cytosol
acidification. Therefore, the high activity of Rubisco in the seeds was shown (Ruuska et al,
2004). Also, it is important that in the process of photosynthesis the generation of O, takes
place, which prevents the development of hypoxia and supports the mitochondrial respiration
(Weber et al 2005; Borisjuk, Rolletschek, 2009; Tschiersch et al, 2011).

At the later stages of embryogenesis, the seeds enter the dormancy state. This process is
accompanied by the dehydration, disintegration of the photosynthetic apparatus, degradation
of the chlorophyll, and transformation of the chloroplasts in the plastids with reserve
nutrients. It is known that these processes are controlled by the ABA-dependent transcription
factor ABI3 (Clerkx et al, 2003; Delmas et al, 2013).

Often, however, the chlorophyll in the seeds is not completely destroyed. This may be
due to the genetic heterogeneity of seeds, environmental conditions, and the allocation on the
mother plant (Batygina 2000; Matilla et al, 2005). It has been established that the presence of
the residual chlorophylls leads to the significant reduction of seed tolerance to the long-term
storage and abiotic stressors (Smolikova et al., 2011).

Also, there are types of chloroembryophytes that do not demonstrate the degradation of
chlorophylls during the maturation. A classic example is the green seeds of Pisum sativum L.
The green coloration of pea seeds is determined by the mutation in the genes SGR (STAY-
GREEN), which encode the enzymes that are involved in the chlorophyll degradation
(Armstead et al, 2007). The specificity of chloroplasts functioning in the embryos at the later
stages of embryogenesis in these species is remains to be seen.
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B JIOKJIaze o0cyxaroTcs pe3yNbTaThl HCCIIEIOBaHUH, KaCaroIUXCst
IIUTOr€HETUYECKOTO0 KOHTPOJIS aloMHUKCHca Yy ramarpacca BoctouHoro (7ripsacum
dactyloides — Td) u mepemaue Kykypyse (Zea mays — Zm) €ro 3JIEMEHTOB IIyTEM
ruOpuau3any. YCTAHOBIEHO, YTO TI'eHbl, KOHTPOJUPYIOIIHE AaloOMHKTHYECKOE pa3BHUTHE,
kocerperupytoT ¢ RFLP Mapkepamu, JIOKaqu30BaHHBIMM B IIECTH XpomocoMmax. Jms
nepefayd  araMOCIHEPMHOIO  pPa3MHOXKEHHS — KyKypy3€  IPOBOJMIM  ONBUICHHE €€
terparuion 1o hopmsl (2n = 4x = 40) MBUIBIION TETPAIUIOUIHOTO Tamarpacca (2n = 4x = 72).
MuHMManabHOE YHCIO XPOMOCOM JHKOIO COpPOAMYA, HEOOXoIuMoe JUIsl SKCHPECCHH
arloMuKcHuca y ThopumoB — 9.

Yacte monydyeHusix B 1965 1. rubpunos F1 (2n = 56; 20Zm + 36Td) sxcnpeccupoBanu
IpU3HAK AMOMHKTHYECKOIO BOCIPOU3BEACHUS U TMOAJEPKUBAIOTCS HAMH /10 HACTOAIIETO
BpeMeHu. OTClola MOXHO OBUIO MPEANOJ0XKHTh, YTO AAHHBIA NPU3HAK JOMHHAHTEH WU
OTLIOBCKas (popMa ramarpacca 1o Hemy retepo3urotHa. [lo3nHee HaMm ynanoch yCTaHOBHUTD,
YTO JBa DJJIEMEHTAa AallOMUKCHCAa — AaloOMEW03 M IApTECHOI€HE3 -  CErperupyrorT, T.€.
TeHETUYECKHA KOHTPOJIMPYIOTCS HE3aBHCHMO. Tak Kak CO3/IaHHBIC allOMHKTHYHBIE THOPHIBI
umenu 36 XpoMOCOM ramarpacca ¥ ObUIM JaJIEKU IO XO3AHCTBEHHBIM INpPU3HAKaM OT
KyKypy3bl, TO BCTaJia MpodieMa peAyKIUH YacTH TEeHETHYECKOro MaTephalia IHKOTO
poauTEINd, HE UMEIOUIEH OTHOLIEHWS K KOHTPOJIIO NPU3HAKa allOMUKCHCA. JTO BO3MOXKHO,
MOCKOJIBKY allOMUKTHYHBIE THOPUABI C HEOOJIBIIION YaCTOTON AAr0T 1mojoBoe moToMcTBO (BII
ruOpubl), 4eMmy MpeAlIecTBYIOT HOPMalbHOE NPOTEKaHWE Melo3a M OIJIOJOTBOPEHHE
aiinekyneTkd. B aToM cinyuyae y 56 XpOMOCOMHBIX TMOpUIOB (OpPMHUPYETCS 3apOAbIIIEBBIN
MELIOK, SApa KOTOPOro MMeErT mo 28 xpomocoMm. IIpu onbuieHMH mUNIOMIHON KyKypy30u
obOpasyrorcss moromkn ¢ 38 xpomocomamu (20Zm + 18Td). B cmydae, xorma
HEpeLyLMpPOBaHHAsl SULEKIETKA OIUIOJOTBOPSIETCS, YACIO XPOMOCOM B 3UTOTE BO3PACTAET, U
TaKOIo THIA MOJ0BOEe MOToMcTBO Ha3biBalOT BIII ruOpunamu. Mcnonb3yst 3Ty BO3MOKHOCTb,
yZaJI0Ch CO3aTh CEPUI0 AalIOMUKTHYHBIX THOPUIHBIX JTUHHUH, UMEIOIUX pa3Hoe yucio (0T 2
10 6) MOJTHBIX TEHOMOB KyKypy3bl (x = 10) u onun reHoM ramarpacca (x = 18). [lanee Obutn
BBISIBJICHBI HECKOJIBKO 39 XPOMOCOMHBIX amOMHUKTHYHBIX THOpuI0B (30Zm + 9Td), koTopbie
MOJIYYWJIM TaK ke, Kak ¥ paHee BbiaeneHHble 38 xpomocomubie (20Zm + 18Td), 6maromaps
peIKOMY TIOJIOBOMY BOCHPOM3BEICHUIO C peaykiueid xpomocoM u BII rubpuauzanueid.
[IpumeuarenbHO, YTO BCE HE3aBUCUMO NOJyUEHHbIE 39 XpOMOCOMHBIE TMHUM UMEJIN BHEIIIHE
UJICHTHYHBbIE HAa0OpPBI U3 IEBATH XPOMOCOM ramarpacca.
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APOMIXIS IN CORN-TRIPSACUM HYBRIDS
V. A. Sokolov"” P. A. Panikhin'
I mstitute of Molecular and Cell Biology, Novosibirsk, Russia,
? All-Russian Institute of Plant Industry. St. Petersburg, Russia
email: sokolov@mcb.nsc.ru

We have been studying the cytogenetic control of apomixis in gamagrass (Tripsacum
dactyloides, Td) and transmission of its elements to maize (Zea mays, Zm) through
hybridization. Investigation on gamagrass, has shown that the genes controlling apomictic
development cosegregate with RFLP markers located in six chromosomes. For transferring
the mode of asexual reproduction through seeds to maize, its tetraploid form (2n = 4x = 40)
was pollinated with pollen of tetraploid gamagrass (2n =4x = 72). Some of the F1 hybrids (2n
=56; 20Zm + 36Td) obtained in the year 1965 expressed the apomictic mode of reproduction
and have been maintained until the present time. This allowed us to suppose that this
character was dominant, and the paternal form was heterozygous in its genes. Later, we found
that two elements of apomixis (apomeiopsis and parthenogenesis) segregated; i.e., their
genetic controls were independent from each other. Those apomictic hybrids had 36
gamagrass chromosomes and were far from maize with respect to their economic characters,
which raised the problem of reducing the part of the genetic material of the wild parent that
was not related to the control of apomixis. It is possible because apomictic hybrids produce,
though rarely, sexual offspring (BII hybrids), which is preceded by normal meiosis and
fertilization of the egg cell. In this case, 56-chromosome hybrids form an embryosack whose
nuclei have 28 chromosomes. Pollination by diploid maize yield offspring with 38
chromosomes (20Zm + 18Td). If an unreduced egg cell is pollinated, the number of
chromosomes in the zygote increased; this sexual offspring is termed BIII hybrids. We used
this possibility to obtain a series of apomictic hybrid lines carrying different numbers (from
two to six) complete maize genomes (x = 10) and one gamagrass genome (x = 18).
Afterwards, we identified several 39-chromosome apomictic hybrids (30Zm + 9Td), which,
like the 38-chromosomes (20Zm + 18Td) ones obtained earlier resulted from the rare sexual
reproduction involving chromosomes reduction (BII hybridization). Note that all 39
chromosome lines, which were obtained independently, had apparently identical sets of nine
gamagrass chromosomes. Subsequent studies showed that these nine gamagrass chromosomes
were the minimum necessary for maintaining apomixis: the loss of any of them led to
restoration of sexual reproduction. Comparison of the results of the study on the genetic
control of apomixis in gamagrass, where six linkage groups were found to be necessary for its
expression, and the nine chromosomes of the wild parent in apomictic hybrids leads to the
assumption that some additional hereditary elements are required along with the major genes
of asexual reproduction through seeds. Probably, these elements are components of the
asexual reproduction character; however, they may play a role in maintaining the transmission
of the nine gamagrass chromosomes as a group. These data indicate that apomixis in the
hybrids is under polygenic control and requires nine chromosomes of the wild parent for its
expression. Thus, the problem of creating apomictic maize has become complicated, because
the presence of a large amount of gamagrass genetic material considerably affects the habitus
of the plants. They have multiple stems and multiple ears, the growth of additional ears being
sometimes undetermined. However, this problem is solvable, because the hybrids are
characterized by dynamic genomes and respond to selection as readily as maize does. For
example, we have breed a single stem maizoid apomictic hybrid with 2z = 58 (40Zm + 18Td)
that is phenotypically almost indistinguishable from maize. On the other hand, the existing
material can be used as a basis for obtaining commercial foraging hybrids with a high green
mass yield per unit area and exceeded forage value in comparison with maize.
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PEAYKIIMOHHBIE MPOIECCHI B 9BOJIIOIIUN TMHELESA
MMOKPBITOCEMEHHBIX PACTEHUIA: MOHOMEPHUS U ICEBJJOMOHOMEPHUSA
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M.B.Pemu3oBa, K.U.®domuuen
Buonoeuueckuii paxynomem Mockoeckozo 2ocyoapcmeenno2o yHugepcumema umeHu

M.B.Jlomonocosa, bomarnuueckuui uncmumym um. B.JI. Komaposa PAH, Canxm-Ilemepbype,

Department of Botany and Plant Biotechnology, University of Johannesburg

e-mail: sokoloff-v@yandex.ru

Tumnosiorusi TUHEIEEB MOKPHITOCEMEHHBIX PACTCHUN W BBISIBIICHUE HAMPABICHUNM HX
9BOJIIOIIMOHHBIX TPE0Opa30BaHU — OJJHU U3 HauOoJee CIOKHBIX BOIIPOCOB CPAaBHUTEIHLHOU U
9BOJTIOIIMOHHONW Mopdooruu. ['MHeNen pa3audaroTcs MO YUCITY IUIOJOJUCTHKOB, a TaKKe
HAJIMYUIO WIA OTCYTCTBHIO M CHOCOOY cCpacTaHUs MEXOy IUloAoiucTukamu. Hammuue
HECKOJBKMX CBOOOJIHBIX IIJIOJOJUCTUKOB — HMCXOJHOE COCTOSIHUE JUISl TMOKPBHITOCEMEHHBIX.
MsI paccMaTpuBaeM BOMPOC O COOTHOIIEHUH MOHOMEPHBIX M TICEBAOMOHOMEPHBIX THHEIIEEB.
TpaauIMOHHO TPEANOIarajioch, YTO MOHOMEPHBIE THHELEW BO3HUKAINA W3 OJIUTOMEPHBIX
amoKapIIHbIX, a MCEBJOMOHOMEPHBIE — KaK Pe3ylbTaT PEeIyKIUU IEHOKAPIIHBIX THHEIIEEeB, B
X0Jle KOTOpOM COXpaHSJICS TOJBKO OJWH (EPTUIbHBINA IUIOJOJUCTHK. OTH  B3TJISAIbI
pPa3BUBAIUCH B KOHTEKCTE MPEACTABICHUI O MPEUMYIIECTBEHHOW HEOOPATUMOCTH MEPEXOI0B
OT amoKapnmuu K IIEHOKAPIIUU B XOJE OJBOJIIOIUU IMOKPHITOCEMEHHBIX. MOJEKYIISIpHO-
dunoreHeTuyecKkue MaHHBIE YKa3bIBAIOT, OJHAKO, Ha BTOPHYHBIM XapakTep amoKapnuu B
TaKMX WU3BECTHBIX CEMEHCTBAaX KakK pO30OILBETHBbIC, O00OBBIC, MaIbMbl. MBI Tpeaaraem
CUMTAaTh MOHOMEPHBIMH THHEIEH, BO3HHKIIHE TpU pe3koM (0e3 mepexoaHbix G(opm)
W3MEHEHUU MepHu3Ma TuHeles 10 1, a TICeBIOMOHOMEPHBIMH — TaKHE, KOTOPHIE BO3HHUKIH
MyTeM MOCTENEHHON CTEepPHIN3alUd U PEOYKIMH BCEX IUIOAOJIMCTHKOB, 32 HCKIIOUYECHUEM
OJIHOTO, TIpM HATOM MBI TMpeJjlaraéM He YUYWThIBaTh HAJIW4YUE WM OTCYTCTBHE
KOHT€HUTAJIBHOTO CpPAacTaHUs MEXIy IUIOJONMCTUKAMU B THHELEe TPEIKOBBIX (HopM.
BrisiBnieHue ciydaeB MCEBIOMOHOMEPHUH B KOHKPETHBIX T'PyIIaX MOXKET OBITh 3aTPYTHEHO
U3-32 OTCYTCTBHSI PYJUMEHTOB CTEPUIIBHBIX IJIOJOTUCTHKOB Y COBPEMEHHBIX (hOpM, a TaKKe
M3-32 BO3MOXKHOM OIIMOOYHOM HMHTEPHpPETAllMH KAaKHX-THO0O0 HEOOBIYHBIX OCOOCHHOCTEH
CTPOCHHS IJIOJOIMCTUKA (HAIpUMeEp, HaMU4Ms OOJBIIETO YKCIa MPOBOISAIINX MYYKOB) Kak
PYAMMEHTOB CTEPWIBHBIX IUIOMOJUCTUKOB. Kak cpemum IBYJONBHBIX, TaK H Cpeau
OJIHOJIOJIbHBIX PACTEHMI W3BECTHHI THHEIIEH, B KOTOPBIX (PePTUIIBHBIN MIIOI0IUCTUK HE UMEET
pBUIbLIA, W TBUIBIA TPOpPAcTacT Ha PBUIbIE CTEPWIBHOTO IUIOJOJMCTUKA (WU
IIOA0IUCTUKOB). OcoObIil TUIT THHEIes] BO3HUKAET MPHU MOJHOM yTpaTre MHANBUAYATbHOCTH
CPOCILIHUXCS TUIOJOJIUCTUKOB; ATO SABJIICHUE MbI ITPEAJIaraéM Ha3blBaTh MUKCOMEPHEH.

Pabota Beimonnena mpu noanaepxxkke POOU, npoekt Ne 15-04-05836.
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Classification of angiosperm gynoecia and assessing pathways of their morphological
evolution are among the most problematic issues of comparative and evolutionary
morphology. Angiosperm gynoecia vary in carpel number and presence or absence and mode
of intercarpellary fusion. Non-monomerous apocarpy is plesiomorphic in angiosperms. We
review issues related to discussion on monomerous and pseudomonomerous gynoecia. It is
widely accepted that monomery has evolved from non-monomerous apocarpy whereas
pseudomonomery has appeared as a result of reduction of syncarpous gynoecia to retain only
one fertile carpel. These views implied that a transition from apocarpy to syncarpy is usually
irreversible in angiosperm evolution. However, molecular phylogenetic data indicate the
secondary nature of apocarpy in such families as Rosaceae, Leguminosae and Areacaceae.
We propose to use the term monomery for gynoecia appeared through an abrupt (with no
intermediate forms) change of gynoecium merism leading directly to single carpel. We use
the term pseudomonomery for gynoecia that undergone a multistep process of sterilization
and reduction of all carpels but one, irrespectively to the presence of congenital carpel fusion
in presumptive ancestral gynoecium. Technical recognizing of pseudomonomery in particular
groups can be problematic because of possible loss of any traits of rudimentary sterile carpels
and extinction of intermediate forms and possible misinterpreting unusual carpel features
(e.g., additional vascular bundles) as rudiments of sterile carpels. A peculiar kind of
pseudomonomery with one carpel having fertile ovule and another (or others) having
receptive stigma is recorded in both, eudicots and monocots. We propose a term ‘mixomery’
for a loss of carpel individuality in non-monomerous syncarpous gynoecia. The study is
supported by RFBR (project 15-04-05836).

161



®EHOMEH «CHAMCKMX 3APO/IBIIIEN» ¥ PACTEHUI,
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e-mail: galina_titova@mail.ru

Tepmun «Cuamckue 3apoasimm» (C3) npumennrtenbHO K pacteHusM BBeaeH C. Fischer
et al. (1997) nns o0o3HAUEHUS MOJIMMEPHBIX 3apOJABIIICH MIIEHUIBI ¢ MHOXXECTBEHHBIMHU,
HEPEJKO CIUBUIMMUCS B pa3HOW CTENEHU OpraHaMu — MEpUCTEMaMH MOOEroB, IIHUTKAMH,
KOJICONTWISAMA U WHOTJIA MEPBUYHBIMU KOpHSIMH. [[aHHBIE MONHMMEpHBIE CTPYKTYpPHl OBLIN
UHAYLUPOBAaHbl BO3JEHCTBUEM HHTUOMTOPOB MoJisipHOro TpaHcrnopra aykcuHa (UIITA -
HO®K, kBepieTrH) Ha N30IMPOBaHHbBIE 3apoabIu 1riticum aestivum in vitro (B TA00yIspHON
CTaJIMM U CTaJUM MepexoJa K OpraHoreHe3y) U 0ObeIMHEHbl aBTOpaMH B KJlacC ()EHOTUIIOB
«MHOKeCTBEeHHbIE MEPHUCTEMBI 10Oeray. B 3aBUCMMOCTH OT yucia U Tomorpaduu OpraHoB
BbIJIeNIeHBI 2 Tpymmbl peHotumnoB: «C3 cnuHa-K-CiHe» (€ 2-5 MUTKaMu, 00pameHHBIMHI IpyT
K Jpyry JOpCallbHBIMH CTOPOHaMH, C OJHMM, a HHOIJAa C JBYMS WM HECKOJIbKHUMH
nepBuyHbIME  KOpHAMH) u  «CepaeukoBunueie C3» (00bBIMHO ¢ JABYMS IIUTKaMH,
oOpallleHHBIMH JpyT K APYTY BEHTPAIbHBIMU CTOPOHAMHU HIIM PACIOJIOKEHHBIMH JIMHEHHO,
yalie ¢ OJIHUM, pexe JByMs KOpHsAMH). B ciydasx oOpa3oBaHHs HECKOJBKHUX KOpPHEH
COCTABJISIIOLME MOJIMMEPHBIE CTPYKTYPBl €IMHULIBI OCTABAIUCH CPOCIIMMUCS APYT C IPYTrOM
B IIPOKCUMAIILHOW YacTH WM (B YPE3BBIYAHBIX CITydasiX) — JIUIIb B O0JACTH IIUTKOB. Tarxke
npv JaHHOM BO3ACUCTBUU (OPMHUPOBAIUCH 3aPOABIIIM TOIBKO C ABYMsI OOBEIMHEHHBIMU
IMIATKaMU W OJIHUM TEPBUYHBIM KOpHEM — KiacC ()eHOTUNOB «MHOKECTBEHHBIE IIUTKN,
npuueM MexAy ¢peHoTunaMu oboux KjaccoB Habmofanuchk mnepexoinl. CoriiacHO aBTopawm,
THUI ¥ 4acTOTa (PEHOTHIIOB ONPEACISUINCH KOHIICHTPAUe HHIHONTOpa, a PU3NOTOTHYSCKHHA
MEXaHU3M HMX BO3HUKHOBEHHMS — HapyLIEHUEM IMOJSIPHOrO TPAHCIOPTAa AYKCHHOB MPHU
CTaHOBJICHUH OMJIATEPATbHON CUMMETPHH 3apPO/IbIIIIA.

OO6pa3oBaHue MOIMMEPHBIX 3apOABIIIEH ¢ MHO)KECTBEHHBIMU OpTaHaMU OTMEUEHO U Y
OpYrMX  pacTeHMH  (HEKOTOpBIX  JBYAOJIbHBIX, OJHOJOJBHBIX  MOKPBITOCEMEHHBIX,
TOJIOCEMEHHBIX) — OOBIYHO MPHU BO3JCHCTBUM Ha COLBETHS, CEMEHA WM SKCIUIAHTHI in Vitro
pasnuaHBIX 00paboTok (pocToBbix BemiectB, UIITA, MyTareHoB), pexke — Kak CIIOHTAHHOE
Bo3HUKHOBeHHe B ceMeHu (Nishimura, 1922; Haccius, 1955; Dogra, 1978; Durzan, 2008, u
ap.). IlpeanokeHbl pa3iauuHble TPAKTOBKM MPUPOABI TMOJUMEPHBIX 3apOJbIIIEH: Kak
pe3yNbTaT «BETETATHBHOW MOIMAIMOPUOHUM» (PACTUTENBHBIM MEJOTeHe3, BO3HUKAIOUIUN
MapTEHOTEHETUYECKH MO IEUCTBHEM POCTOBBIX BemecTB; SkoBneB, Cuurupes, 1954) unm
3aepkaHHON KimBakHOU monmdMOpuonnu (Haccius, 1955; Erdelska, Vidovencova, 1994).
Fischer et al. (1997) onpenenunu moiauMepHble CHAMCKHUE 3apOJBIIIN C OJHUM IEPBUYHBIM
KOPHEM KaK 4YaCTUYHOE YMHOXXEHHE 3apOJBIIIEBBIX OCEH, a C MHOKECTBEHHBIMU KOPHSIMU —
KaK MX TIOJTHOE YMHOXEHHE (MTOTUAIMOPHUOHHS).

B xoxe wuccrnenoBaHus reHe3uca TMOJMMEPHBIX MUKPOCHOPHAIBHBIX 3MOPHOUIOB
NIIEHUIB! Kiacca (PeHOTUNoB «MHOXKECTBEHHbIE MEPUCTEMBI 1MoOera» (MHIYLUpPOBaHHBIX
Bo3nelicTBueM 2.4-J1 Ha TBUIBHUKU i1 Vitro) YCTaHOBJIEH CTPYKTYPHBIM MEXaHU3M HUX
BO3HUKHOBEHUS: KJIMBaXHAs MOJUIMOPUOHMSA, COMpPOBOXKAAOMIAsCS (acuuanusiMu —
pamuanpHOW («C3 cnmHa K CniuHE»), JUHEHHOW M KojbleBor («CepmeukoBumnbie C3» ¢
JMHENWHBIM PACIOJIOXKEHUEM eIMHUII U C X BEeHTpajbHbIM oOpamenuem) (Titova et al., 2016).

OO0cy>xmaeTcs BOPOC 3HAYUTENBHBIX aHajoruii C3 y pacTeHHi, )KUBOTHBIX M YEJIOBEKA,
a TaKke BO3MOXKHas posib (peHomena C3 B HBOJIONHMM 3apOJbIlIa CEMEHHBIX PACTCHUI:
CTAHOBJICHUE JU-, TIOJIM- U MOHOKOTHJIMHM 4€pe3 IMOCIEN0BATEIbHbIE ITANbl NOJUMEpPU3ALIT
HECKOJIbKUX 3apOJIbIIIeH, MHBEPCUN U CIHMSHHUSA MX OPraHOB Ha OCHOBE (hacIMaIUil pa3HbIX
TunoB. PaccMoTpeHo 3HadueHWe maHHBIX 1o MopdoreHesy C3 mis NPUKIATHBIX IEJeH:
[IOJlyYEHUE PpACTEHUM C HM3MEHEHHBIMU IpPU3HAKaMM, BJIMSHUE AHOMAJIUN pa3BUTHUA Ha
YKU3HECIIOCOOHOCTh PEreHEPaHTOB.
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PHENOMENON OF “SIAMESE EMBRYOS” IN PLANTS,
A POSSIBLE ROLE IN EVOLUTION AND APPLIED SIGNIFICANCE
Titova G. E.
Komarov Botanical Institute of RAS, Sankt Petersburg, Russia
e-mail: galina_titova@mail.ru

The term “Siamese embryos” (SE) in respect to the plants was introduced by C. Fischer
et al. (1997) for designation of polymeric wheat embryos with multiple, often fused in various
degree organs — shoot meristems, scutella and sometimes with the primary roots. These
polymeric structures were induced by the inhibitors of polar auxin transport (IPAT) action
(NFA, quercetin) on the isolated embryos of Triticum aestivum in vitro (at globular and
transitional stages) and united in the class of phenotypes «Multiple shoot meristemsy.
Depending on the organ quantity and topography, 2 groups of phenotypes were allocated:
«back-to-back SE» (with 2-5 scutella, dorsally oriented at each other, with one, sometimes
with two or several primary roots) and “heart-shaped SE” (usually with two scutella, ventrally
directed at each other, or situated in line, frequently with one, rare with two roots). In the
cases of formation of several roots, the units consisting of the polymeric structures was united
in their proximal parts, or (in extreme cases) — in the field of scutella only. At the same action
of IPAT the embryos with only two fused scutella and one primary root were obtained — the
class of phenotypes “Multiple scutella”, and the continuous transitional states between both
classes of phenotypes were observed. According to the authors, the type and the frequency of
phenotypes depended on the inhibitor concentrations, and the physiological mechanism of
their arising is determined by the disturbance of the polar auxin transport during the
establishment of embryo bilateral symmetry.

The formation of polymeric embryos with multiple organs was noted in other plants
(Dicots, Monocots, some Gymnosperms) — usually at the action of different treatments on
inflorescences, seeds or explants in vitro (synthetic auxins, IPAT, mutagens), more rarely — as
their spontaneous arising in the seed (Nishimura, 1922; Haccius, 1955; Dogra, 1978; Durzan,
2008, and others). The different interpretations of the polymeric embryos nature were
proposed: the result of “vegetative polyembryony” (plant pedogenesis, originating
partenogenetically at the action of synthetic auxins; Yakovlev, Snigirev, 1954), late cleavage
polyembryony (Haccius, 1955; Erdelska, Vidovencova, 1994). Fischer et al. (1997) defined
the polymeric siamese embryos with single primary root as the a partial multiplication of
embryonic axes, whereas the same embryos with multiple roots — as its full multiplication
(polyembryony).

During the analysis of the genesis of wheat polymeric microsporial embryoids from the
class of phenotypes “Multiple shoot meristems” (induced by 2.4-D in the anther culture in
vitro) the structural mechanism of its originating was established: the cleavage polyembryony,
accompanied by fasciations — radial (“back-to-back SE”), flat and ring (“heart-shaped SE”
with linear arrangement of units and its ventral converting) (Titova et al., 2016).

The question of significant analogies between the SE of plants, animals and humans is
discussed, and also a possible role of the SE phenomenon in the evolution of seed plants
embryo: the establishment of di-, poly- and monocotyly via the step-by-step stages of several
embryos polymerization, inversions and fusion of their organs on the base of the different
fasciation types. The importance of data on SE morphogenesis for applied aims is considering
(the obtaining of plants with the new characters, the influence of developmental abnormalities
on the plant-regenerants viability).
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OCOBEHHOCTH IPOIIECCA JIBOMHOI'O OIIVIOJJOTBOPEHUS Y
DIOSCOREA NIPPONICA U D. CAUCASICA (DIOSCOREACEAE)
A.A. Topuininosa
bomanuueckuii uncmumym um. B.JI. Komaposa PAH, Canxkm-Ilemepoype
e-mail: altorsh62(@mail.ru

Hecmotpss Ha ycmexu, NHOCTHTHYTHIE B OOJNACTH MOHUMAaHHUS MEXaHHU3MOB JBOWHOTO
OIJIOJIOTBOPEHUS] Y IIBETKOBBIX DPACTEHUN, MHOTHE €ro acHeKkThl /10 KOHI[a HE IO3HaHBbI.
HecoMHeHHBIN MHTEpEC MPEACTABISET BBISABICHUE BO3MOKHOW B3aMMOCBSI3M MEXKIY THUIIOM
OIJIOJIOTBOPEHUS] M TUIIAMHU pa3BUTHUA KEHCKoro ramerogura u sHaocnepma (I'epacumona-
Hapammna, 1971; Batygina, 2006, lampos, 2015). Llenp pabGoThl cocTosia B JI€TaTbHOM
CPaBHMUTEJIBHOM aHAJIM3€ Ipoliecca OIUIOJOTBOPEHMSI y JBYX BUIOB poja Dioscorea L.
(D. nipponica n D. caucasica), KOHTpaCTUPYIOIIMUX O TUITY Pa3BUTHUS 3apOABIIIIEBOTO MEIKa
(D. nipponica - Polygonum-tun, D. caucasica - Drusa-tur), HO 0OJagarONIuX CXOIHBIM
TUTIOM DJHJOCHEpMOTeHe3a (HyKIeapHblii ¢ mnpuszHakamu rejoOuanbHoro) (Topmmumiosa,
TutoBa, 2010; Topmunosa u ap. 2016).

OmnonoTBopeHHne  SillekIeTkKH U (opMHpoBaHHME 3UTOTBI Yy O0OMX  BHJIOB
ocyuiecTBisiercss cxogHo. OObeAMHEHHE raMeT NPOUCXOAMT 10 Havana Mmuto3a (Gl-tun
KapuoraMuM), YTO COOTBETCTBYET MPEMUTOTHYECKOMY THIMY oruiogoTBopenus (I'epacumona-
Hagamuna, 1971; Carmichael, Friedman 1995, 1996).

[Ipouiecc TpoHOrO CIMAHMS MPOTEKAET Pa3aU4HO. Paznmnuus KacaroTcs MOJIOKEHUS
HOJISIPHBIX SIIEP B LIEHTPAJIbHOM KJIETKE M UX COCTOSIHMS HAa MOMEHT OIUIOJIOTBOpEHUs. Y
D. nipponica siapa 0ObIYHO PACTIONOKEHBI BOIM3M aHTUIIOA. B X07e ABMKEHUS B IIUTOILIa3Me
LEHTPAJIBHOW KIIETKM CIIEPMHM, BEpPOSITHO, 3aBEPINAECT CBOM MUTOTHYECKMH IMKI M K
MOMEHTY KOHTAaKTa C MOJSPHBIMU SIPAMH HAXOJIUTCS B COCTOSHUU WHTEp(]a3bl, CIUBASCH C
HUMU B Hayasie MuTo3a. [Ipu 3TOM HaM HU pa3y HE yAaloCh BBISBUTH HAMYMS HHTEP(HA3ZHOTO
COCTOSTHUSI TIEPBUYHOTO siipa JHJIOCIEpMa, a HaONIOAaNoCh TOJNBKO €ro jeneHue. Takum
o0pasoM, i HEHTpaIbHOU KIETKU D. nipponica, BEpOsITHO, XapaKTepHO Haimnuue M-Tumna
kapuoramuu (o bareiruna, BacunbeBa, 1997) u, COOTBETCTBEHHO, MPOMEKYTOYHOTO THUIIA
omoioTBopeHus. B orimume ot 3toro, y D. caucasica TONOXKEHHE MOJAPHBIX sAE€p B
HEHTPaJbHOUW KIIETKE HECTAaOMIIbHOE, CBS3aHHOE C MX TMOCTOSHHOM MUTpaiueil BHOJIb
MUKpONUJISIpHO-Xaja3aidbHoW ocu. Ilpu 3TOM HaM ypanoch HaOMOIaTh MEPBUYHOE SIPO
SHAOCIEPMAa B COCTOSHHMU HUHTep(da3pl W ero mocieayioiiee aeneHue. Takum oOpasom,
TpoliHOe ciausiHue y D. caucasica OCyIIEeCTBISAETCS 110 IPEMUTOTUYECKOMY TUITY.

[To muenuto psga aBtopoB (ILmromr 1992; Russell, 1992; Vasilyeva, Batygina, 1997;
Koparom, 2008), paznuuuss B TuUnax OIUIOJOTBOPEHMSI CBHUIETENIbCTBYIOT JIMIIb O Pa3HOMU
CKOPOCTH TPOXOXKAEHUS NaHHOro mnpouecca. CorinacHO NOJy4YEHHBIM HaMu [IaHHBIM, Yy
D. nipponica 06onee MeIJICHHbIM NPOMEXYTOYHBIH THUI OIUIOJOTBOPEHHUS TPH TPOHHOM
ciusiHuU codetaercs ¢ Polygonum-tumom passutust sxeHckoro ramerodura. M, Haobopor, y
D. caucasica 6onee OBICTPBIA MPEMHUTOTHYECKHA THUIl TPOWHOTO CIUSHUS COUYETACTCS C
OHTOT€HETUYECKUM YCKOpPEHHEM pa3BUTHs ramerodura Drusa-Tuma, a Takxke 3HIOCHEpMA.
BrisiBiieHHBIE 3aKOHOMEPHOCTH y HW3YUYEHHBIX BHUJOB, MO-BUAMMOMY, CBUICTEIBCTBYIOT O
CYILIECTBOBAaHUM B3aMMOCBS3H MEXIYy OCOOEHHOCTSMHU Pa3BUTHSI UX 3apOJBIIIEBOTO MEIIKa,
Ipolecca OIUIOJOTBOPEHUS U IHIOCIIEPMA.
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PECULIARITIES OF DOUBLE FERTILIZATION IN
DIOSCOREA NIPPONICA AND D. CAUCASICA (DIOSCOREACEAE)
A.A. Torshilova
Komarov Botanical Institute Russian Academy of Sciences, Saint-Petersburg
e-mail: altorsh62(@mail.ru

Inspite the progress made in the understanding of the mechanisms of double fertilization
in flowering plants, many aspects of it are not investigated completely. The identification of
possible relationships between the type of fertilization and development of the female
gametophyte and endosperm is of great interest (Gerassimova-Navashina, 1971; Batygina,
2006, Shamrov, 2015). The aim of this work consisted in a detailed comparative analysis of
the process of fertilization in two species of the genus Dioscorea L. (D. nipponica and D.
caucasica), contrasting by the development of the embryo sac (D. nipponica - Polygonum-
type, D. caucasica - Drusa-type), but with similar type of endospermogenesis (nuclear with
gelobial signs) (Torshilova, Titova, 2010; Torshilova 2016, etc.).

Fertilization and zygote formation in both species is similar, the gametes fusion occurs
before the beginning of mitosis (Gl-type of karyogamy), which corresponds to premitotic
type of fertilization (Gerassimova-Navashina, 1971; Carmichael, Friedman 1995, 1996).

Process of triple fusion occurs in different ways. The differences relate to the position of
the nuclei in the central cell and their condition at the time of fertilization. In D. nipponica
nuclei usually located near the antipodes. The sperm during the movement in the cytoplasm of
the central cell, probably, completes its mitotic cycle, and by the time of contact with the
polar nuclei is in interphase, fusing with them in the beginning of mitosis. It should be noted
that we failed to identify the presence of interphase state in the primary nucleus of the
endosperm, only divisible was seen. Thus, central cell in D. nipponica is probably
characterized by the presence of the M-type of karyogamy (Batygina, Vasilyeva, 1997) and,
consequently, an intermediate type of fertilization. In contrast, the position of the polar nuclei
of D. caucasica is unstable, also due to their migration along the micropylar-halazal axis. But
still, we could identify a primary nucleus of endosperm in interphase, and its subsequent
dividing. Thus, the type of fertilization in triple fusion in D. caucasica is premitotic.

The differences in the types of fertilization, according to some authors (Pliuchsh, 1992;
Russell, 1992; Vasilyeva, Batygina, 1997; Kordium, 2008), indicates only the different speed
of this process. According to our data, in D. nipponica the slower intermediate type of
fertilization in triple fusion is combined with Polygonum-type of development of the female
gametophyte. Conversely, in D. caucasica faster premiotical type in triple fusion is combined
with ontogenetic acceleration of the gametophyte development of Drusa-type, as well as the
endosperm. The regularities of the studied species seem to indicate the existence of linkage
between peculiarities of the development of the embryo sac, fertilization and endosperm.
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OMBPUOTI'EHE3 ITOJIOBBIX (B ECTECTBEHHBIX YCJIOBUSAX)
U COMATHYECKMX 3APOJBINIEN XBOWHBIX IN VITRO
N.H. TperbsikoBa
HUnemumym neca um. B.H. Cykauesa CO PAH
e-mail: culture@ksc.krasn.ru;

Pa3BuTue NONOBBIX 3apoJbllIel, DPa3BUBAIOIIMXCA B €CTECTBEHHBIX YCIOBMAX, H
COMATUYECKUX 3apoJbllliel B KYJbType in  Vvitro TOTYUHSIETCS 3aKOHOMEPHOCTAM
SMOpHOreHe3a, XapakTepHbIM Ui Bbiciiux pacteHuil (barteirmna 1999). B pasButun
MHUIMAJIBHBIX KJIETOK IOJIOBBIX U COMAaTHMYECKHX 3apojbllliell HaOII0aeTcss MHOTO OOIIMX
NPU3HAKOB. 3UTOTa M COMAaTHuYECKas KJIETKa, CTaBIlas Ha MyTh SMOpHOreHe3a, yKe mepen
JICICHUEM TIPOSBIISIOT TOJSPHOCTh, MUMEIOT OOJBIIYI0 BaKyollb W SAPO, CMEIIEHHOE K
anMKaJIbHOMY TOJIIOCY KIIETKH.

VY XBOMHBIX IEPBOE U CIIEIOM 332 HUM HJYyIIEe BTOPOE JEICHUE 3UTOThl IPOUCXOAT B
LIEHTPE apXeroHus ¢ 0Opa30BaHMEM YETHIPEX OJAMHAKOBBIX CBOOOIHBIX sJiep MPOo3MOpHO,
KOTOpbIE JBUTAIOTCS K OCHOBAaHMIO apXeTOHWs, rae (HOpMHUPYETCs MECTHAAIATUKICTOUHBINA
npo3MOpPHO, COCTOSIIIMN U3 OJMHAKOBBIX KIIETOK, PACIOJIOKEHHBIX B 4YEThIpe 3Taxa (Io
yetblpe KkiIeTku B KaxaoMm) (USE tum) (Singh,1978). UYepes 7-10 ngHeit mocine
OIJIOJIOTBOPEHMSI YEThIpe KICTKH MpeanocieqHero psjga (eS) HauuHAlT HHTEHCHUBHO
pactaruBatbess A0 200-300 MKM B JUIMHY M TPOJABHUraloT KJIETKUM HIKHETO psna (e) B
KOPPO3UHHYIO TOJIOCTh EHCKOro rameropura. Takum oOpa3oMm, (GopMupyeTcs ueTbIpe
NEPBUYHBIX CYCIIEH30pa M YEeTbIpe MHUIMAIN 3MOpHo. PacTsykeHue KIeToK cycneH3opa UJeT
C HEOJMHAKOBOW CKOPOCTBbIO M HMHHUIMAJIbHBIE KICTKH pPa3o0ILIatoTcs, YTO HPUBOAUT K
kinuBaxHoi sSMOpuonun (TperhsikoBa,1990). HeobOxogumbIM ycioBHEM [UIsl  3aIlycka
COMAaTHYECKOro AMOPHOreHe3a in Vitro y XBONHBIX, SIBIISICTCS PACTSKEHUE KJIETOK 3apOJblIia
10 200 MKM M UX aCUMMETPUYHOE JIeJIEHHEe, KOTOpoe MHAyLHpyeTcs aykcuHoMm (2.4- J1). B
pe3yibTare o0pa3zyeTcs MHULMAIbHAs KiIeTka SMOpHo U SMOpHOHalIbHAs TpyOKa.

Takum 00pa3oM, aCUMMETPUYHOE J€JIEHHE U TMOJSPHOCTh SIBISIFOTCSI OCHOBHBIMU
KPUTEPHSIMHU, ONIPEIEISIIOIMME Mepexol KJIETOK Ha IyTh SMOPHUOreHe3a: COMaTUYECKOro WIn
3urotuueckoro. /lamee, mporecc pa3BUTHS IOJIOBBIX M COMAaTHMYECKHUX 3apOAbIIIEH HAET
CXOHO. Y TeX, U APYrux (pOpMHUPYIOTCS JBE I'PYMIbI KIETOK — SMOpPHOHAJIbHBIE KJIETKU U
sMOpHOHANIBHBIE TPYOKH. 3 SMOpPHOHAIBHBIX KIETOK (OPMHUPYIOTCS SMOPHOHAIBHBIC
00yJbl, a W3 SMOPUOHAIBHBIX TPYOOK - JOMOJHUTENbHbIE SMOpHUOHANIBHBIE TPYOKH,
cnararouie cycneHsop. CrenoBaTrenbHO, KaK y 3MIFOTHUYECKUX, TaK M COMAaTHUYECKUX
3apOobIIIel Pa3INyatoTCs ABE CTPYKTYPHBIE €ANHUIIBI, OJHA U3 KOTOPBIX 00pa3yeT 3apoblll,
a ipyrast SMOpHOHAIbHBIE TPYOKH U, B IIOCJICACTBUH, KJIIETKU CYCIICH30pa. Y BEINYCHUE YUCIIa
COMATHYECKUX 3apOJbILIeH in Vitro WAET 4epe3 paclieIUIeHHue TI00YJISIpHOrO 3apojbllia U
nposinepanuio KIeTOK CyCIeH30pa.

OOuIHOCTh MOP(OreHETUYECKUX MPOLIECCOB, JIEKAIINUX B OCHOBE Pa3BUTHUS MOJOBBIX U
COMATUYECKUX 3apOAbIIIEN XBOMHBIX BHAOB, €II€ pa3 IOATBEPXKIAET KOHLENIHIO O
napajuieJIu3Me UX Pa3BUTHS in vivo U B KynbType in vitro (bateiruna 1999).

Y XBOWHBIX pAaCTEHUM 3aJ0KEHBI HECKOJBKO BO3MOXHBIX MYTEH Ui peanu3aluu
PENPOYKTUBHOTO TIOTECHIIMAIA: COMATHYECKUN AMOPHOTEHE3 M TMOJUAIMOPHUOHUSA (B TOM
yHhclle M KIMBaXHas1). B sKcnepUMEHTalIbHBIX YCIOBUSAX KYJIBTYPBI in Vitro, B OCHOBHOM
HaOJIOJaeTCsl COMaTHYECKUH IMOpHOTECHE3.
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EMBRYOGENESIS OF SEXUAL AND SOMATIC CONIFER EMBRYOS
IN VIVO AND IN VITRO, RESPECTIVELY
L.N. Tretyakova
V.N. Sukachev Institute of Forest, Siberian Branch, Russian Academy of Sciences,
Krasnoyarsk, Russia,
e-mail: culture@ksc.krasn.ru

The development of sexual embryos found in natural conditions and of somatic
embryos in in vitro cultures follows the embryogenesis mechanisms characteristic of higher
plants (Batygina 1999). The development of the initial cells of sexual embryos has much in
common with that of the cells of somatic embryos. The zygote and somatic cell involved in
embryogenesis had, as early as before division, big vacuoles and nuclei shifted to either of the
cell end.

In conifers, the first and second divisions of zygote occurred in the center of
archegonium with the formation of four similar free proembryo nuclei. The free nuclei moved
to the base of archegonium where a 16-celled proembryo was formed that consisted of similar
cells arranged as four rows, one over another, with four cells in each row (USE type) (Sing
1978). On the 7"-10" day after fertilization, the four cells of the last but one row (eS) began
to elongate intensively to 200-300 mcm and to push the cells of the lower row (e) out and into
the corrosive cavity of the female gametophyte. As a result, four primary suspensors and four
embryo initials were formed. The elongation of suspensor cells occurred at different rates and
the initials became separate. Cleavage took place (Tretyakova 1990). For somatic
embryogenesis to start in conifer species, the elongation of the somatic cells of a zygotic
embryo to 200 mcm and their asymmetric division were necessary. The elomgation and
division was achieved by applying auxin (2.4- D and 6-BA). As a result, the embryo initial
and embryonal tube developed.

Asymmetric division and polarity are thus the major factors accounting for the
transition of cells to zygotic or somatic embryogenesis. Then, zygotic and somatic embryos
develop in a similar way. Two cell groups — embryonal cells and embryonal tubes — are
formed in both embryo types. Embryonal cells form embryonal globules and embryonal tubes
produce additional embryonal tubes that make up suspensor. The multiplication of somatic
embryos occurs through globule cleavage and suspensor cell proliferation.

Similarity between the morphogenetic processes constituting the basis of the
development of zygotic and somatic embryos in conifers confirms the concept of parallelism
of their development in natural conditions and in in vitro cultures (Batygina,1999)..

Conifer plants could reproduce in a number of ways: asexual appearance of embryos,
polyembryony, and cleavage. Their reproductive potential showed a wide range of
realizations, mainly through somatic embryogenesis, for in vitro cultures.
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MOP®OJIOTO-AHATOMHNYECKOE CTPOEHUE CEMEHU U APUJIJTYCA
EUPHORBIA SEGUERIANA
H.A. Tpycos
I nasnwiii 6omanuuecxkuil cao um. H.B. Huyuna PAH, Mockea
e-mail: n-trusov@mail.ru

B cewmelictBe Euphorbiaceae Juss., HacuutbiBatouiem Oonee 200 ponoB, oAHMM M3
XapaKTepHBIX NMPHU3HAKOB MpPEACTaBUTENEH sBIETCS Hainuuue apuutyca. CuurTaeTcs, 4To B
OOJIBIIMHCTBE CIIy4aeB, 3TO HE (QYHUKYJSPHBIA apuillyc, a MSCHUCTBIA MUKPOIUJISPHBIN
BBIPOCT — KapyHKyJa (9K30CTOMalbHbIM apumiyc). EcTe cBemeHus, 4ro KapyHKyna Yy
npeacraButeneit Euphorbiaceae mnpumbikaer k oOtyparopy (Komap, 1992). Panee O6nuio
MPENoNoKeHo, 4To apuiutyc Euphorbia amigdaloides L. otpactaer ot oOTypartopa, T.e.
aBisieTcss o0TypaTopHbIM apuiitycoM (Tpycos, 2014).

JlaHHOEe wucclieoBaHME MPOAOIDKAET H3yYeHHe IUIOAOB IpeAcTaBuTeneil poja
Euphorbia L., cemeHa KOTOpBIX UMEIOT apuurychl. Heo0XoaumMo OTMETUTh, YTO apUILTYCHhI
HaOJIr0/1al0TCsl HE Yy BceX BUAOB poa. OOBEKTOM MOCHyXuiu oAbl E. segueriana Neck.,
coOpannble B Kapanarckom npupoaHoM 3anoBeaHuke B 2014 r.

CemeHa 3JUIMIICOMAATIBHBIE, CBETIO-KOPUYHEBBIE, C MEJKOSYEUCTOW IMOBEPXHOCTHIO,
0K0JI0 4 MM JJIMHOM U 2,5 MM B tuametpe. CeMeHHas Koxypa u3 5 ciaoeB kiieTok. HapyxHbli
CJIO MpencTaBlIeH OTHOCUTENILHO KPYIHBIMU ¢(hepOou1aIbHBIMU TOHKOCTEHHBIMH KJIETKAMH C
IPO3pavyHbIM COJIEPKUMbIM. Ero mnoAcTuiaeT ciod MENKUX MPO3PAaYyHBIX MapEeHXUMHBIX
KJIETOK, HE HMEIOMMX 4YeTKoW (opMbl U coiepxaummx chepokpuctamisl. Huxe ciaemyer
YHOPSAOYEHHBIH CJIOM TaOJIMTYATBIX CHJIBHO YIUIOLIEHHBIX B paJMajJbHOM HaIlpaBJICHUU
KJIETOK, Takke Npo3payHbIX. OCHOBHYIO YacThb CEMEHHOW KOXXYphl (OPMHUPYIOT KOCO-
paZuanbHO BBITSHYTHIE CKJICPEHIBI, OKPAIICHHBIE B CBETJIO-KOPUYHEBBIM IBET. Mexmy
TaOJUTYATHIMH KJIETKAMU U CKICPEUIaMU BCTPEYAIOTCS MapeHXUMHBIE YIUIOIIEHHbIE KIETKH.
BHyTpeHHHII CIIOM CEMEHHOM KOXYypbl IPEACTABIEH PAJAAIBHO OYEHb CHJIBHO
YIUTOLIEHHBIMH KJIETKaMHU C MPO3payHbIM coliepkUMbIM. B mureparype (Mandl, 1926) stot
CJIOIl WMHOTJA HAa3bIBAIOT «BHYTPEHHSS CEMEHHas O0OJOYKay WM «IieHKa». CemeHHas
Koxxypa Euphorbia Bechma pa3HOOOpa3Ha 1O cTpoeHHIo. V3 oNucaHHBIX paHee BH[OB,
CeMeHHasl Koxxypa E. segueriana cxonHa ¢ TakoBoul y E. peplus L. (Paitnsan, 1973).

Knerku sHnocnepma u 3apopliia OKpyIJIble, 3al0IHEHbI dKUPOBBIMU BKIIOUEHHUSIMH.

Apwinyc E. segueriana pacmojiaraercs Ha MUKPONWIAPHOM KoHIE ceMmeHH. OH
JKEITOBAThIA, MEJIKUI, 0K0JIO 1 MM mupuHOil 1 0,5 MM BBICOTON. APUILTYC MPUKAT K CEMEHU
u 1o popme mpencraBiseT coboil «6ab0UKooI00HYI0» CTPYKTYpY. B oTiimume ot apuiuryca
E. amigdaloides, on cxaTblii W COCTOWT TOJIBKO W3 SIHUIAECPMATBHBIX KJIETOK. Bo3MOkHO,
KJIETKH TMAapeHXMMbl pa3pylIaloTCs B TPOLECCE €ro pa3BUTHA. DNUAECPMAIbHBIC KIETKU
HOJIMTOHAJIbHbIE, C KYTUKYJIOH, TOJICTBIMU KJIETOUYHBIMU CT€HKAaMH, SIpaMU M 3€pHUCTBIMU
BKJIIOYCHUSAMH, HAOII0aeMBbIMU 10 TEepU(Eepun KIETOK (BEpOSATHO IutacTuaamu). Kupossie
BKJIIOYEHUS B HUX HE OOHAPYXKEHbI. APHIULYC IPUKPEIIISETCS K CEMEHH TSAXKOM BBITSHYTBIX
TOHKOCTEHHBIX IUIOTHO pAacIOJIOKEHHBIX KJIEeTOK. IIpukperuieHMe K CeMEHH TOUYEYHOE,
JOKaJbHOE, B LIEHTpE MecTa oOpacTaHus apulycoM ceMeHH. BepostHo apumiyc E.
segueriana Taxxke Kak W FE. amigdaloides wmeer 00TypaTopHOE MPOUCXOXKACHUE.
@OyHKUMOHANBHO apuityc E. segueriana Bpsi 1 y4acTBYET B PACIIPOCTPAHEHUU CEMSH: IS
BCKPBIBAaHUS IUIOAOB apWJUTYC CJIMIOKOM CYXOH, a JUIs TpPUBJICUCHHS areHTOB
pacnpocTpaHeHHsl CEMSIH MaJIO ITPUBJIEKATEICH, BCJIEACTBUE OTCYTCTBHSI COUYHON NMapeHXHMBbI
U KMPOBBIX BKJIIOYEHHH B KJIETKaX. JTO, BEPOSATHO, MOXKET YKa3bIBaTh Ha TO, YTO apuILIyC
JAHHOTO BUJA Euphorbia BHINONHSAET CBOM (DYHKLMHM TOJBKO HAa PAHHUX ATaNax pa3BUTHA
CEMEHHU WJIU SIBJISAETCS Py ITUMEHTOM.
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MORPHOLOGO-ANATOMICAL STRUCTURE OF SEEDS AND ARIL
EUPHORBIA SEGUERIANA
N.A. Trusov
N.V. Tsitsin Main Botanical Garden Russian Academy of Sciences, Moscow
e-mail: n-trusov@mail.ru

The Euphorbiaceae Juss. family with more than 200 genera, has a characteristic feature
— the presence of aril. It is believed that in most cases, it is not funicular aril, but fleshy
micropyle’s outgrowth — caruncle (exostome-aril). There are reports that in Euphorbiaceae
the caruncle adjacent to the obturator (Komar, 1992). Previously it was assumed that aril of
Euphorbia amigdaloides L. grows from the obturator, i.e. is obturator-aril (Trusov, 2014).

This study continues the research of the fruit Euphorbia L., with arilated seeds. The
object served as fruits of E. segueriana Neck., collected in Karadag nature reserve in 2014.

Seeds ellipsoidal, light brown, with small mesh surface about 4 x 2,5 mm. Testa of 5
cells layers. The outer layer is a relatively thin-walled large spheroidal cells with clear
content. It underlies by a layer of small transparent parenchyma cells containing
spherocrystals. The following is a layer of tabular much radially flattened cells, also
transparent. The main part of the seed coat is formed obliquely radially extended sclereids, of
a light brown color. Between tabular cells and sclereids found parenchymal flattened cells.
The inner layer of the seed coat is presented by radially very flattened cells with transparent
content, this layer is sometimes called "the inner seed coat" or "membrane"(Mandl, 1926).
Testa in Euphorbia structurally is very diverse, in E. segueriana it is similar to E. peplus L.
(Railean, 1973).

Endosperm and embryo cells are rounded and filled with oil inclusions.

Aril E. segueriana located on the micropyle end of the seed. It is yellowish, small, 1 x
0,5 mm. Aril pressed to seed and "butterfly’-shaped. Unlike aril E. amigdaloides, it is
compressed and consists only of epidermal cells. Perhaps parenchyma cells are destroyed
during its development. Epidermal cells polygonal, with the cuticle, thick cell walls, nucleus
and granular inclusions on the periphery of the cell (probably plastids). Liposomes were
found. Aril is attached to the seed by bundle of elongated thin-walled cells, in the center of
the place aril fouling seed. Probably, aril of E. segueriana as well as E. amigdaloides has
obturator origin. Functionally aril E. segueriana is hardly involved in the dissemination of
seeds: for dehiscence aril is too dry, and for attracting seed dissemination agents isn’t
attractive enough, due to the lack of fleshy parenchyma and oil inclusions in the cells. This
can probably indicates that this type of aril performs its functions only at the early stages of
development of the seed or is rudimentary.
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SABUCUMOCTD CTPOEHMUA ITIBJIBIBI KYKYPY3bI OT IVNIOUJHOCTHU
PACTEHU
O.C. Tpymenesa, JL.II. Jlo6anoBa, A.FO. KoJiecoBa
Capamosckuil HAYUOHAILHBIU UCCIe008AMENbCKUL 20CYOAPCMEEHHBI YHUBEPCUMEN
umenu H.I". Yepuviuescxkoeo, Capamos
e-mail: vtoroe-dihanie@mail.ru, lobanova-lp@yandex.ru

C nomo1pto 3KCHEPUMEHTAIbHOMN MOJIUIOUIUYU U TFaIUIONANU MOTYUYEHbl HOBBIE COpPTa
MHOTMX HKOHOMHUYECKHM 3HAYMMBIX KyJbTyp. OJHako mnepexoj Ha Jpyrol ypoOBEHb
IUTOMTHOCTH YacTO MPHUBOAWUT K CHIDKEHUIO (DEPTHIBHOCTH M 3aBS3BIBAEMOCTH CEMSH.
N3yueHne pa3BUTHS M CTPOEHHUS TMbBUIbIBI II03BOJIAET BBIABUTh HPHUUHUHY MYKCKOMN
CTEPUIIBHOCTH Y PACTCHHUI PAa3JIMYHON TIIOUJIHOCTH.

Hamu Obuto mpoBeneHO wHccienoBaHHE OCOOCHHOCTEH CTPOEHHUS TMBUIBLIBI U €€
MOpP(POMETPUYECKHX XAPAKTEPUCTHK Yy TaIUIOMIHBIX, JTUIUIOMIHBIX, TPHUILDIOWAHBIX U
TETParIoOUIHBIX GopM KyKypy3sl. Bce 4 (opmbl ObuM cO3/aHBI HA OCHOBE T€HOMA JIMHUU
AT.

Mexny BBIOOpKaMU pPAaCTEHUN pa3HON TUIOMIHOCTH 3aperHCTPUPOBAHBI  YETKUE
pa3nuuMs MO KayecTBY MbUIbLIBI. MakCUMallbHOE KOJIMYECTBO IMYCTOW W JE€TreHepHUpYIOIIeH
OBUIBIBI OOHAPYXKEHO Yy TammoufgHbeix pacteHuit (mo 70 %). TpummouaHele pacTeHus B
cpeaHem conepxar 22% pereHepepupyromield mbuibilbl. OIHAKO Y TPUILIIOUIOB 00pa3yeTcs
HauOoblllee KOJMYECTBO BBHIMOJHEHHOW TMBUIBLIBI  aHOMalbHOTO cTpoeHus (18%).
3aperucTpupoBaHHbBIE B pa3HbIX BapUaHTaX AaHOMAJIMM MbUIbLBI IPEICTABICHBI JBYMS
OCHOBHBIMM THUIIAMH: OCTAHOBKOM PAa3BUTHS HA PAHHUX CTAAMSAX U YBEJIMUECHHUEM YHUCIA AJEP
u Kierok. COOTHOIIEHHE THUIIOB AaHOMAJbHBIX NBUIBLEBBIX 3€PEH TAaKXKE 3aBUCUT OT
IUIOUJTHOCTH PACTEHUW. Y TaIuiOWJI0B BCE AHOMAJIbHBIE MBUIBLEBBIE 3€pHA 1-sAepHBbIE.
JlocraTouHo yacTo 1-2-s1epHble MBUIBLEBbIE 3€pHA BCTPEUAIOTCS U B APYTUX BapUaHTaX, HO Y
JUIUIOUJIOB U TETPAIJIONIOB C 4YacTOTOM mnpuMepHO B 1 % peructpupyercs ObUIbLIA C
JIOTIOTHUTEIBHBIMU CIIEPMUSIMU UJTU C IBYMS BET€TaTUBHBIMHU siipaMH. Y TPUILJIOUJOB CIIEKTP
OTKJIOHEHWI B pPa3BUTHUU MbUIbIBI 3HAYUTENIBbHO IIMpPE, & KOJIMYECTBO Pa3HbIX BapHAHTOB
MHOTOSIIEpHON MbUIbLEI focTuraeT 6 %. Bospactanue ypoBHS IUIOMAHOCTH HPUBOAUT K
YBEJIMYEHUIO pa3Mepa MbUIbIBI U pa3Maxa W3MEHUYMBOCTH MbUIBLIEBBIX 3€PEH MO AUAMETPY.
Camas Menkas MbUIbLIA ¢ MMHUMAJIbHBIM Pa3MaxoM M3MEHYHMBOCTH BBISIBIIEHA y TallJIOUJIOB.
Camas kpynHas NbUIbLIA BCTPEYAETCS y TETPAIUIOMIOB, a Uil TPUILIOMAOB XapaKTepeH
HIMPOKUH HaIa30H U3MEHYMBOCTU AMAMETPA MbUIbLIEBBIX 3€PEH.

Takum 06pa3zoM, 1o nedeKTHOCTH MbLIbIBI TOMUHUPYIOT FAIUIOUAHBIE U TPUIUIOUIHbBIE
pacteHusi, Il KOTOPBIX XapaKTepHa BBICOKas HecOaJaHCMPOBAHHOCTH XPOMOCOMHOTO
HaOopa. Pa3auunsi B COOTHOIIEHUH KOJIMUECTBA M KauecTBa JACTCHEPUPYIOIICH 1 aHOMAaJTbHOM
MBUTBIBI MEXKTY dTUMH JBYMS BApUAHTAMU MOKA3bIBAIOT, YTO TIpH (hopMupoBaHHUH JeEKTHOM
OBUIBIBI MOTYT paboTaTh pa3iuYHblE MEXaHW3Mbl, HapylIalollhe XOJ €€ pa3BUTHS.
Terpamouanas ¢opma mpomia JAOCTATOYHO JJIUTENBHBIM OTOOP Ha TOBBIMICHUE
(GepTUIBLHOCTU MBUIBLIBI U TOATOMY 3apErHMCTPUPOBAHHBbIE Y HEE HAPYIIEHUS CPAaBHUMBI C
KOHTPOJILHOM JUIIOUJAHON JIMHHUEHW. HekoTopble pasznuyus MeEXIy BapHaHTaMHM pPa3HOMU
IUIOUAHOCTH HOCST TNPUHIUNHAIBHBIM XapakTep M YKa3blBalOT Ha cHeuuduky psaga
noKasaresel MbUIbIbI, KOTOPBIE CIEAYET yUYUTHIBATh B CEIEKIIMOHHOI paboTe.
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DEPENDENCE OF MAIZE POLLEN STRUCTURE ON PLANTS PLOIDY
O.S. Trushcheleva, L.P. Lobanova, A.U. Kolesova
National Research Saratov State University by N.G. Chernyshevsky, Saratov
e-mail: vtoroe-dihanie@mail.ru, lobanova-Ilp@yandex.ru

A new cultivars of many economically significant crops were received by experimental
polyploidy and haploidy. However a transition to another ploidy level frequently results in
fertility and seeds setting decrease. A study of development and structure of pollen helps to
identify the cause of male sterility in the plants with various ploidy.

We have carried out the study of pollen structure peculiarities and its morphometric
characteristics in haploid, diploid, triploid and tetraploid maize forms. All four forms were
created on base of AT line genome.

The clear distinctions of pollen quality among the plants samples with different ploidy
were identified. The maximum quantity of empty and degenerative pollen (up to 70%) was
found in haploid plants. The triploid plants have 22% of degenerative pollen on average.
However the triploid plants have the most quantity of farctate pollen with abnormal structure
(18%). The pollen anomalies registrated in different variants are represented by two basic
types: abortion at early stages and cells and nuclei amount increase. The ratio of abnormal
pollen grains types depends on plants ploidy. The haploid abnormal pollen is represented by
the mononuclear grains. Mononuclear and binuclear pollen grains are also often found in
other variants. But in diploids and tetraploids the pollen with additional sperms or vegetative
nucleus is registrated with the frequency of about 1%. The triploids have much wider pollen
development deviation spectrum and the number of different variants of polynuclear pollen
achieves 6%. The growth of genome ploidy brings to the increase of pollen size and pollen
grains diameter variation range. The smallest pollen with the minimal variation range was
found in haploids. The greatest pollen was found in tetraploids and the feature of triploids is
the wide range of pollen grains diameter.

Thus haploid and triploid plants, for which the high imbalance of the chromosoms set is
typical, most of all have the defective pollen. The difference in quantity and quality ratio of
degenerative and abnormal pollen between these two variants shows that during defective
pollen formation the different mechanisms disturbing its development may be working. The
tetraploid form passed the long-term selection for pollen fertility increasing therefore its
registered anomalies are comparable with control diploid line. Some distinctions between
different ploidy variants are principal and indicate specific character of number of pollen
parameters that should be taken in account in breeding work.
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ATIOMUKTHYHBIN CITOCOB PENNPOAYKIIMM Y BUJIOB CHONDRILLA L.
IOT'A EBPOIIEMCKOM YACTH POCCUH
E.B. YroabnukoBa, A.C. Kamun, A.O. IlonoBa
Capamosckuii cocyoapcmeennwiii yrugepcumem um. H.I'. Yepnviuesckoeo,
Capamos
e-mail: cat.ugolnikova@yandex.ru, kashinas2@yandex.ru

["ameToguTHBIN amtOMUKCHUC U3BECTEH Yy TpeactaButeneit pona Chondrilla (Asteraceae)
(ITogny6nas-Apuonsau, 1976; van Dijk, 2003; Noyes, 2007), HO cBeaeHHUS O €ro
pacnopoCTpaHEHUH IO HACTOSLIEr0 BPEMEHHM OCTAalOTCS  BECbMA  HEIMOJHBIMH U
¢dparmentapubiMu (CpaBHUTENBHAS SMOpUOIOTHSL. .., 1987).

N3yueHnue cuctemMbl CEMEHHOTO pa3MHOXKeHUsI BUIOB pona Chondrilla moxer nath
JOTIONIHUTEJIbHBIE CBEJCHHUS O TMPUYMHAX TPOTUBOPEUYMBOCTH TMPEACTABICHUH O €ro
TaKCOHOMUYECKOM CTPYKTYpE.

Uccnenoanue npoBoauiu B 2013-2015 rr. B 28 monynsuusx 7 sunoB Chondrilla w3
CaparoBckoif, Actpaxanckod, Bonrorpaackoit, PoctoBckoit obOmactelt, PecmyOnuk
Kanmeikus u Kpeim, KpacHomapckoro kpas. B cpenmHeM B Kaxkblii Toa HaOMIOACHUS B
KKI0M momyssinuu uccienoBano mo 30 pactenuit u nmo 120 merarameroduro. CouBetus
JUISE  IIUTOAMOPUOJIOTUYECKOTO aHalnu3a (QUKCUpOBAIM HAa CTaguu 3peioro OyToHa B
¢uxcarope Knapka. [Ipenapatst MmerarametoduToB rotosmiu o meroauke [1.I°. KynpusnoBa
(1982). Marepuan mnpeaBapuTebHO OKpammuBaau 2%-HbIM alleTOKapMUHOM. YactoTy
aTlOMUKCUCA ONPEIENSUTM IO YacTOTe BCTPEUAEMOCTH MeEraraMeTo(uTOB C MpH3HAKAMHU
pa3BUTHS 3apojblia U (WIK) SHAOCTIEpMa 0e3 OTuI0A0TBOpeHusl. CeMEeHHYI0 MPOAYKTUBHOCTh
B TEX € MOMYJIALUAX ONpPENEsuIn pu: 1) cBOOOIHOM OIBUIEHUH; 2) OECIIBUIBLIEBOM PEKUME
[[BETCHUSI.

Bo Bcex nccnenoBaHHbBIX MecTOHaxoXkAeHUsX npeacrasurenu C. juncea u C. graminea
mpouspacTaid coBMecTHO. [Ipy 3TOM MO TaKCOHOMHUYECKH 3HAYUMBIM MOP(OIOTHYECKUM
npu3HaKaM ocoOu oOpa30BBIBAJIM HENPEPHIBHBIM CHEKTP IMEPEXOAOB OT OJHOM KpalHel
dbopMBI K APYToil, TaK YTO BBIAETATH «UYHUCTHIE» MOPQBI PACTEHUN TOTO MIU IPYroro BUAA
uHOrza OBUTO BechMa MpoOiieMaTHYHBIM. [l0ATOMY 4acTo MBI MCCIEAOBAIN CMEIIAHHYIO
CIIy4aifHyI0 BEIOOPKY PacTeHU ATHX JABYX BUJIOB.

B 1ienoM 1o u3y4eHHBIM TOMYJISIMSIM 9acTOTa allOMUKCHCA BaphUPOBAJIA B AHAINIA30HE
0-62%. B utore HaMu BBISIBIEHO, YTO pacTteHusM u3 nomysauuid C. juncea, C. graminea,
C. juncea*C. graminea, C. canescens, C. brevirostris, C. latifolia w C. acantholepis npucyiia
CIOCOOHOCT, K (pakynpTaTUBHOMY  amoMukcucy. Ilpy  u3ydeHHMM  CTPYKTYpbI
mMeraraMeTopuToB  OOHapyKeHbl  LIUTOIMOPHOJIOTMYECKHE  MapKEpHbIE  NPU3HAKU
ramMmeTo(UTHOTrO armoOMHKCHCA: 4Yalle BCEro — TMpexkAeBpeMeHHas SMOpHUOHUS, peke —
SHJIOCTIEPMOTeHe3 0e3 OIUIOI0TBOPEHHUS UIIH PAa3BUTHE SULEKICTKH M LIEHTPAIbHON KIIETKU B
OJIHOM MeraraMmetrodure 6e3 orI00TBOpeHHsI. BBIBOI O CHOCOOHOCTH pacTEHUMN 3TUX BUIOB
K BOCIIPOM3BOJICTBY CEMSIH IYTEM allOMUKCHCA IMOJITBEPXKACH pe3ysIbTaTaMU HCCIEIOBAHUS
CEMEHHO! MPOAYKTUBHOCTH JaHHBIX BUJOB MPHU OECIBUIBLIEBOM PEKUME IIBETCHHUS.

Bo Bcex uccnemoBannbix —nomynsiuusax C. ambigua Bce meraraMeTo(UThl MMEIH
HOpMaJbHOE CTpOCHHE Oe3 MPU3HAKOB ANOMHUKTHYHOTO pasButusi. [lpu »ToM cemeHa y
pacTeHuil JaHHOrO BHUAA INPH OECHBbUIBLIEBOM DPEKUME IBETEHUS HE 3aBS3BIBAIHMCH. JTO
CBUJICTEILCTBYET O TOM, YTO JAaHHBIN BUJ SIBJISIETCA OOJIUTaTHO aM(PUMHUKTHYHBIM.

Yactora oOHapyXeHUS IUTOAIMOPHOJIOTMYECKMX MPU3HAKOB  allOMUKCHCA U
3aBSI3BIBAEMOCTH CEeMsIH MyTEéM aroMukcuca y BuuoB pona Chondrilla otnudaetcs
CYIIIECTBEHHON BHYTPH- U MEXKIIOMYJISILIMOHHON N3MEHYUBOCTBIO.

PaboTa BeimonHeHa npu ¢puHaHcoBoi noaaepxkke POOU (mpoekt Ne 15-04-04087).
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APOMIXIC WAY OF REPRODUCTION OF CHONDRILLA L. IN THE SOUTH
OF THE EUROPEN PART OF RUSSIA
E.V.Ugolnikova, A.S.Kashin, A.O.Popova
Saratov State University after N.G.Chernyshevsky, Saratov
e-mail: cat.ugolnikova@yandex.ru, kashinas2@yandex.ru

Gametophyte apomixis is known to be a representative of Chondrilla genus
(Asteraceae) (Poddubnaya —Arnoldi, 1976; van Dijk, 2003; Noyes, 2007), but the data about
its spreading are rather incomplete and fragmentary even now ( Comparative
Embryology...,1987).

The study of seed reproduction system of species of Chondrilla genus can give some
additional information about the reasons of contradictoriness of its taxonomic structure
representation.

The research was conducted among 28 populations of 7 Chondrilla species taken from
Saratov, Astrakhan, Volgograd and Rostov regions, Kalmykia and Crimea Republics and
Krasnodar Territory in 2013-2015. On average 30 plants and 120 megagametophytes in every
population were examined each year while researching. Inflorescences for cytoembryological
analysis were fixed at the stage of mature bud in Clarke holder. The preparations of
megagametophytes were made with the help of Kupriyanov’s method ( 1982). The material
had been dyed beforehand with 2% acetocarmine. The frequency of apomixis was defined
using the frequency of megagametophytes occurrence with the signs of embryo development
and (or) endosperm without fertilization. Seed productivity in the same populations was
defined during free pollination and at the regime of blossoming without pollen.

In all the habitats examined plants of C. juncea and C. graminea grew in sympatric
populations. According to taxonomically important morphologic characteristics a continuous
spectrum of transitions from one form to another was created. So it was rather problematic to
distinguish a “pure” plants morphs of one or the other species. Due to this reason a mixed
random sample of plants of these two species was examined during many years of research.

Generally in the populations examined the frequency of apomixis was varied in the
range of 0-62 %. As a result we found out that the plants from populations C. juncea, C.
graminea, C. canescens, C. brevirostris, C. latifolia w C. acantholepis have the ability to
optional apomixis. While studying the structure of megagametophytes, cytoembryological
marker signs of gametophyte apomixis were found: premature embryony happens more often,
endosperm genesis without fertilization or ovule development and central cell in one
megagametophyte without fertilization happen seldom. The conclusion about the ability of
these species to seed reproduction by apomixis was confirmed by the results of seed
productivity research of these species in the blossoming period without pollen.

In all the populations of C. ambigua examined all megagametophytes were of normal
structure without the signs of apomixis development and the plants of this species did not
produce seeds in the blossoming period without pollen. It gives evidence that this species is
obligate amphimictic.

Frequency of the occurrence of cytoembryological signs of apomoxis and seed
production with apomixis in species of Chondrilla genus differs in significant intra- and
interpopulation variability.

The work was done with financial grant support of Russian Fund of Fundamental
Research, project no. 15-04-040887.
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N3MEHYUBOCTDHb MOP®OJIOI'MYECKUX ITPU3HAKOB
PENNPOAYKTUBHbBIX U BETETATUBHbBIX OPTAHOB EPIPACTIS
ATRORUBENS u TUBPUJIHBIX OCOBEM E. x SCHMALHAUSENII
S. A. ®eokrucropa, M.M. Kpusomees, M.M. UiumyparoBa
Bawxupckuti cocyoapcmeennviii ynueepcumem, Ya
varoslava-fwmail . ru,m.m.krivosheev@mail.ru

Epipactis atrorubens (Hoffm. ex Bernh.) Bess. — eBpoasuarckuii Bun (BaxpameeBa u
np., 2014). Ha roxHOM TpaHulle apeajia BCTpeyaeTcsi peako, BkimodeH B Kpacueie Kuuru
Pecny6nuku bamkoproctan (2011) u apyrux peruonoB Poccuu: ¥Yamyprckoi PecryOnuku
(2012), Yensbunckoit (2005), Csepanorckoit o6m. (2008), BHecen B [lpunoxenue II k
Konsenmmu CUTEC.

Orto nonuMopdHbI BuA, oOpasyer Oombiioe uuciao ¢opm (bopsinoscwskuit, 1950,
Prochazka, Velisek, 1983; Fuller, 1986; Co0ko, 1989). Ilomumo pacteHuil ¢ TUMUYHBIMU
TEMHO-KPACHBIMU I[BETKAaMHU BCTPEYAIOTCS (POPMBI C APYroil OKpPackoW OKOJIONBETHHKA: f.
viridiflora Sanino - c »xenroBaTo-3eneHoi, f. pallens Backhaus - 3enenoBaro Oemnoi, f.
lutescens Coss. et Germ. - CBETIIO-KENTOH, CITIOCOOEH 00pa30BBIBATH MEKBUIOBBIC THOPHIBI
(Edpumos, 2004; I[Tunuyx u np., 2010. BaxpameeBa u np., 2014). Opnako npeznesns
U3MEHYMBOCTH [uii (GopM © THOPHIOB HA TEPPUTOPHH HX apeajoB HEIOCTATOYHO
UCCJIEIOBAaHbI, UTO 3aTPYAHSET UX BbIJCICHUE.

Ha teppuropun Pb ommcan mexsunoBoit rubpun E. X schmalhausenii Richter (E.
atrorubens % E. helleborine) B MecTax COBMECTHOTO MPOM3PACTAHUS POAUTEIHCKUX BHJIOB
(ITymxkapeBa, NUmmypatosa, 2012; [Tymkapesa, 2013).

Ilenp paboThl 3akioyagach B HU3YYEHHMH W3MEHUMBOCTH KAUYeCTBEHHBIX U
KOJIMYECTBEHHBIX ~MOP(OJOTHUECKUX TPU3HAKOB PENPOAYKTUBHBIX M  BETE€TAaTHBHBIX
opraHoB E. atrorubens n rubpuanbix ocoOeil E. X schmalhausenii na FOxxnom Ypae.

B 2015 roay Ha TEPPUTOPUU HOsxHO- Y pasibckoro rocyAapCTBEHHOTO
npupoaHoro 3anoseanuka (FOVITI3) U3y4eHa W30JIMPOBaHHAS
ueHononyisuus E. atrorubens (30 reHepaTUBHBIX ocoOeii). Bropass momynsiuus u3yueHa B
MecCTax MPOU3pacTaHusl POAUTENbCKUX GopM E. atrorubens u E. helleborine Ha Tepputopuu
bamkupckoro rocynapctBeHHoro npuponHoro 3anoBeaHuka (BI'TI3), ommcano 40
TeHepaTUBHBIX 0cobeil - E. atrorubens m 23 ocobu ruOpuIHOTO MPOMCXOXIeHUS. Bcero
IpOoaHAM3UPOBAHO 4 MpU3HAaKa modera, 6 MPU3HAKOB COIBETHUS M 12 MPU3HAKOB I[BETKA.

AHanM3 CTENeHH U3MEHYMBOCTU MOP(MOIOrMYECKUX TPU3HAKOB BETETATUBHOW U
TeHEePAaTUBHOW cdep B M3y4aeMbIX BBIOOpPKAX MOKa3all, YTO HMCCIEIOBAHHBIC MOMYJSIH E.
atrorubens na tepputropuu BI'TI3 u FOI'TI3 m rubpumneie ocodbu - E. X schmalhausenii
(FOI'TI3) mocroBepHO HE oTIMYArOTCs (coriacHo ko3 dumrenty CThIOAEHTa) MEXIY COOOM.
HaunGonee BapmabenbHBIMHU, KaK JUIsl UCCIEAYEMbIX BUIOB, TaK WU IJII THOPUIHBIX 0COOCH
OKa3aJICh MPHU3HAKH BETeTaTUBHBIX OPraHOB, B YAaCTHOCTH: BbIcOTa moOera (E. atrorubens
BI'TI3 min 17,0 - max 56,0, CV = 26,12 %; E. atrorubens FOI'TI3 min 31,5 - max 84,5, CV =
19,71 %; E. x schmalhausenii min 22,5 — max 51,5, CV = 25,52 %) u BbIcOTa modera 0
congetus (E. atrorubens BI'TI3 min 11,5 - max 38,0 CV = 28,06 %; E. atrorubens YOI'TI3
min 7,5 - max 54,5, CV =25,83; E. x schmalhausenii min 15,0 — max 36,0, CV = 28,46 %).

Takum o00pa3omM, B TPOBEJCHHOM HCCJIEIOBAaHUM HE YJAIOCh OOHAPYXHUTh
MOp(hOMETpUYECKUE TIPU3HAKH, IO KOTOPBIM TUOpusl E. X schmalhausenii pa3nudanuch OT
oco0eld OAHOTO W3 POAUTENbCKUX BHUAOB - E. atrorubens. Heobxomumo nanpHeHIEe
U3y4YeHHEe JJAHHBIX TAKCOHOB, B T.4. C IPUMEHEHHUEM METOJIOB F€HETUYECKOT0 aHAJIN3A.
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THE VARIABILITY OF MORPHOLOGICAL FEATURES OF
REPRODUCTIVE AND VEGETATIVE ORGANS EPIPACTIS ATRORUBENS AND
HYBRID INDIVIDUALS E. x SCHMALHAUSENII
Y.A. Feoktistova, M.M. Krivosheev, M.M. Ishmuratova
Bashkir State University , Ufa
e-mail: yaroslava-f@mail.ru,m.m.krivosheev@mail.ru

Epipactis atrorubens (Hoffm. ex Bernh.) Bess. is the euroasian species (Vahrameeva
and oth., 2014), can rarely be discovered on the south area boundaries, it is included in Red
Books of the republic of Bashkortostan (2011) and other regions of Russia: the Udmurt
republic (2012), Chelybinsk (2005) and Sverdlovsk regions (2008), it is also included in
Appendice II to the CITES Convention.

Epipactis  atrorubens is a polymorphic species, producing many forms
(Borzilovskiy,1950, Prochazka, Velisek, 1983; Fuller, 1986;Sobko, 1989): besides plants with
typical dark red flowers there are yellow green perianth forms f. viridiflora Sanino, green
white perianth forms f. pallens Backhaus, light yellow perianth forms f. /utescens Coss. et
Germ, it can produce intraspecific hybrids (Yefimov, 2004, Pinchuk and oth.2010.
Vahrameeva and oth., 2014) However, the limits of intraspecific variability of forms and
hybrids within their areas were explored insufficiently, morphological characteristics of
hybrids are not described, which makes difficult to select them.

There is an intraspecific hybrid E. x schmalhausenii Richter (Epipactis atr. < Epipactis
h.) described in areas of the joint growth of parental species Epipactis atrorubens (Hoffm. ex
Bernh.) Bess. and E. helleborine (L.) Crantz (Pushkareva, Ishmuratova, 2012; Pushkareva,
2013).

The objective of our work is to study the variability of qualitative and quantitative
morphological features of reproductive and vegetative organs of E. atrorubens and hybrid
forms E. X schmalhausenii in the South Ural.

In 2015 the isolated coenopopulation Epipactis atrorubens (30 generative individuals)
is studied on the territory of South Ural State Nature Reserve. The second population is
studied in areas of the joint growth of parental species E. atrorubens u E. helleborine on the
territory of Bashkir State Nature Reserve; 40 generative individuals E. atrorubens and 23
hybrid individuals are described. We analyzed in total 4 characters of sprout, 6 characters of
inflorescence and 12 characters of flower.

The analysis of the variability degree in morphological features of vegetative and
generative sphere in studied samples shows that the population E. atrorubens studied on
territory of South Ural State Nature Reserve and Bashkir State Nature Reserve and hybrid
individuals of E. X schmalhausenii (SUSN) have no differences (according to Student’s
coefficient). The vegetative features are the most variable for studied species as well as for
hybrid individuals. For instance, height of sprout (E. atrorubens SUSN min 17,0 - max 56,0,
CV = 26,12 %; E. atrorubens FOI'TI3 min 31,5 - max 84,5, CV = 19,71 %; E. x
schmalhausenii min 22,5 — max 51,5, CV = 25,52 %) and height of sprout to inflorescence(
E. atrorubens BI'TI3 min 11,5 - max 38,0 CV = 28,06 %; E. atrorubens FOI'TI3 min 7,5 - max
54,5, CV = 25,83; E. x schmalhausenii min 15,0 — max 36,0, CV = 28,46 %).

Thus, it is difficult to select features which could distinguish parental form E.
atrorubens and hybrid individuals E. x schmalhausenii on the basis of the results received
so further studies are needed including methods of genetic analysis.
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MHOJYUYEHMUE I'AIIVION10B TPUTHUKAJIE B KYJIBTYPE IIBIJIHUKOB IN
VITRO - TIPEJOBPABOTKA JJOHOPHBIX PACTEHUHM XO0JIOJ10M
0.B. XomskoBa, B.H. Akununa, A.B. IlomunoB
Hayuno-uccneoosamenvckuii uncmumym cenvckozo xozsaticmsea FOeo-Bocmoka,
Capamos
e-mail: homyakova_olesya@mail.ru

KynbTypa TNBUIBHUKOB SBISETCS OJHMM M3 METOJOB MAacCOBOIO  MOJIYYEHHS
ramnonaHbiX pacteHuil tputukaie (Jlykpsarok, 1983; Schuman, 1990; Ganzalez, 2006;
Urnarora, 2008 u ap.). Ilo cpaBHEHHIO C KyJIbTYPOW M30JUPOBAHHBIX MUKPOCIIOP OH MEHEe
TpyaoeMok. OOmias OT3bIBYMBOCTh MPH KYJIbTUBUPOBAHUM TBUIBHHUKOB BKIIOYAET TpHU
deHoMeHa: TONMy4YeHHE HAMOPHOTCHHBIX MBUIBHUKOB, CIIOCOOHOCTH SMOpPHOHMIOB K
pereHepalyy pacTeHU U MOJyUYeHHE 3€JICHbIX PACTEHUH.

N3ydenne s¢dexra XOJ0J0BOTO BO3IACHCTBHS HAa JOHOPHBIE PACTCHHS II0KA3alio
HEOJTHO3HAYHOCTh MOJIYYeHHBIX pe3yibTaToB. Ha pasmuyHbIX MO YPOBHIO OT3BIBUMBOCTHU
TFE€HOTUIIaX MSITKOM MIIEHUIIbI CApATOBCKOM CEJEKLMU MOKa3aHO, YTO CIOPO(UTHOE pa3BUTHE
MUKPOCTIOP MPOHMCXOJHUT U B MBUIBHUKAX CBEKECPE3aHHBIX KOJIOCHEB, MPUYEM, Y HEKOTOPBIX
FEHOTUIIOB C OOJbIlIed YacTOTOW IO CPAaBHEHMIO C MbUJIbHUKAMHU, IOJIBEPTalOIIUMUCS
BO3/eiicTBHIO 3TOTO cTpecca (Tkauenko u ap., 2001; Absayk u ap., 2003).

[IpuBeneHHbIE BBILIE pE3yNbTAThl CBHUJAETENbCTBYIOT O HEOJHO3HAYHOCTH POJIHU
XOJIOJIOBOTO ~ CTpecca Tpu  CHOpOoPUTHOM  pasBUTHUM  MuUKpocmop. IIpoBeneHHbIE
LUTOJIOTUYECKUE MCCIEIOBAHNUS YCTAaHOBMJIM BO3MOXKHOCTh DA3JIMYHBIX COOBITUH IpHU
KyJIbTUBHPOBAHUH CBEKECPE3aHHBIX MbUILHUKOB. OCHOBHAS YacTh MUKPOCIIOp MOTHOAET yxKe
K 7 IHIO KyJbTUBHUPOBAHHS, YaCTh MHKPOCIIOP IMPOJODKAET raMeTOPHUTHYIO TPOTpaMMy C
nocleAyIoNel AereHepanyeid mpoayKToB AeNeHUs, U JUIIb HEMHOTOYHCICHHAS MOMYJISIIs
KJIETOK MEPEXOAUT Ha CIOPO(PUTHBIHN MyTh pa3BUTHSL.

AHanu3  4yacToThl  00pa30BaHUSl  Pa3NUYHBIX  AHAPOTEHETHUYECKHX  CTPYKTYpP
CBUJIETEIBLCTBYET O TOM, YTO JUIsl MHAYKIMU aHJIPOT€HE3a B KYJIbType NMbUIbHUKOB TPUTUKAJIE
He TpeboBajoch BO3CHCTBHE MIOKOBBHIMU TeMIlepaTypamu. boiee Toro, y ABYX T€HOTHIIOB
(amumumionna AJl-1 u copra—crangapra CTyneHT) crOopodUTHOE Pa3BUTHE MHUKPOCIIOP
HAOMIOIAIOCh TOJIBKO B TMBUIBHUKAX CBEXKECPE3aHHBIX KOJIOChEB, HE IMOJIBEPIaBIIHUXCS
XPaHEHUIO MIPU MOHMKEHHBIX MOJIOKUTENbHBIX TeMmeparypax 1,7 u 7,8% coOTBETCTBEHHO.

[TomydyeHHble HaMH pe3yJibTaThl MO KYJbTUBUPOBAHUIO THUIBHHUKOB TPUTHKAIE HE
HIOJTBEPKIAIOT TOUKY 3PEHHUSI O POJIM MOHIKEHHBIX TOJOKHUTENBHBIX Temmeparyp (4-7°C)
Kak Tpurrepa cropodutHoro passutus mukpocnop (Kpyrmosa u np., 2005). OueBuaHo, caMmo
yAAJIEHUE KOJOCHhEB C JOHOPHOIO PAaCTEHMs SIBIISETCS CTPECCOM, KOTOPBI B COYETAHHMH C
UCKYyCCTBEHHBIM KyJIbTHUBHUPOBAaHHEM TBUIBHHUKOB B YCIOBUSX 1In Vitro 0e3 Apyrux
BO3/ICUCTBUII MOXET BBI3BIBATh PEIPECCUI0 TaMETOPUTHBIX TE€HOB U MEPEKIIOYCHHE
IPOrpaMMbl Ha CIOPOPUTHBIN My Th Pa3BUTHSL.
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THE OBTAINING OF TRITICALE HAPLOID PLANTS — A PRETREATMENT
OF THE DONOR PLANTS BY COLD SHOK
0.V. Khomyakova, V.N.Akinina, A.V. Pominov
Agricultural Research Institute of South-East Region, Saratov
e-mail: homyakova_olesya@mail.ru

Anther culture is one of the efficient methods for triticale haploid plants production
(Lukjanyuk, 1983; Schuman, 1990; Ganzales, 2006; Ignatova, 2008). In comparison with
isolated microspore culture it is less laborious. The general anther culture responsiveness
includes three phenomena: obtaining of embryogenic anthers, the regeneration ability of
embryoids and green plants production.

The studying of the cold effects on the donor plants shows the ambiguousness of the
obtaining results. It has been shown on the genotypes of common bread wheat of Saratov
selection with various level of responsiveness that sporophytic microspore development was
observed in fresh collected anthers moreover the several genotypes had significantly increased
the yield of the embryogenic anthers in comparison with pretreated inflorescence (Tkachenko
et al., 2001; Dyatchouk et al., 2003).

The above mentioned results evidenced on the not single role of the cold stress on the
sporophytic microspore development. The cytological studying reflects the possibility of the
different events in fresh anthers culture. The main part of microspores is perished on the 7™
day of the culturing. Another microspores part continues the gametophyte program with
following degeneration of the division products and only small microspores population
passages on the sporophytic mode of development.

Analysis of the different androgenetic structures frequency evidenced  that
androgenesis induction in triticale anther culture is not required the shok cold temperature.
Moreover the sporophytic microspore development in two genotypes (Amphydiploid 1 and
standard variety Student) was observed only in anthers of fresh collected inflorescences (1,7
and 7,8% accordingly).

Our results on triticale anther culture don’t confirm point of view about the role of low
temperatures (4-7°C) as a trigger of microspores sporophytic development (Kruglova et al.,
2005). It is possible, ear removing itself from donor plants is first stress, that in combination
with anther culture in vitro switches microspore development from a gametophytic to a
sporophytic mode of development.
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BBISIBJIEHUE HEPEAYIIUPOBAHHOI'O AITIOMUKCHUCA B UHBPEIHbIX
JIMHUSAX COPI'O U KYKYPY3bI
ML.M. IIBeToBa, JI.A. DabkonuH, F0.B. UTanbsiHckas
Hayuno-uccneoosamenvckuii uncmumym cenvckozo xozsaticmea FOeo-Bocmoka,
Capamos
e-mail: lelkonin@gmail.com

ATIOMUKCHC — BOBHUKHOBEHHE CEMSTH 3a CUET MapTEHOreHe3a HEOIUIOA0TBOPEHHOMN SIMIIEKIIETKH
— YCTaHOBJICH Y MHOTUX BHJIOB TIOKPBITOCEMEHHBIX pacTeHuid. [Ipenmnonaraercs, 4to mepcrneKTUBbI
KOMMEPYECKOTO HCIIOB30BAaHMUs allOMUKCHCAa B CEJICKIIMH CBSI3aHBI C BO3MOYKHOCTBIO COXPAHECHHS
addexra rerepozuca M IPYTUX CENEKIMOHHO-IICHHBIX MPU3HAKOB B PsITy TOKOJEHUI BCIIEICTBUE
OTCYTCTBUSI TEHETUUYECCKOTO paciiervienst B motomerse (Savidan, 2000; Haymosa, 2008). OmHako
HEPEJIKO JJAHHBIE O HAJIMYMHY alIOMHUKCHCA Y AUITIOWIHBIX KYJIbTYPHBIX PACTEHHI BbI3bIBAIOT COMHEHHUE
(Coxormnos u ap., 2011).

Yame Bcero /i BbIABICHHS AallOMUKTUYECKH PA3BUBIIETOCS MOTOMCTBA Yy pacTEHUA
UCTIOJB3YIOT CKPEIMBAHUE HCCIEeAyeMOoil (POPMBI C  OTIIOBCKUM POIUTENIEM, OTIMYAIOIIMCS
JOMUHAHTHBIMA MapKEPHbIMH TeHamu (mpu3Hakamu). OTCYTCTBHE 3THX MPH3HAKOB Y TOTOMKOB
MO3BOJSIET [OJaraTb, YTO OHM MPOM3OLUIM 3a Cu€T mapreHoreHesza. OOILENpU3HAHO, YTO
HEpeIyIIMPOBAHHBIN AITOMHUKCHC OCYILIECTBIISIETCS Ha 6a3e HepeyLIMPOBAHHOTO 3apOIBIIIEBOrO MEIKa
(3M). B narieit paGoTte MbI OCHOBBIBAITCH Ha M3BECTHOM TIOJIOXKEHHUH O TOM, UTO B ceMeiicTBe Poaceae
B OOJIBILIMHCTBE CITy4YaeB SHAOCTIEPM SIBISIETCSI THOPUIHBIM, 00pa3ysiCh B pe3yJbTaTe OIIO0TBOPEHUS
nomsapHbIX saep 3M (Haymona, 2008; Albertini et al., 2010). ITpu 3ToM 11t HOpMATEHOTO Pa3BUTHS
CEMEHHM HEOOXOIMMO, YTOObI COOTHOIIEHHE MATePHUHCKOrO (M) M OTIIOBCKOTO (0) TEHOMOB B
SHJIOCTIEpPME COOTBETCTBOBAJIO Obl 2M:10. B pesynbraTe TpOWHOrO CMsiHUSA JBYX HOJSIPHBIX SIIEP
HEpemyIMpoBaHHOTO 3M UIUIONAHON MarepuHCKOM (OpMBI U TAlUIOMJHOTO SApa CIIEPMUS
JWMIUIOMHOTO OTLIOBCKOIO POJUTENS (POPMUPYETCSl MEHTAIUIONIHOE MEPBUYHOE SIPO SHIOCIEPMA,
COOTHOILICHHE M:0 B DJHJOCTIEPME HAPYIIACTCs, W Pa3BUBAIOTCS IIyIUIbIe 3€PHOBKH C HU3KOM
KU3HECTIOCOOHOCTHIO. [103TOMY JUTsl BEISIBIICHHS TICEBIOTAMHOT'O allOMHKCHCA Y KyKYPY3bI U COPTO MBI
NPENPUHSIA  ONbUICHUE JWIUIOWAHBIX JIMHUM, JIMIIEHHBIX COOCTBEHHOM TIbUIBIIBL, TBUIBIOMN
TETPAIUIONIHBIX JIMHUN. B TaKOM CKpEeIMBaHUM NP OIUIOOTBOPEHNH TUIUIOWAHBIX MTOJSIPHBIX SIIEP
HepemyMpoBaHHOTO 3M [WIUIONIHBIM CIIEPMHUEM BO3HHKACT TEKCAIUIOWAHBIA SHIOCIIEPM C
COOTHOIIIEHHEM MAaTEPUHCKOTO U OTIIOBCKOT'O T€HOMOB 2M: 1 0.

Hopmansao chopMupoBaHHbIE 3€pHOBKM ObUTH MOMy4YeHBI y 4 JuHWI copro u 12 nmuHui
KyKypy3bl. LluTonormdeckuii v (heHOTUTIMYESCKII aHATIM3 PACTEHUH, PA3BUBIIMXCS M3 ITUX 3CPHOBOK,
TMOKa3aJl, YTO Cpely HUX ObUIM JW- W TETPAIUIONIHbIC THOPU/IBI, a TakKe JWIUIOMIHBIC PACTCHUS
MaTepuHCKOro Tura. OYeBHIHO, YTO TETPAIUIOMIHBIE THOPWIBI BOHUKIM TIPU OIUIONOTBOPSHUH
HEpPEeYIMPOBAHHbIX 3M UIJIOMIHOM THUIBIION OTHOBCKUX TETPAIUIONIOB. BO3HMKHOBEHHE
JTUTONIHBIX THOPHUIOB B IMTUIONTHO-TETPAILIONTHBIX CKPEIINBAHKMSIX O0BSICHACTCS (JOPMUPOBAHUEM
TaryIONAHBIX MBUTBLIEBBIX 3EPEH Yy TETPAIUIONIOB B pe3yJibTaTe comaTnueckoil peaykuuu (Llperoa u
OnpkoHnH, 2002). OTHOCHTENBHO JWIUVIOWAHBIX pPAcTeHWH MATEpHHCKOIO TUIA  CIENAHO
NPEIONOKEHNE, YTO OHU BOHHUKJIM 3a CUET TICEBOrAMHOIO arloMUKcHca. J{Jisi MOATBEep K ISHHS 3TOM
TUTNOTE3bI OBUT TIPOBEAEH aHAITM3 3arlacHBIX OENIKOB 3HIIOCTIEPMA 3EPHOBOK, M3 KOTOPHIX Pa3BUIIHCH
MaTpOKJIMHHBIC PACTeHWs (YacTh SHAOCIEpMa ObLIa OTACNeHa 10 Hadana npopamuBadms). C
nomotpio SDS-amexrpodopesa ObUT0 00HAPYKEHO, YTO B MEKTPO(HOPETHYECKUX CIIEKTPaX OEITKOB,
BBIJIEJICHHBIX M3 3€PHOBOK, M3 KOTOPBHIX pasBWIMCh MATPOKIMHHBIE PACTEHUS, IPUCYTCTBOBAIH
TIOJIUTICTITU/IBI, XapaKTepHbIC JUIsl OTIIOBCKHMX JIMHWM, YTO YKa3blBaeT HA THOPUIHYIO IMPUPOIY
SHZOCIEpMa TaKMX 3EPHOBOK M, CJIE/IOBATENBHO, Ha (DOPMHPOBAHME TAaKMX PACTEHHMH 3a CYET
TICEBJIOraMHOT'0 alTIOMHUCHCA.

K HacrosmieMy BpeMeHM anOMHUKTHYHbIE pacTeHusi BbisiBlieHbl y 4 [IMC-munmii copro u 5

JIMHUI KyKypY3bL
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IDENTIFICATION OF UNREDUCED APOMIXIS IN SORGHUM AND MAIZE
INBRED LINES
ML.I. Tsvetova, L.A. Elkonin, Yu.V. Italyanskaya
Agricultural Research Institute for South-East Region, Saratov
e-mail: lelkonin(@gmail.com

Apomixis — formation of seeds due to parthenogenesis of unfertilized egg cell — has
been revealed in many angiosperm species. It is assumed that the perspectives of commercial
usage of apomixis in breeding are connected with capability of apomictic lines to retain the
heterotic or

another superior genotypes through series of generations due to absence of genotypic
segregation in progeny (Savidan 2000; Naumova 2008). However, not infrequently data on
the presence of apomixis in diploid crop plants are doubtful (Sokolov et al., 2011).

Most often to identify apomictically developed progeny the plants are crossed with
paternal parent possessing dominant marker gene(s) (traits). Absence of such gene(s) (traits)
in the progeny plant suggests that it has occurred due to parthenogenesis of an egg cell of
maternal parent.

It is generally accepted that unreduced apomixis is realized on the basis of unreduced
embryo sac (ES). Our work was based on the well-known fact that in the Poaceae in most
cases endosperm is forming in result of fertilization of ES polar nuclei (Naumova 2008;
Albertini et al., 2010). Herewith, for normal seed development the ratio of maternal (m) and
paternal (p) genomes in endosperm would correspond to 2m:1p. When unreduced ES of a
diploid maternal plant is fertilized by haploid pollen of a diploid male parent this ratio
disturbs and seeds with pentaploid endosperm develop (such seeds are shriveled and
possessing low viability). Therefore, in order to reveal pseudogamous apomixis in maize and
sorghum we have taken pollination of diploid lines by pollen of tetraploid strains. In such
crossings, fertilization of diploid polar nuclei of unreduced ES by diploid sperm cell results in
hexaploid endosperm formation with the ratio of maternal to paternal genomes 2m:1p.

Normally formed kernels developed in 5 sorghum and 12 maize strains. Cytological
and phenotypic analysis of plants, developed from these kernels showed that among them
there were di- and tetraploid hybrids and diploid plants of maternal type. Obviously,
tetraploid hybrids developed as a result of fertilization of unreduced ESs by diploid pollen of
the paternal tetraploids. The origin of diploid hybrids in diploid-tetraploid crosses may be
explained by formation of haploid pollen grains in tetraploids due to somatic reduction
(Tsvetova and Elkonin, 2002). Diploid maternal plants were assumed to develop due to
pseudogamous apomixis. To confirm this hypothesis, we performed the analysis of the
endosperm proteins from the kernels, produced maternal type plants using SDS gel
electrophoresis (endosperm parts have been separated prior to germination). Polypeptides
characteristic of the paternal lines were found in the electrophoretic spectra of the proteins
isolated from these kernels that suggested to the hybrid nature of endosperm of such kernels
and, hence, to formation of such plants by pseudogamous apomixis.

To date, apomictic plants identified in 4 sorghum CMS-lines and 5 lines of maize.
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PEITPOAYKTUBHASA BUOJIOTUS GLADIOLUS IMBRICATUS L.
U G. TENUIS BIEB.
M.A. YepTkoBa, JI.B. HoBoce/ioBa
Tlepmckuii cocyoapcmeennvlii HaYUOHANbHBLU UCCTE008AMENbCKULL YHUBEpCUMen,
Ilepmyo
e-mail: plyusnina-marina@yandex.ru

I'mannonyc (Gladiolus L.) siBnsercst KiiyOHETyKOBUYHBIM T€O(QHUTOM, KOTOPBIA IIEHUTCS
32 OTHOCUTENBHYIO  HENPHUXOTIMBOCTH K  YCJIOBUSIM  BBIpAIlMBaHUS,  JOBOJIBHO
IPOJIOJDKUTEIBHBIM TIEPUOJIOM IIBETEHUS] U MHOTooOpasueMm ¢opMm U pacuBeTok. OIHUM U3
BOXHBIX JTallOB TMpH pa3pabOTKe CEJIEKUMOHHBIX IPOrpaMM  SBJISETCS H3Y4YCHHE
penpoayKTHBHOM Ononornu. OCHOBHBIE JAaHHBIE B 3TOW cdepe OmucaHbl Ui TIIAJHOIyca
rUOpPUIHOTO, /Ui TUKUX BUJIOB, NEPCHEKTUBHBIX K BKIIOYEHHIO B CEJIEKLIMOHHBIN Ipolecc,
JTaHHbIE HEMHOTOYHUCIJICHHBIE.

Llenplo HccnenoBaHUs SIBIAJIOCH M3Y4YEHHE JKU3HECIIOCOOHOCTH TbUIBLEI y 2
€BPOIENCKUX BUOB INIaM0JIyca C paHHEJIEeTHUM cpokoM uBetenus Gladiolus imbricatus L. n
G. tenuis Bieb.

Kn3znecriocoOHOCTh MBUIBILBI OMPEEISUIN 2 crioco0amMu: MyTEM €€ MpOopalliBaHUs Ha
HCKYCCTBEHHBIX CpelaX U TKaHAX MECTUKA — i VIlro U in Vivo.

[IpopaiirBanye NbUIBIBI i Vifro TIPOBOJWIN Ha UCKYCCTBEHHBIX Cpefax, CoAepkKallux
0,1% arap-arap u pazauuHble KOHLIEHTpauuu caxapossl (10-25%). Ilpu 3ToM Hcnons3oBain
KaK CBEKECOOPaHHYI0, TaK W XPAaHMUBIIYIOCS B TeueHHUEe 2-3 cyTok (IIpu KOMHATHOM
Temreparype M BIaXHOCTH Bozayxa 60-70%) mneubiy. IlpocmoTp mnpoBoamiau moA
MHUKpOCKOIIOM uepe3 2, 4, 6 yacos. [Ipu rccnenoBannu kU3HECTIOCOOHOCTH TBLIBLBI i Vitro
BBISICHWIIM, YTO IIpopacTaia TOJIbKO cBexecoOpaHHas mbuiblia G. tenuis Ha cpeae ¢ 10% u
15% conepxannem caxapo3ssl. [Isuibnia G. imbricatus HY Ha OJTHOM U3 CpeJ HE MpopacTaa.

Jis uccnenoBaHus MPOPACTaHUs MBUIBLBL 7 Vivo COLBETHS IJIAHOIYyCOB Ha CTaJuu
OyTOHOB H30JMPOBAIM, B JajbHEMIIEM HPOBOAMIM KacTpalMio IBETKOB. VckyccTBeHHOE
onbuieHue G. imbricatus TPOU3BOIWIN COOCTBEHHOM MbUIbLION M mbulbLod G. tenuis, a G.
tenuis — cMechlo MBI G. tenuis u G. imbricatus. Yepes 1, 3, 7, 24 yaca cpe3aiu NeCTUKH
u ¢ukcupoBanu ux B pukcarope Kmapka. MccnenoBanne npopacTaHus ObUIbIBI HA PhUIbLIE
IPOBOAMIIU T10J] CBETOBBIM MHUKPOCKOMNOM. /{7151 OKpalliMBaHus MCIOIb30BAIN AllETOKAPMHUH U
CIHMPTOBOI pacTBOp METHIICHOBOT'O CUHETO.

Pe3ynbTaThl mokazanu, 4TO pbUIbLIE CIIOCOOHO BOCIPHUHMMATH IbUIbLYY HE paHee Kak
yepes3 2-3 HA mocie pacKpeiBaHus 1BeTKa. [Ipopactanune Habmomanock cnycTs 3 yaca mocie
onbuieHUs. BwigBneHo, uyro y G. imbricatus TbUIbIIA XapaKTepU3yeTCs OYEHb HU3KOU
AKHU3HECTIOCOOHOCTHIO.

[To pesynbTaraM HCCIEIOBaHHUS YCTAHOBIEHO, YTO y OOOMX BHJOB HMMEET MECTO
auxoramusi B popme MpoTepaHpHy, YTO COTIACyeTCsl ¢ MOJYyUYSHHBIMU HAMU paHee JaHHBIMU
[0 aHTIKOJIOTHUM ATHUX BUIOB. B mensax ruOpuauzanyu HEOOXOOUMO OpaTh TOJIBKO CBEXKYIO
IbUIbILY, IIOCKOJIBKY IIPU XPaHEHHH OHA OY€Hb OBICTPO TEPSIET CIIOCOOHOCTH K MPOPACTAHHUIO.
[embia G. imbricatus ©MeeT 04E€Hb HU3KYIO )KM3HECIIOCOOHOCTD, TO3TOMY B CEJIEKIIMOHHBIC
OporpaMMbl € IJIAAMOJIYCOM THUOPUAHBIM MMEET CMBICI B KadyecTBE JOHOPA IbUIBbIBI
BKIItouaTh G. tenuis.
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REPRODUCTIVE BIOLOGY OF GLADIOLUS IMBRICATUS L. UGLADIOLUS
TENUIS BIEB.
ML.A. Chertkova, L.V. Novoselova
PermStateUniversity, Perm
e-mail: plyusnina-marina@yandex.ru

Gladiolus (Gladiolus L.) is valued for simplicity to growing conditions, a long
flowering period and the variety of shapes and colors. Study of reproductive biology is one of
the important steps in the development of breeding. Basic data are described for Gladiolus
xhybridus hort., but wild species are not studied yet.

The aim of the study was to investigate the viability of the pollen of Gladiolus
imbricatus L. and Gladiolus tenuisBieb.

Relative viability of pollen of Gladiolus was determined by two methods - in vitro and
in vivo.

In vitro pollen germination was performed on artificial medium, that contain 0.1% agar
and various concentrations of sucrose (10-25%), with fresh pollen distinguished and stored
for 2-3 days at temperature +26°-+28°C and relative humidity 60-70 %. We have studied
pollen with a microscope after 2, 4, 6 hours since the pollen inoculation on medium. In the
study of pollen viability in vitro best results were observed in medium supplemented with
10% and 15% sucrose, only fresh pollen of Gl. tenuis germinate.

To study the germination of pollen in vivo, we castrated and then pollinated
inflorescences of Gl imbricatus by its own pollen and by pollen of Gl tenuis and
inflorescence of Gl. tenuis by mixture of pollen. We cut pistils after 1, 3, 7, 24 hours and
fixed them in the latch Clark. We used acetocarmine and alcoholic solution of methylene blue
for coloring of microscope slides.

Results of pollen germination in vivo showed that the stigma becomes receptive on 2-3
days of blooming, until this moment the pollen on the stigma not even delayed. On the 3 day
of flowering pollen begins to germinate 3 hours after pollination. Pollen of Gl imbricatus
showed a very low viability.

Conducted researches have shown that proterandry, that is the form of dichogamy, is
presented in both species, that is consistent with earlier data of Antecology (Chertkova, 2015).
For the hybridization only fresh pollen should be taken, because it quickly loses its ability to
germinate. Pollen of GI. imbricatus shows very low viability, so GI. tenuis better involve to
crossings with GI. hybridus as the pollen donor.
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METABOJIOMUKA, OMNES ET SINGULAS
AJLIIaBapaa
bomanuueckuu uncmumym um B.JI. Komapoea PAH,
PI] «Pazeumue monexynsapuuix u kiemoutwvlx mexronozaui»y CIIBI'Y, Cankm-
Ilemepbype
e-mail: stachyopsis@gmail.com

WMHCTpyMEHTANbHBI aHAIM3 META0OJIMTHOTO IyJla MPOYHO BOLIET B apCceHal
COBPEMEHHBIX METOJIOB HCCIICOBAaHUS OMOJOTMUYECKUX cucTeM. Koppensuuu conepkaHus
MaJlbIX MOJIEKYJI B COCTaBe JKMBOTO Ha JIIOOOM ypOBHE, OT KJIETKH, WM JaKe OpTaHEeIIbI
BIUIOTh JI0 OPTaHOB W IIEJBIX OPTaHW3MOB, NMPEIOCTABISIOT OTPOMHBIM MAacCHUB JaHHBIX,
MO3BOJISIIOIINE MOJTy4aTh OYEHb MHTEPECHYIO MH(OpPMALHMIO O MPUPOJE CaMoro Imporecca
KHU3HENIEATSITHHOCTH.

B noknane M3mokeHBI OCHOBHBIC MOJOKEHHs METabOJOMHOTO aHajH3a, ammaparHas
wiatpopmMa, METOIWYECKHE BApUAHTHI M OCHOBHBIE NPHUEMBI OOpPAaOOTKH MOTy4YaeMbIX
naHHbIX. Oco0oe BHHMMaHHUE YJENIEHO KOHLENTYyaJbHOM OCHOBE MCIIOJIb30BaHMS TMOHATHS
OMOXMMHUYECKOTO COCTOSIHHS JJIS MOAETHPOBAHUS TPOIIECCOB POCTa U PA3BUTHUS PACTCHUH U
rpudoB.

METABOLOMICS, OMNES ET SINGULAS
A.L.Shavarda
Komarov Botanical Institute of the Russian Academy of Sciences,
RRC Molecular and Cell Technologies, SPBSU
e-mail: stachyopsis@gmail.com

Instrumental analysis of the metabolite pools firmly entrenched in the arsenal of the
modern methods for the study of the biological systems. Correlations content of small
molecules in the composition of life on every level, from the cells, the organelles, or even up
to the organs and whole organisms, providing a huge amount of data, which yields very
interesting information about the nature of the process of vital activity.

The report outlines the main provisions of the metabolomic analysis, the hardware
platform, the methodological options and the basic techniques of the data mining. Particular
attention is given to the conceptual basis of the use of the notion of the biochemical state for
modeling the processes of growth and development of plants and fungi.
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PA3BHOOBPA3UE CEMA3AYATKOB U BO3MO’KHBIE HAITPABJIEHU S
X TPAHC®OPMAIIUIA
HN.A.llampos
Poccuiickuii 2ocyoapcmeennviii nedazozuueckuti ynugepcumem um. A. Y. I'epyena,
Canxm-Ilemepbype
e-mail: ivan.shamrov@gmail.com

Cems13a4aTKy IIBETKOBBIX PACTCHUN XapaKTEPH3YIOTCS 3HAUYUTEIBHBIM Pa3HOOOpa3UEM.
OpnHaKo MPU3HAKH, IT0 KOTOPHIM WX MOXHO UIACHTH(PHUIIMPOBATH (OCOOCHHO KaMITHIIOTPOITHBIE
u amdurponnsie), He Bceraa obocHoBanbl (Ilampos, 2007, 2008, 2015). CraHnoBnenue
KaMITHJIOTPOITHOTO CeMs3a4aTKa SIBIIIETCS CaMBIM IPOJIOJDKUTEIIEHBIM U HAYHHACTCS, KaK
NPaBUIIO, TIOCJIC MEracloporeHe3a, Ho CeMsI3a4aToOK MPUHUMAET OKOHYATENBbHBIA BH]] TOJIBKO
MocJie  OTUIOAOTBOpeHUs. VIMEHHO C 3THUX TO3WIHMHA «aM(HUTPOIMHBIA THID CceMs3adaTKa
JOJDKEH OBITh TPH3HAH HECYIIECTBYIONIMM, TaK KaK OH MPEICTABISET COOOW CTajHIo
pa3BUTHS KAMIMJIOTPOITHOTO ceMeHUu. Kpome Toro, HEOOXOIUMBI JIOTIOJTHHUTEILHBIC
UCCIIC/IOBAHKUST  KaMITMJIOTPOITHBIX CEMsI3a4aTKOB, KOTOPBIC CHIBHO pa3IMYarTCs 10
CTPOCHHIO.

Hcxons u3 ykazaHHBIX OCOOCHHOCTEH MOp(doreHe3a ceMsI3a4aTkoB, HAMH TIPEIOKeHa
HOBas Kiaccuukamnusi ux MOpQOIIOTHYECKUX BApUAHTOB, KOTOpas BKItoYaeT 4 tuma u 4
NOJTHIIA: OPTOTPONHBINA (TpsiMas Mopdosiornveckas OCh TPOXOIUT 4Yepe3 BCE YaCTH
ceMs3a4yaTKa; MOJICa OCH HE M3MEHSIOT CBOETO TOJOKEHUS - MUKPOITHIIE MPOTHUBOJICIKUT
Xajia3e M pacrojaraeTcs noj yriaoM B 90° mo OTHOIICHHIO K TUIAIICHTE; Xajia3a, THIIOCTa3a
OPOBOJSIIMNA  TYYOK  HAXOMATCS B OPTO-TIOJIOKCHWH), AHATPOMHBIA  (TIpsiMast
MOp(OJIOTHUecKasi OCh M3MEHSET yroJl HAaKIIOHAa 10 OTHOIICHHIO K TuianeHte Ha 90°, B
pe3ynbTare 4ero OoJbInas 9acTh JIEMEHTOB OKa3bIBACTCS PACIOJIOKEHHOW TapauieIhbHO
byHuKyITyCcy u/vim pade; TpOUCXOTUT HHBEPCHsI TIOJIFOCOB OCH U MOBOPOT Ha 180°, Tak 4TO
MUKPOITHJIC OKA3bIBAETCS BOJM3M PyOUMKa M TUTAIICHTHI, 4 Xajla3a, TUTII0CTa3a | MPOBOISAIITUI
MY4YOK CMEIIAIOTCS B aHA-TIOJIOKEHUE), TEMHTPONHBIMH (TeMH-aHATPOITHBIN MOJTHII - TIPSIMast
Mopdotoruueckas och, MpeacTaBicHHas (GyHUKyITycoM u/uiu pade, N3MEHSIET Yroll HaKJIoHa
OTHOCHTEIJIHO TUIAIICHTHI, B PE3yJIbTaTe CMEIICHHS Xaja3bl, TMIIOCTa3bl W IMPOBOJSIIECTO
MydYka B IeMU-TIOJIOKEHUE OOJIbIas YacTh DJIEMEHTOB KaK B aHATPOITHOM CeMs3adaTke, HO
noJ yriioMm 45° K TuialeHTe; TeMHU-OPTOTPOITHBIA TOATHIT - IpsiMasi Mopgosioruyeckas och,
npoxosmias 4depe3 (yHukynmyc w/mnm pade, m3rubaeTcsi B HAMPABICHUU  CTPYKTYP
XaJla3aJbHOW 00JaCcTH, COXPAHSIOIIUX OpTO-TIOJIOXKCHUE; BCJICJCTBHE OoJbIIeTO
paspacTaHus CTPYKTYP MHUKPOIIWISIPHOW W CPEeTHEH YacTel WIBHO ¢ aHTUPa(aIbHON CTOPOHBI
OCh B 00JIaCTH WHTETYMEHTOB M HYIIEUTyCa OCTaeTCs MPSMOM, MPU 3TOM MHKPOIMJIEC HE
MOIXOMUT K IJIAICHTE), KAMNHUJIOTPOMHBINA (0oibinas dYacTb MOP(HOIOTHYECKON OCH
W30THYTA, OJTHAKO COXPAHSETCS OTPE30K MPSIMOU OCH, POXOsiIed dyepe3 GQyHUKYIyC u/numm
pade:  OpPTO-KaMMUJIOTPOIHBIA MOATHI - Xaja3aldbHas YacTh IOBTOPSET TOMOrpaduro
OPTOTPOITHOTO, & MHUKpPOIMJISIPHASI - aHATPOITHOTO CeMs3adyaTka; TIeMH-KaMITWIOTPOITHBIN
MOJTUI — CTPYKTYPHI XalTa3aJbHOM YacTH B TE€MHU-TIOJOKEHUH, a MHUKPONWJISPHAs YacTh
COXpaHsSeTCs KakK B aHATPOITHOM CEeMsI3auaTKe).

Panee Hamu ObUIO MOAJEP)KAHO MHEHHUE O MEPBUYHOCTH OPTOTPOITHBIX CEMSI3a4aTKOB
(lampoB, 2006, 2008). B cBeTe HOBBIX MNpeACTaBICHUN OoJiee apryMEHTHPOBAHHBIM
SIBIISICTCS TIOJIOKEHHE O TOM, 4YTO HWCXOJHBIMH OBUTM OpPTOTPONHBIE U aHATPOITHBIC
ceMs3avaTku ogHoBpemMeHHO (Bocquet, 1959; Bocquet, Bersier, 1960). Onnako auBepreHIus
OTHX THUIIOB, BEPOSTHO, MPOU30ILIA OYCHb PAHO B IBOJIOLUU U MX TpaHchopmammu ObLIH
HE3aBUCHMBIMH. Bce nampHeiimme mpeoOpa3oBaHus MPOUCXOIIMIIA  Yepe3 Cepuu
MPOMEKYTOUYHBIX COCTOSIHUN (MPEX]Ie BCETO BAPHAHTHI TEMHUTPOIHBIX U  KaMIMIOTPOITHBIX
CeMsI3a4aTKOB), TMPH ATOM KOPPEIATHBHO BO3HHKAIM HM3MEHEHHS B (opMe W CTpoeHHH
3aBsi3M, IUIAIICHT, CEMsI3a4aTKOB, CEMSIH, a TAK)KE XapaKTepe 3amacHON MUTATeIbHON TKaHU U
pa3Mepax 3apoJIbIiia.

183



DIVERSITY OF OVULES AND POSSIBLE TRENDS
OF THEIR TRANSFORMATIONS
L.I.Shamrov
Herzen State Pedagogical University of Russia, St. Petersburg
e-mail: ivan.shamrov@gmail.com

The ovules of flowering plants are characterized by considerable diversity. They
emphasize 5 morphological types (orthotropous, anatropous, hemitropous, campylotropous
and amphitropous), not counting variants on the ovule position in the ovary. However, the
signs by which the types of ovules can be identified is not always justified. This is especially
true for campylotropous and amphitropous ovules (Shamrov, 2007, 2008, 20015). The most
clearly distinguishable anatropous and orthotropous ovules, which take the corresponding
form in the period of megasporogenesis. Morphological type of the hemitropous ovule,
similar to the early stages of development with anatropous and orthotropous ovules, is finally
established just before fertilization. Formation of the campylotropous ovule is the longest one,
it usually begins after megasporgenesis, but the ovule obtains a final view only after
fertilization, that it to say, during seed development. From this standpoint amphitropous type
the ovule must be considered as non-existent, as it is a stage of campylotropous seed
development. Thus, ovule types in some previously known taxa require re-investigation.
Especially campylotropous ovules are needed to be adjusted, as the number of taxa with
similar ovules clearly more than believed until now.

Based on these features of the ovule morphogenesis, we have suggested a new
classification of morphological variants of the ovules, which includes 4 types and 4 subtypes.
Orthotropous type - a straight morphological axis pass through all ovule parts and lies at an
angle of 90° in relation to the placenta; pole axis does not change position - the micropyle in
the opposite direction in relation to the chalaza; chalaza, hypostase and the vascular bundle
in the ortho-position. Anatropous type - direct morphological axis, on which funiculus or
raphe are situated, changes the angle of bending in relation to the placenta by 90°, resulting
in large part of elements is located parallel to funiculus; inversion of the axis poles and ovule
bending by 180°, so that the micropyle is near placenta and chalaza, hypostase and the
vascular bundle are shifted in ana-position. Hemitropous type: hemi-anatropous - direct
morphological axis, represented by funiculus or raphe, changes the angle of bending in
relation to the placenta; as a result of displacement of the chalaza, hypostase and the vascular
bundle in hemi-position most of the ovule elements lying as in anatropous ovule, but at an
angle of 45° to the placenta; hemi-orthotropous - direct morphological axis passing through
funiculus or raphe is bent in the direction of structures of chalazal region, preserving the
ortho-position; due to the more proliferation of structures of the micropylar and middle parts
from antiraphal side the morphological axis in most of integuments and the nucellus remains
straight, the micropyle is not approached to the placenta. Campylotropous type - most of the
morphological axis is curved, but there is still a segment of straight axis passing through
funiculus or raphe: ortho-campylotropous - chalazal part is as in orthotropous ovule, but
micropylar part is as in anatropous ovule; hemi-campylotropous - elements of chalazal part in
hemi-position, and micropylar part is retained as in anatropous ovule.

Earlier we considered that primitive ovule had a structure of orthotropous type
(Shamrov, 2006, 2008). In the light of new data we support the state that original ovules were
orthotropous and anatropous variants (Bocquet, 1959; Bocquet, Bersier, 1960). However, the
divergence of these types probably evolved very early in evolution and their transformation
were independent. All further transformations occurred through a series of intermediate states
(primarily variants of hemitropous and campylotropous ovules), and the correlative changes
in the form and structure of the ovary, placentae, ovules and seeds, in character of nutritive
tissue and the size of the embryo have taken place.
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HOUTOJIOTI' O-OMBPUOJIOI'NYECKHUE UCCJIEJOBAHUS BBICHINX
PACTEHU B HUKUTCKOM BOTAHUYECKOM CAJY
C. B. llleByenko
Huxumckuit 6omanuueckuil cao — Hayuonanvuwiili Hayunwiil yenmp PAH, Hima
e-mail, Shevchenko nbs@mail.ru, Shevchenko nbs@ukr.net

B Huxwrckom 6otarmdeckom cany (HBC) 1iTonoro-sMOproiornuecKre NCClieIoBaHus ObLTH
Havatel eme B 70-e rompl XIX Beka, M MEPBbIMU B 3TOM IUIaHE CUUTAIOTCS PaOOTHI OBIBIIETO
mupektopa H.E. [{abGens mo pacturensHoi ructonoruu (1860, 1864). B Havane XX Beka akTUBHO
BEIIUCh PA0OTHl MO THOPUAM3AIMH, SKCIEPUMEHTAILHOMY MyTareHe3y M MOJMMIUIONIMH Tabaka,
BUHOTPajIa ¥ oBOITHBIX KybTyp (TepHoBckuii, 1936; Teprorckuii, Mucciopa, 1936). B 50-e rompsr XX
cToeTuss 0co00oe BHHUMaHHE ObUIO OOpaIlieHO Ha SMOPHONIOTHMYECKUE HCCIETOBAHUS TUIOJOBBIX,
CYOTpOIMYECKHX, TEXHIUYECKUX M JICKOPATUBHBIX KYJIBTYP B CBSI3U C MX MHTPOIYKIIMEH, CEJIEKIEH 1
MOp030- U 3uMocTorKocThI0 (EnvanoB, 1959; Enmanos, S16monckuii, [llonoxos, Cynakesud, 1962).
A M. 3npyiikosckoii-Puxtep Briepsbie B CoBerckom Coro3e ObUT pa3paboTaH METO] KyJIBTYPHI i Vitro
M30JIMPOBAHHBIX OPraHOB M TKAaHEW, MO3BOJNMBIIMI €W TONYYUTh DS/l LICHHBIX COPTOB YEpEIHH,
rpyum, nepcuka, Muaaans (1964, 1981, 2003). Haunnas ¢ 70-X rozioB MpOIUIOroO CTOJNETHS U IO
Hacrosiee Bpems B HBC ycrnenHo npoBoisITcs: MCClneoBaHN PENpOTyKTUBHON OHUONOTHH BBICIIHX
pacTeHMii, OXBATHIBAIOLME TIPAKTUYECKH BCE HTalbl PENpoAyKTHBHOro Iwkia. C  OrpoMHOMN
0J1aroapHOCTHIO M CEPIICYHOCTHIO MBI BCTIOMHMHAEM TOJIbI COTpYAHMYECTBA U ApyxO0bI (1975-2015) ¢
yrieHoM-koppecrnionzienToM PAH, 3acmykenHbiM  nesitenieM  Hayku  Poccuiickoit  Deneparmy,
npodeccopoM TaresiHOM BopricoBroit bateirunoit. Ee cratsu, MoOHOrpaduy 1 yCTHBIE COBETHI A1 HAC
ObUTM W OCTAIOTCS PYKOBOUSIIIMMH W HampaBistomMu. Crieyer MOoM4epKHYTh, YTO 3HAUCHHUE
CBE/ICHUI PEMPOMYKTUBHON OHONOTHM Il CHCTEMaTUKd W (HIOTEHUM, TEeHETHKU, CENeKIMH |
WHTPOIYKIMM W3BECTHO JABHO, M 00 3TOM CBHIIECTENILCTBYIOT pabotsl B.A. TlommyOHO-ApHOIEIH,
M.C. fxosnesa, 1.J] Pomanosa, T.b. barerunoii, E.JI. Kopmom, A.A. Uebotaps, B.I1. banankoBoi,
O.I1. KamenmHoii u 1p. B pesynbrate m3yuenust corpymankamu HBC mporieccoB (hopmMupoBaHust
PENPOIYKTUBHBIX CTPYKTYp Y psiia MHTpoAyLMpoBaHHBIX B KpbeiM BumB cemelictB Magnoliaceae,
Annonaceae, Davidiaceae, Nyssaceae, Rhamnaceae, Rosaceae, Oleaceae, Taxaceae, Cupressaceae,
Ephedraceae, Taxodiaceae u ap., a Tawke y TMpeCTaBUTENEH MECTHOM (hIopbl W3 CeMeiCTB
Anacardiaceae, FEricaceae, Orchidaceae, Cistaceae, Papaveraceae, Campanulaceae, Paeoniaceae,
Ranunculaceae u ap. ycTaHOBIEHO, YTO SBOMIOLMOHHBIE MPEOOpa30BaHuUsI TEHEPATUBHBIX CTPYKTYP
TPOXOJISIT TETEPOXPOHHO, M HE BCET/IA COBIMA/IAIOT C TEMITAMH SBOJIFOIMH JAPYTUX MOP(OIorndecknx
NPU3HAKOB, XOTS WU SIBHO IPOCIEKUBACTCS TEHACHLMA K IPOTPECCHBHON 3BOJIOLMM KOMILUIEKCA
NPU3HAKOB CHCTEMbI PETPOAYKIMU. AHT3KOIOIMYECKHE HAOMIOJACHUS IOKA3aiM, YTO CUHIPOM
OTBUICHUS TIPE/ICTABICH CHElM(pUUECKUMU JUIsI M3y4YEHHBIX BHIOB M BECbMa COBEPILEHHBIMU
MPHCTIOCOONICHUSIMY, ~ oOecTieumBaromMi  dPQEeKTUBHOE  OmbUIeHWE. JlUcCeMUHAIMs  TaKKe
HAaIpaB/IeHa Ha YCIIEITHOE CEMEHHOE Pa3MHOXKEHHE BUIOB U KOJIOHU3AIMIO UMU HOBBIX TEPPUTOPHIA.
INokazaHo, YTO Ha PETPOYKTUBHBIN YCIEX N3yYEHHBIX BUIIOB OKa3bIBAIOT OOJIBIIOE BIMSHHUE YCIIOBUS
npom3pactaHusi  (TMOYBEHHO-KJIMMATHYECKUE  YCIOBHS,  HAIMYME  HACEKOMBIX-OMbLIATENEH,
HOBPEKIAEMOCTh BPEAMTENSIMU U BUPYCHBIMH TIaTOT€HAMM, aHTPOIIOTEHHOE BIMSHKE U T.11.). Bee ato0,
KaK W3BECTHO, UMEET CYILECTBEHHOE 3HAYEHHE B PA3BUTUM, BOCIIPOU3BEICHUM, COXPAHEHWH BHIOB
pacTeHui ¥ yAepKaHUU UMUA TEPPUTOPUIA.

Takum 00pa3oM, pe3ysbTarhl WCCIEIOBAHUI TIOMOMHSIOT CBEICHHS MO OOIIEH SMOPHOIOTHN
PacTeHHH, O3BOJISIOT YCTAHOBHTH MPHYMHBI COKPAILICHUS YHCJICHHOCTH peaKHX BUIOB (priopsl Kpeiva,
ONPEZIENUTE MX PEMPOAYKTUBHBIM yCIEX M CTPaTeruio BEDKUBAHUS; BbIIBUTH COIPSDKEHHOCTH TeHE3HCa
MYKCKHUX W KEHCKHX T€HEpPaTHBHBIX CTPYKTYp, OCOOCHHOCTEH (DOPMHPOBAHHS SJIEMEHTOB IBETKA U
HACEKOMBIX-ONbUITENIEH, MOKa3aTh TECHYIO CBS3b MOPQOIOIMM PENpOAYKTUBHBIX CTPYKTYp C HX
GyHKIMEH TpU ONMpeeNSIOIIeH PO TIOCIEHEH, YTO OOYCIIOBIMBAET BBICOKYIO CIICIAITI3ALIIIO
CHCTEMBI BOCIIPOU3BE/ICHUSL,  TAKOKE CBUIETENBCTBYET O €€ IIACTUYHOCTH U HaJIEKHOCTH.

PaGora BeImoNHEeHa Mpy YacTHYHOW (PMHAHCOBOMW Tofiepkke Poccuiickoro Hayuroro (oH/a mo
npoekty Ne 14-50-00079 (2014-2018 rr)
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CYTOLOGO-EMBRYOLOGICAL RESEARCHES IN NIKITA
BOTANICAL GARDEN
S.V. Shevchenko
Nikita Botanical Gardens — National Science Centre RAS, Republic Crimea, Yalta,
Nikita, descent Nikitsky, 52,
e-mail: Shevchenko nbs@ukr.net

Cytologo-embryological researches were initiated in Nikita Botanical Gardens (NBG) back in 70-
ies of the XIX century and the first ones considered to be the works of the former Director N.E. Zabel
on plant histology (1860, 1864). In the begining of XX century, the active researches on hybridization,
experimental mutagenesis and polyploidy of tobacco, grapes and vegetables were held (Ternovsky,
1936; Ternovsky, Missiira, 1936). In the 50-ies of XX century, special attention was drawn to the
embryological study of fruit, subtropical, technical and decorative plants in connection with their
introduction, selection and frost and winter hardiness (Elmanov, 1959; Elmanov, Yablonsky, Sholokhov,
Sudakevich, 1962). Al Zdrujkovskaya-Richter for the first time in the Soviet Union has developed the
method of culture in vitro of isolated organs and tissues, allowing to obtain some valuable early maturing
cultivars of cherry, pear, peach, almonds (1964, 1981, 2003).

Starting from the 70-ies of the 20th century and now the researches on reproductive biology of
higher plants, covering almost all the stages of the reproductive cycle are successfully conducted in the
NBG. With great gratitude and warmth we remember the years of collaboration and friendship (1975-
2015) with corresponding member of the Russian Academy of Science, Professor Tatyana Borisovna
Batygina. Her articles, monographs and advices were and still are valuable and guiding for us. It should
be emphasized that the value of information on reproductive biology to systematics and phylogeny,
genetics, breeding and introduction is known for a long time, and this is evidenced by the works of W.A.
Poddubnaya-Armoldi, M.S Yakovlev, .D. Romanov, T.B. Batygina, E.L. Kordiim, A.A. Cebotaru, V.P
Bannikova, O.P. Kamelina etc. As a result of the research of the NBG workers on the processes of
reproductive structures formation in several representative of families Magnoliaceae, Annonaceae
Davidiaceae, Nyssaceae, Rhamnaceae, Rosaceae, Oleaceae, Taxaceae, Cupressaceae, Ephedraceae,
Taxodiaceae, etc., introduced in Crimea as well as representatives of the local flora of the Anacardiaceae,
Ericaceae, Orchidaceae, Cistaceae, Papaveraceae, Campanulaceae, Paconiaceae, Ranunculaceae and
other it has been established, that evolutionary transformation of generative structures pass
geterohronously, and do not always coincide with the pace of the evolution of other morphological traits,
though there has been a clear trend towards the progressive evolution of the complex of reproduction
system features. Antecological observations revealed that pollination syndrome is presented by devices
specific for all species studied and highly sophisticated for enable efficient pollination. Dissemination
also aimed to successful seed propagation of plants varietes and the colonization of new territories. It is
shown that the reproductive success of all species studied is greatly influence by growing conditions
(soil-climatic conditions, the presence of insect pollinators, harming pests and viral pathogens,
anthropogenic influence, etc.). All this, as it is known, plays a significant role in the development,
reproduction, holding territories and the preservation of plants species.

Thus, research information supplements the data on plant embryology, allows to identify the
reasons for the downsizing of the rare species of the Crimea flora, to determine their reproductive
success and survival strategy; to identify common genesis of male and female generative patterns,
features of the flower elements and pollinator insects, to demonstrate a close relationship of morphology
of reproductive structures with their function in defining the role of the latter, making high specialization
playback systems, and also shows its plasticity and reliability.

This study was partly funded by a research, project Ne 14-50-00079 of the Russian
Scientific Foundation.
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SQIIUT'EHETUYECKU-PEI'YJIMPYEMBIE TUIIbI
IATOIIASMATUYECKOMN MY KCKOM CTEPHJIBHOCTH Y COPTO
JLA. 3.111,1(01{14111, I'.A. Fepamemconz, B.B. KomeMﬂKnﬂl, H.A. Poxnosa’
" HAH cenvcrozo xossiicmea KOzo0-Bocmoxa, 2. Capamos,
? Unemumym 6uoxumuu u 2enemuxu YHI] PAH
lelkonin(@gmail.com

[uromnazmaruueckass Myxckast crepwibHOCTh (LIMC) sBrsieTcss MCKITFOUMTENBHO yI00HON
MOZCNBIO I WCCIICIOBAHUSI TEHETUUYECKOTO KOHTPOJS PA3BUTHS MYXKCKUX PEMPOIYKTHBHBIX
CTpyKTyp pacteHuil. Xopomio wu3BecTHO, uyto [[MC Bo3HHMKaeT B pe3yibTare HapylIeHUS
CKOOPIMHUPOBAHHOTO B3aUMOJICHCTBUS SIIEPHBIX U IIUTOIUIA3MATHUYECKIX TEHOB, KOHTPOJIMPYIOIINX
pasHble cTaguu JToro mporecca. Hamu B mporiecce H3y4eHHS TEHETUKA BOCCTAHOBIICHUS
(GepTUWILHOCTH B HEKOTOPHIX THIAX CTEPWIBHBIX IMTOIUIA3M COPro, OOLMM CBOMCTBOM KOTOPBIX
SIBIISIETCS HAPYIIIEHNE BCKPBIBAHUS MBUTLHUKOB (A3, A4, 9E, M35-1A), BbIsSIBIIEHO HEOOBIMHOE SIBIICHHE:
T€HBI-BOCCTAHOBHTEN CTAOMITLHO (PYHKITMOHUPYIOT TTOCIIE CAMOOITBUICHHS B IIOTOMCTBE THOPHIOB Fj ¢
BOCCTaHOBJICHHOM MYXCKOH (DepTHIILHOCTBIO, HO OY€HBb CIIa00 SKCIIPECCUPYIOTCSI B TECT-KpOccax ¢
HIMC-mHMSME C TEM e THTIOM ITUTOITIa3Mbl.

Anamu3 storo sieieHus B [IMC tuna 9E mokasan, 9to BaKHBIM (haKTOPOM, PEryIUpPYIOIIM
BOCCTaHOBJICHHE (DEPTIIIHHOCTH B TECT-KPOCCaX, SIBISIETCS YPOBEHB BIIArOOOECTICUCHHOCTH PACTCHHI
Ha JTafe MHKpocrmoporeHesa. «V/HmyImpoBaHHas» BBICOKUM YPOBHEM  BJIaroo0ecriedeHHOCTH
(epTUIILHOCTD HACIIETYeTCsl M TPOSIBIISICTCSI B CAMOOIBUICHHOM TIOTOMCTBE (PEPTHIIBHBIX THOPHIOB,
BBIPAIIICHHOM B «HEHHIYKTHUBHBIX» YCIOBUSX (B «3aCYIIHHKE»), TIPU STOM B OOJIBIIMHCTBE CEMeid
HAOJTFOIACTCsT IOMUHAHTHBIA XapakTep SKCIPECCUH TeHOB-BOCCTaHOBUTENEH (eprunbHOCTH. B Tect-
KpoccaX TMOMyYeHHbIX (GepTwibHbIX JHHUNA ¢ [IMC-muHusME SKCTpeccusl  «HHIYIMPOBAHHOM
(epTUIILHOCTH BHOBb 3aBHCENA OT YCJIOBUI BIaroo0ecriedeHHOCTH pacTeHuid. [lomydeHHbie qaHHbIC
CBUJICTENILCTBYIOT, YTO cTepubHOCTh THOpHIoB F; ¢ [IIMC Tuma 9E oOycnoBneHa MHAKTUBAIHCH
T€HOB-BOCCTAHOBHUTENICH B YCIIOBHSIX 3aCyXH, TOTJIA KaK TMPHU BHICOKOM YPOBHE BJIAr000ECTICYEHHOCTH
NPOMCXOAUT WX «BKIFOYEHHE». OTW JaHHbIE CIy>KaT HAIVISTHOM MJLTIOCTpAIMEN 3aBHCHMOCTH
JOMUHUPOBAHKS OT YCJIOBHI BHEIIHEH CpPEIBL: B YCIIOBHSX BBICOKOHM BIIArOOOCCIICUYCHHOCTH TCHBI-
BocctaHoButen [IMC tuna 9E mposBisitor nomMuHMpoBaHHe B TeHoMe ruopuioB Fj, Torma xak B
YCJIOBUSIX 3aCyXH OKa3bIBAIOTCS PEIIECCUBHBIMHU.

Jnst  BbISIBIGHMSI BO3MOXKHBIX TIPUYMH YTpaThl (PYHKIMOHATGHOW AKTUBHOCTH TCHOB-
BOCCTaHOBUTENIeH B TeHoMe TuOprnoB F; Obu1 mpoBemer MSAP-amammz JIHK deprwimHbIX ©
CTEPWIBHBIX PACTEHU C MHCIONB30BAHUEM IIpaiiMEpPOB K HECKOJBKUM T€HAM, YYacTBYIOIIMM B
PETYJISIMU Pa3BUTHUSI TMHUTHHUKOB U THUTBIBL. Y CTAHOBICHO CIIEIU(UUECKOe M3MEHEHHE XapakTepa
METWIMPOBAHUS SACPHOIO T'€HA TPAHCKPUIIIMOHHOIO peryisitopa MYB46 B ycnoBusax 3acyxu,
KOppEMpYIOIee ¢ BOCCTAHOBJICHUEM MYKCKOW (DepTUIIBHOCTH, TP 3TOM OBUT BBISABIICH MapKEPHBIIA
aMIUIMKOH pa3MepoM 190 m.H., TPUCYTCTBYIONMH B CHEKTpaX CTEPWIBHBIX pAcTEHUN U
OTCYTCTBYIOIINI Y (PePTIIILHBIX PEBEPTAHTOB.

Y mubpunoB ¢ [IMC tuma A; JOMOMHUTENBHBIA TIONWB YBEJIMYUBAT JIOMIO (DEPTHIIBHBIX
pacTeHmii B TecT-Kpoccax B 2 pasa. Kpome Toro, ¢epTHibHOCTh TECT-KPOCCOB OTPHIIATEIEHO
KOPpEMpOBaIa ¢ MoKazaresieM JIe(UITa BIKHOCTH Bo3ayxa B riepuos 1peteHnst (r—~0.96; P<0.01).
DepTIIbHBIE PaCTeHHs U3 ceMel F, B YCIIOBUSX JOMOHHUTENHHOTO TONINBA, O0NaIai 3HAYUTEITHHO
0osiee BBICOKOM CIOCOOHOCTBIO K BOCCTAHOBJICHHIO (PEPTHIIBHOCTH TECT-KPOCCOB IO CPABHEHHIO C
pPACTCHUSIMH, BBIPAIICHHBIMH B YCIIOBHSIX <GaCyIHUKA», KOTOphIE uepe3 JBa TOKOJICHHUS
camoorsiieHust (B F4), ocraBasich (pepTHIBHBIMU, TOJTHOCTBIO YTPAYMBAIM BOCCTAHOBHUTEIIHHYIO
CIOCOOHOCTh. DTH Pa3IMyMsi, BO3MOKHO, CBSI3aHBI C SIUTCHETUYECKIMH W3MCHEHUSMH B TCHAX-
BOCCTaHOBUTEJISIX, MHIYIIMPYEMbIMH YCIOBHSMH BBIpAIlMBaHHA. TakuM 00pa3oM, BOCCTaHOBJICHHE
deprwbHOCTH B LIMC copro turoB 9E u Aj; sIBIsieTcs: SIMTeHeTUYECKH-PET Y TMPYEMBIM TIPU3HAKOM.

Pabora BrimosnHena nipu prHaHCOBOM noiepskke PODU, poextsr NeNe 13-04-01404, 16-04-
01131.
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EPIGENETICALLY-REGULATED TYPES OF CYTOPLASMIC MALE
STERILITY IN SORGHUM
L.A. Elkoninl, G.A. Gerashchenkovz, V.V. Kozhemyakinl, N.A. Rozhnova®
! Agricultural Research Institute of the South-East of Russia, Saratov, * Institute of
Biochemistry and Genetics, Ufa Scientific Center of the Russian Academy of Sciences, Ufa
e-mail: lelkonin@gmail.com

Cytoplasmic male sterility (CMS) is a convenient model for studying the mechanisms
of genetic control of plant male reproductive structures. It is well known that cytoplasmic
male sterility arises as a result of disturbances in closely coordinated interaction of nuclear
and cytoplasmic genes controlling different stages of this process.

Our study of genetics of fertility restoration in some types of sorghum CMS-inducing
cytoplasms, a common property of which is formation of non-dehiscent anthers (As, A4, 9E,
M35-1A), revealed an unusual phenomenon: fertility-restoring genes function in F; hybrids
and in their self-pollinated progeny, but they are very weakly expressed in testcrosses with
CMS lines with the same type of sterile cytoplasm.

Analysis of this phenomenon in the 9E CMS shows that an important factor governing
restoration of fertility in testcrosses is the level of water availability during
microsporogenesis. Male fertility induced by high water availability is inherited and
expressed in the self-pollinated progeny of fertile hybrids grown in non-inductive conditions
(in the dryland plots) as a dominant trait. In testcrosses of selected fertile lines with CMS-
lines expression of “induced” fertility depends upon water availability at microsporogenesis.
These data testify that male sterility of F; hybrids in the 9E cytoplasm may be caused by
down-regulation of fertility-restoring genes by drought, whereas high water availability
conditions up-regulate these genes. These data provide a clear illustration of dominance,
depending on environmental conditions: under conditions of high water availability fertility-
restoring genes show dominance in genome of F; hybrids, while under drought conditions
they are recessive.

To identify the possible causes of the loss of functional activity of the 9E cytoplasm
fertility-restoring genes in genome of F; hybrids, we performed MSAP-analysis of DNA of
fertile and sterile plants with using specific primers targeted to the genes involved in
regulation of anther and pollen development. We found a specific change in the nature of
methylation of nucleotide sequence of the gene encoding transcription factor MYB46
occurring in drought conditions, correlating with expression of male sterility. Specific marker
amplicon of 190 bp presenting in the spectra of sterile plants and lacking in fertile revertants
was detected.

In the A3 CMS, the frequency of fertile plants in testcrosses grown in the irrigated plots
was two times higher than under dryland plots (P<0.05). In addition, fertility of testcross
hybrids negatively correlated with air vapor pressure deficit (VPD) at flowering (» = —0.96;
P<0.01) suggesting VPD is a trigger for down-regulation of Rf-genes for Az cytoplasm.
Fertile plants from F, family grown in the irrigated plot had significantly higher ability to
restore fertility of testcross hybrids, in comparison with fertile plants from the same F, family
grown in the dryland plots. After two generations of self-pollination, fertile selections from
the dryland plot lost fertility restoration ability, contrary to fertile selections from the irrigated
plot. These differences may be associated with epigenetic changes in fertility-restoring genes
induced by growth conditions. These data suggest that restoration of male fertility in the 9E
and A; CMS of sorghum is epigenetically-regulated phenomenon.

This work was partially supported by the Russian Foundation for Basic Research,
project Ne 13-04-01404, 16-04-01131.
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HAJIMHOMOP®OJIOTNHYECKOE U SMBPUOJOI'MYECKOE
PABHOOBPA3UE MYKCKUX 'EHEPATUBHBIX CTPYKTYP ¥
NPEACTABUTEJEN CEMEWUCTBA ROSACEAE
JL.O. SIupoBka
Poccutickuii cocyoapcmeernnulii nedazocuueckuti ynusepcumem um. A.U. I'epyena,
Canxkm-Ilemepbype
e-mail: yandovkaTGU@mail.ru

CewmetictBo Rosaceae — ciioHasi B CUCTEMATUUECKOM OTHOIIEHUH rpyria. OObeM U MPaHUIbI
MEXTy TaKCOHAMHM B CEMEICTBE JI0 CHMX TOp OCTAIOTCS MPEIMETOM AUCKYCCHil. MHOrve BUIBI —
TIPE/ICTABUTENN Pa3HbIX TpUO Rosaceae ONMM3KM MO KOMIUIEKCY TPU3HAKOB, BAPUAOEITGHBI B Pa3HBIX
OKOJIOTMYECKUX YCJOBUSIX M HMEIOT MHOXKECTBO TepexomHblx (opm. Jlns yrouHeHuss
TIOITBEP)KACHUS WX TAKCOHOMHYECKOTO CTaTyca, BBISBICHHUS SBOJIOIMOHHBIX ITyTEeH pa3BUTHSL
HEOOXOIMO TIPUBIICYCHUE JOTIONHUTENIBHBIX aHATOMO-MOP(OIOrMYECKUX MPH3HAKOB, paHee He
UCTIOJB3YIOIIMXCSl  CHUCTEMAaTHKaMH. Tak KaKk MYXCKHE TeHEpaTUBHBIC CTPYKTYpbl HamOolee
BapualelbHbI TI0 CpPAaBHEHUIO C JKEHCKOM C(Qepol, HCIONB30BAaHHE UX B KA4YeCTBE BHJIOBBIX
TAKCOHOMUYECKUX TPHU3HAKOB SIBISIETCS aKTyalbHBIM. [IpoBeneHo mammHOMOp(dOIormdeckoe M
[UTOSMOPHOJIOTHYECKOE W3YYEHHE MYKCKHX TeHEpaTHBHBIX CTPYKTYp y HauOonee KpYIHBIX H
IIMPOKO PacTipocTpaHeHHbIX BO (riope EBpazim pomos Tpub Rosaceae.

OObexTamu uccnenoBanus ObUTH TpeAcTaBuTeNH 19 BUIOB, OTHOCAIIMXCS, cornacHo Potter et.
al. (2007), x mByM moncemerictBam: 1) Rosoideae, TpuOb1 Potentilleae (Bumpl ponoB Potentilla,
Fragaria, Sanguisorba), Colurieae (Rosa, Rubus), 2) Spiraeoideae, Tpubbl Pyreae (Pyrus, Malus,
Cotoneaster, Sorbus, Cydonia, Crataegus), Amygdaleae (Prunus), Sorbarieae (Amelanchier), Spiraeeae
(Spiraea). JInst cCBETOONTHYECKOTO U3YYEHHS TBUTBLIBI IPUMEHSUTH KITACCHYECKUI alleTONM3HBIN METOT
Oparmana (Erdtman, 1952). Jleranu CTpoeHMsI NMOBEPXHOCTH NBUIBLIEBBIX 3€PEH YTOUHSUIM Ha
CKaHHUPYIOIIEM SJIeKTpoHHOM MuKpockore Zeiss EVO-40 B LleHTpe KOMIEKTUBHOTO MOJB30BAHUS
«ATOMHO-CWJIOBOM W 3eKTpoHHOM Mukpockormm»y PITIY mm. AWM. T'epuena. CrpoeHue CTeHKH
MHKPOCTIOPAHTHSl TBUTbHUKA W3y4Yald IyTeM MPUTOTOBJIEHUS MOCTOSHHBIX MHUKPOIMPENapaToB II0
obmenpunsToit metomuke (Ilayrmesa, 1974) ¢ okpanmBaHieM reMaTOKCHIIMHOM 110 | elifeHraiHy.

[TbumblieBbIE  3epHA W3YYEHHBIX TMpecTaBuUTeNeld Rosaceae ONMHOYHBIC, W3OMOJSIPHBIE,
TpeXOOPO3IHBIE WM TPEeXOOPO3IHO-TIOPOBBIC; Y HEKOTOpBIX pacteHuit (Sanguisorba officinalis)
OOHapykeHa IIecTUOOpO3Has TbUIbIA. Pe3ynbTaThl MOKa3ad IIHMPOKYI0 MOPQOIOTHIECKYIO
BapHaOCITHHOCTh K3HWHBI TBUIBIBI Y HCCIIETyeMOM TPYIITBI PACTCHUA. Y OOJBITMHCTBA PO3OIBETHBIX
MOBEPXHOCTh TBUIBLBI CTpYyidaTas, OIHAKO, BCTPEYAIOTCSl CEeT4YaThle, U MHUKpONephOpHPOBAHHbIC
TIOBEPXHOCTH, & TAKOKE TEPEXOHBIC BAPUAHTHI MEKITY HUMH. BBISBICHBI TMPH3HAKU CKYJIBITYPBI
MOBEPXHOCTH TBUIBLBI, TI0 KOTOPBIM BUIIbI Rosaceae ©Goinee BCEro pasfiMYaroTCs: Xapakrep OOpO3ibl
TBUTHLICBOTO 3€pHA HA BCEM €€ MpOTsHKeHWH (TTyOMHA W MMpuHA OOpO3/bI B Pa3HBIX €€ YacTsX,
YPOBEHB TOTPYKEHHOCTH OOPO3IIbI, M3PE3aHHOCTh Kpast 60po3bl). Hapsmy ¢ 3TuM, cpaBHUTETBHBIM
AQHATIM3 TIBUTHLBI TIO3BOJIMII BBISIBUTH OOIIMI TAKCOHOCTICIM(MYHBIA TPU3HAK, XapaKTePHBIA IS
NPEJICTABUTENICH pa3HbIX TPUO B TOICEMEWcCTBaxX Rosaceae, - OTCYTCTBHE CIMSIHUSI OOpO31 Ha
MIOBEPXHOCTH IMBUTBLIEBOTO 3epHa (00PO3IbI JANEKO WII HEMHOTO HE JTOXOJIST JI0 TIOJIFOCOB).

OMOpHONIOriyeckoe 3ydeHre MbUTbHUKA TOKA3aJI0, YTO YHCIIO CIIOEB CTEHKH MUKPOCHIOPAHTHS
y BceX BUNIOB Rosaceae OCTaeTCs MOCTOSIHHBIM (3MMIEPMA, SHIOTELM, CPETHUI CIIOM U TareTyM).
OnHaxo, Takve MpU3HAKY, Kak (hopMa 1 pa3Mephbl KIIETOK KaKI0T0 CJI0sI, YUCIIO PSIOB KJIETOK CPEITHEro
CNOSI, HAJMYME WM OTCYTCTBHE (PUOPO3HBIX YTONIICHUN B KIETKAX SHAOTENMS, HATMYKE WIH
OTCYTCTBHE KJIETOK TareTyma B c()OpMHUPOBAHHON CTEHKE MUKPOCHIOPAHTHSI HEOAMHAKOBBIE Y Pa3HBIX
BUJIOB.

BeisiBnieHHbIe  TaKkCOHCTIELM(UYHBIE TPU3HAKKM MYXKCKUX T'€HEPATUBHBIX CTPYKTYp, OyIayT
WCTIONIE30BaHbl JIJII ONpEZeNieHusT (DIIOTEHeTUUECKUX CBS3eH MEXKIy TaKCOHAMH B CHCTEMax
Rosoideae v Spiraeoideae (Rosaceae).
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PALYNOMORPHOLOGICAL AND EMBRYOLOGICAL DIVERSITY OF
MALE GENERATIVE STRUCTURES IN REPRESENTATIVES OF THE
ROSACEAE FAMILY
L.F. Yandovka
The Herzen State Pedagogical University of Russia, Saint-Petersburg
e-mail: yandovkaTGU@mail.ru

The Rosaceae family is a taxonomically complex group. The volume and boundaries
between taxa in the family are still the question under discussion. Many species,
representatives of different Rosaceae tribes, are close by the complex of traits, are variable
under different environmental conditions and have many transitional forms. To clarify and
confirm their taxonomic status, identification of the evolutionary paths of development it is
necessary to attract additional anatomical and morphological traits that were not previously
used by taxonomists. Since the male generative structures are more variable in comparison
with the female sphere, their use as taxonomic characters is important. The
palynomorphological and cytoembryological research on male generative structures in the
largest and most widespread in flora Eurasian genera of Rosaceae tribes was carried out.

The objects of the research were representatives of 19 species belonging, according to
Potter et. al. (2007), to two subfamilies: 1) Rosoideae, Potentilleae tribe (Rotentilla, Fragaria,
Sanguisorba genera types), Colurieae (Rosa, Rubus), 2) Spiraeoideae, Pyreae tribe (Pyrus,
Malus, Cotoneaster, Sorbus, Cydonia, Crataegus), Amygdaleae (Prunus), Sorbarieae
(Amelanchier), Spiraeeae (Spiraea). The classic acetolytic method of Erdtman was used for
light-optical study of pollen (Erdtman, 1952). Details of the surface structure of pollen grains
were clarified in a scanning electron microscope — Zeiss EVO-40 — at the Center of shared
knowledge, "Atomic-powered and electron microscopy" at Herzen University. The wall
structure of an anther microsporangium was studied by preparing a permanent
micropreparations by the common method (Paushev, 1974) staining with hematoxylin by
Heidenhain.

Pollen grains of studied Rosaceae representatives are single, isopolar, tricolpate or
tricolpate-elipsoid; in some plants (Sanguisorba officinalis) there is hexacolpate pollen. The
results showed a wide morphological variability of an exine in pollen in the studied group of
plants. The majority of Rosaceae pollen has got an undulated surface; however, there are net
and microperforated surfaces and transient variations between them. The sculpture surface
signs of pollen were revealed according to which Rosaceae species are most distinguished:
the nature of the pollen grain grooves along its entire length (the depth and the width of
grooves in its various parts, the level of grooves embedment, irregularity of a groove edge). In
addition, a comparative analysis of pollen revealed a taxon-specific common feature that is
characteristic of different tribe members in the Rosaceae subfamily — the absence of grooves
mergence on the surface of the pollen grain (grooves are far or do not reach the poles a little).

Embryological studies of an anther showed that the number of layers of
microsporangium wall in all species of Rosaceae remains constant (an epidermis, an
endothecium, a middle layer and a tapetum). However, such features as the shape and the size
of each layer of cells, the number of rows of the middle layer of cells, the presence or absence
of fibrotic nodules in endothecium cells, the presence or absence of the tapetum cells in the
developed wall of a microsporangium are unequal in different species.

The identified taxon-specific signs of male generative structures revealed will be used
for determining the phylogenetic relationships between taxa in the systems of Rosoideae and
Spiraeoideae (Rosaceae).
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