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Moreno et al., 2014; Kaznina, 2016), and a majority of them used whole plants as objects.
Shoot culture in vitro has been used far more rarely (Emelyanova, 2013), although it is
arguably a more convenient model for studying plant responses to heavy metal impact,
permitting the handling of homogenous material under controlled conditions. We took in
vitro culture of curly birch shoots, obtained from the apical meristem of vegetative buds,
to investigate the effect of cadmium ions (107°~107> M) on gemmogenesis (formation of
buds and their further development into shoots) and rhizogenesis (root formation). It was
demonstrated that where the metal was present in the nutrient medium at a concentration
of 10°° M or higher, it was not only accumulated in the growing shoots, but also inhibited
both gemmogenesis and rhizogenesis to a degree depending on the metal concentration.
The experiments also revealed a slight stimulating effect of cadmium at a low
concentration (10°M) on shoot growth and development, as well as foliage and root
system formation. This effect can probably be explained by an activation of cell division,
shifts in the hormonal balance, or promotion of the cells’ capacity to chelate ions of this
metal (Kaznina, 2016). As the cadmium content was raised to 10°M, we observed a
decrease in leaf surface area and inhibition of shoot and root growth, although the
establishment and formation of new organs were not disrupted. The main reason for these
changes apparently was the adverse effect of the metal on cell division and elongation
(Seregin, 2009). The application of cadmium at the 10 * M concentration gradually led to
a cessation of shoot growth and development, and rhizogenesis was terminated entirely.
The 10° M cadmium concentration proved to be critical for gemmogenesis: shoots
stopped growing and developing, and died after 5-7 days. Thus, using in vitro shoot
culture we managed to not only identify the inhibiting effect of cadmium on
morphogenesis in curly birch, but also to demonstrate that rhizogenesis is more sensitive
to the impact of this metal compared to gemmogenesis.
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IInacTUYHOCTS BETBICHUS KOPHEBOM CHUCTEMBI SBIISCTCS OCHOBOH BO3MOXKHOCTH
aJanTalUM PAcTeHHWs K I0YBAaM, COJACPIKAIIMM pasjIMYHbIC KOJIMYECTBA ITUTATEIBHBIX
BEIIECTB. B 1oKiane Mbl CyMMUpPYeM JOCTHXKEHHS IOCIEIHUX HECKOJBKUX JIET B HAIIEM
HNOHMMAaHU{ HAYaJbHBIX OTAllOB ACTCPMUHAINM KJICTOK HEPULMKIA, MPUBOIAIINX K
00pa3oBaHUIO OOKOBOTO KOpHS, MEXaHM3MOB PpEryJsillMd IpoU(epaun KIETOK
HEepUNUKIA W OKPYXKAIOMUX TKaHEH, MONOXKEHUS MeCTa WHUIUAINH OOKOBBIX KOpHEH
BJIOJIb OCH MAaTEPUHCKOI'0 KOpHS, a TaK)Ke TOPMOHAJIBHBIX (DAKTOPOB M HMX MHILICHEH,
OCYIICCTBISIIOLIMX ~ MOCJIEIOBATEIbHYIO IPOrpaMMy  pa3BUTUSL  OOKOBOTO  KOpHSI.
IIpuBOAATCS JaHHBIC O POJM ayKCHHA B 3TOM IIPOLIECCe, a TAKKE O MEXaHW3MaxX Iepeaadyn
TOPMOHAJIIBHOTO CUTHajJa Ha MOJICKYJISIpHbIE MHIICHH, OOECIICUMBAIONIME 3aKIaAKy
OokoBbIx KopHeil. OOpazoBaHHe OOKOBOTO KOpHS HAa4MHACTCS C  OCIMJLIAIMU
KOHIIGHTPAIlMd ayKCHHa B 0a3aJbHOM 4YacTH MEPUCTEMBbl MAaTEPHHCKOTO KOPHS H
(dopMupOBaHHS B HEKOTOPHIX KJIETKaX €ro LEHTPAIBHOrO IWIMHIAPAa MAaKCHMyMa
KJICTOYHOTO OTBeTa Ha ayKcHH. CIEOYIOIIMM 3TaloM SIBILIETCS CleHH(HKALUS KICTOK-
ocuoBarenpuur] (founder cells) B mepunmkine u mocmemyromee 0Opa3oBaHHSA TOYKA
BetBieHus (prebranch site). KiroueBbiMu (akTopamu, y4acTBYIOLIMMH B 00pa30OBaHHU
JIOKAJIbHOW KOMIETEHIMU KJIETOK MEePULMKIA K MHULMALMU IPUMOPIHs OOKOBOrO KOpHS,
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SBJISIOTCS  TPAHCKpUNUMOHHBIN (aktop GATA23 n  MeMOpaHHO-aCCOLMMPOBAHHBIN
kuHasHbiil perymsitop MAKR4. OcoOyioo posib TakKe HIpalT Majble CHTHajJbHBIC
nentuabl cemeiicta RALF, mnpexncraBurens koroporo RALF34 HnemocpencTBeHHO
BOBJIEYEH B MHHLHUALMIO NPUMOPAUS U SABJISETCS BO3MOXHBIM 3JIEMEHTOM 3THIIEHOBOIO
curHanuHra. Taxke mokazaHa poib TKaHEH KOpHs, OKPYXKAIOIUX IEPULIMKIL, B PETYIALNU
HauyaJbHBIX JTANoB MpoJM(pepaluu KJIETOK IpU HHULMALKMU OOKOBOrO KOpHS U
(OpMUPOBAHUY APXUTEKTYPHl KOPHEBOH cucTeMbl. Cpeln IBETKOBBIX PACTCHHH TaKoKe
HUMEETCsl LeNbli psiJi CEMEHUCTB, y KOTOPBIX MHHLUALMS U Pa3BUTUE MPUMOPIHs OOKOBOrO
KOpHs TIPOHUCXOAUT HEMOCPEACTBEHHO B MEPUCTEME POJMTENBCKOro KopHs. Hamu
M0Ka3aHa KIIoYeBas pojib ayKCHHA Ha HAuyallbHBIX 3TalaxX WHHUIMALMK OOKOBOIO KOPHS Y
TaKMX pacTeHUH, B 4YacTHOCTH Yy THIKBEHHbIX. BriepBble IOKa3aHO 3BOJIOLHOHHOE
CXOZCTBO PETYIIATOPHBIX T'€HHBIX CeTeH, (POPMHUPYIOIIHX KOMIIETECHIHIO K 00pa30BaHHIO
IPUMOP/Usl OOKOBOrO KOPHs BHE 3aBUCHMOCTH OT €TI0 MOJI0XKEHHs BJIOJb IPOAOIBLHON OcH
MAaTepUHCKOro KopHs. Taxoke OOCYKZAlOTCS MEXaHM3MBI, IMO3BOJISIOIINE HEKOTOPHIM
BUJAaM CO3/laBaTb OOLIMPHYIO KOPHEBYIO CHUCTEMy B KpaTuailliue CpOKH Iocie
npopacTaHus. PaccMaTpuBaloTCcs BO3MOKHBIE 9BOJIIOLIMOHHBIE MEXAHM3MBI ONpPEAEIEHUS
MecTa HHHIHANUK OOKOBOTO KOPHS y IBETKOBBIX pacTeHUH. McciaenoBaHuUs MOAREp:KaHbI
Poccuiickum Hay4dHbIM (hoH0M (rpanT 16-16-00089).
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INoka3zaHa yriaeBoJHast PeryisUy KJIETOYHOTO LMK, 00yCIOBIEHHAs MEeTa00INYECKUMU
peakuusmMu, B TOM ducie, ¢ y4dactuem rekcokmnas (K® 2.7.1.1), pearupyrommx Ha
KOHIICHTPAIMIO SHIOTCHHBIX MOHOCaxapoB. McciemoBaHHsS HPOBOIWIN C PACTCHHAMHU
kaprodens (Solanum tuberosum L., cv. Desiree) (kOHTpOJIb) U TOTYYECHHOI HA HX OCHOBE
muHMeH, TpaHchopmupoBaHHOH reHom SUC2, HaxomsdmmMmcs IIOL  KOHTPOJIEM
kiyoHecneruduynoro naratuHoBoro B33-mpomoropa kiacca |. IIpu xoHCTpyupoBaHHH
TpaHcreHa ucnonb3oBancst Gpparment Asp718/Sall u3 PI-3-INV mnasmumsl, comepixarinii
rer SUC2 Saccharomyces cerevisiae, Komupyroomuidi O€IOK KHCIOW WMHBEPTA3BI
(K®d 3.2.1.26), coeqnHEHHBIH € TOCIEI0BATEIbHOCTHIO CUTHAILHOTO MENTHa HHTHOUTOpa
nporenHassl |l xaprodesns, obecneunBarommeil anomIacTHyo Jokanu3aunuio (epmeHra
(mpoxokeBoil MHBepTa3bl). PacTeHus ObUIM MOJYYEHBI C MOMOIIBIO arpodaKkTepUaIbHOM
TpaHchopManuy, oTodpansl Ha MC-cpene ¢ KaHAMUIIMHOM H IIPOBEPEHBI HA 3KCIIPECCHIO
TpaHcrena merogoM Northern Gror-rubpuansanuu, 8 Max Planck Institute of Molecular
Plant Physiology (Germany). Pactenuss BblpammBamu Ha csery npu 22°C B TedyeHue
5 neznens Ha MC-cpene, 1ononHeHHOH 2% caxapossl (cpesa Uil pa3MHOMKEHHs! PacTeHUH),
mbo 8% caxapossl (cpega IIA IONYYeHHS MHKPOKIyOHel), B TeMHOTe. Y
TpaHc(OpPMaHTOB Ha 3-ii Helene KIyOHEOOpa3oBaHMS AKTHBHOCTH KHCIBIX HHBEPTa3 B
MHKPOKITYyOHsX Oblia Ha 50% BblIe, ueM y KoHTpouis. Ha 6-it Henene kiyOHeoOpa3oBaHus
y obenx NMHUH aKTUBHOCTH (pepMeHTa OblIa MHHOpPHOI, a Ha 10-if Henmene M BoBce He
oOHapyXHBanach. AHaJIU3 caxapoB B MHKpOKIyOHsX Ha 10 Henene KiyOHeoOpa3oBaHUS
MoKa3zajl, 4To Tpancgopmarms crocodcTBoBaia 0ojee BHICOKOMY COJCPIKAHHIO TIIFOKO3BI
(>8.0 Mr/r chipoii Macchl), o cpaBHeHHIO ¢ KoHTposieM (<1.0 mr/r ceipoii maccel). ITo
COJICP)KAHUIO caxapo3bl U (PPYKTO3bl JTHUHUU He pasziaudanuck (3.5u ~0.5 Mmr/r ceipoii
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