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Baxwneiiias npo6iemMa B MCCAeI0BaHUM KAJLUIYCOB PaCTeHUIA in Vifro — B3aUMOOTHOIIIEHNE SHIOTEHHBIX U
9K30TeHHbIX (PaKTOPOB, BIUSIONIMX Ha (DOpMUPOBAHUE KaJUTYyCOB (“KayutycooOpa3oBaHUe™) U X pa3BUTHE
Ha MHIYKUMUOHHOM cpeae (“kamycoreHe3”). OcoOblit MHTEpeC BbI3bIBAET TAKOW 3HIOTEHHbIN (haKTop, Kak
HUTOGUZNOTOTMYECKUI CTaTyC 9KCIUIAHTOB i1 Vivo U KaJIJTyCOB B IMHAMUKE KyJIbTUBUPOBAHMUS in vitro. B
0030pe Ha ITpruMepe XJIEOHBIX 371aKOB [IPOBEEH aHAJIU3 JIUTEPATYPHBIX U COOCTBEHHBIX TAHHBIX T10 BbISIBJIEHUIO
TMCTOJIOTUYECKUX ¥ TOPMOHAJIBHBIX OCOOCHHOCTEN MHUIIMATBHBIX KJIETOK KaJUTYCOB B OKCITJIAHTaX — HE3PEJIbIX
3apoAbIlIax in vivo, a Takxke (GopMUPYIOLINXCS U3 HUX MOP(MOTeHHBIX KAJLTyCOB B XOJ€ Pa3BUTUS in Vitro.
PaccmoTpeHsI TipencTaBieHHbIE B IUTEpaType OTBEThl HA HEKOTOPbIe TUCKYCCMOHHBIE BOIIPOCHI, CBSI3aH-
HbIE C UHAYLIMPOBaHMEM MOP(OreHeTUYeCKO KOMIIETEHTHOCTU U PEMPOTPaMMUPOBAHUST Pa3BUTUS UHU-
LIUAJIBHBIX KJIETOK KayutycoB. [IpoBeneHHOEe cpaBHEHUE KaJuTycOOOpa3oBaHUSI U KaJUTyCOTeHe3a in Vitro ¢
HEKOTOPBIMU aHAJIOTUYHBIMU COOBITUSIMU in Vivo TIOATBEPXKAAET MPABOMOYHOCTb IMPUHILIUIA YHUBEPCAIb-
HOCTH TIpolieccoB MopdoreHesa in vivo u in vitro (batbirnHa, 2014 u panee). O6cyXnaeTcs MepcreKTuB-
HOCTb UCIIOJIb30BaHUS €IUHON (MHTErpUPOBAHHOI) 9KCIEPUMEHTAIILHONM CUCTEMBI “3apOBIII i Vivo —
KaJITYC in vitro” B Ka4eCTBE MOJIECJIM JJIsI U3yUEHUSI CI0XHeIIero ouoyiornyeckoro oeHomeHa — mopgore-
He3a pacTeHUIA.

Karoueswie cao6a: 3aponbllll in vivo, KaJUTIyC in vitro, TMTOGU3NOJOTUsI, MOP(HOTreHe3 pacTeHU, XJIeOHbIe
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BBEAEHME

I1epBBIe pabOTHI, TTOCBIIICHHBIE TTOJIYIECHUIO KaJl-
JIyca M3 M30JIMPOBAaHHBIX Y4aCTKOB Me30(hMIIA JINCTA U
WU3Y4YCHUIO KaJUTyCOTeHE3a in Vitro, TIOSIBWIMCH €lle B
koH1re XIX—nauvaime XX BB. (110: Ikeuchi et al., 2013;
Sugiyama, 2015; Kruglova et al., 2018a), ongHako of-
HO3HAYHOU Je(pUHUILINU 3TOM CTPYKTYPhI HE ITPEaIo-
XeHo. HanboJee gertanbHOE oIpeneeHre IpUBEAe-
Ho B pabote T.b. bateirunoii (2014): kamutyc — UHTe-
rpUpPOBaHHAs CUCTEMa, 00pa3yIoIasCs KaK 9K30T€HHO
(B pe3ynbTraTe npojmdepanu ITOBEPXHOCTHBIX Kile-
TOK pa3MYHbIX TKaHEH pacTUTEIbHOTO OpraHu3Ma),
TaK ¥ DHIOTEHHO (B IJIyOMHE 3TUX TKaHEii); M3Ha-
YaJIbHO COCTOUT M3 OOHOPOIHEIX KJIETOK, KOTOpbIE
MOCTENEHHO NMPeo0pas3yoTcsl B CUCTEMY TPYIIN reTe-
POTEHHBIX KJIETOK, MMEIOIINX MOP(OTeHETUICCKIE
MMOTEHIUY, KOTOPKIE Peau3yIOTCS pa3IndHbIMU 1Ty~
TIMHU MopdoreHesa (1060aBUM: ITPU 3TOM HEKOTOPHBIC
Iyt MopdoreHe3a B YCIOBUSIX in Vitro IIPUBOIAT K
¢GOpMUPOBaHUIO TIOJHOLIEHHBIX PacTeHUM-pereHe-
paHTOB. — Aém.).

IMpeanpuHATH MOMBITKU pa3paboTaTh MEPUOAU-
3a1MIo (hOPMHUPOBAHUS M PA3BUTHSI KAJLTyCOB in Vitro.
B aTux B3aMOCBSI3aHHBIX TTPOIIeCcCaxX BRIAEIISIOT, Ha-
npuMep, kKputudeckue crtaguu (Kruglova et al.,
2018a), ¢aszpl mHaykuum u 3kcnpeccun (Yu et al.,
2019). B 11e10M € 3TOT BOIIPOC OCTAETCS OTKPHITHIM.
IMo-BuaMOMY, MOXKHO TOBOPUTH O (POPMUPOBAHUU
KajutycoB (“KajutycooOpa3oBaHue”) M YCIOXHEHUU
UX CTPYKTYpHI (“Ka/ulycoreHe3”) Ha MHAYKIITMOHHOM
cpelne in vitro 1 0 pa3BUTUU TPYII KJIETOK KaJLJIyCOB
10 Pa3IMYHBIM ITyTSIM MOp(doreHe3a Ha pereHepali-
OHHOI1 cpeng in vitro.

Pa3zHoo0Opa3ne KajurycoB, ITOTy4eHHBIX HA MHIYK-
LMOHHBIX Cpedax in Vitro, CBOOWUTCS K JIBYyM KOH-
TPaCTHBIM I'pPYyMIIaM: CIIOCOOHBIE U HE CIIOCOOHBIE K
MopdoreHe3y Ha pereHepallMoOHHBIX cpenax in vitro,
WHa4ye TOBOpsI — MOp(MOTreHHbIe U HEMOP(MOTEHHbIE
(mogpo6Hee: 3uHaty/umHa, 2020). OgHako Kpome
TepMHHA “MOpGOTeHHBIII” B JUTEparype 110 OTHO-
LIEHUIO K 00pa3oBaBIIMMCS KaJJTycaM HCIIOJb3YIOT-
CsI TAKKE€ TEPMUHEL “OpraHOTeHHBIN”, “IMOpPHUOTeH-
HBII”, “pereHepallMOHHbINA (pereHepallMOHHO CIIO-
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COOHBII)” KAJUIyC, XOTS IpU 3TOM (DaKTUIECKU PEUYb
UIIeT O Kajiayce, B KOTOPOM TOJbKO B JajibHEMIlIeM
OyayT OTMEUYEeHBI ITyTH MopdoreHes3a in vitro, B TOM
quclie IpUBOIAINNE K (DOPMUPOBAHUIO pereHepaH-
ToB. Ha Hain B3risa, ynmorpebieHrue TSpMHUHOB “Op-
TaHOTEHHEBIN”, “3MOPUOTreHHbIN”, “pereHepalioOH-
HBI” MO OTHOIIEHWIO K MOP(MOTeHHBIM KajLlycaM
METOANYECKU HE COBCEM KOPPEKTHO, II0O3TOMY B TaH-
HOM cTaThe MBI OyleM IIPUMEHSITh TOJIBKO TEPMUH
“MopdOreHHBIN Kaytyc” (majiee — KaJlIyC, €CJIM He
OTOBOPEHO CIICIIMAJILHO).

CnocoOGHOCTh K 00pa30BaHUIO KaJUTYyCOB in Vitro
OTMEUEHa y OJKCIJIAHTOB IIPeACTaBUTENIEd MHOTUX
CEMEMCTB pacTeHUIA. boIbIII0I MpaKTUYECKUIA UHTE -
pec B 3TOM OTHOIIEHUHU BbI3bIBAIOT 3JIAKU — KOMMEP-
YECKM LIEHHas rpymnra pacTeHUid, Y KOTOPbIX C Tpy-
oM U (OPMUPYIOTCST KaJIIYChI in Vitro, U pereHepu-
PYIOT U3 HUX PACTeHUS in Vitro U ex vitro. Bormpocsl
KaJlJTycooOpa3oBaHUsI M3 PA3IMUHBIX SKCIUIAHTOB
3JIaKOB Y KaJLIyCOTeHe3a Ha MHAYKIIMOHHBIX/peTeHe-
PAaLlMOHHBIX Cpelax in vitro IpoaHaJIM3UPOBAHbI aB-
TopaMu paHee B 0030pHOi1 pabote (Kruglova et al.,
2018a). OmHaKO CTpEMUTEIBHBINA POCT ITyOIUKAIIUI B
0071aCTU OUOTEXHOJOTMUYECKUX aCIeKTOB MCIOJb30-
BaHUs KaJUIyCOB 3JIAKOB 3aCTaBJISIET €llle pa3 oOpa-
TUTbCS K BTUM BompocaMm. BaxxHo, Ha Halll B3IJISI,
JlaTh OoJiee IUPOKYIO OLIEHKY HE3PEJIbIX 3apObIIIei
3J1aKOB in Vivo KaK MepCleKTUBHbBIX 3KCTIJIAHTOB LIS
MOJIyYeHUs KaJUIyCOB in vitro, o0paTuB 0c000e BHU-
MaHue Ha UUTOMDU3UOJIOTUYECKUIA CTATYC ITUX IKC-
IUIAHTOB BO BPEMSI MHOKYJISIIUM HA UHAYKIITUOHHYIO
cpeny in vitro. DTOT CTaTyC, COTIPSIKEHHBIN ¢ MOp@O-
F€HETUUYECKO KOMITETEHTHOCThIO KJIETOK 3apoJibIlia,
OTpaXkaeT B3auMOJIEUCTBUE CTPYKTYPHBIX (LIUTOTMCTO-
JIOTUYECKMX) U (PyHKIIMOHAIBHBIX ((PH3MOTIOrMIECKUX,
[JIaBHbIM 00pa30M rOPpMOHaJIbHbBIX) CBOMCTB 3KCILJIaH-
ToB. KpoMe Toro, BaskHO ¢ TaKMX XK€ IIUTOPU3UOJIOTH -
YECKHX MO3UIIU JaTh OLIEHKY U C(DOPMUPOBABILIEMY-
csl KaJUTyCy B AMHAMUKE Pa3BUTUSI HA MHIAYKIIMOHHOM
cpene in vitro. MeTog010rn4eckKuM MojaxoaoM aBTO-
pPOB JTaHHOTO 0030pa CIYXUT 0a30BbII MPUHIIMII
YHUBEPCAJIbHOCTU MPOLIECCOB MOp(oreHe3a B pacte-
HUSIX in vivo 1 in vitro (bateiruna, 2014).

ILlenp maHHOK OO30pHOI CTaThbM, SIBISIIOLICKCS
MMPOJOJDKEHUEM ITyOJMKaALlMii aBTOPOB IO pa3jind-
HBIM IIpo0JIeMaM MCCIEAOBaHUSI KalycooOpa3oBa-
HUS 1 KaJJIyCOreHe3a pacTeHUl in vitro, — IIpOBECTU
aHaJIN3 JINTEPATYpHBIX M COOCTBEHHBIX MTaHHBIX I1O
HUTOPU3NOIOTUYECKUM OCOOCHHOCTSIM HE3pesbIX
3apOJbILIEH 3J1aKOB KaK 3KCIIJIAHTOB 11 OJIYy4YEHU S
KaJUIyCOB, a TAKKE€ paCCMOTPETh IUTO(PU3NOIOTYEC-
CKUE acCeKThl MHULIMALMU (DOPMUPOBAHUS 3aPOJIbI-
LIE€BBIX KaJJyCOB Ha MHAYKLIMOHHOM cpene in vitro, B
CpaBHEHUU C HEKOTOPHIMU aHAJIOTUYHBIMU COOBITU-
SIMMU In Vivo.

NMHULOUAJIBHBIE KIIETKU KAJJTYCOB
B HE3PEJIBIX 3APOABLIIIIAX 3JTJAKOB

IIpobaema mopgpoeenemuueckoii KomnemeHmnocmu
KAemoK 3KCNAAHMOE IN VIVO KAK UHUUUAAbHBIX KAeMOK
Kaanycoe in vitro

ITpoGysieMa KOMIIETEHTHOCTU KJIETOK 3KCILJIAaHTOB
K KaJjulycooOpa30BaHUIO in vitro ObLla MOCTaBIEHA
ellle B CAMBIX PAaHHUX UCCIIETOBAHUSIX 3TUX IIPOLEC-
coB B paborax XabOepyiaHATa, BhIABMHYBILIETO TUIIO-
Te3y TOTUIIOTEHTHOCTU 0001 KUBOM KIJIETKU
(Haberlandt, 1902, no: Byrenko, 1999). Bombiioe
3HAYEHUE PEIISHUIO 3TOM MpoOJeMbl MPUIAETCS U B
COBPEMEHHBIX UCCIIENOBAHUSIX, CBSI3aHHBIX C aHAIM-
30M Pa3IMYHBIX aCIEKTOB pereHepalun pacTeHUuil B
KaJUTYCHBIX KYJbTypax in vitro (Haripumep, LUK 00-
30pHbIX paboT Ikeuchi et al., 2013—2019).

K HacrosiiieMy BpeMeH MHOTOYHUCIEHHBIMU UC-
CJIEIOBAaHUSIMU YCTAHOBJIEHO, YTO B KayeCTBE IKC-
TUIAHTOB IS TTOJTYYEeHUS KAJLTyCOB BO3MOKHO UCTTOb-
30BaHME Pa3/IMUHBIX BET€TATUBHbBIX, TEHEPATUBHbBIX U
SMOPMOHAJBHBIX CTPYKTYp. KJeTKM 3KCIJIAaHTOB B
aJeKBaTHBIX YCJIOBUSIX in Vitro MIPOSIBISIOT KOMIIe-
TEHTHOCTb K 00pa30BaHUIO HE TOJIBKO PAa3HBIX TUTIOB
TKaHell 1 opraHOB (CBOIMCTBO IJIIOPUITOTEHTHOCTH),
HO M HOBOTO OpraHM3Ma 3a CueT pa3JIM4yHbIX myTeit
MopdgoreHe3za (CBOMCTBO TOTHUIOTEHTHOCTH) (Tep-
MUWHBI IpUBeAEeHHI 110: bateiruna, 2014).

Ycnex B hopMUpOBaHUHN KaJUTyCOB OIIPEIEISIETCS
KOMILJIEKCOM B3aMMOCBSI3aHHBIX HIOTCHHBIX U IK-
30reHHbIX (hakTopoB (0030phl: Ikeuchi et al., 2013;
Galillochet, Lohmann, 2015; Sugiyama, 2015; Kruglo-
vaet al., 2018a; Rocha et al., 2018; Feher, 2019; 3una-
tyanuHa, 2020 u gp.). C no3uuy TEpMUHOJIOTUHU B
o0J1acT OMOJIOTUH pa3BUTHS pacTeHUl (mo: MenBe-
neB, llapona, 2014) sHgoreHHbIe (hakTOPHl (hopMU-
pOBaHUSI KaJLIyCOB MOXHO paclieHUBaTh KaK MpHU-
CYTCTBHE B 3KCIUIAHTaX CIIOCOOHBIX K BOCHPHUSITUIO
WHIYKTOPa TapreTHBHIX MOP(MOTeHETUIYECKN KOMIIe-
TEHTHBIX KJIETOK (KOTOpPbI€ MOXKHO OTPEASIUTh KaK
“MHMLIAaTbHBIE KJIETKA KaJUTyCOB”), TOrma Kak 9K30-
TeHHBIE (PaKTOPhI — KaK MHAYKTOP KaJlJTycooOpa3o-
BaHWU4 in Vitro N3 TaKUX KJIETOK.

IMpuHIMNIMaTEeH BOMpPOC: UHULIMAIbHbBIE KJIETKU
yKe 00J1agaroT MOp(pOTreHeTUIYECKON KOMIIETEHTHO-
CTBIO B YCJIOBUSIX in Vivo NIV UMEHHO YCJIOBUS TIpe/i-
BapUTEJBHOIO CTpecca in situ u/Wju KyJlbTUBUPOBa-
HUS in vitro (B 3aBUCUMOCTH OT MCITOJIb3yeMOI METO-
JIUKW) UHAYLIUPYIOT IpUOOpEeTeHe MHULIMATbHBIMU
KJIeTKaMU CBOICTBa TaKOU KOMIETEHTHOCTU?

Psn uccnenosatesneil monarator, 4To odpazoBaHUe
KaJUIyCOB CBSI3aHO C (PyHKIIMOHUPOBAHUEM in Vitro
yXe CyIIEeCTBYIOIIMX B 3KCIUIAHTE in Vivo KJIETOK, 00-
JIajarolIuX onpeaeeHHbIMU cBolicTBaMu. Tak, 3Ha-
YUTEAbHAs POJb CTaTyCa MHULIMAJIBbHBIX KJIETOK B UX
KOMITETEHTHOCTH K (DOPMUPOBAHUIO KAJLIYCOB IIPO-
JIEMOHCTPMpPOBaHa B LIMKJIE PadoOT, IMOCBSIIEHHBIX
KYJBTYpE in vitro He3peJbIX NMbUIbHUKOB ITIIEHUIIbI.
VYcranoBieHo, 4Tto (GOpMUpPOBAHME KaJNIyCOB NPH
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5TOM TIPOUCXOIUT U3 TAKMX KIIETOK ITBUTBHUKOB i1 Vivo,
Kak Mukpocriopsl (barsiruna u ap., 2010), a cmoco6-
HOCTb MUKPOCITIOP K MHIYKIIUY 00pa30BaHMsI KAJLTyCOB
orpenessieTCs TAIaBHBIM 00pa30M MX HeCTaOMIIbHBIM
MPEIMUTOTUYECKUM COCTOSTHUEM, CTPYKTYPHBIMH
CcBOMCTBaMM (MEPUCTEMATUUYHOCTbHIO), a B LIEJIOM —
WX CTaTyCOM CTBOJIOBBIX KJIETOK, COTJIACHO OPUTH-
HayibHOU KoHUenuuu T.b. bateirmHoit (baTeirnHa,
2014 u paHee).

BoabIIMHCTBO Xe ucciaegoBaTenaeii CYUTAIOT, YTO
dopMuUpoBaHME KajTyca — 3TO pe3yabTaT UHIYLIPO-
BAHHOTO PENpPOrpaMMHUPOBAHUS M3HAYAJIBHO “HOpP-
MaJIbHBIX” KJIETOK B3KCIUIAaHTa B ILIIOPU-/TOTUIIO-
TEHTHOE COCTOSIHME B YCJIOBUSIX NIpeaBapUTEIbLHOMN
CTpeccoBOii 00pabOTKM in Situ WM HAa HAdYaJIbHOM
aTamne KyJabTuBUpoBaHus in vitro (Ikeuchi et al., 2016,
2018, 2019; Feher, 2019; Liet al., 2019). B pabore, mmo-
CBSIIIEHHOII 0030py MCCIeAOBaHUIA TeHHOMN peryJisi-
TOPHOU CETU IIpU pereHepaluyd pacTeHUi, Ipoae-
MOHCTPUpOBaHAa pOJIb psda TPaHCKPUIILIMOHHEIX
(akTOpPOB B KJIETOUYHOM PEHpOrpaMMUPOBAaHUM IIPU
o0pa3oBaHUM KaJjilyca, MpeaBapsolleM pereHepa-
muio (Ikeuchi et al., 2018). ¥ HEKOTOPBIX MYTaHTOB
Arabidopsis B yCnoBUsIX in vivo UIeHTU(DUIIMPOBAHBI
reHbl U TPAHCKPUIILIMOHHBIE (DAaKTOPHI, Y4acTBYIO-
mue B oopaszoBaHuu Kayuryca in vitro (Cheng et al.,
2015). AHaornyHbIe pe3yJIbTAaThl IIOTYyYeHBI IIPY MH-
IyuUpoBaHUU (DOPMUPOBAHUSI KaJlyca U3 TMapeH-
xuMHoOU TKaHu Populus trichocarpa (Tuskan et al.,
2018) 1 u3 mpopoctKoB Nicotiana sp. (Li et al., 2019),
MIPU 3TOM TaKXKe BBISIBJICHO y4acTHe CUCTEM psilia re-
HOB. Bompoc penporpaMMupoBaHUSI MHUIIMAIBHBIX
KJIETOK KaJUTyca pelIaeTcs M B KOHTEKCTE OOIIei
Mpo0JieMbl UBMEHUYUBOCTH F'eHOMA PACTEHUI B KYJIb-
type in vitro (Ikeuchi et al., 2015; Pykalo, Dubrovna,
2018), 1 B CBSI3M ¢ UBMEHEHMUSIMU TPAHCKPUIILIOH-
HbIx npodwmieit atux kietok (Pasternak, Dudits,
2019). B nHULIMANIbHBIX KJIETKaX KaJLTyCOB OTMEUYEHbI
BhICOKME YpoBHU HakoruieHnss MUKpoPHK (Chu et al.,
2016; Alejandri-Ramirez et al., 2018; Juarez-Gonza-
lezetal., 2019; Lopez-Ruiz et al., 2019) — KiTi04eBBIX pe-
TYJISITOPOB IPOSIBICHUST TOTUIIOTEHTHOCTH KJIETOK pac-
TeHuit u nuddepeHranmm ux pazsutus (Singh et al.,
2018).

besycioBHO, MOp(OreHeTUYECKU KOMITETEHTHBIES
KJIETKM 9KCIUIAHTOB CIIOCOOHBI BOCIPUHUMAThH BO3-
JIIEJAICTBME CUTHajla WHAYKTOpa K IIPUOOPETEHUIO
TUTIOPU-/TOTUIIOTEHTHOCTHU OJjlarofgapsi COOTBETCTBY-
OILIEMY MOAU(PUIIMPOBAHHOMY COCTOSHUIO XpOMa-
tuHa (Maury et al., 2019), koTopoe accolupyeTcs ¢
OTACAbHBIMU MpOrpaMMaMy 3KCIPECCUU TEeHOB
(Ojolo et al., 2018; Hajheidari et al., 2019). Ha nmpume-
pe MHUILIMATIbHBIX KJIETOK KaJTyca 3TO HalpaBJIeHUE
HUCCIe0BaHUI, OMHAKO, HE MPEACTABICHO B JOCTYII-
HOM JIMTepaTrype, XOTS BaKHAas POJIb MOIM(MDUKALIIA
XpoMaTHHa IIPOAEMOHCTPUPOBAHA [IJIs1 pa3IMYHBIX pac-
TeHUII B MHAYKIIMU TaKOro MyTh MopdoreHesa in vitro,
Kak comatuyeckuii smopuoreHe3 (Duarte-Ake et al.,
2019; Mendez-Hernandez et al., 2019).
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Ype3BrIYaliHO BaxKHBIM SIBJISIETCSI BOIIPOC O JIie-
nuddepeHIMALAN CIICMATU3UPOBAHHBIX WHUIIM-
aJIbHBIX KJIETOK BKCIUIAaHTa — UX MepexXoay K MpoJu-
depamuu npu (opMUpOBaHUU KaJlryca in vitro. Enie
Ckyr u Muutep (Skoog, Miller, 1957) BbicKa3bIBaJIn
MHEHME, YTO TOHATHE “meauddepeHLaus Kie-
TOK” TeCHEUMIIMM 00Opa3oM CBSI3aHO C IIOHSITUEM
“kayrycooOpa3zoBaHue”; Ooee Toro, cama CTPYKTY-
pa OblIa Ha3BaHa “KauTycoM” M3-3a CXOJICTBA C MO-
30Jibl0 (71aT. callus — M030Jib) — HEOpPraHU30BaHHO
pactyieit Maccoil menmddepeHIMPOBaHHEBIX KJIe-
ToK. Kamiyc ¢ aTux mo3ummuii TpaaullMOHHO pac-
cMaTpuBaeTcsl Kak mpoJimdepupyrolias Macca Je-
muddepeHpoBaHHBIX KieTokK (byrenko, 1999;
Wang et al., 2011; Motte et al., 2014; Gaillochet,
Lohmann, 2015; Iwase et al., 2015; Raizada et al.,
2017; Lopez-Ruiz et al., 2019; Popielarska-Konieczna
et al., 2020). 3aMeTuM, UYTO O BaXXHOCTHU nenudde-
PEHIIMALIMN COOOIIAETCS U B pabOTaX MO CUTHAIHTY
B KJIETKaX 9KCIIAHTOB COMaTHUYE€CKOTO SMOpUOreHe-
3a in vitro (Mendez-Hernandez et al., 2019). Boicka-
3aHO, OOHAKO, MHEHHE O TOM, YTO AeanddepeHIa-
LI1SI B CTPOTOM CMBEICIIE SIBISIETCS peBepcueii nudde-
peHLIMalMU, TTO3TOMY OOpa3oBaHME Kajllyca — 3TO
pe3yabTaT TpaHcauddepeHInauuu KiIeToK, IIPUBO-
ISIIE K MOBBIIEHUIO TMOTEHIIUM Pa3BUTHUS 1/WJIN
npoaudepainm Kietok (Sugimoto et al., 2011). B ka-
YecTBe aJbTepHATUBBI TepMUHY “menuddepeHma-
s’ TOpeIIoXeH yOayHbIil, Ha Halll B3IJISAI, TEPMUH
“xirerouHoe 1epenporpammupoBanue” (Ikeuchi et al.,
2018). B 1ienomM, HecMOTpS Ha AIUTEIbHYIO UCTOPUIO
U3y4deHMsl, BOIpoc o neauddepeHIualuy KJIeTOK 10
HACTOSIIIETO BPEMEHU TaKXKE OCTAeTCS JUCKYCCHUOH-
HBIM (ITOAPOOHO 3TOT BOIIPOC U MCIIOJIb3yeMas Tep-
MUWHOJIOTUSI TIpoaHaJIU3MpoBaHbl B padote: Feher,
2019).

CrenyeT mOgYEepKHYThb, YTO HAJIeKO He Kaxkaas
KJIETKa 3KCIIJIaHTa, Jake oOJiamaroiast in vivo CBOM-
CTBaMM ILUTIOPU- ¥ TOTUIIOTEHTHOCTH, CTAHET MHUIIV-
aJIbHOI M JACT Havajio KaJUIycy in vitro. BeickazaHo
MHEHUE, YTO K U3BECTHOM Mepe HEeIIPeICKa3yeMOCTU
MopdoreHesa (Ipu JIOOOM IIyTH, HE TOJBKO IIpU
KaJilycoreHese. — Aeém.) UHULIMAJIBHOU KIIETKU B
YCJIOBUSIX in Vitro, B OTJIMYKE OT BITOJIHE MpeacKa3ye-
Moro MopgoreHes3a 3uroTsl B yCIOBUSIX ik Vivo, TIPU-
BOJISIT SITMT€HETUUECKUI XapaKTep €€ KOMIIETEHTHO-
CTHU, “Hemonaxoasiias’ ¢a3a KJIETOUHOT'O LIMKJIA, [TPU
KOTOPOI XpOMAaTUH HE CIIOCOOEH K BOCIIPUSITUIO CHUT-
HaJla-uMHAYKTOpa, a TakKXKe HU3KUI YPOBEHb CIICLIV-
(GUIHOCTU caMOTo cUTHana-uHaykropa (2Kypasies,
Omenbko, 2008). C aTUM MHEHHEM CJIeAyeT corja-
CUTBCSI.

B enoM, Bompoc 0 MOpOTeHETUYECKON KOMITE-
TEHTHOCTH U CBSI3aHHBIE C 3TUM BOIIPOCHI PeIrporpam-
MmupoBaHusl U auddepeHunanmu/aenuddepeHma-
LMY MHULWAAJIBHBIX KJIETOK 3KCIUIAHTOB in Vivo, Jao-
IIMX Hadajao KaJUIyCy inm Vitro, cliemyeT OTHECTH K
JUCKYCCUOHHBIM.
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Ha nmpuMepe mipenctaBuTesieii MHOTHX CeMEICTB
pacTeHU, KaK MOKPBITOCEMEHHBIX, TaK U TOJIOCe-
MEHHEIX, YCTAHOBJICHO, YTO 3KCIUIAHTHI, (hOpMUPY-
IOlIe KaJUIyC In Vitro, JOJDKHBI HAaXOOUThCS, Kak
MpaBUJIO, Ha paHHUX CTaAusIX pa3BuTus. Tak, maH-
HBIC O NIPEUMYIIECTBE B MHAYKIIMU KaIycooOpa3o-
BaHMSI IKCIUIAHTOB Oojice paHHUX CTaIWil Pa3BUTHS
MOJTyYeHBI TP MCCIICIOBAHUM He3peJIbIX MbUIBHUKOB
meHunsl (Kpyrnosa u ap., 2005; bareiruHa u np.,
2010; CenpoumupoBa u ap., 2016) u puca (Sahoo et al.,
2019), cemsanoneit Arabidopsis (Raizada et al., 2017),
TKaHeil “MOoJIonbIX” KOPHEH W Haa3eMHBEIX OPraHOB
Arabidopsis (Sugimoto et al., 2010), “momoapIx” 11-
cTtbeB Boea hygrometrica (Sun et al., 2019), a Takxe
anMKaJIbHBIX MEPUCTEM IT0OETOB MHOI'MX PaCTCHUIA.
DTH pe3yJIbTaThl MOKHO OOBICHUTH TEM, UTO MHAYK-
s obpa3oBaHUsI Kajulyca NpeariojiaracT perpo-
rpaMMUpPOBaHUE MHULIUATBHBIX KJIETOK, K YeMy, I10-
BUINMOMY, 60JIee MpeapacioaoXeHbl KIETKA MOJIO-
IBIX opraHoB. Takue KJIEeTKH, BO3MOXKHO, CITOCOOHBI
K 00J1ee JIETKOMY CTUMYJIMPOBaHUIO IeanddepeHIIn -
alluM B TUTIOPU-/TOTUIIOTEHTHOE COCTOSTHUE ITyTeM
srureHeTnuecko momudukanum JHK u crienndpm-
yeCcKUX (haKTOPOB TPAHCKPUIILINH.

Llumodgbuzuonoeuueckuii cmamyc He3penvix 3apoodviuieli
31aK08 6 cmaduu Imopuo2enes3a in vivo, OnMmumManbHol
051 UHOYKUUU (hOpMUPOBAHUS KAAAYCO8 IN Vilro

Hespenble 3aponpliiy 371aKOB KakK IMEPCIEKTUB-
Hble SKCIIAHTHI IS MOJIYYEHUS KaJlyca N3y4arTcs
yKe JOCTaTOYHO INTeIbHOe BpeMs (byTeHko u 1p.,
1986 u op.). MccnenoBaHusIMU, CHELMATBLHO TTOCBS-
IIEHHBIMU CPaBHUTEILHOI OLIEHKE B MHAYKIIY KaJLTy-
CO00pa30BaHYSI in Vitro 3pelIbIX Y He3PeJIbIX 3apOIbIIIeii
mueHulibl (Kpyrinosa, Kartaconosa, 2009; Dagustu,
2014; berakosa u ap., 2016; Kpyriosa u np., 2019a) 1 Ky-
Kypy3bl (Ali et al., 2014; Juarez-Gonzalez et al., 2019),
IMOKa3aHo, YTO MPU MPOYUX PABHBIX YCIOBUSIX HaU-
0OJIBIIMM KaJLLIyCOT€HHBIM MOTEHIIMAIOM 00J1amatoT
MMEHHO He3peJIble 3apOIBIIIIN.

11 BRISIBIIEHUSI HTUTO(MU3NOIOTMIECKOTO CTaTyca
HEe3peJbIX 3apOAbIIICi 3/71aKOB, ONTUMAJbHBIX IJIS
dopMUpOBaHUSI KaJIyCOB in Vitro, HEOOXOAUMO
3HaTh, HA KaKOM cTaguy >MOpuoreHe3a OHU HaXO-
JISITCSI.

XopomIo U3BECTHO, UTO 3UTOTUYECKIIT SMOpHoTe-
HEe3 pacTeHUl in vivo MpeacTaBasieT coOO0 eaUHBII
IIPOLIECC, B pe3yIbTaTe KOTOPOI'o M3 UCXOMHOI KJTeT-
KM — 3UTOTHI — (hOpMUPYETCS 3peblii 3apOIBIII, 00-
Jlagaouunit BceMu MOp¢pOTreHeTUIEeCKUMU MOTEHIIY -
SIMM B3POCJIOTO pacTeHUsI. 3apOAbIIl pa3BUBAETCS
COTJIACHO OINpeIeICHHBIM ITaTTepHAM KJI€TOUHBIX JI€-
JIEHUi1, a BBISIBJICHHBbIE dMOpPUOIreHeTUUECKHUE 3aKO-
HBI (3aKOH IPOMCXOXICHWSI, 3aKOH YHCEJI, 3aKOH
PaCITONIOXEHMsI, 3aKOH SKOHOMMHU ) OTPaKalOT CIIOXK-
HOCTb 3TOro Ipouecca (DMOpUOJIOrUsl LIBETKOBBIX,
1997, 2000; bareiruna, 2014; De Vries, Weijers, 2017
u 1p.). B To xe BpeMms1, B cBoeM Mop¢oreHese 3apo-

KPYTJIOBA u np.

IBIIT TIPOXOOUT PSI B3aMMOCBSI3aHHBIX CTamuii (B
TePMUHOJIOTUM Pa3JIMYHBIX aBTOPOB, IEPUOAOB, a3,
3TAIoB), pa3IMJalIInXcs Kak 1o Mmopdobdusnoso-
TMYECKUM mpolieccaM, (yHKIIMOHAIbHOI Harpyske,
MMPOIOJKUTEIbHOCTH, TaK ¥ 3HAYEHUIO JJIST MajIbHE -
mrero pa3putus. Kaxnasi us cranuit amopuoreHesa,
HECMOTpPSI Ha BCE Pa3sHOOOpa3We IMPOMCXOMAIINX B
9TO BpeMsI MPOIECCOB, HaMpaBieHa Ha peaau3aiio
MOp(dOreHeTUYeCKOTOo MOTeHIIMajla 3apoablia U OH-
TOTEHETUIECKOI ITPOrpaMMBbI Pa3BUTHSI OCOOM B Iie-
JIOM, a 3apOIbIII JeMOHCTPUPYET CBOMCTBA AMHAMMY-
HOM CUCTEeMBI C MyJILCUPYIOIIIUM XapaKTepoM (DYHKIIM-
oHMpoBaHMs cBoux 31eMeHToB (bareiruHa, 2014).

BrisiBiieHue cranmum pa3BUTHUS HE3PEJIOTO 3apOIabI-
1Ia 3J1aKOB in Vivo, ONTUMAJIbHON UL MOJIyYECHUS
KaJutyca in vitro, OCJIOXXHEHO TE€M, YTO IIPU OMOTEXHO-
JIOTUYECKNX UCCIEOOBAHUSAX MPEICTaBUTEIE 3TOro
ceMelcTBa HE MCIIONb3YyeTCsl enrHas YHUPUILIMPO-
BaHHasl mepuoau3anusl sMopuoreHesa. OTcyrcTBue
TaKOM IIepUOAM3aLIMKY BO MHOTOM OOYCJIOBJIEHO OCO-
OEHHOCTSIMM KaK IIpoliecca 3MOpuoreHesa, TaKk U
CTPOEHUSI 3peJIoro 3apoibiiia 31akoB. CBoeoOpas-
HBI TOPCOBEHTPAJIbHBIN CIIOCOO Pa3BUTUS 3apOIbI-
1IIa HAYMHAas C 3UTOThI, cielrduKa opraHoreHesa u
YHUKAJIbHOE CTPOCHUE BBICOKOMMMPdepeHIIMPOBaH-
HBIX OPraHOB 3pEJIOro 3apoiblllla Jdajlu OCHOBAaHNE
BBIACJIMTH OCOOBIN TUIT SMOpUOreHe3a IIIeHULb —
Graminad (barbsiruHa, 2014 u panee). IIpaBomou-
HOCTb BbImelieHus (Graminad-tuma 3MOpHOreHe3a
MOATBEPXKAACTCS MCCIeIOBAaHUIMU 3SMOpUOreHe3a
pasIUYHbBIX BUIOB 31akoB (mo: Kruglova et al., 2020).
YHUKAJILHOCTh 3MOpHOreHe3a 3J1aKOB YCJIOXHSIET
BbIIEJICHUE YETKUX MOPQOJIOTUYECKUX KPUTEpUEB
cTaauii ux pa3BuTuUs. B IIpakTrke KyJIbTUBUPOBAHUS
in vitro He3peJbIX 3apObIIIEii 371aKOB OOJIBIIMHCTBO
aBTOPOB B KaueCTBE AKCILJIAaHTA YKa3bIBAaIlOT “He3pe-
JIBIIA 3aponbIln”, O3 JeTaau3aliu.

s pelieHus: 3Toll MpoOaeMbl TIpeaiokKeHa mne-
puonusalius 3MOpUOreHe3a 3J1aKOB, JOCTaTOYHO
ynobHasi B 6uotexHojiornyeckoii npaktuke (Kpyr-
JnoBa, 2012). ABTOp Ha OCHOBaHMM BPEMEHU IMOCJIE
HWCKYCCTBEHHOTO OMNbUIEHUS TIpeajiaraeT BbIAEISITh B
aMOpuroreHese 3jJ1akKoB 3Tan HeauddepeHIMpoBaH-
HOTO 3apojpbliiia (CTaauu: 3UroTa, AByKJIETOYHbIN 3a-
POIBIILL, YETHIPEXKIETOUHBIN 3aPOIBIII, MHOTOKJIETOY -
HBII 3apoJbllil), 3Tanl Mopdonorndyeckoit nuddepeH-
LIMalMK 3apojplia (CTaiuy Hayajla OpraHoreHesa,
aKTHMBHOI'O OpraHOTeHe3a, 3aBeplleHUs] OpraHOreHe3a)
u atan auddepeHIMPOBAaHHOIO 3apoAblllia (CTaauu
chOpMHUPOBAHHOTIO 3aPOJIbIIIIA U 3PEJIOTO 3apO/IbIIIA).

Drta nepuoamu3alys ObLIa NCHOJIb30BaHa IpU Je-
TaJIbHBIX CPaBHUTEJbHBIX MCCAEAOBAHUSIX (DOPMUPO-
BaHUS KaJuTyca He3pesIbIMU 3apOoAblliaMM MHOIOYMC-
JIEHHOM I'PYIIIbl TeHOTUIIOB MIIeHU1LIbl. MHOKYyIMpoBa-
HUE B YCJIOBUSI KYJIBTYPHbI in Vitro HE3PEJIbIX 3apOAbILIECi
B BBIICJICHHBIX CTaAUsIX SMOpHOreHe3a BhISIBUJIO, UTO Y
BCE€X M3YYECHHBIX T'€HOTUNOB IIPU MPOYMX PaBHBIX
yCIIOBUSIX (COCTAaB MHAYKIIMOHHOM cpenbl, (husnde-
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Puc. 1. Hespesblii 3apoablil MIIEHUIBI B CTAJAMM aKTUBHOTO OpraHOreHes3a o JaHHBIM CBETOBOM () U TPaHCMUCCUOHHOM
3JIEKTPOHHOI (0—1) MUKPOCKOIIUU. Y CIOBHbIE 0003HaueHus:: Am — amuioruiact, Ch — ximoporuacrt, Cl — koneontuib, CW
— kieroyHas creHka, EPR — sHnonnasmaTtuueckuit perukymom, Gr — rpana, L — nununnas xaruisi, M — mutoxoHapusi, N —
sapo, Pl — mmmasmonecma, RM — MepucteMa KopHsl, S — cycnieH3op, SG — KpaxMaJibHOE 3€pHO, SC — IIMTOK, SM — Mepuctema
no6era. IlIkana: (a) — 100 Mxm, (6) — 500 uMm, (B) — 400 HM, (T, 1) — 200 HM. (a—r) — opur. HaHHbIe; (1) — 1o: Seldimirova et al.,

2017. TTosicHEHUS B TEKCTE.

CKUe YCJIOBUS KYJIbTUBUPOBAHMUS in Vitro U Ip.) Ha4a-
JIO MOp(MOreHHBIM KajuiycaM jgaBaiu 12—14-cyrou-
HBIE 3apOAbIIIN, HAXOIUBIIMECS in Vivo B CTaAUM aK-
TUBHOTO OpPTaHOTCHE3a.

T'ucronmornueckuii aHaMM3 MoOKa3aj, 4TO JIS Ta-
KHUX 3apoablieii XxapaKTepHO 000Cc0o0IeHNEe 3a4aTKOB
OpraHoB (CeMsIIOJISI-IIUTOK, MO0ET), MPeACTaBICHHBIX
AKTUBHO JESIIUMUCS MEPUCTEMATUYECKUMU KJIETKA-
MU. BaxkHO MOMYEpKHYTb, UTO 3TU KJIETKU TTOKPHITHI
TOHKUMU obojoukamu (puc. la) (Seldimirova et al.,
2017; Kpyriosa u np., 2019a). Kietku xapaktepusy-
IOTCSI BBICOKOI MeTa0OJIMUYECKON aKTUBHOCTBIO, YTO
MOATBEPKIAAETCS UX YJIbTPACTPYKTYPHBIMM TTOKa3a-
tenssmMu (puc. 10—11): 3HAYNTETBHBIM KOJIMYECTBOM
CBOOOIHBIX PUOOCOM, aMMJIOIJIACTOB, €OIVMHUYHBIX
Pa3BUTBIX XJIOPOIIACTOB, MUTOXOHIPUIA C XOPOIIIO
Pa3BUTLIMU BHYTPEHHUMM MeMOpaHaMU, aKTUBHBIMU
KOMIUTEKCOM [OJIbIKU 1 TpaHyJIIPHBIM 3HIOIIa3Ma-
THUYECKUM peTuKkynayMoM (Seldimirova et al., 2017).

B psime paGoT NpUBOASTCS CBEICHUSI O HEMHOTIO
WHBIX BpeMEHHBIX MHTepBajaX, MPOIISAIINX CO Bpe-
MEHM OITBIJICHUS 3JTAKOB, He3peJIble 3aPOIBIIIHN KOTO-
pBIX (hopMUpOBaIU KaJutychl in vitro. Tak, y miIeHu-
bl 3TOT MHTEepBaJ cocTaBsi 10—16 cyt (MupomrHu-
yeHkKo u gap., 2014; Dagustu, 2014; Khlebova,
Nikitina, 2016), Kykypy3sl — 9—18 cyT (Ali et al., 2014;
Hong et al., 2017; Juarez-Gonzalez et al., 2019), s4a-
meHs — 14—16 cyt (Yepnos, [lenaunen, 2011). Jlan-
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HBIE O CTATyCE 3apOIbIIIeii aBTOPHI HE IIPUBOIST, O -
HaKo B 3TOT MHTEPBaJI BpeMEHU HEe3PeJIble 3apOAbIIIN
3JIaKOB TaKXe, MO-BUAMMOMY, HAXOASTCS B CTaauu
aKTUBHOIO OpraHoreHe3a, COIVIAaCHO MepUOan3aun
(Kpyrnosa, 2012). MoxHo mojaratb, YTO U B 3TUX
cllydasix Hayajo KajlycaMm AaloT MepucTeMaTuye-
CKH€ KJIETKM 3a4aTKOB OpPraHOB 3apojbia. Takoe
CXOACTBO PE3yJIbTaTOB MOXET CBUIETEIBCTBOBATH 00
OIpeneJIeHHON YHUBEPCAJIbHOCTU CTaIUU 3MOPUO-
reHesa 3J1akoB (a UMEHHO — OPTaHOTe€HE3), BO BPEMST
KOTOPOI 3apOJIbIIIM KOMITETEHTHBI K (hopMuUpoOBa-
HUIO KaJllyca in Vitro.

YTo KacaeTcst KOHKPETHBIX OpTaHOB He3peJIbIX 3a-
ponpliieit, GOpMUPYIOIINUX KAJIIYCHI i Vitro, TO BBISIB-
JieHo, yto y mmeHulibl (Kpymiosa, Cenbaumuposna,
2011; MuponrHmyeHKo U ap., 2014; Seldimirova et al.,
2016), kykypy3sl (Rakshit et al., 2010; Sun et al., 2013;
Lowe et al., 2018; Lopez-Ruiz et al., 2019), ssumeHs
(Slesak et al., 2013) kayurychbl 6€pyT HA4aJio OT CEMSI-
IO — IIUTKA. DTO XOPOIIO OTPaKeHO, HAIlpUMep,
Ha MUKpodoTorpadusx, IMpeacTaBIeHHBIX B CTaThe
Jlomne3-Pyu3 ¢ coaBt. (Lopez-Ruiz et al., 2019), rue
HpUBeOeHBI JaHHbIC N3YYeHUS 00J1acT (DOPMUPOBa-
HUS KaJIJTyca U3 HE3PEJIOTO 3apOAbIla KyKypy3bl Me-
TOINOM CKaHUPYIOLIEN 3JIEKTPOHHON MUKPOCKOIIUU.

CBeneHuil 0 Ipyrux opraHax 3apojblilia 3JIaKOB,
YY4acTBYIOIIMX B 00pa3oBaHUU KaJUTyCOB, B JOCTYII-
HOI nuTepaType HaMmu He ooHapy:xKeHo. [To-Bunnmo-
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MYy, TOJIbKO OIIpEIeIEHHBIE OpraHbl HE3pEIOro 3apo-
JIBIIIA KOMIIETEHTHBI K KaJUTycOOOpa30BaHUIO in Vitro,
o KpailHeli Mepe y M3YYEHHbIX B 3TOM OTHOILCHUM
3JIaKOB.

I'mcTomornyeckn BBISIBICHO, YTO KaJLTYyChI (hop-
MUPYIOTCS U3 KJIETOK SIMUAEPMIUCA IIIUTKA HE3PETbIX
3aponblieil 3makoB (mompobHee cM Hinke). Takue
HaOJIFOMEHNST COOTBETCTBYIOT CBEIEHUSIM 00 aKTUB-
HOM pOJIV 3MUACPMKCA BO BpeMsl Pa3BUTHSI pacTe-
HUIA, KaK 3TO MoKa3aHo, HaIIpruMep, MOJICKYJISIPHO-
TeHeTHYECKUMM MCCIEIOBAHUSIMM 3TON TKaHU TP
dopmupoBaHuu KopHeii (Short et al., 2018) u moderon
(Iida et al., 2019) Arabidopsis B ycnoBusix in vivo. Cieny-
€T TIOMYEPKHYTh, YTO KJIIETKU SIHMIEPMUCA IINTKA He-
3peNbIX 3apOABIIIeii 3JIAKOB TP COOTBETCTBYIOLIMX
YCIIOBUSIX in Vitro CITOCOOHBI K Pa3BUTHIO U 110 ITYTH
dbopMuUpoBaHUS COMaTUIYECKHX 3apOIBIIICH, KaK 3TO
BBISIBJIEHO Yy KYKypy3bl (Lowe et al., 2018).

M3BecTHO, YTO 3MUAECPMUC IIUTKA IO CBOEMY Te-
HE3UCy MpeAcTaBiIsieT co0Ooi MPOTOAEepMY, WU IM-
OpuronepMy — ITOKPOBHYIO TKaHb 3apOJIbIIIa, Y 00JIb-
IIMHCTBA BUIOB, B TOM YMCJIE 3]1aKOB, (DOPMUPYIOLILY-
I0CSl Ha JOCTaTOYHO paHHUX CTaAusIX dMOpUOreHesa,
MPU ITOM CTasl BBIWIEHEHUS TIPOTOAEPMbI CUMTAETCS
KPUTUYECKON B pasBuTUmM 3apojnbiiia (baTeirnHa,
2014 u paHee). B KoHTeKCTe JaHHOM CTaTbU OCOOEH-
HO BaXXHBI JAHHBIE O BBICOKOI ITpoJMdepaTUBHOMN
aKTUBHOCTHU KJIETOK MPOTOAEPMBI in Vvitro (mo: AHII-
poHoBa, 1997), a Takke cBeIeHUsI O KJIeTKaxX MpOTO-
JIepMbl KaK WHULMAIbHBIX KJIETKaX COMaTUYECKUX
3apoapiiieii 3makoB in vitro (Joshi, Kumar, 2013).
BnoiHe BOo3MOXHO y4yacTue mpoToaepMbl U B (op-
MHMPOBAHUM KAJLIYCOB in Vitro, XOTS TAKOTO poJia CBe-
JIIeHUST B JOCTYITHOM JINTEpaType OTCYTCTBYIOT.

be3ycnoBHO, BackHO oXapaKTeprU30BaThb CTPYKTY-
pBI, OKpYKaloIllye He3peNblidi 3apodblll 3JIaKOB. B
YCIIOBUSIX (N Vivo TIOKPBITBIE TOHKOM OO0OJOYKOM
KJIETKM BMIUAepMHUCca IIUTKA He3pesblX 3apoibliieit
rpaHM4YaT C SHIOCIIEPMOM — IeTePOreHHOM TKAHbIO,
cJIyXallleil He TOJbKO MCTOYHMKOM IITMTAaHUS 3apo-
IblIlIa, HO, Yepe3 TOPMOHAaJIbHbIE CUTHAJIbHBIC TYyTU U
IMOCPENCTBO OMOXMMMUYECKUX, TPAaHCKPUIILIMOHHBIX
U 3MUTE€HETUYECKUX (paKTOPOB, — OMHUM U3 PETYJIsI-
TOPOB Pa3BUTUS 3apojIbIllla B €AMHONW cUcTeMe “3a-
ponbmi—sHaocnepm” (Lafon-Placette, Kohler, 2014;
Doll et al., 2017; Duarte-Ake et al., 2019). ITo-Bunu-
MOMY, MMEHHO TIOTPaHUYHOE ITOJIOXKEHUE KJIETOK
SIMUAEPMHUCA IIIUTKA BO MHOTOM CIIOCOOCTBYET UH/IY-
UPOBAHUIO B HUX KaJLJTycooOpa3oBaHus in vitro. He-
cllydaiiHO BO MHOTUX OMOTEXHOJOTMYECKUX TMPOTO-
KOJIaX IS YCIIEIIHOrO ITIOIyYeHMs Kajulyca pPeKo-
MEHAyeTCsl pa3MellaTh OTAeJIeHHBIE OT SHAOCIepMa
WHOKYJIMpYeMble He3pesible 3apOoAbIlNd 3JaKOB Ha
araprM30BaHHYIO Cpedy MMEHHO IIMUTKOM BHU3, IS
X HEIIOCPEICTBEHHOIO KOHTAKTa C BEIIeCTBAaMU 1 -
TaTeJILHOI Cpelbl, 3aMEHSIIOIIMEe HI0CIIepM (TJ1aB-
HBEIM 00pa3oM, MHAYKTOpPaMU-TOPMOHAMM, CM. HU-
XKe), 4eMy CIIOCOOCTBYET NPOHMIIAEMOCTb TOHKOM

KPYTJIOBA u np.

000JI0YKM KJIETOK 3muaepmuca. B To Xe BpeMs B
KOHTEKCTE ﬂaHHOﬁ cTaTby Ba>XHO INMOAYEPKHYTH, UTO
M KJIETKM CaMOTO 3HAOCIEpPMAa MOTYT CIIYKUThb MC-
TOYHUKOM (pOPMHUPOBAHUS OPTraHOTEHHOTO KaJlyca,
KaK 3TO nmokazaHo s Actinidia arguta (Popielarska-
Konieczna et al., 2020).

Bce T naHHBIE CBUIETENBCTBYIOT O BBICOKOM
MopdoreHeTHYeCKOM MOTEHIIMAJIE KJIETOK HE TOJIbKO
OIpPEIEJIEHHBIX OPTAaHOB HE3PEJIbIX 3apOAbIIICH pac-
TEHUI, HO U OKPYKAIOIIUX UX TKAHEH.

HemanoBaxxHoe 3HaueHUe, ITO-BUAUMOMY, UMEeT
¥ TIO3UIIMOHHOE PacHOJIOXEeHNEe MHUIIUAIBHbBIX KJTe-
TOK KaJITyca B CUCTeMe KJIETOK U TKaHel 3KCIUIaHTa.
Konuenuus no3unmnonHoi nHdopmaiuu (Wolpert,
2016 u paHee) OblIa MpeyiOXeHa IS MOHUMaHUS
MIPOCTPAaHCTBEHHO-BPEMEHHOM OpraHM3alyd MOp-
¢oreHesa B cucteMe 1eJIOCTHOro opraHusma. C naH-
HOM KOHIENLME TECHO CBsI3aHa KOHIIEIIIIMS TapTeT-
HbIX Ki1eToK (Osborne, McManus, 2009), cBouMm nH-
JIUBUIYAJIbHBIM  IIO3MLIMOHHBLIM  PaCIIOJIOXKEHUEM
yepe3 criennuieckrie OeIKOBBIC MapKephl IeTepMU-
HUPOBAHHBIX PAacHoO3HaBaTb CHEUUOUUESCKUIA SHIO-
Te€HHBII WJIM 3K30T€HHBINA CUTHAJI K (hOPMUPOBAHUIO
opraHa (B KOHTEKCTe HaHHOIo 0030pa — Kajuryca. —
Asm.). KoH1ilenims: No3UIIMOHHON MH(pOpMAalIN1, KaK
1 KOHILIEIILIMS TApTreTHBIX KJIETOK pacleHUBAeTCsI UC-
clienoBaTeIsIMA HEOJHO3HAYHO — OT aKTHUBHOTO
MNPpUMEHEHUSI MpPU aHaIW3€ Pa3INYHBIX aCIEeKTOB
Pa3BUTHS KJIETOK, TKAHEH U OPraHOB PAaCTCHUM in vivo,
in vitro n de novo (Uy6, 2010; Perilli et al., 2012;
Chavez-Hernandez et al., 2015; Gaillochet et al.,
2015; Janocha, Lohmann, 2018; Lopez-Ruiz et al.,
2019), Bxinouast M3y4yeHUE BIUSHUS ITO3ULIMOHHO-
3aBUCHMOI peryJisiiuyd T€HOB Ha HEKOTOPBIE IIPO-
1eccbl MopdoreHesa (lida et al., 2019), 1o X OLIEHKU
Kak (hOpMaJIbHEIX, PeIYKIIMOHHO-MEXaHUCTUYECKIX
(Jaeger et al., 2008). DTOT BOIIpOC TaKXKe CJIEAyeT OT-
HECTU K KaTeropuu AMCKYCCMOHHBIX. OTHAKO I0JI0-
XKUTEIbHOM, HAa HaIl B3IJISI, ObUla OBl POJIb 3THUX
KOHIIETIIWI B HIOHUMaHUM TOTO, B KAKOM MECTE 9KC-
IJIaHTa ¥ MOYeMY MMEHHO 3/1eCh HaXOASATCSI KJIETKU,
CcIIocoOHEBIEe C(POPMUPOBATH KAJLIYC.

BaxxHO maTh OLIEHKY SHIOT€HHBIM TOPMOHaM B
He3peJbIX 3apojibllliax 3J1aKOB Ha ONITUMAaJIbHOM ISt
UHAYKIUKW (HOPMUPOBAHUS KAJTyCOB CTalMUd M-
OpuoreHesa in vivo.

XopouIo M3BECTHO, YTO B XOJ€ 3UTOTHUYECKOTO
sMOpuroreHe3a pacTeHUI in vivo TTOCTEEHHO (op-
MUpYETCSd COOCTBEHHAasi MHOTOKOMITIOHEHTHasl CHu-
CTeEMA TOPMOHOB, aKTUBHO YYAaCTBYIOLIMX B PETYIs-
IIAU BCEX MPOIIECCOB POCTA U PA3BUTUS 3aPOJIBIIICIA.
OCHOBHYIO pOJib B TaKO# PEeryisiiiuu UrpaioT KJItove-
Bble TOPMOHBI MOp(doOreHe3a pacTeHU — ayKCUHBI,
YCKOPSIOIIHNE POCT KJIETOK, IUTOKUHUHBI, YCKOPSIO-
IIME eJIEHUs KJIETOK, a TakXe a0CIM3UHbI, TOPMO-
3s1Me oba rpouecca. ITOT BONIPOC, KaK U CBSI3aH-
HBI C HUM BOMIPOC TEHETUYECKOTO KOHTPOJISI TOPMO-
HaJIbHOW PETYJISILIMU PAa3BUTHUS 3apONBINIA, AKTUBHO

OHTOTEHE3 Ne 4

TOM 52 2021



LUTO®U3UOJIOTMYECKHUE OCOBEHHOCTU B3KCITEPUMEHTAJILHOM CUCTEMBI 243

U3ydaeTcsd NpU aHaIu3e BCeX MOCIeH0BaTEIbHBIX
cTanuii 3MOpUOreHe3a ABYIOJbHBIX, OCOOEHHO —
MoOJleJIbHOTO pacTteHust Arabidopsis thaliana (TBopo-
rosa, Jlyroma, 2018; Radoeva et al., 2019; Smit et al.,
2020; Tian et al., 2020). Ctumynupyioiiass pojab H-
JIOTeHHBIX TOPMOHOB IT0Ka3aHa U IIPY COMaTUYeCKOM
sMOpHOTeHese in vitro IBYOOJbHBIX, HanIpuMep, Ara-
bidopsis (Radoeva et al., 2020).

B otimune ot OBYIOJBHBIX, MCCIIEIOBAHUS POJIU
TOPMOHOB M KOHTPOJUPYIOIINX UX (PYHKIIMOHUPO-
BaHME I'eHOB B ®BMOpHoOTreHe3e 3J1aKOB He TaK MHOTO-
YUCJICHHBI, JIOCTATOYHO OTPBLIBOYHBLI M KacaloTCs
[JIABHBIM 00Pa30M BBISIBJICHUS POJIU OTACIBHBIX TOP-
MOHOB Ha OTAEIbHBIX CTAIUSIX PA3BUTUS 3apOIbILIEH
(mo: Kruglova et al., 2020). OcHOBHO€ BHUMaHUE UC-
cJieAOBaTE N YASSIOT U3YYEHUIO YIACTHUSI TOPMOHOB B
dopMHUPOBAHUH TIOKOSI Y MIPOPACTAHUU 3PEbIX 3ep-
HOBOK 371aK0B (Zhang et al., 2016; Czajkowska et al.,
2019; Seldimirova et al., 2019a; Wang et al., 2019).

Kak 1 y 1BynoIbHBIX, Y 3JTaKOB BBISIBJIEHA 3aBUCH -
MOCTb (hOPMHMPOBAHMS M PA3BUTUSI 3apPOIBIIICI OT
AyKCUMHOB M ILIMTOKMHUHOB IIPEUMYILIECTBEHHO Ha
HavyaJIbHbIX CTAIUSIX SMOpHOTreHe3a. Y CTaHOBJIEHO, YTO
9TU TOPMOHBI IIPUCYTCTBYIOT HA PAaHHMX CTadusIX dM-
opuoreHesa mieHulibl (Hess et al., 2002; Fan et al.,
2007; Cenpmumupona u ap., 2017), xkykypy3sl (For-
estan et al., 2010; Doll et al., 2017), puca (Zhao et al.,
2019). Ha ontuMainbsHOM 111 popMUPOBAHUS KaJITy -
ca CTaIuM OpraHoreHe3a BbISIBJIeHA MMMYHOTHCTO-
XxuMudeckass pokanm3anus aykcmHa MYK B kieTkax
anuvKaJbHOM YacTU 3apofblilia U pa3BUBAIOLLIMXCS OP-
raHoB 3apomnbiiicii mueHubl (CeabauMupoBa U Ip.,
2017) u stamens (Ceapaumupona u ap., 20186). AHa-
JIOTUYHBIC JAaHHBIE IO ayKCHMHAM IIOJlydeHbl MpU
OLIeHKE TOPMOHAJILHOI'O CTaTyca HE3pEeIbIX 3apOIbI-
IIeii, TaIoIMX Hayajlo COMaTUIYeCKOMY dMOpHOreHe-
3y in vitro psaga 31akoB (Seldimirova et al., 2016,
2019b; Dziurka et al., 2019). LIUTOKMHMHBI TaKXKE BbI-
SIBJICHBI B Ha4aJie SMOpHOTeHe3a, HallpuMep, KyKypy3bl
(Chen et al., 2014) u ssumens (CenpbauMupoBa M Jp.,
20186), a Takke B HayaJle COMaTUIECKOTO SMOpHrore-
He3a in vitro mmeHuLbl (Seldimirova et al., 2016; 'a-
JuH U ap., 2018). B menoM, riaBeHCTBYIOIIAsT pOib
ayKCHMHOB ¥ LIMTOKMHWHOB HAa PaHHUX CTAAUSIX pa3-
BUTHSI 3apOIBIIIEH 371aKOB, KaK 3UTOTUIECKUX in Vivo,
TakK M COMaTU4ECKUX in Vitro, BIOJHE OObSICHUMA, €C-
JIM YYUTHIBATh aKTUBHbIE MOP(POTEeHETUICCKIE IPO-
LIECCHI B TAKMX 3apObIIIIaXx.

Yto kacaercsa ABK, To y 31aK0B, Kak 1 TBYIOJIb-
HBIX, IIOBBILIEHHOE COJAepKaHUe 3TOr0 TOPMOHA BbI-
SIBJICHO MPEUMYIIECTBEHHO B 3apOXbIIIaX Ha IT03[-
HUX CTaausIX dMOpHMOreHe3a U B 3pejibIX 3€pHOBKaX
(Hess et al., 2002; Fan et al., 2007; An, Lin, 2011;
Wu et al., 2011; CenpaumupoBa u ap., 2018a). Ummy-
HOTHCTOXMMUYECKMMHU MCCIAEAOBAaHUSIMU ITOATBEP-
XaeHo, 4yTto sHaoreHHass ADBK oTkiagbiBaeTcsl B
KJIeTKax 3apoplia mineHus! (CenpauMupoBa U ap.,
2017) u stumens (CenpaumupoBa u ap., 2018a) yxe B
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c(opMUPOBaHHBIX OpraHax. Takue NaHHbIE MOXHO
OOBSCHUTH TEM, YTO 3TOT FOPMOH MPEAOTBpaIlaET
MpexaeBpeMeHHoe MpopacTtaHue ceMsiH (Miransaria,
Smithc, 2014), a Takke akTUBUpYyeT (DEPMEHTHI, Ka-
TaJIM3UPYIOLIME pacnal HIUTOKUHUHOB, U UHTUOUPY-
€T BKCIIPEeCCUI0 TeHOB OMOCHMHTEe3a LIMTOKMHUHOB,
YTO, B CBOIO OUepe/ib, MPUBOAUT K CHUXKEHUIO aKTUB-
HOCTU KJIETOUYHBIX I€JI€HUI U TOPMOXEHHUIO POCTO-
BbIX TpolieccoB (BecemoB u ap., 2017). BeickazaHo
mHeHue (CenpoumupoBa u np., 2018a), yto ABK B
MO3IHEM AMOpHOreHe3e 3JIaKOB YYacCTBYET B CUHTE3€
aKTUBHBIX (pOpPM KUCIOpOMIa, Pa3phIXJISIIOIINX KIETKU
KOJIEOPU3bI, TEM CaMbIM CIIOCOOCTBYSI MPOPACTaHUIO
3apOIBIIIEBOrO KOpHsI/KOpHeil. B 11esioM, rosyyeHHbIe
JTaHHBIEC TOATBEPKIAI0T BaxkHYI0 pojib ABK B co3peBa-
HUU 3apOJbIIIIei 3JaKOB U TIepeXoie CeMSTH K IMOKOIO,
OIHAaKO, COIIaCHO MpOaHaJU3UPOBAaHHBIM JIMTEpaA-
TYPHBIM TaHHBIM, 3TOT TOPMOH HE MPOSIBJSET BbICO-
KOM aKTMBHOCTH B CTaJIM1 OpraHOTeHe3a 3apobllieit
3J1aKOB.

HccnenoBanusi reHOB, KOHTPOJIUPYIOIIUX TOPMO-
HaJIbHYIO PEeryJjsliuio SMOpHUOTeHe3a 3J1aKOB, TaKxke
HE CTOJIb MHOTOUMCJIEHHBI U OTPBIBOYHBI B CpaBHE-
HUU C aHAJIOTUYHBIMU KCCIAEIOBAHUSIMU NBYIOJb-
HbIX. Tak, y mmenunsl (Zhao et al., 2014) u Aegilops
tauschii (Zhao et al., 2015) uzoaupoBaHbI 1 OXapaKTe-
pM30BaHBbI TeHbl cemeiicTBa WOX, urpaloiiye pojb
KOOPAWHATOPOB TPAHCKPUITIIMY B XOA€ PAHHETO M-
OpuoreHe3a 3THUX 371aKoB. B mo3gHeM sMOproreHese
puca BoeIsiBieHa nuHayuupyemas AbK akcrnpeccus re-
Ha OSGH3-2 n3 cemeiictBa GH3, MOLyIMpyIOIIETO
ypoBHU aykcuHOB 1 ABK (Du et al., 2012).

Takum oOpasoMm, mccienoBaHUS ITUTO(MU3NOIIO-
TMYECKOTO CTaTyca HE3peNbIX 3apojblllieii 371aKOB B
cTaauy 3MOpUoreHe3a, ONTUMAJbHOM IJISI UHULIMA-
mun (opMHUpPOBaHUS Ka/UIyCOB HAa MHIYKIIMOHHOM
cpene, B LIEJIOM CpaBHUTEJIbHO HEMHOIOYMCIECHHBI.
OnHako Takoro pojaa HuccienoBaHMsI, Oe3yCIOBHO,
BaXHBI 1 TIEPCHEKTUBHEI, IOCKOJIBKY CTaTyC KIIETOK
3apoJibIllia KaK MHUIIMAIbHBIX KJIETOK KaJlTyca urpa-
eT BaxKHEMIylo, eCIM He OMpeAesIollylo, pojb B
VMHULIMAIUU (pOpMUPOBaHUSI KAJLUIyCOB 3JIaKOB in Vi-
tro. KpoMe Toro, nnddepeHInanms He3pebiX 3apo-
IBIIICH 3]TaKOB CIYXKUT ITOKa3aTeJaeM KOMIIETeHTHO-
CTH MX KJIETOK U K JIaJIbHEUIIEel pereHepaluy pacTe-
HUI1 B KAJUTYCHBIX KYJIBTYPaX in Vitro, KaK 3TO ITOKa3aHO
s stameHst (YepHos, IlenouneH, 2011), KyKypy3bl
(Ali et al., 2014), muenuus! (Dagustu, 2014).

OOPMHMPOBAHUE U PASBUTUE
3APOABIIIEBBIX KAJIJTYCOB 3JIAKOB
HA UHAYKIUIMOHHOUW CPEJE IN VITRO
N NX UUTODPU3NOITOTMYECKHUUN CTATYC

He3spenble 3apoapIliiy 31aKOB B CTaAUKU aKTUBHO-
ro OpraHoreHe3a pasMellaloT Ha cpefe, TTog00paHHOI
JIJISI UHIYKLIMY (DOPpMUPOBAHMS KAJLTYyCOB i Vitro.
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OnHa 13 TpUHLUUNHNAJIBHBIX IPOo0JieM B aHAIU3M -
pyeMoii 006J1aCTU UCCIeIOBAaHUM — OLIEHKA BEIIECTB-
CTUMYJISITOPOB (MHIYKTOPOB), BBI3BIBAIOIIUX (HOp-
MUpPOBaHUE KaJUTYCOB in Vifro MTHULIUAITbLHOM TPYyHITOit
KJIETOK He3pesbiX 3apopliieii. CormacHO pesyiabTa-
TaM MHOTOYMCJICHHBIX MCCICHOBaHUI, pa3IMYHBIX
SKCIUIAHTOB Pa3HBIX BUIOB PAaCTeHMIA, B TOM YHCJIIEe
HEe3peabIX 3apObllIeii 31aKOB, TJIaBHEUIIIME UHIYK-
TOPBI KAJUTyCOOOpa30BaHMs in Vitro, — TOPMOHBI MTHIYK-
LIMOHHO MMUTATEILHOM Cpebl, [IABHBIM 00pa3oM ayK-
CHHBI, B TOM uucie cuHtetudeckue (Motte et al., 2014;
Yu et al., 2017; Kruglova et al., 2018a; Shin, Seo,
2018). BrickazaHo MHEHHUE, YTO B IIPOLIECCE TOPMO-
HaJbHOM MHIYKIIMU KJIETKHN 3KCIUIAHTOB UCITBIThIBA-
IOT 3HAYMTEJILHBINA CTpecc, KOTOPBIN 3aIlycKaeT Ieii-
CTBUE TPAHCKPHUITIUOHHBIX (paKTOPOB, CIIOCOOCTBYIO-
LIMX MePEXOAY STUX KJIETOK K U3MEHEHMIO TTPOTrpaMMBbI
pasButus in vitro (Duarte-Ake et al., 2019).

MexaHU3M MHIYLIUPYIOILIEro AeiCTBUS ayKCUHA
JIETaJIbHO BBISIBJICH B XOJI¢ DKCIEPUMEHTOB IO KYJIb-
TUBUPOBAHUIO in Vitro KOPHEBBIX 3KCIJIAHTOB Arabi-
dopsis Ha UTHIYKLIIMOHHOM cpejie C TTIOBBIIIIEHHON KOH-
LEHTpalXeil 3TOr0 rOpMOHA. YCTaHOBJICHO, YTO C
MOMOIIIBI0 TpaHcMeMOpaHHBIX PIN-0e1KOB ayKCcWH
MIPOHUKAET B HEKOTOPBIC KJIETKHU TEePULIMKIIA KOPHS
(aBTOpHBI HE YKA3BIBAIOT, 110 KAKOMY IPUHIIUITY “BbI-
OmpalroTcst” KIeTKH;, CKOpee BCEro, TP 3TOM IIPOSIB-
JIsIeTCs TIO3ULIMOHHAsT UH(hOpMaLvs U/WUJIU IeCTBUE
SHJIOTEHHBIX CUTHAJIOB. — A6m.) 1 HaKaIJIUBAacTCS B
Hux. UMeHHO Takue KJIETKH C JIOKAJIbHBIM MaKCUMY-
MOM ayKCHHAa 1 COMYTCTBYIOLLEH JOKAJIbHOMU aKTUBA-
[1eli ayKCUHOBBIX OTBETOB, KOHTPOJIUPYEMbIX HOCH-
TeJISIMU TIPUTOKA/OTTOKA ayKCMHA, HAYMHAIOT [Ie-
JuThbesl (popMupoBaHUeM Kajutyca. IlokazaHo, 4To
a(ppexkTuBHEE MCHOIB30BaTh MMEHHO CUHTETHYE-
CKH€ ayKCUHBI, KOTOPbIE HE TPAHCIIOPTUPYIOTCS U3
kinetok PIN-Genkamu M, B OTJIMYME OT IMPUPOTHBIX
ayKCHMHOB, OYE€Hb CJIa00 META0OJM3UPYIOTCS U CIIO-
COOHBI BXOOUTH B KJIeTKU He3aBuCUMO oT AUX/LAX-
Hocuteseiil aykcuHoB (Kawochar et al., 2017). 3ame-
THUM, 4YTO IIOCTYIUIEHHME 3SHIOT€HHOTO ayKCuUHa B
KJIETKU IIPOKaMOWUSsI BBISIBJIEHO W B YCIIOBUSIX in Vivo
Ipy opraHoreHese KopHs1 Arabidopsis thaliana, ipu
5TOM F'OPMOH aKTUBUPOBAJI ICMCTBUE TPAHCKPUIILIY-
oHHoro (¢akrtopa WUS11, yaacTByioniero B GOpMH-
pOBaHUU MHULIMAIBHBIX KJIeTOK KopHeit (Chen et al.,
2016). Y 5TOrO Xe pacTeHUs in vivo OTMEYEHO, YTO
MHTUOUTOP MOJISIPHOTO TPAHCIIOPTa ayKCUHA BIIMSIET
Ha MopdoreHe3 JuUcTa U TeHEePaTUBHBIX CTPYKTYP
IIpY pa3IYHBIX acuuanusax (Bykova et al., 2016).

Hccnemosareu NpuBOOAT JaHHBIE O MOJIYYeHUU
KaJIJTyCOB W3 HEe3peJIbIX 3apOAbIlIeii 31aKOB Ha WH-
IYKIIMOHHBIX Cpenax, coAepKallliX, KakK IIpaBHJIO,
SMIIMPUYECKU ITOJ0OpaHHbBIE KOHLIEHTPAI TOPMO-
HOB. OmHaKO MPUBOLSATCS CBEIeHUS U O OajaHce
MEXIy COIepKaHMeM 3HIIOTEHHBIX Y KOHIIEHTpaluei
9K30T€HHBIX TOPMOHOB, ONTUMAaJIbHOM JJISI UHOAYK-
o1 (POPMUPOBAHUS KAJIIIyCOB in Vitro, U3 HE3pEIbIX
3aponpiieii mueHnbl (KpyrmoBa, CenpanMupoBa,

KPYTJIOBA u np.

2011; Miroshnichenko et al., 2017; Seldimirova et al.,
2019b), stumens (Hisano et al., 2016), KyKypy3sl
(Rakshit et al., 2010; Hong et al., 2017). [ToguepkHeM,
YyTO OajlaHC SHAOTEHHBIX/3K30T€HHBIX TOPMOHOB pac-
LIEHMBaETCsI KaK BasKHEHUIINIA (paKTOp, OTIPeIeIISTFOLII
WHAYKIMIO UHBIX, TOMUMO KaJLTyCOTeHe3a, IyTei Mop-
doreHesa in vitro, HanpuMmep, MUKPOCITIOPUATIBLHOTIO
sMmOpuoreHesa (Zur et al., 2016) 1 ero MoguduUKaLIMU —
rosmaMoproreHesa (Titova et al., 2016).

®dopMupoBaHUe KalJlycOB — AOCTATOYHO JIJIH-
TeJIbHbIH Mpolecc. Tak, y MIIeHULIbl KaJTyCchl obpa-
gytorcs Ha 5 (KpyrinoBa, CenpnumupoBa, 2011, 2018;
Seldimirova et al., 2016), y kykypy3sl — Ha 7 (Lopez-
Ruiz et al., 2019) cyTKu KyJbTUBUPOBAHUS HE3PEJIbIX
3apoIpIlIeit Ha MHIYKIIMOHHOI cpere.

B cpaBHUTEIbHO HEMHOTOYMCJIEHHBIX paboTax
aHaJM3UPYEeTCSI THUCTOJOTMYECKHMIT cTaTyc oOpa3o-
BaBILUMXCS 3apPOIbILIEBBIX KAIJIYCOB 3JIaKOB U U3ME-
HEHME 3TOTO CTaTyca II0 Mepe KyJIbTUBUPOBAHUS Ha
WHIYKLIMOHHOM cpele in Vitro.

HeranpHbiMu uccnenoBanusiMu (Seldimirova et al.,
2016) ycTaHOBIIEHO, UTO Y IIIIEHUIIBI KaJUTyC 00pa3y-
eTCsl M3 3MUIASPMAaJIbHBIX KJIETOK IIUTKA HE3PesbIX
3apoIblllieii WIM W3 KIIETOK, pacHojararoiiuxcs
BIIOJIb IPOKAaMOMAIBLHOIO TsikKa IIUTKa (puc. 2a, 20).
Kamrycbl MHTEHCMBHO HapalllMBalOT Maccy ITyTeM
MHOT'OKPAaTHBIX MUTOTHMYECKUX OelieHuil (puc. 2B).
(3aMeTHM, YTO aHAJIOTUYHBIC SIBJICHUS OTMEYEHBI B
YCJIOBUSIX in Vivo TIPU pOCTE MEPUCTEMBI KOpHSI Arabi-
dopsis, TIpoaHAIM3UPOBaH U TEHETUYECKUIT KOHTPOJIb
9THUX IIpolieccoB: Moubayidin et al., 2010.)

Hanee HabmogaeTcsl MOCTEIIEHHOE CTAaHOBJICHUE
TUCTOJIOTUYECKOM 30HAIILHOCTU KAJIJTyCOB U reTepo-
TeHHOCTU MX KJIETOK Mo ¢opMe, pazMepaM U CTpoe-
HU10. [1pu 5TOM B TOJIIIIE KAJUTYCOB BBIAEISIIOTCS TaK
Ha3bpIBaeéMble MOp(OTreHeTUYeCKe oyaru (puc. 2r),
LIEHTpaJIbHbIE 30HBI KOTOPBIX MPEACTAaBICHBI KOM-
MAaKTHO PaCHOJOXEHHBIMU MPOIUGepUpPYyIOIINMU
MepUCTeMaTUIeCKMMM KJIETKaMu (puc. 21). AHaIo-
TMYHBIE CBEICHUS TIONYyYEeHbI IJIs 3apOIbIIIEBBIX
kayycoB puca (Ijaz et al., 2019) u kykypy3ss! (Lopez-
Ruiz et al., 2019).

Psn aBTOpOB He IAarOT OTHEILHOTO Ha3BaHUS Ta-
KWAM IIEHTPTBHBIM 30HaM KJIETOK (hOPMUPYIOIIMXCS
KaJIIyCOB, cOO0IIIas O HATUUYMU AKTUBHO ACSIIIIAXCS
MEpUCTEMAaTUIECKUX KJIETOK B KaJulycax In Vitro
(Dakshayini et al., 2016). B HekoTOpbIX paboTax gaet-
csl olpeneleHUE Kajlyca Kak TIUTIOPUIIOTEHTHOM
kireTogHoli Macchl (Liu et al., 2014 1 gp.); MOKHO IT0-
JlaraTh, YTO pedb B JAHHOM CJTydae uIeT MMEHHO O 30-
He MepUCTeMaTUYEeCKMX KJIETOK, a He BCeTo KaJjyca.

BrickazaHo TIpenroioskeHrue, 9TO KIETKH MOp-
¢oreHeTUYECKOro ovara 3apOoAbIIIEeBOro Kajlyca
MMIIICHUIIBl BBITTOJTHSIOT (QYHKIWIO, aHAJOTHIHYIO
WHUITMTHGHBIM KJIETKaM B alTMKaJIbHBIX MepUCTEMaX
cTeOJIs1 U KopHs IueHuusl in vivo (EBceeBa u ap.,
2007). I1o HamreMy MHEHUIO, 3TOT BOIIPOC MHTEPECEeH
W C TOYKHU 3pEHUs U3yYeHUs TOKOSIIETrocs IeHTpa
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Puc. 2. ®opMupoBaHue 3apoIbIIIIeBOTro Kajutyca MIIIEHHIIBI IT0 JAHHBIM CBETOBOM MUKPOCKOMUU. Y CIIOBHBIe 0603HaYeHus: C —
kamyc, CZ — HeHTpajibHas 30Ha, DSc — nereHepupyiolue Kietku mutka, MC — MepucteMarudyeckue Kiaetku, MCs — Mop-
dorenernyeckue ouaru, PS — nmpokamoOuansHblii Tsik, PZ — mepudepuyeckas 3oHa, Sc — mmtok. Lllkana: (a, 6) — 200 MxMm,
(B) — 500 MxM, (T, €) — 100 MM, (1) — 50 MmxM. (a—B) — 11o: Seldimirova et al., 2016 ¢ u3BMeHeHUsIMU; (T—€) — OPUT. JaHHbIE.

TTosicHeHusI B TeKCTe.

MePUCTeMbl KOpHSI pacTeHuii in vivo. Ilon BnustHuEeM
Pa3IMUHBIX (HAKTOPOB MOXKET MPOU30ONTU aKTHUBALIUS
JIeJIeHWI HAKHETO CJI0ST KJIIETOK TaKOoro LieHTpa (Kak IMo-
nararoT Paxau ¢ coaBr. (Rahni et al., 2016), BO3MOXHO,
3TO CTBOJIOBBIE KJIETKH ) B CTOPOHY YE€XJINKA, YTO TIPUBO-
JIAT K “OTKpbIBaHWI0” MepucTeMbl (Bystrova et al., 2015;
Basile et al., 2017). BepositHO, 1 B citydyae Mopdgore-
HETUYECKOIO o4yara Kajiyca in vitro IpOMCXOIMUT Ta-
Kas Xe aKTHBAINS YacTH €T0 KJIETOK ITOJ MTeCTBHEM
TOPMOHOB MHIYKITMOHHOM CPEIbI.

OHTOI'EHE3 TtomM 52 Ne4 2021

ComnocTaBjieHe NTaHHBIX UMMYHOTMCTOXUMUYE-
CKOT0 MCCIIeNOBAHUS 3HIOTEHHBIX ayKCUHOB M ITUTO-
KUHUHOB B KJIETKaX 3apOIbIIIEBbIX KALIyCOB IIIlIe-
HUIIBI C pe3yIbTaTaMU1 WX TMCTOJIOTMYECKOTO aHAJI-
3a MOKa3zaJo, 4YTO 3TU TOPMOHBI JIOKAIM3YIOTCS
MPEUMYIIECTBEHHO B MEPUCTEMATUYECKUX KJIETKax
aKTUBHO Pa3BUBAIOIIMXCS MOPGOTeHETUYECKUX OYa-
roB (Seldimirova et al., 2016).

Bokpyr 11leHTpaJIbHO# 30HBI MEPUCTEMATUYECKUX
KJIeTOK (WM MepUCTEMATUUYECKOro odvara/30Hbl)
KaJUTyCOB IIIIEHUIIBI (hopMUpyeTcsl nepudepuiiHas
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30HAa PBIXJIO PACTIONOXKEHHBIX MAPEHXUMHBIX KJIETOK
(puc. 2e). B Takux KjieTKax oTMe4YeHa BbICOKasl CTe-
MeHb BaKyoJM3allMu — IoKas3aTeJb 3aMeIJICHUST UX
pocTa, a B 1ieJIoM cTapeHus (mo: XajaujiyeB u Ap.,
2014). AHajornuyHble JaHHBIE TTOJIYYSeHBI 1 JJIsT 3apO-
IpleBoro Kautyca puca (Ijaz et al., 2019).

Baxno 3ameTuTh, 4TO (hOPMHUPOBAHNE LIEHTPATb-
HOM 30HBI U OKpYXKamlleil ee mepudepudeckoii 30-
HBI KJIETOK BBISIBJIEHO W B YCJIIOBUSIX in VIVO B allv-
KaIbHOM Mepucteme mobera Arabidopsis (Galvan-
Ampudia et al., 2016). B 3ToM MOXHO BUIETH OOIII-
HOCTb KJIETOUYHBIX U TKAHEBBIX MEXaHU3MOB PAaHHUX
3TAIOB OPraHOTEHE3a in Vivo W in Vitro.

OnuH u3 peuraromux GakTopoB GOPMUPOBAHUS
KaJUIyCOB Ha MHAYKLIMOHHOM Cpele in Vitro — MeX-
KJIETOUHbIe B3auMoeiicTBus. JeicTBuTesbHO, CUM-
TUIACTUYECKUE B3aUMOICHCTBUS MOCPEICTBOM IJ1a3-
MOJECM B LIEHTPAILHOUW MEPUCTEMATUYECKOI 30HE
MOP(dOreHeTUYECKOTO oyara KajlyCOB OTJIMYarOTCs
OT TAKOBBIX B OKPYXalOIIEH MapeHXNMATO3HOM Iie-
pudepudeckoil 30He, rae KOJIUYECTBO TJ1a3MOoIecM
CWIbHO yMeHbIlIeHO. CUMILJIaCTUYECKUI TPaHCTIOPT
o0ecrieyrBaeT HaleXXHbIA OOMEH KJIETOK LIEHTpaslb-
HOI1 30HbI MOP(OTeHEeTUYECKOTO 0Yara ropMOHaMU 1
WHBIMU BellIECTBAMMU, HEOOXOAMMBIMU KakK ISt
(GYHKIIMOHMPOBAaHMS KJIETOK, TaK U JJIsI KOOpIAWHA-
LIUU JeSITeIbHOCTU KJIETOK B COCTaBe TaKUX 30H. DTO
MO3BOJISIET PACCMATPUBATh LIEHTPAIBHYIO 30HY Me-
PUCTEMATUYECKUX KJIETOK KaK WMHTEIPUPOBAHHYIO

CTPYKTYDPY.

MHorue aBTOpPBI COOOIIAIOT O BAXKHOCTHU CUMILIA-
CTUUYECKUX B3aUMOJICHCTBUI U B paCTEHUSIX in Vivo, B
YAaCTHOCTHU, B UX allMKAJIbHBIX U JaTepaJIbHbIX MEPU-
cremax (mo: Honyesa u ap., 2014). BaxxHocTb cumInia-
CTUYECKMX B3aMMOJICMCTBUIA BhISIBJIEHA U HA pa3indy-
HBIX CTaAUsIX COMaTUYECKOTo SMOpUOreHe3a in Vitro y
Arabidopsis (Godel-Jedrychowska et al., 2020).

OTtnenpHas mpobjeMa B 00JIacTU MCCIeTOBaHUS
dopMUpOBaHUS KAJUTYCOB in Vitro — BBISIBJICHUE MO-
JIEKYJISIPHO-TEHETUUYECKUX OCOOEHHOCTEil  3TOro
npoiiecca. AHajau3 TaKux IyOJauKaluii He BXOIUT B
3aJa4M JTaHHOM CTAaThU, OMHAKO MOXXHO PEKOMEHI0-
BaTh paboThl (Ikeuchi et al., 2018; Xu et al., 2018; Fe-
her, 2019; Li et al., 2019; Lopez-Ruiz et al., 2019).

CornacHO HAaHHBIM MHOTHX WCCIIeTOBaTelei,
cchopMupoBaHHBIE MOP(MOTSHHBIC KaJUTyCHI 3JIaKOB
KaK 3apoJIblIlIeBOr0, TAK U MHOTO MPOUCXOXKIESHUS —
3TO TUIOTHBIE KOMIAKTHBIE 00pa3oBaHusI, MOP(OI0-
TMYECKU YETKO OTINYAIOIINECS OT PBIXJIBIX HEMOpP-
¢OreHHBIX KaJUIyCOB (moapoOHee: 3MHATYJUIMHA,
2020). Paznuums B MOp(OJIOrMYECKUX ITOKA3aTeIX
THUIIOB KaJUTyCOB MONTBEPXKIAIOTCS TaHHBIMU, TIOJTY-
YEHHBIMU C TTOMOIIbIO CKAHUPYIOIIETO 3JIEKTPOHHO-
ro mukpockona (CenpauMuposna u 1p., 2016). OnHa-
KO TOCJIe TIepeHOoca Ha CBEXYI0 MHAYKIIMOHHYIO Cpe-
JIy TOTO e COCTaBa KaJlJIyChl, HAIIpUMep, MIIEHULIbI,
paHee 110 MOP(OJIOTMYESCKIM TTOKa3aTeIISIM OXapaKTe-
pU30BaHHbBIE KaK HeMOpP(OTeHHBIE, OKa3aJIiCh CITO-

KPYTJIOBA u np.

COOHBI K mmpeodpa3zoBaHmio B MopdoreHHsie (Kpyrio-
Ba, Ceapaumupona, 2018). Takue TpaHchopMaliu
BHOCSIT JIOIIOJIHUTEJIbHEIE TPYAHOCTU B IIOHMMAaHUE
KaJUTyCOOOpa30BaHMs 1 KaJUTyCOT€HEe3a in Vitro.

VIbTpacTpyKTypHBIE XapaKTEpUCTUKU  KJIETOK
c(hopMUPOBAHHBIX 3apPOABIIIEBHIX KaJIyCOB CBUIC-
TEJIBCTBYIOT O HAJIMYMKU B HUX IIPEANOCHUIOK IS
DHEPreTUYECKUX 3aTpaT B XoAe JAJIbHEHIINX aKTUB-
HBIX KJICTOUHBIX AceHUM. JJIs1 MIeHubl 3TO OO~
TBEPKIAETCSI YBEIMUYEHHMEM B KIIETKAX KOJIMYECTBA
MMOJIMCOM, TUKTUOCOM U JIUITUIHBIX BKJIIOUEHUI Ha-
psOy C HAIMYKUEM B MUTOXOHIPUSIX Pa3BUTHIX KPUCT,
a B IUIaCTUIAX — KpaxMaJibHbIX 3epeH (CenbauMupo-
Ba, KpyrioBa, 2013). OTMeTUM, YTO aHaJIOTUYHBIE
JaHHBbIE MOJYYEHbI U IMPU YIbTPACTPYKTYPHOM aHa-
Jm3e (QOPMUPYIOIIMXCSI COMATUYECKUX 3apOAbIIICiI
MiIeHu1Isl in vitro (Seldimirova et al., 2017).

B 1iei0M, B 3apoAbIlIeBhIX KaJTycax 371aKOB B XO-
JIe KyJIbTUBUPOBAHUS HAa MHIYKIIMOHHOI cpefe in vi-
tro CO3IaI0OTCSI TUCTOJOTMYECKUE MPEANOChUIKA JIJIsl
Oynylieil peanu3alluyd pa3IWdHBIX ITyTeil Mopdore-
He3a Ha pereHepallMOHHOM cpelie in vitro.

Takum oOpa3zoM, HECMOTPSI HA U3BECTHYIO CTe-
IIEHb M3Y4EHHOCTU CTPYKTYPHBIX (LIUTOIMCTOJIOTH-
YeCKMX) OCOOEHHOCTEM (DOPMUPOBAHUS U PA3BUTUS
3apOJIbILIEBBIX KAJJIYCOB 3J1aKOB in Vitro, NeTajlbHble
MOATaIIHbIE CBeIeHUs O (PU3NOIOrMIecKrX (TopMo-
HaJIbHBIX) aCIEKTaX MX Pa3BUTHUS OT pa3MEIeHUS He-
3pesIoro 3apoiblllla Ha WHAYKIMOHHYIO Cpely 10
dopMupoBaHus “3pesioro” Kajlyca OTCYTCTBYIOT.
OcHOBHOE BHMMAaHHE B 3TOI 00JacTH, KaK M IIpU
M3y4eHUU KaJIJTyCOB MHOIO MPOMCXOXKACHUS y pas3-
JIMYHBIX paCTeHMI1, 0OpalaeTcss Ha aHaIu3 SHIOTeH-
HOTO TOPMOHAJIPHOIO cTaTyca ‘“‘3pejoro” Kajryca
HEIIOCPENCTBEHHO Tepe ero NepeHoCcoM Ha percHe-
PAlLIMOHHYIO Cpedy in vitro. DTo 00YCIIOBIIEHO MpaK-
TUYECKO HeOOXOOWMOCTBIO aIeKBAaTHOW 2K30IeH-
HOW TOPMOHAJIBHON WMHAYKIUW Pa3JIUYHBIX ITyTEH
MopdoreHesa B Kayurycax (Cenpaumupona, Kpyrio-
Ba, 2015; Hisano et al., 2016; Yu et al., 2017, 2019;
Awan et al., 2019 u np.).

SAKJTIOYEHHMNE

Kamrycoobpa3oBaHue n KaJUTyCOTeHe3 in vitro Ha
MpUMepe Pa3IMYHbIX pacTeHUI M3ydaloTcsl B Teue-
HHE TOCTAaTOYHO IJIUTEIbHOTO BpeMeHH. B 310ii 06-
JIACTU MCCIEAOBAaHUI TIOMUMO HAKOIUIEHUS OOIIHP-
HOTO MU PUYECKOTO MaTepualia CaeIaHbl U BaXKHbIE
TeopeTuyeckue ob6o01eHus. Hampumep, cnoco0-
HOCTB K (POPMUPOBAHMIO KAJIJTYCOB in Vitro N perecHe-
palyy U3 HUX MOJHOLIEHHBIX pacTeHUM paclieHUBa-
€TCsI KaK OJHO U3 MPOSBICHUN INIACTUYHOCTHU (I10-
JIMBAapMAHTHOCTH ) OHTOTE€HE3a pacTeHMI, BO MHOTOM
O0OYCJIOBJIGHHOM MNpUKpEIJIEeHHBIM 00pa3oM >KU3HU
(Gaillochet, Lohmann, 2015; Ikeuchi et al., 2016,
2019; Feher, 2019; Maury et al., 2019).
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Baxwueiitmmas mpo6i1emMa B 3TOi 00J1acTH MCCIIen0-
BaHUM — XapaKTEepPUCTUKA CBOMCTB TE€X 3KCIUIAHTOB
in vivo, KOTOpbIe JaayT Hayajio KajulycaM Ha MHOAYK-
LOHHOI cpene in vitro. Ocoboe BHUMaHNE B JTaHHOM
0030pe yaeseHo HUTOPU3NOTOTUIECKUM 0COOEHHO-
CTSIM TaKMX BKCIUIAHTOB, KaK He3peble 3apOAbIIIn
3J1aKOB B CTaIMM OpraHOIreHe3a, ONTUMAaJIbHBIX IS
dopMUpOBaHUS KaJIJIyCOB in vitro. AHaImu3 nuTepa-
TYPHBIX M1 COOCTBEHHBIX JAHHBIX ITO3BOJISIET IIPEAIIO-
JIOXUTH, YTO KOMIIETEHTHOCTD KJIETOK HE3PEJIbIX 3a-
pongplieii 31aKoB K (POPMUPOBAHUIO KaJIJTyCOB in Vi-
fro 3aBUCUT HE CTOJIBKO OT BHEIIHUX CTUMYJIOB,
CKOJIBKO OT CTaTyca KJIETOK 3apObIIIeii B MOMEHT
WHOKYJISIHMY, @ UMEHHO — MX MEPUCTEMaTUYHOCTH,
YTO OOYCJIOBIMBAET MX CHOCOOHOCTh K PEIporpam-
MHPOBAHUIO B IUTIOPUIIOTEHTHOE COCTOSIHME B Haya-
Jie KyJbTUBUPOBAHMUS in Vitro. JIJ1s1 371aKOB, O-BUIU -
MOMY, UMEHHO IIpHUpoaa KCIUIaHTa (B JTaHHOM CJIy-
Jyae — HE3PeJOoro 3apoIbillia) SBISETCSI OCHOBHBIM
dakTOpOM, ONpeAcIIIoNINM MOP(POreHeTUYECKYIO
CITOCOOHOCTh KJIETOK K (hOPMHMPOBAHMIO KaJLIyCOB.
Kpome Toro, MmeprucreMarudeckue KJISTKM TaKUX 3a-
ponpiiieii He TOJIbKO MOPGOTeHEeTUYECKU KOMIIE-
TEHTHBI W IUIIOPUIIOTEHTHHI, HO M, MO-BUINMOMY,
TOTUIIOTEHTHBI, MOCKOJBKY SBIISIIOTCSI MCXOIHBIMU
JUIST KJIETOK/TPYIII KJIETOK KaJUTyCOB, pealu3yIolInX
pa3iIn4yHbIe IIyTH MopdoreHesa in vitro Ha pereHepa-
LIMOHHOM cpene.

B 6uonorum pazButHs pacTeHUI ASTAILHO pa3pa-
OOTaHO ITOHATHE “KpUTHUUYECKas CTanys1” Iyl OLIEHKH
COTIPSDKEHHOCTU MopdoreHeTu4eCcKux u Mopgodu-
3MOJIOTUYECKMX IPOLECCOB B Pa3BUTUU 3MOPHO-
HaJIbHBIX CTPYKTYyp (Batygina, Vasilyeva, 2003; Illam-
poB, 2008; bateiruna, 2014). [ToHsTHE “KpUTHYECKas
cTamyst 3MOpuoreHes3a” IMpUMEHEHO, HaIpuUMep, IIpU
BBISIBIICHUM OTHOCUTEIBHOI aBTOHOMHOCTH 3UTOTIYE-
ckux 3aponspliiieit in vivo (Kruglova et al., 2020b) u
MpeIIOKEeHO K IPUMEHEHMIO IIpY aHAJIM3e CoOMaTH-
yeckoro aMopuoreHesa in vitro (Guo et al., 2020) pac-
TeHU. BbIJIo OBl MepCIeKTUBHBIM IIPOaHATU3UPO-
BaTh U CTAAUM Pa3BUTHUS HE3PEJIbIX 3apOAbIIICH,
KJIETKH KOTOPBIX CIy>KaT MHUIIMAJILHBIMY KJIeTKaMU
KaJUycoB. MOXXHO IojiaraTh, YTO MMEHHO CTEIIeHb
muddepeHInany KJIeTOK B 3apOJIbIIIe, COMPSIKEH-
Hasl C KPUTUYECKMMM CTagusIMU >MOpHOreHesa,
onpeaeisieT MX BOCIPUMMYUBOCTh K 3K30T€HHBIM
TOpMOHaM M Iepexo] Ha MHAYIIUPOBAaHHLIN aJIbTep-
HATUBHBIN ITyTh KAJLUIycOOOpa30BaHUsI in Vitro.

Elie omHO mepcrHeKTUBHOE HaIpaBlIEeHUE UCCIe-
JIOBaHUi1, KOTOPOMY 10 HACTOSIIIIETO BpeMEHMU yIeIsi-
eTcsl HeIOCTaTOYHO MHOIO BHHUMAaHUs, — aHaJIu3
KJIETOK MPOTOAEPMbI HE3PEJIOr0 3apoIbliiia, 00J1aga-
IOIIMX MOIIHBIM pereHepallMOHHBIM MTOTEHIINAIOM.
CpaBHeHME KJIETOK ITPOTOAEPMBI C APYTUMHU KJISTKA -
MU 3apOJbIilia 0 TAKUM ITOKa3aTesIM, KaK, Halpu-
Mep, JIOKaIn3alysl TOPMOHOB, YJIbTPAaCTPYKTYpPHBIE
XapaKTepPUCTUKHN, MOXKET CITIOCOOCTBOBATb BBISIBIIC-
HUIO LIUTO(PU3NOIOTMYECKIUX MEXaHU3MOB PeIpo-
rpaMMUPOBaHUS KIIETOK.
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K 3TuMm BaxkHBIM BoOIIpocaM CileayeT J00aBUTh U
BOMPOC O (PyHKIIMOHAJTILHOM B3aUMOACUCTBUU DHIO-
TCHHBIX TOPMOHOB Ha CTaIUM Pa3BUTHUS HE3PEJIOTO
3apobIlIa in vivo, ONTAMAIBHOM IsT (hOpMHUPOBa-
HUS Kajutyca in vitro. JleficTBUTEIIbHO, CITIOCOOHOCTh
TOPMOHOB BJIUSATH IPYr Apyra — OOHA M3 BaXXKHBIX
OCOOEHHOCTE TOPMOHAJIBHOI CHUCTEMBI pacTeHU
Ha pa3HbIX BTallax OHTOTeHE3a W MpPU PasIMUHBbIX
ycaoBusix Tipouspactanusi (Maury et al., 2019; Ro-
manenko et al., 2020; Jogawat et al., 2021 u ap.). Xots
TaKue B3aMMOJECHCTBUS HE BBI3bIBAIOT COMHEHUM,
nH(OopManMs 0 BIMSIHUU OJHUX TOPMOHOB Ha Apy-
rYe B pa3BUBAIOIINXCS 3aPOIBIIIAX JOBOJIBHO IIPOTH-
BopeunBa. OTCYTCTBYIOT 1 0000IIAIOLINE CBEACHMS O
COoJlepXKaHUM Pa3JIMYHBIX DHIOTeHHBIX TOPMOHOB B
KaJUTycax 3JIaKOB B IMHAMUKE X Pa3BUTHUS OT pa3Me-
IIIEHUSI HEe3pejoro 3apojblllla Ha WHIYKIMOHHYIO
cpeny in vitro 1o (popMUpPOBaHUS “3pesioro” Kajyca.

Bce 3ti BOompockl, 110 HallleMy MHEHUIO, CIIETYyET
peuraTh UCXoOs U3 MOAX0NA K HE3PEIOMY 3apOIBIIITY
in vivo 1 3apoAbIllI€eBOMY KaJLJIyCy HAa MHAYKIIMOHHOM
cpelie in vitro Kak efuHON (MHTEeIrpUPOBAHHOM) 9KC-
NneprMeHTalbHOU cucteme. B maHHOU craThe Ha
MpUMeEpe 3J1aKOB MbI IOCTapajiMCh IT0Kas3aTb, 4YTO
MopdoreHeTUYECK1UEe COObITUSI, 3AI0XKEHHbBIE B KJle-
TOYHBIX MPOTPAMMAX PA3BUTHUSI HE3PEIIBIX 3aPOIbI-
L€ B YCJIIOBUSX in Vivo, HAXOOST CBOIO peaM3aLMIO
MpU aaeKBaTHBIX YCIOBUSX MHAYKIIUU (OPMUPOBa-
HUS U pa3BUTHUS Kajltyca in vitro. OCHOBaHUEM LISt
HCITOJIb30BaHUsI WHTETPUPOBAHHOM CUCTEMBbI “He-
3pesiblil 3apOIbILI i Vivo — 3apOAbIIIEBbIA KaJllyC
in vitro” CIy>XXWT 0a30BBIN MMPUHIIMIT YHUBEPCATbHO-
CTHU MpoleccOB MopdoreHe3a B paCTCHUSIX in vivo 1
in vitro (batbiruta, 2014).

BOTOT 6a30BbIi IPUHLMIT TPUMEHUM U1 IPU OLIEH-
K€ MOAHSATHIX B JAHHOM 0030p€e TUCKYCCUOHHbBIX BO-
IPOCOB B CBSI3U C UCCIEA0BAaHUEM KaJUTyCOOOpa3oBa-
HUS U KaJUTycoreHesa in vivo (Tak Ha3bIBaeMblil paHe-
BOIi KaJIIyC), a TAKXKE OpraHOreHe3a in vivo U in vitro.
Bo3MoXXHO, BO BCeX 3TUX CTydastx 1eiCTBYIOT CXOXUE
MexaHu3Mbl. boliee TOro, BBICKA3aHO MHEHUE, UTO
KaJUIyCOTE€HE3 in Vitro CleayeT OLICHMWBAaThb KaK OT-
JIeJIbHBIN TUII OpraHoreHesa de novo, CXOIHBIH C IPo-
HeccoM (OpPMHUPOBAHUS OOKOBBIX KOPHEU in vivo
(Liu et al., 2014).

B nmuteparype He pa3 momHMManIachk mpoodeMa nc-
MOJIb30BaHUST KYJIBTUBUPYEMBIX in Vitro SKCILUIAHTOB
(byrenko, 1999; Hocos, 1999; Mashkina, Tabatskaya,
2020 n gp.) u ocobenHo kamwrycoB (Ikeuchi et al.,
2016, 2019; Kruglova et al., 2018a, 2018b, 2020b;
Kpyrnosa u ap., 20196; Feher, 2019 u np.) B Kaue-
CTBE MOJEJIBHBIX CUCTEM IIPU UCCIeI0BaHUHN MOP(PO-
reHe3a pacTeHUi in vivo. JIeCTBUTEIbHO, HECMOTPSI
Ha TO, YTO MOP(POTEHE3 iM Vitro He MEHEE CIIOKEH, YeM
in vivo, KaJnycChl, KyJIbTUBUPYEMBbIE B CTPOIO KOHTPO-
JIUPYEeMBIX 3KCIIEPUMEHTATOPOM YCJIOBUSIX in Vitro,
MOXHO paclleHMBAaTh KaK II€PCHEKTUBHBIE MOOCIIb-
HbBI€ CUCTEMBbI IS OLIEHKM Pa3IMYHBIX B3aUMOJEHi-
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CTBYIOIINX MOP(MOTeHETUYSCKUX MPOLIECCOB U MeXa-
HU3MOB UX peryisgiuu. OcHoBaHMEM IJIsI UCITOIb30-
BaHMsI KaJUTYCHBIX MOJIEJICii CIIy>KaT KaK CBOIICTBA UX
MEpPUCTEMAaTUYECKUX KJIETOK (IUIIOPU- U TOTUIIO-
TEHTHOCTh), TaK M MOpP(OTeHEeTUUYECKUE COOBITHUS,
npoucxodsiuye B Kajlycax in vitro (muddepeHia-
nusi/nenuddepeHumnanmsa, penporpaMMHUpOBaHUE
pa3BuTus, nnddepeHInaIbHAS SKCIIPECCHS TCHOB).

DKCIepUMeHTaJIbHasA CUCTeMa “He3peJiblii 3apo-
IIBIT i1 Vivo — 3apOIBITIIEBEIN KaJIyC in Vitro” MOXeT
MOCHYXKUTh aJ€KBAaTHOW MOJIEIbIO IIPU WU3YyYEHUU
Pa3IMYHBIX ACIIEKTOB CJIOXHEMUIIIero OMOJI0rn4eCcKo-
ro peHomeHa mopdoreHe3a pacTeHUI Kak in Vitro,
Tak u in vivo.
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Cytophysiological Features of the Experimental System
“Embryo in vivo — Callus in vitro” of Cereals

N. N. Kruglova® *, G. E. Titova?, O. A. Seldimirova!, and A. E. Zinatullina'
"Ufa Institute of Biology, UFRC of RAS, pr. Oktyabrya 69, Ufa, 450054 Russia
2Komarov Botanical Institute of RAS, ul. Professor Popov 2, St. Petersburg, 197376 Russia
*e-mail: kruglova@anrb.ru

The most important problem in the study of plant calli in vitro is the relationship between endogenous and
exogenous factors that affect the formation of calli (“callus formation™) and their development in induction
medium (“callus genesis”). Of particular interest is such an endogenous factor as the cytophysiological status
of explants in vivo and calli in vitro at the dynamics of culture. In the review uses the example of cereals are
analyzed the literature and own data on the identification of histological and hormonal features of initial cal-
lus cells in explants — immature embryos in vivo, as well as morphogenic calli formed from them during de-
velopment in vitro. The answers to some discussion questions related to the induction of morphogenetic com-
petence and development reprogramming of initial callus cells presented in the literature are considered. The
comparison of callus formation and callus genesis in vifro with some similar events in vivo confirms the valid-
ity of the principle of morphogenesis universality in vivo and in vitro (Batygina, 2014 and earlier). The per-
spective of using the single (integrated) experimental system “embryo in vivo — callus in vitro” as a model for
studying the most complex biological phenomenon — plant morphogenesis is discussed.

Keywords: embryo in vivo, callus in vitro, cytophysiology, plant morphogenesis, cereals
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