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B KY/IBTYPE i1 Vitro
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Influence of 2,4-D concentration on the microspore switch from gametophytic to sporophyte
development program of some representatives of the Rubus and Vaccinium genes in in vitro culture

D.N. Zontikov, K.V. Malakhova, O.0. Berezina (Kostroma State University)

Obtaining homozygous lines of plant cultures is an important part of the work devoted to
the selection of varietal forms. In accordance with this, the study of factors influencing the switch
of the gametophyte program of development of generative cells to the sporophyte pathway is of
particular relevance. This work is devoted to the study of such factors as the stage of development
of pollen grains in buds of a certain size and the effect of the growth regulator 2,4-D (from 0 to
0.35 mg/1 of nutrient medium) on the activity of microspore embryogenesis in in vitro culture on
the example of economically valuable representatives of the genera Rubus (squat cloudberry Rubus
chamaemorus L. and arctic princess Rubus arcticus L..) and Vaccinium (bog cranberry Vaccinium
oxycoccos L. and swamp blueberry Vaccinium uliginosum 1..). Microspores of representatives of
the genus Rubuswere cultivated on a nutrient medium according to the prescription of Murashige
and Skoog (MS), microspores of objects of the genus Vaccinium per 1/2 MS with the addition
of sucrose 30g/l, pH4.5. Thestudy revealed a correlation between the length of the bud
(2-9 mm) and the percentage of generative cells in it of a certain stage of their development:
in representatives of the genera Rubus and Vaccinium, the stage of non-vacuolized generative
cells with a centrally localized nucleus is observed when the length of the bud is from 2 to § mm.
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A positive effect of the growth regulator 2,4-D (0.15 mg/l) on the activity of embryoidogenesis
of microspores of model objects was established. It was revealed that microspores at the stage of
a non-vacuolized cell with a centrally located nucleus in representatives of Rubus and Vaccinium,
as well as at the tetrad stage in objects of the genus Vaccinium, have the greatest ability to form
embryoids.

Key words: microspore, in vitro culture, embryoidogenesis, stage of development, arctic princess,
Rubus arcticus L., squat cloudberry, Rubus chamaemorus L., swamp cranberry, Vaccinium
oxycoccos L., swamp blueberry, Vaccinium uliginosum L., 2,4-dichlorophenoxyacetic acid

Bimsinne konuentpamuu 2,4-/1 Ha nepeKkioYeHne MUKPOCIIOpPBI ¢ raMeTO(UTHO# Ha cniopoduTHYI0
NporpamMMy pa3BUTHsI HEKOTOPBIX NpeAcTaBuTeei ponoB Rubus v Vaccinium B xyavrype in vitro

J.H. 3ontukos, K.B. Manaxosa, O.0. Bepe3una

[TosyyeHre TOMO3UTOTHBIX JIMHUI PACTUTENbHBIX KYJBTYp SIBJSIETCSl BAXKHOM 4acTbhlO padoT,
MOCBSIILIEHHBIX CEJEKIIMU COPTOBBIX (hOpM. B COOTBETCTBUM C 3TUM OCOOYIO aKTyalbHOCTb
npuobpeTaeT uccienoBaHue (GakTopoB, BIMSIONIMX HA MEPEKIIOYeHMEe raMeToMUTHOI Mpo-
rpaMMBbI Pa3BUTHS TEHEPATUBHBIX KJIETOK Ha CITOPOGUTHBIN TyTh. JlaHHas1 paboTa MmocBsIIeHa
M3YyYEHUIO TaKuX (DaKTOPOB, KaK CTaausl pa3BUTUS MbLIbLEBBIX 3epeH B OyTOHAX OINpeaesieH-
HOTO pazMepa U BausiHUe peryisitopa pocta 2,4-11 (o1 0 1o 0,35 Mr/a nmuTaTeabHOM cpeabl) Ha
AKTUBHOCTb 9MOpPUOTEHE3a MUKPOCIIOP B KYJBTYpE in Vitro HA TpUMepe X03HCTBEHHO LIEHHbIX
npeacTaBuTeneit ponoB Rubus (Mopoika npuseMuctast Rubus chamaemorus L. 1 KHsSKEHUKa
apkTudeckast Rubus arcticus L..) u Vaccinium (xmokBa 6onotHast Vaccinium oxycoccos L. n ro-
Jnyouka tonsiHas Vaccinium uliginosum L.). MuKpocnopbl nipeactaButeneil poga Rubus Kyiab-
TUBMPOBAJIU Ha MUTaTeNIbHOU cpeae 1o nponucu Murashige and Skoog (MS), MUKpoOCIIOpbI
00BbeKTOB pomna Vaccinium - Ha 1/2 MS ¢ mobasnennem caxapossl 30 v/, ipu pH 4,5. B xome
HCCJIe0OBaHMs BbISIBJIEHA KOPPEJILUs IJIMHbI OyToHA (2-9 MM) 1 MPOLIEHTHOTO COOTHOIIEHUS
B HEM T€HEePATUBHBIX KJIETOK OIpeNeIeHHONW CTaauM UX Pa3BUTHUS: Yy TPeICTaBUTENeil poaoB
Rubus v Vaccinium ctanusi HeBaKyoJIM3UPOBAHHBIX TeHEPATUBHBIX KJIETOK C LIEHTPAIbHO JIO-
KaJIM30BaHHBIM SIIPOM HaOJI0JAeTCsl MPU AJIMHE OyTOHA OT 2 10 8 MM. YCTaHOBJIEHO MOJIOXU-
TeJIbHOE BIIMSTHUE peryisitopa pocrta 2,4-11 (0,15 MT/i1) Ha aKTUBHOCTD SMOPHONIOTeHE3a M-
KPOCIIOp MOJZIEJIbHBIX O0OBEKTOB. BBISIBIEHO, UTO HAMOOJIbIIEN CTIOCOOHOCTHIO K 00pa30BAHUIO
SMOPUOMIIOB UMEIOT MUKPOCTIOPhI Ha CTaJMM HEBAaKYOJM3UPOBAHHOM KIJIETKU C ILIEHTPaIbHO
pPacMojIoXKEeHHBIM SIAPOM Y TipencTaButeneit Rubus v Vaccinium, a Takke Ha CTaauu TeTpaa —
y 00BbeKTOB pona Vaccinium.

Kirouesbie ciioBa: MUKpocIiopa, KyjabTypa in vitro, SMOpUOUIOTeHEe3, CTalusl pa3BUTUS, KHSI-
KEHMKa apkKTtuueckasi, Rubus arcticus L., mopolika nipuszemuctasi, Rubus chamaemorus L.,
KJokBa ©OonoTHast, Vaccinium oxycoccos L., ronybuka TtonsiHast, Vaccinium uliginosum L.,
2,4-nuxnop¢heHOKCUYKCYyCHast KUCI0Ta
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Benenue

IIpobnema mepexkIroueHUsT ¢ ramMeTopuT-
HOW Ha CcHoOpodUTHYIO MpOrpamMMmy pas3BUTHUS
raruIOMIHBIX KJIETOK TBUIbHKUKA, B TIEPBYIO OYe-
penb, C MCIIOJb30BAaHUEM TEXHOJIOTUU KYJIb-
TUBUPOBAaHUS TMbIJIBHUKOB M MMKpPOCIIOp B
KYJBTYpPE [N Vifro VCCIEOYETCS YK€ HECKOJbKO
JIecITKOB JieT. Ee pellleHue MpeacTaBisieT Kak
(bynnamMeHTanbHbI [2], TAaK U IPUKIAAHON UH-
Ttepec [14]. OcHOBHOE MPEUMYILECTBO MCIIOJIb-
30BaHUSI TBIJILHUKOB U MUKPOCIIOP B YCIOBUSIX
in vitro 0 TIEPEKIIOUYEHUS KJIETOK ITbUJIBHHUKA
Ha CIOPOMUTHBINA IyTh Pa3BUTUSI COCTOMT B
BO3MOXHOCTU OBICTPOTO TIOJYYEHUS] TOMO3U-
TOTHBIX JIMHUI, YTO O0JerJaer ceJeKuuio ¢e-
HOTHUIIOB 1O KOJUYECTBEHHBIM 1 KaU€CTBEHHBIM
MpU3HaKaM, OJHOBPEMEHHOM TIe€HETUYECKOM
(hukcaluu B KaxmaoM JIOKyce B Mpeiaesiax Ofl-
HOro IIOKOJIeHUsl. ODTO II03BOJISIET U30eXaTb
JIOJITOBPEMEHHBIX PabOT IO CaMOOIBUICHUIO,
00paTHOMY CKpeIIMBaHUIO, TPEXKIe YeM MOX-
HO OyJeT IMojydyuTh MHOpeaHbie JuHuu. Ilocre
CO3/1aHUSI YIBOEHHOW rarjouaHO! JUHUHU €€ Te-
HOTHUII MOXET ObITh MIEHTUYHO BOCIIPOU3BEIEH
1 OBICTPO Pa3MHOXEH, UTO MPEAOCTABISIET BO3-
MOXHOCTb CeJIEKIIMOHEepaM OLIEHUBAaTh HEOOX0-
JUMOE KOJMYECTBO IMPU3HAKOB C MCITOJIb30Ba-
HMEM TeHEeTMYeCKM OJHOPOJHOrO0 Marepuala,
C WCKJIIOUMTENbHON 3((HEKTUBHOCTHIO OTOOpaA
yXe Ha caMOM paHHEW CTaauu LIMKJIa pa3Bele-
HUs. B pesynbraTe MpOMCXOOUT CyIIeCTBEHHAs
5KOHOMMUSI BpEMEHU U PECYPCOB MO CPABHEHUIO
C TpaIULIMOHHOW TMpakTukoii. Ilpenmosaraior,
YTO yMEHbIIIEHNE PEeKOMOMHALIUU B PEe3yJIbTaTe
MCIOJIb30BaHUsl YIBOSHHBIX TarIOUI0B MOXET
00JIerYuTh OTOOP MOTOMCTBA, KOTOPOE MMEeT
Oosiee 0M3KOE TEHOTUITMYECKOE CXOACTBO K
JIIOOOMY U3 POAUTENENA, IO CPABHEHUIO C TTIOTOM-
CTBOM, OTOOPAaHHBIM MOCJIE MOC/eI0BATEIbHBIX
MOKOJIeHU camoonbuieHus [3, 18].

HecMmoTtpst Ha oueBUIHbBIE YCIIEXU ITPU padoTe
C Pa3IMYHBIMU BUAAMU PACTEHMI, B JAHHOM Ha-
MpaBJICcHUU W BHEJIPEHUU B CEJICKIIMIO ST psima
XO3IMCTBEHHO-1IEHHBIX pactenuii [4, 6, 9, 13],
ocTaeTcsl Lebli psiI MpobjieM UM OrpaHUYEHUH,
YTO 3aTPYAHSIET PA3BUTHE U TIPUMEHEHUE TaHHOM
TEXHOJIOTUM B CEJICKIIMOHHBIX MporpamMmax, He-
B3Mpasi Ha OUeBUIHBIE ee TpeumyiecTsa [8]. Ho
CHIX TIOP OJIHUM M3 MIPOOJEMHBIX BOITPOCOB SIBJISI-
eTCsl HM3Kasl 4yacToTa 00pa30BaHMUs TaIlJIOMIHBIX
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CTPYKTYP OTHOCUTEIHLHO KOJIMYECTBA MUKPOCTIOP,
MIPUCYTCTBYIOLINX B IbUIbHUKE. KpoMme Toro, He
SICHO, U3 KaKUX TarIOWIHBIX KJIETOK 00pa3yroTcs
pereHepaHThbl: U3 KJIETOK, MMEIOLINX HOpMaslb-
HO€ CTPOEHME WM aHOMAaJbHBIX, OINpEIAC/ICH-
HBII MPOLIEHT KOTOPBIX B CUJIY HOJMMOPGhU3Ma
BCerma MpUCYTCTBYET B MbLIbHUKE. B HacTosiee
BpeMsl YCTAaHOBJICHO, YTO BO MHOIOM OIIpEAeIIsi-
folllee BAMSHUE Ha TIEPEKITIOYEHHME IPOrpaMMbI
Pa3BUTUSL MUKPOCIIOPHI UTPAIOT Takue (PaKTophl
KaK TeHOTHII [21], pa3myHbIe CTPECCOBBIC SIBJIC-
Hus [5], a TakKXe TIPUMEHEHUE PEryJIsiTOpOB Po-
CTa, OTHOCSIIIMXCSI K ayKCMHAM W [IUTOKMHUHAM
[7,11, 19]. DTk nBe rpynIbl (GUTOTOPMOHOB OOBIY -
HO IEHCTBYIOT aHTaTOHUCTUYECKM OTHOCHUTEIHHO
BPEMEHU U OpraHa, rie NpoucxXoauT MopgoreHes,
3¢ dEKT NX BIMSIHUS 3a9aCTyI0 MOIYIMPYETCsI Te-
HOMOM pacTeHUsI U TKaHEBOI CIe(PUIHOCTHIO
[15]. ®uTOrOopMOHBI HEOOXOAUMBI [IJISl TOTO, UTO-
OBl U30JIMPOBAHHBIE MUKPOCIIOPHI TTO/IBEPTraIuCh
YCTOMYMBOMY IIeJI€HUIO KJIETOK, HO OTMEYaeTCsl,
4TO JUIsSI KYJIBTYpHI TTBUIBHUKOB MOXET He Tpebo-
BaThCs H00aBIeHUE peryaaTopoB pocta [10]. OH-
TOreHe3 3MOpHouaa OOBIYHO CJEAyeT CXEeMe Je-
JICHUsI, aHAJIOTMYHOI Pa3BUTHIO 3UTOTUYECKOIO
sMmbpuoHa [17], y HEKOTOpPBIX BUIOB MOCJIEA0BA-
TETBbHOCTh MU(MGHEPEHIIMPOBKY BKITIOYAET B CeOs
HECKOJIbKO HaJaJbHbIX CTaJMi KJIETOYHOIO Ie-
JICHUsI, KOTOpble HAIIOMMHAIOT Pa3BUTHUE CIIOPHI
y CIIOPOBBIX pacTeHuit [16]. B Hacrosiee BpemMst
yalle BCero s MepeKII0YeHUS IIPOTpaMMBI pa3-
BUTHSI MUKPOCITOPHI UCITOJIB3YIOT 2,4-muxiaopde-
HOKCHUYKCYCHYIO Kucioty (2,4-11) [12, 20].

Oco00eHHO aKTyaIbHO peleHne 0003HaueH-
HOU MTpoOJIeMbI TSI CEJIEKIIMOHHBIX PadoT ¢ pac-
TeHUSIMHM, HUMEIOIIMMHN XO3SMCTBEHHO IIEHHOE
3Ha4YeHHUE, B YACTHOCTU pacTeHuil ponoB Rubus
u Vaccinium.

Ilenb Haleit paboThI: OLIEHUTH BIUSIHUE Pe-
ryisitopa pocta 2,4-J1 B pa3HbIX KOHLIEHTPALIMSIX
Ha TepeKIoUYeHre MporpaMMbl pa3BUTHS psiia
XO3IMCTBEHHO LIEHHBIX IIpEACTaBUTENIel POIOB
Rubus v Vaccinium.

O0BbEKTHI M METO/IbI HCCJIEI0BAHUS

WUccnenosanms mpopomuiau B 2022-2023 ro-
JIax Ha 0a3e jJabopartopuu O6uotexHosoruit Ko-
CTPOMCKOTO TOCYHAapCTBEHHOTO YHMBEPCUTETA.
B kauecTBe MOJIETBHBIX 00BEKTOB UCTTIOJIb30BaAIN
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pacTeHusI TaKUX BUJIOB pojia Rubus KaK KHSKEHU -
Ka apktuyeckasi Rubus arcticus L. (copt Iluma),
Mopolika npusemuctass Rubus chamaemorus L.
(copt Ho0y) u pona Vaccinium: ronyouka Torisi-
Hast Vaccinium uliginosum L. (copt MkceHckas),
KJI10KBa 60os0THas Vaccinium oxycoccos L. (copt
CazoHoBcKasl).

Hamu olieHMBasioCh nepekIoYeHue MUKPO-
crop ¢ ramMmeTo(UTHON Ha CIOPO(PUTHYIO MPO-
rpaMMy pa3BUTUS MOJ AeicTBUEM 2,4-AUXJIOpP-
(heHOKCUYKCYCHOIM KMCIIOTHI B KOHILIEHTPAIMSIX
ot 0,05 mo 0,35 Mr/;1 Ha MIUTATEILHOM cpelie TI0
nporucu Mypacure-Ckyra (MS) mist pona Rubus
u Ha Y. MS nns pona Vaccinium.

MarouHble pacTeHUsI KyJbTUBUPOBAIUCH B
J1abOPAaTOPHBIX YCIOBUSIX, TeHEPATUBHbBIE MOOE-
I'M TIOJyYaJd METOJOM BBITOHKM Ha CBETOBBIX
cTe/Ulaxax, OcCHalleHHBIX gammnamu Osram L
36 W /765 («Osram», Poccust) ¢ MHTEHCUBHO-
CThiO U3ydeHust 49 mxmosib/c/m?[1].

Metonuka paboT IJIsT TIOJy4YeHUST KYJIBTYPhl
MMKPOCIIOp BKJIIOYajia HECKOJbKO 3TarmoB. Ha
TIePBOM 3Tarle Mo Mepe MOosIBJICHUSI OyTOHOB pa3-
JIMYHOTO pa3Mepa y MaTOYHBIX paCTeHUI HaMu
MPOBOJMJIACH OlIEHKA KOppeasuuu pa3Mepa
OyToHAa M CTaauil pa3BUTUSI MUKpPOCTIOpHI. st
3TOr0 OTOMPAIMCH OYTOHBI PA3JIMYHON IJTUHBI U
OCYIIECTBJIsIach IPYNITMPOBKA OYTOHOB € Tpajaa-
LMel 1o pa3mepam (¢ marom 1 mm).

3aTeM MPOBOAMIUCH PAOOTHI 11O BIACICHUIO
MUKPOCIIOpP U3 IMbLILHUKOB. ByTOHBI mocieno-
BaTeJIbHO CTEPUJIM30BAIM B T€UCHHE | MUHYTHI
B 70 % BOOHOM pacTBOpe dTaHosa, 15 MUHYT -
B 5 % BOOHOM pacTBOpE TMITOXJIOPUTA HATpUS,
3aTeM TPVKAbI POMBIBAJIM B CTEPUIBLHON JHUC-
TWIJTMPOBAHHOU BoJie. BhlfeieHHbIe MbLIBHUKU
MoMenaad B MUKPOIPOOMPKMU TUMA DIIEH-
nopd oovemoM 1,5 M o 50 1WIT. ¥ U3MeETbYAIN
C TIOMOUIBIO PYYHOTO TOMOIE€HM3aTopa, OIHO-
KaHaJIbHBIM MUKpompo3aTopoMm Proline 20-200
(«Sartorius Proline», ®@PuHagHAMS) 100ABISIN
0,5 M7 CTepUJIbHOI BOABI C TJIIOKO30il B KOH-
ueHtpatmu 30 r/n. [Tocyie 3Toro MpooUpKM 1eH-
TpudyrupoBaiu  (MUHU-LEHTpUGYTa-BOPTEKC
Microspin FV-2400, SIA «BioSan», JlaTBus)
15 ¢ npu 4500 06/MuH. U3 Kaxmoit mpooupKu
MMKPOJ03aTOPOM TIEPEHOCUIN CYCIIEH3UIO C
MUKpocTiopaMu B yaiiky Iletpu. [T10THOCTS Cy-
crieHsuu cocrasisa oT 65000 go 75000 Mukpo-
crop/Mmil.

43

DKcIepuMeHTaIbHbIe JaHHbIE TIpeAcTaBie-
HBI B BUJIE CPEIHUX apU(METUUECKUX 3HAYCHU I
(M) c ykazanueMm ommbku cpegHero (£ SEM).
Pacuer moBepuTeILHOrO MHTEPBaa Ha OCHOBA-
Huu t-pacnpeaeneHus CTblOJAeHTa IIPU YPOBHE
3HauuMoct P = 0,05 mpoBoauau ¢ UCMIOIb30-
BaHMWEM CTAaTUCTUYECKOTO ITaKeTa IporpamMbl
Microsoft Excel 2010.

Pe3ynbraTbl U uX 00CyXKIeHHEe

Ha rmepBoMm 3Tane HamMu mMpoBoaMIaCh pado-
Ta I10 OIIpeAe/ICHUIO KOPPEJISLUHY IJIMHEI OyTOHA
U CTaIUM Pa3BUTHS IbLUIBLIEBOIO 3€pHa/MUKPO-
crnopsl (Taon. 1).

Ha ocHoBaHUM TOJIydeHHBIX MaHHBIX MbI
MOKEM OTMETHUTh, YTO Ha IIPOTSKEHUM Pa3BUTHS
reHepaTUBHOI ITI0YKM (OyTOHA) reHepaTUBHBIC
KJIETKU TIOCJeNOBaTeIbHO TIPOXOIAT CTaauu: ap-
XEeCTIOPHUAIbHON KJIETKU, TeTpaibl, HEBAaKyOJIM3M-
POBaHHO KJIETKU U CUJIBHO BaKyOJIM3UPOBAHHOM
KJIeTKH. MUKpPOCTIOpHI Ha CTaAUK apXeCIIoprab-
HOM KJIeTKM OOHapykeHbl B OyTOHAaX JJIMHOM OT 2
1o 4 Mm y R. chamaemorus n R. arcticus, a najiee,
Ha 0oJiee MO3IHUX 3Tarax pa3BUTUSI TeHepaTUB-
HOIl TI0YKM, He BcTpeualorcs. [eHepaTUBHBIC
KJIETKM Ha CTaIuM HEeBaKyoJM3UPOBAHHOM KIIeT-
KJ OTMEUYEHBI B OyTOHAX MPaKTUIECKHU BCEX pac-
CMOTPEHHBIX pa3MepOB, 32 UCKIIOUCHUEM CaMbIX
KpymnHbIX (9 MM). CWIbHO BaKyoJIM3WPOBAHHbIE
KJIETKHA BCTPEYAlOTCsl MPU JUTMHE OyTOHa OT 4 110
9 MM. TakuM 00pa3oM, y pacCMOTPEHHBIX BUIOB
pona Rubus cramum pa3BUTHS TTBLUIBIIEBOTO 3€P-
Ha MpH OIpeAe/IeHHON IIMHe OyTOHa MIpOoTeKa-
IOT CUHXPOHHO OT apXeCIOpUaJbHOM KIJIETKU J0
CHJIBHO BaKyOJIN3UPOBAHHOM.

Kak u B ciaydae ¢ mpeacTaBUTEISIMU poja
Rubus, B 0yToHax V. oxycoccos v V. uliginosum
CcTaausl HEBaKyOJIM3WPOBAHHBIX T'€HEpPaTUBHBIX
KJIETOK C LIEHTPaJbHO PACIIOJOXEHHBIM SIPOM
HabomaeTcs TIpyu JUTMHE OyTOHA OT 2 A0 8 MM,
OTCYTCTBYSl B OyTOHax mauHOi 9 MMm. CHIIBHO
BaKyOJM3MPOBAaHHbBIE TEHEPATUBHBIC KJIETKHU OT-
MEUYeHBbI TIpU JJTMHE OyTOHA OT 4 MM U Jajiee Ha
MOCJIEIYIOIINX CTAIUSIX.

BTtopbiM aTanom Haleit paboThl ObLIO OMpe-
nejneHue BausSHUA 2,4-J1 B pa3HbIX KOHIIEHTpa-
LIMSIX Ha MpOoLecC MepeKTYeHUsT MUKPOCIIOP
ponoB Rubus w Vaccinium ¢ rameropuUTHOI Ha
CIMOPOMUTHYIO MPOrpaMMy pa3BUTHSI.
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BnusaHue KoHueHTpawwn 2,4-[1 Ha NepeKntoYeHe MIAKPOCMOPbI C raMETOYUTHOIA Ha CIOPOGUTHYIO NPOrpaMMy PaBUTHS ..

B coOTBETCTBMM C TTOJTyYEHHBIMU JAHHBIMMU,
HauOoJbIlIee KOJIUYECTBO 3MOPUOUIOB IIpel-
craBuTeNiel poga Rubus B KyJIbType MUKPOCIIOP
yIaJOCh IOJYYUTh NPU MCIOJb30BAHUM TeHe-
PAaTMBHBIX KJIETOK Ha CTaguM HEBaKyOJIU3UPO-
BaHHBIX KieToK (18 + 2,3 mt. y R. chamaemorus

n 23+29mr. — y R arcticus) ipu KOHIICH-
tpauuu 2,4-J1 0,15 Mr/n murtaTenbHON Cpenbl.
VBenuueHne KoHIeHTparuu 2,4-J1 mpuBoauio
K CHUIKEHMIO KOJIMYEeCTBA 00pa30BaBIIMXCST OM-
OpUOMIOB Ha TUTATENbHON cpele B KYJIbType
MuKpocIiop (Tadi. 2).

Ta6nuua 2

Bnusnue konueHTpanuii 2,4-/1 Ha aKTUBHOCTh SMOPUOUIOreHe3a MIPeACTaBUTEIEH poaa
Rubus B KyJIbType MUKPOCIIOP in Vitro

Cragust pa3BUTHS KonmenTpa- Cpok Cpennee  CpenHee Copep:xanue
MUMKpPOCTIOP ums 2,4-J1, TTOSIBJICHUS KOJIU- KOJIN- JNIAHHOW CTaIuun
MT/J1 MepBbIX YECTBO YECTBO pa3BUTHUS
aMOpPHO- 5MOpHO- KaJUIyCOB, MMKPOCIIOPHI,
WIOB, CYTKM  WJIOB, IIT. IIT. %
Rubus chamaemorus
1. Apxectiopuanibbie 0,00 (KoHTposb) - - - 72+ 31
KJIETKU (TIepBUYHbBIC 0,05 - - - 70 + 5,3-
1 BTOPUYHBIE 0,15 - - - 81+3,6
CIOPOT€HHBIC KJIETKH) 0,25 _ _ _ 74429
0,35 - - - 76 + 4.3
2. Terpagnl 0,00 (KoHTpob) - - - 73+4,2
0,05 - - - 72+ 3,3
0,15 - 2+0,6 4+0,6 76 + 4.7
0,25 - - 50,9 73+2,7
0,35 - - - 75+2,7
3. HeBakyonm3upo- 0,00 (KouTtposnb) - - - 72 +£5,3
BaHHBIC C LIEHTPATbHO 0,05 65+ 10,2 2+0,6 6+1,2 71 +42
JIOKJIN30BaHHBIM 0,15 54+ 3,5 18+2.3 5+2,0 66 £32
AIpoM 0,25 56 +4.9 1045 9+2.8 69 +4.6
0,35 59 +5,7 4+0,9 8+ 1,7 71153
4. CuibHO 0,00 (KoHTpOJB) - - - 73+2,6
BaKyOJIM3UPOBAaHHBIC 0,05 - - 3£1,2 70 £+ 3,1
0,15 - - 4423 68 £2.7
0,25 - - 4+14 80+ 4,5
0,35 - - - 77 +4,5
Rubus arcticus
1. Apxecriopuanbhbie 0,00 (KoHTpoJIb) - - - 68+4,3
KJIETKU (TIepBUYHbIE 0,05 - - - 71 £5,0-
¥ BTOPUYHBIE 0.15 - _ _ 71+ 44
CITOPOTCHHBIC KJICTKHN 0:25 _ _ _ 69 + 3:6
0,35 - - - 73 15,2
2. Terpanst 0,00 (KoHTpOJIb) - - - 75t 4,1
0,05 - - - 72+4.)5
0,15 39+1,2 6+1,3 14+24 69 + 3.8
0,25 40142 9+32 19+1,9 73 £ 3,6
0,35 - 23+2.6 70+ 4.2
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Cragnst pa3BUTHST Konnentpa- Cpok Cpennee  CpenHee CopnepxaHne

MUKPOCITOP st 2,4-11, MOSBJIEHUS KOJIU- KOJIU-  JAHHOM CTaguu
MTI/JT MEePBBIX YeCTBO YeCTBO pa3BUTUS

3MOpHo- SMOpPHO- KaJUIyCOB, MUKPOCIIOPHI,

WJOB, CYyTKM  WJOB, IIT. 1IT. %

3. HeBakyoausupo- 0,00 (KoHTpoJib) - - - 77+£4)5
BaHHBIE C LIEHTPAJIBHO 0,05 53+9,3 6+1,0 17+2.3 76 + 3,1
JIOKAIM30BaHHbBIM 0,15 57+3,4 23+29 2425 67 £4,7
poM 0,25 56+49  17+£38 19+33 79453
0,35 59 +5,7 3+0,7 13+1,9 71+42
4. CunbHo Bakyonu- 0,00 (KoHTpouib) - - - 74 +£3,0
3MPOBaHHEBIC 0,05 - - 3+1,2 72+5,2
0,15 - - 4+£23 78 £ 6.0
0,25 - - 4+14 70 £ 5,6
0,35 - - - 79+ 4.9

[MTpumeuanue. [TapameTpsl ombiTa: TUTarelbHas cpena — MS, comepxxanue 2,4-J1 — 0-0,35 mr/m,
caxaposbl — 30 r/i; pH = 4,5; kaxnplii BApMaHT BBITTOJTHEH B 3-KpaTHOM MTOBTOPHOCTH; «-» - OTCYT-

CTBUE 3M6pI/IOI/IJIOB

Takxke oTMmeuaeTcsi oOpa3oBaHUE He3Ha-
YUTETHbHOTO KOJMYECTBA SMOPUMOMAOB Ha CTa-
JAW  TeTpaj TpU HWCIOJb30BAHUM KOHIIEH-
tpauuii 2,4-J1 0,15mr/n y R. chamaemorus n
0,15-0,25 mr/n — y R. arcticus. Muxpocmnopsl Ha
CTaJMM CUJIbHO BaKyOJIM3UPOBAHHOW KJIETKU B
npucyrctBuu 0,05-0,25 mr/n 2,4-J1 ieMOHCTpU-
pOBaJIM TOJILKO 00pa3oBaHUe Kajuryca 6e3 MosiB-
JIEHUS SMOPUONIOB.

Takum o6pa3oM, HauboJIee BhIpaKeHHAS aK-
TUBHOCTb SMOPHOUAOreHe3a B KYJIETYpe MUKPO-

Oe S

R 3

o®
°q B
°° o

CIop TpeacTaBuTeneil poga Rubus Habatonaercst
B mpucyrctBun 0,15 mr/n 2,4-J1 mpu MCHONb-
30BaHMM MUKPOCIIOp Ha CTaauM HEBAKYOJU3M-
POBaHHBIX KJIETOK, UTO MO3BOJISIET TOBOPUThH 00
HCITOJIb30BaHMN 0003HAYEHHOM KOHIIEHTpALIMU
9TOr0 peryjisiTopa pocTa Kak o (akTope mepe-
KJIIOUEeHUs MyTU Pa3BUTUSI TeHEPAaTUBHBIX KJle-
TOK Ha CIIOPO(UTHBIH ITyTh.

OMOpuonnmoreHe3 pacTteHMii ponga Rubus
Ha MUTATEJIbHBIX CPedax B KYJAbTYpe in vitro
MpeaCcTaBIeH Ha pUCYHKe 1.

6)

Puc. 1. DMOpuonnoreHes npeacraBuTeieil poga Rubus Ha MUTaTENbHBIX cpenax
B KYJIBTYpE in vitro: a) aMOopuouasl Rubus arcticus Ha CTaauu ri00YJIbl,
0) amMopuonnbl Rubus chamaemorus Ha CTaguy TI00YJIbI
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OTHOCUTENBHO KYJIBTYPbl MUKPOCITIOP TIpe.i-
craBuTenel poaga Vaccinium HabIOIAETCS CXOMI-

Hasi KapTUHA, HO ¢ HEKOTOPBIMU OCOOEHHOCTSI-
MH (Tabu. 3).

Tabnua 3

Bnusaue xoHueHTpamnuii 2,4-J1 Ha aKTUBHOCTb SMOPHOUAIOTeHEe3a MpeacTaBUTeIei poaa

Vaccinium B XyJbType MUKPOCTIOP in Vitro

Crannst pa3BUTHS Konmenrpa- Cpok CpenHee CpenHee ConepxaHne
MMKPOCITIOp st 2,4-11, MOSIBJICHUSI KOJIMYECTBO KOJMYECTBO JaHHOM CTaauu
M/ MepBbIX SMOpHON-  KaJUIyCOB, pa3BUTHS
aMOpHou- JIOB, IIIT. IIT. MMKPOCIIOPHI,
JIOB, CYTKU %
Vaccinium oxycoccos
1. Apxecniopuanbibeie 0,00 (KoHTposib) - - - 74+ 3,6
KJIETKY (TIepBUYHbIE 0,05 - - - 72+4.1
1 BTOpUYHbBIC 0,15 _ _ _ 76 + 3.4
CIIOPOTeHHEIE
KJIGEKI/I) 0,25 - - - 75432
0,35 - - - 67142
2. Tetpamsl 0,00 (KoHTpoDb) - - - 72+2,1
0,05 - - - 77 +£6,2
0,15 46 £2, 212,77 - 73+£3,6
0,25 41+3.5 2943 - 70+29
0,35 - 68 £3,0
3. HeBakyomnu- 0,00 (KoHTpoB) - - - 74+ 3,7
3MPOBAHHBIC 0,05 61+3,2 14+£22 - 76 £45
¢ IICHTPAJIbHO 0,15 49+1,3 33+18 - 73+£2,3
JOKATMBOBARHBIM 0,25 50423 18427 - 76+ 5,1
SAApoM
0,35 58+2,7 7x1,5 - 69+1,2
4. CuiibHO 0,00 (KoHTpouib) - - - 72131
BaKyOJIM3MPOBAHHBIE 0,05 - - 21437 70+ 3,5
0,15 - - 24+ 3.6 76 + 3.8
0,25 - - 3+1,2 73125
0,35 - - - 74 £33
Vaccinium uliginosum
1. Apxecriopuasibibie 0,00 (KoHTpoJib) - - - 73£5,2
KJIETKU (TIepBUYHbIE 0,05 - - - 72423
1 BTOPUYHBIE 0,15 _ _ ~ 73437
MTOPOTeHHbBIE
;nefm) 0,25 - - - 65+4,0
0,35 - - - 68 +2,8
2. Tetpansl 0,00 (KoHTpOB) - - - 73+2.5
0,05 - - - 70 £4,2
0,15 46 +2,9 34+4,6 - 72+1,7
0,25 48 +2,3 22+ 3,6 - 71123
0,35 57t44 7+3,6 - 78+3,9
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Crannst pa3BATHS KonteHnTpa- Cpoxk CpenHee CpenHee Conepxanne
MUKPOCIIOp uusa 2,4-/1, MOSIBJIEHUSI  KOJIMYECTBO KOJIMYECTBO JAHHOM CTaiuu
M/ MePBbIX SMOpUOU-  KaJLTyCOB, pa3BUTUS
SMOpUOU- JIOB, TIT. 1T MMKPOCIIOPHI,
IIOB, CYTKH %
3. HeBakyonusupo- 0,00 (KoHTpOJIB) - - - 76 + 3.8
BaHHbBIC 0,05 54+0,8 15+1,9 - 72+5,7
¢ HCHTpalbHO 0,15 51+ 1,8 33+34 - 81+3,8
MORATHIOBATHBIM 0,25 58+30 8407 - 75+3,7
AIpOM
0,35 - - - 79+34
4. CusipHO 0,00 (KoHTpob) - - - 71+£4)5
BaKyOJTM3MPOBAHHBIC 0,05 - - 11+1,3 72433
0,15 - - 15+2,7 73+1,9
0,25 - - 8+4,6 73+3,6
0,35 - - - 76 £ 4,7

IMpumeuanue. [TapameTphl onbiTa: mUuTaTelbHas cpena — Y2 MS, conepxanue 2,4-J1 — 0-0,35 mr/x,
caxapo3bl — 30 r/1, pH = 4,5; KaxabI1ii BapuaHT BBIIIOJIHEH B 3-KPaTHOI ITOBTOPHOCTH; «-» — OTCYT-

CTBUE SMOPUONIOB

B kynbType MUKpocHop mpeacTaBUTENICi
pona Vaccinium ctuMynupyoliee 3MOpPUOUIO0-
reHe3 BoaseiicTBue 2,4-JI OTMEYEHO IIPU KOH-
neHtpauu 0,15 Mr/i1 nurareabHoi cpeabl. I1pu
5TOM Ha CTauM HEBAaKyOJIM3WPOBAHHOU KJIETKU
yaajloch MoJayduTth 33 % 1,8 mr. 3MOpuonaos
y V. oxycoccos n 33 + 3,4 mt. 5MOprOUOOB — Y
V. uliginosum.

BripaxkeHHas1 akTUBHOCTh SMOPUOUIOTEHEe -

a)

3a Mukpocnop Vaccinium HabaogaeTcsl Takxe u
TIPU UCTOJIb30BAHUM CTaAUU TETPaH, TIe KOJU-
4yecTBO 00pa3oBaBIIUXCSI 3MOPUOUIOB COCTa-
Bwio 29 £ 4,3 wr. y V. oxycoccos (0,25 mr/n 2,4-
N) u 3446 mr. — y V. uliginosum (0,15 mr/n
2,4-11).

DMOpronIoreHe3 pacTeHUi pona Vaccinium
Ha MUATATEJIbHBIX CPeIax B KyJABTYpE in Vitro mpe-
CTaBJICH Ha PUCYHKe 2.

Puc. 2. DMOpmonmoreHe3 npeacTaBuTelieit pona Vaccinium Ha TIMTaTEIBHBIX Cpelax
B KYJIBTYpE in vitro: a) aMmOpuouasl Vaccinium oxycoccos Ha CTaiuu cepleyka,
0) amMOpuounbl Vaccinium uliginosum Ha cTaaguu cepievyka

48



BnusaHue KoHueHTpawwn 2,4-[1 Ha NepeKntoYeHe MIAKPOCMOPbI C raMETOYUTHOIA Ha CIOPOGUTHYIO NPOrpaMMy PaBUTHS ..

3akioueHue

B pe3ysbrare BBITTOJTHEHHOTO UCCIIEIOBAHUS
0003HauYEHO BIUsIHME TaKUX (haKTOPOB, KaK CcTa-
JIMST pa3BUTHS TIBLIBLIEBOTO 3€pHA M KOHIIEHTpa-
LUK peryisTopa pocta 2,4-J1 Ha nepekiitoueHue
MyTU Pa3BUTHUS FeHEPATUBHbBIX KJIETOK Ha CIIO-
podUTHBIN TyTh Ha TMpUMEpe MpeacTaBUTEelIeH
ponoB Rubusw Vaccinium B KyabType MUKPOCTIOD
in vitro.

BoisiBneHa Koppensius IJIAHBI  OyTOoHa
(2-9 MM) ¥ TIPOLIEHTHOTO COOTHOIIEHUSI B HEM
TeHEPATUBHbBIX KJIETOK OIpeAesIeHHON CTaluu
WX pa3BUTUS: y MpencTaBuTeeid poaoB Rubus v
Vaccinium cranusi HEBaKyoJIM3UPOBAHHBIX Te€HE-
PaTHMBHBIX KJIETOK C LIEHTPaJbHO JIOKAJIU30BaH-

HBIM $SIIpOM HaOJomaeTcsl Mpu JIJMHE OyToHa
OT 2 10 8 MM.

YcraHoB/IEHO, YTO HAUOOJIbILIEH CITOCOOHO-
CThIO K OOpa3oBaHMIO 3MOpPHUOUIOB 00JIaJal0T
MUKPOCIIOPBI HA CTaAWK HEBAKYOJIM3UPOBAHHOM
KJIETKU C LIEHTPAIBHO PACIIOI0XEHHBIM SIAPOM Y
npencraButeneit Rubus v Vaccinium, a Takxe Ha
CTaauu TeTpan — y o0beKTOB pona Vaccinium.

[TonyyeHHble 1aHHbBIE MOTYT OBITh MCITOJIb-
30BaHbl MPU CEJIEKIIMOHHON paboTe ¢ OINMucaH-
HBIMU TIEPCTIEKTUBHBIMU XO3SHCTBEHHO LIEHHbI-
MM BUIAMU SITOAHBIX KYJIBTYP.

Hccneoosanue @uinoiHeHo 3a cuem epaHma
Poccutickoco nayunoco ¢onoa Ne 22-26-20086,
https://rscf-ru/project/22-26-20086/.
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