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Kamycra 6esnokouannas (B. oleracea L. convar capitata (L.) Alef. var. capitata L. f. alba DC)
BhIpamuBaercs 6os1ee yeM B 90 cTpaHax MUPA U ABJIAETCA OJTHOU U3 OCHOBHBIX OBOIIIHBIX KyJIbTYp Poccum.
ITo ypoBHIO IOTPeO/IEHNS OHA 3aHUMAET TPeThbe MecTo (IOoc/ie 3€PHOBBIX U KapTodess), a Mo o0beMy
BBIpAIIBAHUA - JTUAUPYIOIIEEe MECTO CPEY OBOIIHBIX KYJIBTYP. YUUTBIBasA OMOJIOTUUECKHE 0CODEHHOCTH
9TOM KyJIBTYpPHI (IIepEeKPECTHOONBLIAEMA, C ABYXJIETHUM I[UKJIOM Pa3BUTHA, TPeOyOIIasa JIUTEIbHOTO
Iepuojia APOBU3ALINHI) CEJEKIIMOHHBINA MPOoLlece 0 CO3/IaHUI0 JIMHUM /Il TeTEPO3UCHBIX THOpuAoB F1
TpeOyeT OOJIBIIMX BpPEMEHHBIX U TPYAOBBIX 3aTpaT, COKPAaTUTh KOTOPble BO3MOXKHO TOJIBKO C
HCIIOJIb30BAHMEM  CaMbBIX IIOCJEAHUX  IIePeIOBBIX  OMOTEXHOJOTrHHM. TeXHOJOTHA  KyJIbTYpPBI
HU30JIMPOBAHHBIX MUKPOCIOP iN Vitro CyIecTBEHHO YCKOpPsIeT 3Tallbl CeJIeKIUH PpacTeHUH 3a cYeT
obIcTporo (3a 1-2 roza) mosydeHus yABOeHHbIX rarionsoB (ot anmi. Doubled Haploid (DH)) — uuctbix
Jsmaui co 100% roMmo3UroTHOCTHIO, IOTOMCTBO KOTOPBIX HE PACHIEIUISETCA B IIOC/IEAYIONIUX ITOKOJIEHUAX.
FnaBHpIMU  (akTOpamu, CAEepKUBAIIMMU  I[IUPOKOe IIpUMEHEeHHe TeXHOJIOTUHU, ABJAITCA
reHoTurcrnenu@uUIHas peakiusa pacTeHUH Ha UHAYKITUIO aHApOTeHe3a IIPU BBEJIEHUHU B KyJIbTYpy iN Vitro
MY>KCKOTO raMeTo(rTa 1 HU3Kasi 4YacToTa pereHepamuu moberos u3 sMOPHUOH/IOB.

JJ1 BO3MOKHOCTH IPAKTUYECKOr0 UCIIOIb30BaHuA DH - TeXHOJIOTUH B CeJIeKIIMOHHOM IIpolriecce
HeoOXO/IUM BBICOKHH YpOBeHb ee 3(h(GEKTUBHOCTH, KOTOPBIH MOKHO JIOCTUUYb 3a CUET BBISBJIEHUS U
MOIUDUKAIIA TOTEHIHAIHPHO B3aUMOJEUCTBYIOMMNX (AKTOPOB, BJIHUAIONIUX HA OCHOBHBIE JTAIIbI
TEXHOJIOTHHU: WHAYKIUIO TalJIOUHOTO SMOPHOTeHe3a, YIBOEHHEe XPOMOCOMHOTO Habopa, pereHepanuio
VIBOEHHBIX TaIlJIOUIOB U IOJIyYeHHe CEMEHHOTO ITOTOMCTBa. B pe3ysibrate wWcciejoBaHUN HaMU ObLIU
BBISIBJIEHBI M MOJAUMUIMPOBAHBI OCHOBHBIE KPHUTHUYECKHE (QAKTOPhI, BJIUAIOIIME HA YCIEITHOCTH
sMOpHoreHe3a KamycTbl OesJIOKOYaHHOH. K HHM OTHOCATCS: CTaAus pPasBUTHSA MUKPOCIOP,
BBICOKOTEMIIEPATYPHBIN CTpecC M KHUCJIOTHOCTh IHTATEJIbHOU cpeabl. VIHAYKIHMIO aHApOTeHe3a
Ha0JII0/1aJIH TIPU BBEJIEHUU B KYJIBTYPY iN Vitro MUKpOCIIOp Ha MTO3/IHEN BaKyOJIM3UPOBAHHOM CTaINU U HA
CTa/INY PAaHHEH JByXKJIETOYHOU HBUTBIIEI. [Ipy 5TOM MaKCUMaIbHBIN BBIXO/, SMOPHUOU/IOB OBLI IOCTUTHYT
IIpU COUETAHUU BBICOKOTEMIIEPATYPHOU IIOKOBOM 00paboTku Mukpocnop npu 32°C B TeueHUH 2 CyTOK U
pH nmurarensHoM cpeabl NLN-13 5,8-6,0.

Perenepanusi TpOPOCTKOB M3 3MOPUOU/IOB, JIOCTUTIIIUX CEMSIOIBHON CTajuM, Oblja yCIENTHOU
IIPU HCIIOJIb30BAHUU arapu30BaHHBIX ITUTATEJIbHBIX CpeJl: 6e3ropMOHaIBHON cpezibl MS u cpenbl B5 ¢
nobasyienueM 1 mr/i 6-6en3wiamunonypusa (BAIT) u 0,1 Mr/1 ru66epesTHHOBOM KUCIOTHI.

Biarogaps moJHOMY KOMILIEKCY YCJIOBUM JjIf YCHENTHOTO SMOpUOreHe3a MUKPOCIIOP KaIlyCThl
0es10KOYaHHOU OBLT JJOCTUTHYT MAaKCHMAaJIbHBIN BBIXOJ] SMOpHonAoB - 257,33+21,671rT./gamky [lerpu.
Hcnonp30BaHue NPOTOYHON ITUTOMETPUM HA paHHeN »sTamax pa3Butusa DH-pacteHuii mo3Bosmi
OT/IeJINTh y/ABOEHHble TaIUIONAbl OT TaIVIOW/IOB, TEeTPAIUIOWJI0B U MHUKCOIUIOWJIOB. AHaIU3 C
MUKpoOcaTe/UIUTHBIMU (SSR) MapkepaMu MOKa3ajl HaJU4YUe BCErO OJIHOM aUleld y TOJIyYeHHBIX
pacTeHUi, UTO MOKET MOATBEPKAATh UX TOMO3UTOTHOE COCTOSTHHE.

Kniouesvle cnosa: xamycra 0eJIOKOYaHHAs, YABOEHHBIE TaIIOWABI, KYJIbTYpa H30JIMPOBAHHBIX
MHKpPOCIIOP in Vitro.
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White cabbage (B. oleracea L. convar capitata (L.) Alef. var. capitata L. f. alba DC) is grown in
more than 90 countries of the world and is one of the main vegetable crops of Russia. In terms of
consumption, it ranks third (after cereals and potatoes), and in terms of cultivation volume, it is the leader
among vegetable crops. Taking into account the biological specifics of this crop (cross-pollinated, with a
two-year cycle of development, requiring a long period of vernalization), the selection process to develop
lines for heterosis F1 hybrids requires a lot of time and labor costs, which can be reduced only by using the
latest advanced biotechnology. In vitro culture of isolated microspores in vitro significantly accelerates the
stages of plant breeding by quickly (1-2 years) obtaining Doubled Haploid (DH). - pure lines with 100%
homozygous, the progeny of which are not split in subsequent generations. The main factors limiting the
wide application of the technology are the genotype-specific response of plants to the induction of
androgenesis when the male gametophyte is introduced into in vitro culture and the low frequency of shoot
regeneration from embryoids.

For the possibility of practical use of DH-technology in the breeding process, a high level of its
efficiency is required, which can be achieved by identifying and modifying potentially interacting factors
affecting the main stages of the technology: induction of haploid embryogenesis, doubling of the
chromosome set, regeneration of doubled haploids and production of seed progeny. As a result of our
research, we identified and modified the main critical factors affecting the success of white cabbage
embryogenesis. These include: microspore developmental stage, high temperature stress and acidity of the
nutrient medium. Induction of androgenesis was observed when microspores at the late vacuolized stage
and at the early two-cell pollen stage were introduced into in vitro culture. The maximum vyield of
embryoids was achieved with a combination of high-temperature shock treatment of microspores at 32°C
for 2 days and pH of nutrient medium NLN-13 5.8-6.0.

Regeneration of shoots from embryoids that had reached the cotyledon stage was successful using
agarized nutrient media: hormone-free MS medium and B5 medium supplemented with 1 mg/L 6-
benzylaminopurine (BAP) and 0.1 mg/L gibberellic acid.

As a result of a full complex of parameters for successful embryogenesis of white cabbage
microspores, the maximum yield of embryoids was reached - 257.33+21.67sht./Petri dish. The use of flow
cytometry early in the development of DH plants allowed us to separate doubled haploids from haploids,
tetraploids, and mixoploids. Analysis with microsatellite (SSR) markers showed the presence of only one
allele in the obtained plants, which may confirm their homozygous state.
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