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Pedhepart: [MonepenHs obpobka konoccs 3a HWU3bKOI TemnepaTypu Nepes BUMyYeHHAM Ta iHOKYMSALUIE NUMSKIB Ha XUBWUMbHE cepe-
[OOBVILLE € BaXITMBUM EMEMEHTOM TEXHOSOTI OTPMMaHHS rannoifiB 6araTbox BUAIB BULLMX pocnvH. BkazaHa npoueadypa He nuviie cnpusie
NMOAOBXEHHIO ONTUManbHOI hasn po3BUTKY MIKPOCMNOP, @ 1 CTUMYIIOE iX aHOManbHUA GaraTopa3oBuWin NOAIN i3 YTBOPEHHAM Kartocy, eM-
Gpioiais i nigBKLLYe YacToTy pereHepadii pocnuH. [locnigkeHo BNNvB TPMBANoCTi Ta cnocoby nonepeaHboi 06pobku Komnoccs, reHoTuny
Ta cknagy XVBUIbHOTO cepeaoByLla Ha eheKTUBHICTb YTBOPEHHS MOPAPOreHHNX CTPYKTYpP i pereHepaLito pOCMWH y KynbTypi NUNSKIB in
vitro sporo sumeHto. TemnepatypHomy Bnnuey 4°C nigaasanu 3pizaHi naroHV ABOX COPTIB i NiHii Aporo s4MeHto npotarom 5 Ai6 (KoHTporb)
Ta i3onboBaHe Koroccs npotarom 28 Aid. AcenTUYHO BuAaneHi NuUnsku KynsTUBYBanv Ha XUBUIbHUX cepefoBuMLLax, ski MiICTUM coni
Makpo- i MikpoenemeHTiB BignosigHo Ao nponucie N6 Ta MS, disionoriyHo akTUBHI pe4oBUHMW, ManbsTO3y Ta Pi3HUIUCS reneyTBOPIKYMMU
KOMMoHeHTamu (arap-arap abo ximiyHo MoamdikoBaHuin kpoxmans [15a-M) y onTumanbHUX Ans reneyTBOpeHHst KOHUEHTpaLisx. BctaHos-
rnieHo nepesary nonepeaHbL0i 06pPo6KM i30NbOBaHOroO Konoccs 3a Temnepatypu 4°C TpuBanicTio 28 Aib nopiBHSHO i3 36epiraHHAM NaroHis
nicns 5-go6oBoi ekcno3uuii Ta AOUINMbHICTE 3aCTOCYBaHHA Yy CKNafi XUBUIbHOTO cepedoBuLLa KpOXMario 3amicTb arap-arapy. Y niHii
[ro0-126 i3 reHeTMYHO AeTepMiHOBAHOK BMCOKOK 34aTHICTIO IO aHAPOreHesy in Vitro 3a NoegHaHHS LMX MeTOAUYHUX MiAXOAiB YacToTa
pereHepadii HopMmanbHO NirMeHToBaHMX pocnuH 3pocna 3 23,4 o 100%.

Kntro4yoBi cnoBa: spuii SuMiHb, HM3bKa Temneparypa, KynsTypa NUnsikis in vitro, arap-arap, KpoxMarb.

Pedrepart: MNpeasaputensHas o6paboTka KONOCLEB NPU HU3KOW TEMNepaType nepes BblUYrEHEHUEM U MHOKYMSILMEN NbINIbHUKOB Ha
nuTaTenbHyto cpeay SIBNSIETCS BaXXHbIM 31IEMEHTOM TEXHOMOrMM NOMyYeHWs ranfovaoB MHOTVX BUOOB BbICLUMX pacTeHunid. [laHHas npoue-
Aypa He TonbKO CnocobCTByeT YBENUYEHWIO ANUTENBHOCTY ONTUManbHOM a3kl pasBUTUS MUKPOCTOP, HO M CTUMYNUPYET MX aHOMarnbHoe
MHOrokpaTHoe AerneHve ¢ obpa3oBaHneM kanmnyca, aM6pMonaoB 1 NOBbILLAET YacTOTy pereHepauuy pacteHui. iccnegosaHo BnusiHne
NpOJOIHKUTENBHOCTU 1 cnocoba NpeaobpaboTki KONoCbeB, reHoTMNa 1 reneobpasyoLLlero KOMNOHEHTa NUTaTENbHOM cpeabl Ha addek-
TMBHOCTb 06pa3oBaHms MOPOreHHbIX CTPYKTYP M pereHepaLum pacTeHuin B KynsTyp MbIfIbHUKOB in Vitro spoBoro siumeHsi. Bozgenctauto
Temnepatypbl 4°C noaeepranu cpesaHHble nobern AByx COPTOB U MIMHUKN B Te4eHUe 5 cyTok (KOHTPOSb) Y U30MMPOBaHHbIE KONOChS B
TeveHue 28 cyTok. ACENTUYECKN BblYMEHEHHbIE MbINbHUKX KYNBTUBUPOBAW Ha NUTATENbHbIX cepeax, KoTopble coaepxany Conv Makpo-
N MWUKPO3MEMEHTOB COOTBETCTBEHHO No nponuncaMm N6 Ta MS, dusmonormyeckm akTuBHble BelLecTBa, ManbsTo3y W pasnuyanunch rene-
o6pasyrLMMm KOMNOHEHTaM (arap-arap Uy XMMU4Yecky MoancuLMpoBaHHbIi kpaxman [5a-M) B onTumarnbHbIx Ans reneobpasoBaHns
KOHLEHTpauusax. YCTaHOBMNEHO NPeumMyLLecTBO NpeobpaboTku N30NMPOBaHHbIX KONOCkeB Npu Temnepatype 4°C B TedeHue 28 cyTok no
CpaBHEHWIO C XpaHeHneM noberos nocrne 5-CyTOYHOM AKCMO3NLMM 1 Lienecoobpa3HoCTb UCNONb30BaHUS B COCTaBe NuTaTenbHOW cpefbl
Kpaxmana BmecTo arap-arapa. Y nuHum [IF00-126 ¢ reHeTu4ecku AeTepMUHMPOBaAHHOM BbICOKOW CMOCOBHOCTLIO K aHaporeHesy in vitro
npyv COBMECTHOM MCMOMNb30BaHUMN 3TUX METOAMYECKUX NOAXOAOB YacToTa pereHepauuy HopMasnbHO NMUIMEHTUPOBAHHBIX PACTEHWI BO3-
pocna ¢ 23,4 oo 100%.

KntouyeBble crnoBa: ApoBoi A4MeHb, HU3Kas TemnepaTtypa, KynbTypa MnbibHWUKOB in Vitro, arap-arap, kpaxman.

Abstract: The spike pretreatment at low temperatures before isolating and inoculating anthers in a nutrient medium is an important
element of technology for producing haploids of many species of higher plants. This procedure not only extends the optimal stage duration
of microspores’ development, but stimulates their abnormal multiple division with callus and embryoids formation, increases the fre-
quency of plant regeneration as well. Here, we have studied the impact of the duration and the mode of spike pre-treatment, genotype
and gel-forming component of nutrient medium on the efficiency of morphogenic structure formation and plant regeneration in spring
barley in vitro anther cultures. The cut tillers of two varieties and line and the isolated spikes were kept at 4°C for 5 (the control) and
28 days, respectively. The aseptically isolated anthers were cultured in nutrient media, which contained salts of macro- and microelements
according to the N6 and MS formulations, physiologically active substances, maltose, and differed by gel-forming components (agar
or chemically modified starch D5a-M) at the concentrations optimal for gel formation. The advantage of isolated spike pretreatment
at 4°C within 28 days versus the tiller storage after a 5-day exposure and the expediency to use starch instead of agar in the nutrient
medium, have been established. The combination of these methodical approaches resulted in an increase in the frequency of green
plant regeneration in line DH00-126 with a genetically determined high capability to in vitro androgenesis from 23.4 up to 100%.

Key words: spring barley, low positive temperatures, anther culture in vitro, agar, starch.
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Kynerypa mnunsikiB in vitro € yHiBepCabHUM
METOZIOM OTPUMAHHS TaIUIOINiB BHUIIHMX POCIUH,
SIKUM TPYHTYETHCS HAa CTUMYJTFOBaHHI aHOMAaJIbHOTO
0araropazoBOro MOALTY MiKpoCHop (KIIITHH-IIOTNE-
PEOHUKIB THJIKY 3 TIOJJOBUHHHUM HaOOpOM XpOMO-
COM) 13 TIOJAJIBIIMM YTBOPCHHSIM KallflOCy YH eMO-
pioiniB. Lli MopdoreHHi cTpykTypH 3a NMEBHUX YMOB
3/IaTHI IO pereHepariii raluioiqHIX PO CInH, TOIBOEH-
HSl XPOMOCOMHOTO Ha0Opy SKUX JO3BOJISIE HIBHIIKO
CTBOPUTH KOHCTAHTHI TOMO3WUTOTHI JIiHIi, III0 MalOTh
BEIHMKY I[IHHICTh JJII CKOPOYCHHS TPUBAIOCTI Ta
MiBUIICHHS €()EKTUBHOCTI CEJIEKIIHHOTO TMPOIEeCy
PI3HHX CUTLCHKOTOCIONAPCHKUX KYIBTYp [6, 8]. Oc-
TaHHIMH POKaMU PO3BUTOK JOCIHIKCHb 3 MapKe-
PYBaHHA Ta KapTyBaHHS T'€HIB 1 po3poOKa cuctem
MapKep-acoliioBaHoi cenekuii 0O0yMOBWIH CTpiM-
KE 3pOCTaHHsA IHTEpPECy M0 IOABOEHUX TaIljIoi/liB
SK 3pyYHOTO Marepiajiy JJsl MOJEKYJspHO-TeHETHY-
HOTO aHajiizy ¥ ambTepHATUBU PEKOMOIHAHTHUM iH-
OpemHUM JIiHIAM, IJIT OTPUMaHHS SKUX HEoOXimHe
caMO3aITiJICHHS BIPOAOBK 6—8 pokis [16].

Crmig BIAMITHTH, IO IS KOHKYPEHTOCIHIPO-
MOKHOCTI TaIUIOiTHUX TEXHOJIOTiH 3 METOaMH Tpa-
JUIHHOT ceNekilii Mae OyTH BUPINICHO mpoOiieMy
MacoBOi IHAYKIIi ramioifi, TOOTO IX OTpUMAaHHS
y IOCTaTHIA JJis TOAANBIIOr0 aHaji3y KIIBKOCTI
(50—100 mT.) BiJg MOBUILHOTO COPTY YW KOMOiHAIIi{
cxpeuryBanHs. Lle moTpebye yaOCKOHAJIEHHS Me-
TONWYHUX TPUHAOMIB, SKi 1HIIIIOIOTH TaIUIOMPOIYK-
MIHHAA TIpoIleC 1 BU3HAYAIOTh KUIBKICHI Ta SKiCHI
XapaKTepUCTUKH MOPGOTEHEY in Vitro.

OmHuM 13 TakWX TMOMIMPEHUX METOAMYHUX IPH-
HoMIB € momepenHss oOpoOKka POCIMHHOTO Marepia-
JIy B yMOBaxX HHU3bKOI MO3UTHBHOI Temmeparypu (1...
7°C), mepen BuWIy4eHHSM MNWIsAKiB. Temmepatypa,
ICTOTHO HIDKYA 33 ONTHMAIBHY JIJIS MiKpPOCIIOPO- Ta
raMeToreHesy, 3aTpuMye Iepexia Mikpocmop 10 ¢op-
MYyBaHHSI TTWJIKOBUX 3€PCH 1 MOMOBXKYE NepeOyBaHHS
MIKpPOCIIOp Yy CepeiHili uM Mi3Hii BaKyolsli30BaHil
¢aszi, Mo Mae KPUTHYHE 3HAYCHHS IJISl YCHIIIHO-
ro OTpMMaHHS aHAporeHHHX rarwtoimiB [15]. Bera-
HOBJICHO, IO HHU3BKOTEMIIEpaTypHa TOMepenHs 00-
poOKa MPHU3BOAUTH O PSAY CEPHO3HUX TMOPYIICHb
MeTaloIi3My 1 CTPYKTYpPH KIITHHH, SKi CTBOPIOTH
TIepeayMOBH I neaudepeHIiiaii BUCOKOCTIEIiai-
30BaHHUX KJIITHH, SKUMHU € MIKPOCIIOPH, Ta IX BiJIXH-
JICHHS B HOPMaJbHOTO ramMeTo(iTHOTO PO3BUTKY
[10, 13].

Brnepme ngito xomony Ha Oytonu Datura inno-
Xia L., mpu3HaueHi AJis MONANBIIOTO BIITYYEHHS 3
HUX TWIIKIB JUIS KYIBTYpU i1 Vitro, 3aCTOCYBaJId
C. Nitsch Ta B. Norril [muroBano 3a 14]. Ha ceoron-
HI BiZIOMO Kilbka Monu(ikaiid HU3BKOTEMIIEPaTyp-
HOI TIOTIePEIHBbOi OOpPOOKH POCIMHHOTO Marepiany
JUISl OTPUMAHHS aHJ[POT€HHUX TarlIoiiB, IO 3aCTO-
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Anther culture in vitro is a universal method
for haploid production in higher plants. It is based
on the stimulation of abnormal repeated division
of microspores (precursors of pollen grains with
a half chromosome set) which results in callus or
embryoid formation. Under appropriate conditions,
these morphogenic structures are capable to regene-
rate haploid plants, and the doubling of their chromo-
some number allows rapidly produce stable ho-
mozygous lines valuable for decrease a duration of
crop breeding and increasing its efficiency [1, §].
Recently, development of investigations in genetic
markers and gene mapping as well as elaboration
of systems for marker-assisted selection (MAS)
has led to drastically increased interest to doubled
haploids as a convenient material for molecular
genetic analysis and alternative to recombinant inbred
lines, which can be produced only via inbreeding
for 6—8 years [16].

Notably, for haploid techniques to be competitive
with conversional breeding methods a problem con-
cerning mass haploid production should be sol-
ved, i. e. haploids should be obtained in sufficient
for further analysis amount (50—100 units) from
any cultivar or cross combination. This demands the
improvement of methodological approaches which
initiate a haploid production and determine both
quantitative and qualitative traits of morphoge-
nesis in vitro.

Pretreatment of plant material at low positive
temperatures (1...7°C) before anther isolation is one
of these widely applied methodological approaches.
The temperature, significantly lower than the optimal
one for microspore- and gametogenesis, delays the
transition of microspores to pollen grain formation
and increases a duration at the middle and the late
vacuolated stages of microspore development, that
is of crucial importance for successful haploid pro-
duction. It was also determined that cold pretreat-
ment led to the serious abnormalities in metabolism
and cell structure, creating the premises for dediffe-
rentiation of highly specialized microspore cells
and their deviation from the normal gametophytic
development [10, 13].

Nitsch and B. Norril were the first who applied
the cold pretreatment to the Datura innoxia L. blos-
soms intended for anther removal and in vitro
cultivation [cited by 14]. Nowadays, several modi-
fications for plant material cold pretreatment to
produce androgenic haploids have been known and
applied according to the species taxonomy, as well
as the research purposes [8].

In barley, which is an important crop, the efficiency
of cold pretreatment for spikes isolated from leaf
sheets and put into Petri dish was shown at 7 and
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COBYIOTBCS BIITIOBITHO JI0 BHUJIOBOI NMPHHAJICKHOCTI
00’€eKTa Ta 3aBIaHb AOCTIKEHb [§].

I sTaMeHro, KW € BaXKITUBOKO CUTBCHKOTOCIIO-
JApPCHKOIO KYJIBTYPOIO, TTOKa3aHO €(hEeKTUBHICTH IOTIe-
penHpoi 0OpOOKM BHIIYIEHOTO 13 JIMCTOBOI ITIXBH
KoJyioccs y gamkax I[lerpi 3a remmeparypu 7°C BIpo-
noBx 14 ni6 ado Temmeparypu 4°C Brponorx 28 mid
[11]. Takox mOBemeHO €PEKTUBHICTD 30€piraHHs Ko-
nmoccst 3a temmeparypu 4°C y poszunni 0,3M maHi-
TOIY JUIsi OTPUMAHHS TaIlIoi/[iB y KyJIBTypi 130JIb0Ba-
HUX Mikpocmnop [12] Ta KyasTypi NHISIKIB in vitro [2].

Cri 3a3HaYUTH, IO MACOBE OTPUMAHHSI TaIuIOIIiB
1 JIIHI{ TTOIBOEHUX TAIUIOIAIB JUIS CENCKI[IHUX TPOT-
pam mependavae 3aydeHHs 10 Taruioifnnu3aiii Beiu-
KOI KiJIbKOCTI TiOpUIHUX KOMOIHAIliH, EKCIUTAHTAII0
THCSY TMWISAKIB Ta pPEreHepaliio sKoMora OuThIIOT
KUTBKOCTI POCITHH. 3 OTISALY Ha TEXHIYHY HEMOXKITH-
BICTh OIHOYACHOI IHOKYJIAII Ha JXUBUJIBHE cepe-
JIOBUIIIC BEIUKHUX OOCSTIB POCIMHHOTO Marepia-
Iy 0COONMMBOi aKTyaJlbHOCTI HaOyBae po3poOOICHHS
METOJIIB TPHUBAJIOTO 30epiraHHs KOJIOCCS B yMOBax
HU3BKOI TemIeparypu 0e3 BTpaTH MIiKpOCIOpaMu
3ATHOCTI JO0 aHJPOTEHHOTO PO3BUTKY. Kpim Toro,
JUIs 3a0e3MeueHHs] BHCOKOTO PiBHS peaiizallii Mop-
(OreHHOr0 TOTEHLiany KyJABTYpH TMIiCls HHU3BKO-
TEMIIEPaTyPHOI OOPOOKU BaXKIMBOKO € ONTHMI3aIlis
CKJIaJly JKUBWJIBHUX CEPEIOBUIIL

Pesynmprati mocnmipkeHb 3 YIOCKOHAJIEHHS IIO-
TepeNHbOi 0OPOOKHM TOKa3aau, Mo 30epiraHHs i30-
JHOBAHOTO KOJIOCCS SPOTO slAMEHI0 B wamrkax lle-
Tpi 3a Temmeparypu 4°C Bupomosx 28 mib 3a Bimo-
MuM MeTozioM [11] mpu3Beno Mo BTpaTH CyHBITTIAMH
Typropy, ak 0 IOBHOTO iX BHUCHXaHHsS. HaTomicTh
3arpoItoHOBaHa MOIU(IKaIlis I[HOTO METOY 3a TOTO
K TEMIEPATYPHOTO PEXKUMY 1 TPUBAIOCTI HE JIUIIIC
crpussia Kpauliii 30epeXeHOCTi KOJOoccs, 30Kpe-
Ma BifiOpaHOTrO 3 POCIHH, BUPOILCHHUX Y MOJHOBUX
YMOBaxX 3a HECHPHUSITIHBOTO TiIPOTEPMIYHOTO pe-
KHUMY, 8 ¥ 30UIbIIEHHIO KiIBKOCTI POCIUH-pErcHe-
paHTIB y KyJAbTYpi NMWISAKIB in vitro [4]. 3a3Buuait
JUTA KyTGTUBYBaHHS MWISIKIB BUKOPUCTOBYIOTH CTaH-
JTapTHE arapu3oBaHE JKHUBIJIbHE cepemoBuie [5].
VY 3B’SI3Ky 3 UM TIOCTA€E MMUTAHHS 1100 MOKIHBOCTI
OTPUMAaHHSA BUCOKHX TaIlIONPOAYKIIHHUX TMOKa3HU-
KiB 3a KyJIbTUBYBaHHS IMIJISAKIB 13 KOJIOCCS, iATaHOTO
JOBrOTPHUBAJIil HU3BKOTEMIIEpaTypHiii oOpoOui, Ha
OLUITBII JTOCKOHAJNX JKUBWJIBHUX CEPEOBHINAX, 30K-
peMa THX, y CKJIaJli SKUX TPATUIIIHHINA reJIeyTBOPIO-
Bay arap-arap 3aMiHEHO Ha XiMiYHO MoxauQikoBaHi
Kpoxmaiti. Pe3ynbrarv TpoBeneHUX HaMH JOCIii-
JKEHb JTOBEJH, 110 CaMe€ TaKui METOAMYHUN IpUiioM
ICTOTHO TIiABHIIY€E YacTOTy pereHepallii pociuH y
KYJIBTYpl TAJISKIB SPOTO SIIMEHIO 332 PaxyHOK CTH-
MYJIAIT YTBOPEHHS 3 MIKpOCIIOp eMOpPioimiB, CXOKHUX
3a OyZ0BOIO Ha 3apOJ0K HACIHMHU 1 3IaTHUX 110 TIPO-

=3

4°C within 14 and 28 days, respectively [11]. The
efficiency of spike storage at 4°C in 0.3 M mannitol
solution for barley haploid production both in
anther [2] and isolated microspore [12] culture in
vitro was also proven.

It should be noted that the mass haploid pro-
duction in breeding programs supposes the involve-
ment in haploidization of a large number of cross
combinations, inoculation of thousands of anthers
on nutrient medium and regeneration as many plants
as possible. As a simultaneous inoculation on nut-
rient medium of a large volume of plant material
is rather difficult technical task, the development
of the methods allowing a long-term spike storage
at low positive temperatures, preventing the loss
of microspore capability to androgenic development,
has appeared to be very important. Besides, the
optimization of culture medium composition is
considered to be of great importance for ensuring
a high level of culture morphogenic potential to re-
generation after cold pretreatment.

The findings on improvement of cold pretreat-
ment showed that the storage of spring barley iso-
lated spikes in Petri dishes at 4°C for 28 days
according to the well-known method [11] led to loss
of turgor up to complete drying of inflorescences.
At the same time, the proposed modification of
this method including the same pretreatment tem-
perature regimen and duration not only promoted
a higher survival of spikes, in particular those remo-
ved from plants grown in the field under severe
drought and high temperature conditions, but also
increased a number of plants regenerated in anther
culture in vitro [6]. As usual, the basic nutrient
medium solidified with agar is applied for anther
cultivation [7]. In this regard, of interest is to
search for the opportunity to obtain higher level
of haploid production in the in vitro culture of an-
thers isolated from the spikes subjected to long-
term cold pretreatment using more improved media.
For the latter, the application of chemically mo-
dified starches instead of agar as the gelling agents,
was found to be promising. Our findings have
proven this methodological approach to significantly
increase the frequency of plant regeneration in
spring barley anther culture in vitro. This occurs
due to promoting the development of microspore-
derived embryoids close to seed embryo in their
structure and capable to germinate and form plants,
that allows achieving the regeneration more ra-
pidly in comparison with shoot organogenesis in
callus culture [5].

The research aim was to investigate the expe-
diency of combining a long-term spike cold pre-
treatment and anther cultivation in the medium,
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pOCTaHHSI 3 YTBOPEHHSM POCIHH, 1 JO3BOJSE LIBHUI-
1I€ AOCSTTH PETeHepallii MOPiBHSAHO 3 CTEOJIOBUM Op-
TaHOTE€HE30M Y KaIFOCHIN KyabTypi [3].

Mera poboTn — BH3HAYEHHS AOIUILHOCTI TOE-
HaHHS B OTHOMY TEXHOJIOTIYHOMY ITPOIIECi JOBTOTPH-
BajIOi IMOMEPEeIHbOI HU3BKOTEMIIEPATypHOi 00pOOKHU
KOJIOCCS Ta KYJIBTHBYBaHHS MUISKIB HA CEpeIOBHIII
3 XIMIYHO MOAU(IKOBAHUM KPOXMaJeM sl IIiJIBH-
IIEHHS YaCTOTH YTBOPEHHS MOP(QOTCHHUX CTPYKTYP
1 pereHepauii HOpPMadbHO MIrMEHTOBAHUX POCIHH
Y KyJABTYpi NUWISKIB 71 Vitro Sporo SYMEHIO.

Marepiaau i MeTonHn

s mocmimkens Bukopuctanu JiHito [11°00-126,
OTpUMaHy HaMH METOIOM KYJIBTYpH MUJISIKIB in Vitro
Ha ocHOBI riopuay F1 Ex3ornk x XapkiBcekuii 74,
Ta coptu Ex3ormk i ®enikc (cenekmis IHCTHTYTY
pocnuuaunTea iM. B.Sl. FOp’esa HAAH), sxi manu
KOHTPACTHY 3JaTHICTb JI0 aHIPOTCHE3Y in Vitro.

Pocnuan BupomryBanu Ha IOCHITHIN IUTAHIIL.
Komoccst mobupann B MOMEHT AOCSATHEHHS MIKpPOC-
nopaMy CepefHbol Ta Mi3HBbOI (a3 PO3BHUTKY, SKi
BH3HAYAJIM HA TUMYACOBHX Mpenaparax MUIsKiB, 3a-
OapBieHUX 2%-M pO3YMHOM KapMiHy y 45%-i1 onro-
Bilf KHCJIOTI 3 BUKOpUCTAaHHIM Mikpockoma « BIOLAR
SK 14» («PZO», Ionbma). Komoccst y mucrosiit
mixBi crepunizyBamu 70%-M €TUJIOBHUM CHHPTOM
Brponork 10—15 xB.

bazoBuM Oyio po3poliiecHe HaMHU JKUBUJIBHE Ce-
penosume NMS mon.2 [5]. KorTponbHai 3pizaHi ma-
TOHM BUTPUMYBaJK y Bomi 3a Temmeparypu 4°C y
XOJIOMUJIBHUKY B TEMPSBI BIPOIOBK 5—6 110 i3 10-
JANBIIAM KYJIBTUBYBaHHSM MUISKIB HA CEpEeIOBHIIT
NMSwmon.2, sike mictuno 0,8% arap-arapy («Ferak»,
CILIA).

Jns mocnmigHuX BapiaHTIB YyTJIMBOI O aHAPO-
renesy in vitro nminii JI00-126 Oymo mepenbadeHO
MoTepeIHI0 00POOKY 130JIbOBAHOTO KOJIOCCS 33 TEM-
neparypu 4°C y XOIOOWIBHHKY BIPOAOBXK 28 i
y gamkax [lerpi giamerpom 100 MM B ymMoBax BH-
COKOi BIJIHOCHOI BOJIOTOCTI, aje 6e3 IpsIMOro KOH-
TakTy 3 Bomoto. lle mocsranocs Ha BIAMIHY BiT 10-
JMaBaHHS KUTBKOX Kpamenb Bomu [11] moisxom BMi-
mieHHs Jamku Ilerpi giamerpom 30 MM, HaITOBHEHOT
Bomoro (puc. 1). Ilicnsa momepenanoi 0O6poOKM TH-
JISIKK KYJIBTUBYBAJIM Ha CEPEIOBUILI 3 arap-arapom
(BapianT 1) Ta XiMiyHO MOIU(IKOBAHUM KpOXMajIeM
H5a-M y xonnentpauii (12,0%) (Bapiant 2). V 3 i
4 BapianTax OyJl0 3aCTOCOBaHO METO[ MOIEPEAHBO]
00poOKH 130IbOBAHOTO KOJOCCS, SIKUM BiApi3HSBCA
BiJl HAaBEICHOIO BUILE MPOTOKONy AONATKOBUM €Ta-
TIOM TIiATOTOBKH KoJtoccs [4]. Jlami Muisaku KyJIbTHBY-
Balld Ha CEpPEIOBHINAX i3 arap-arapoMm (BapiaHt 3)
1 xiMiyHO MoaudikoBaHUM KpoxmaiieM J[5a-M (Ba-
pianT 4). JI)1si TEHOTUIB 13 HU3BKOIO 3aTHICTIO 10
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Puc. 1. NonepegHsi o6pobka pocnuHHOro matepiany siporo
AYMEHIO OANS KynbTypy NuUnsikiB in vitro: naroHu y Bogi (A);
Koroccsi 6e3 NpsiMoro KoOHTakTy 3 Bogot (B).

Fig. 1. Pretreatment of plant material for spring barley
anther culture in vitro: tillers in water (A); spikes without
direct contact with water (B).

solidified with chemically modified starch to in-
crease the frequency of morphogenic structure for-
mation and normally pigmented plant regeneration
in spring barley anther culture in vitro.

Materials and methods

Spring barley line DH00-126 produced through
in vitro anther culture on the base of F1 hybrid
Ekzotyk x Kharkivskyi 74 as well as spring barley
cultivars Ekzotyk and Feniks with a contrast andro-
genic capacity (bred at the Plant Production Insti-
tute named after V. Ya. Yuryev of the National
Academy of Agrarian Sciences of Ukraine) were
used in the investigation as model genotypes.

Plants were grown in field condition on expe-
rimental plot. Tillers were collected when micro-
spores had reached middle or late vacuolated pha-
ses of their development. Microspore developmental
stage was estimated on squash preparations of
anthers, stained with 2% carmine solution in 45%
acetic acid with light microscope BIOLARSK 1
4 (PZO, Poland). Spikes in leaf sheaths were steri-
lized with 70% ethanol for 10—15 min.

The developed NMSmod2 induction medium
was used as a basic one [7]. Control cut tillers
were kept in water at 4°C in the dark in a refri-
gerator for 5—6 days. After pretreatment isolated
anthers were cultivated in NMSmod2 media soli-
dified with 0.8% agar (Ferak, USA).

In experimental variants with highly androgenic
line DH0O0-126 the pretreatment of spikes removed
from leaf sheath at 4°C in a refrigerator for 28 days
in Petri dishes (100 mm diameter) at a high humi-
dity but without a direct contact with water was
envisaged. This was provided by means of placing
a smaller dish (30 mm diameter) with water inside
Petri dish containing isolated spikes (Fig. 1) in cont-
rast to adding a few drops of water as recommen-
ded [11]. Isolated anthers were cultivated in the
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annporenesy in vitro (Exzorux i ®denikc) ekcnepu-
MeHTajJbHa cxeMa Oyla CKopoueHa 1O BapiaHTy 3.
[Ipenapar ximMiuHO MOAN(IKOBAHOTO KpOXMalio Oy-
70 cTBOpeHO B IHcTHTYTI Gioopraniunoi Ximii Ta
Hadroximii im. B.I1. Kyxapa HAH Vkpainu Ta HanaHo
ILI. dynpHeBUM. Y KOXHOMY BapiaHTi IOCHiAy Ha
KUBHJIbHE CEpEJIOBUINC BUCA/KYBAIM HE MEHIIE
260 mumsakiB. [Ipobipkw 3 TIISIKAMU BUTPHUMYBa-
Ty TepMocTari 6e3 OCBITIECHHS 3a TeMIlepaTypHu
24..25°C. Cnoctepexenns npoBomwtd 3 20-i 1oou
BiJ] MOYATKy KyJIbTHBYBaHHSI.

Kanrocu Ta emOpioigm Ans OoTpUMaHHS POCIHH-
pEereHepaHTiB TepecaKyBaid Ha MoaudikoBaHe
cepenoumie MSR [3]. EdekruBHicTs anmporeHe-
3y in Vitro BU3HA4YalIM 3a KUIBKICTIO MOP(OTreHHUX
MWISKIB, HA SKUX OYyJO BiMiYEHO TMOSBY KaJIOCy UM
eMOPI0iNiB 1 3eJICHUX POCITHH-PETEHEPAHTIB, Y BIICOT-
Kax Bif 3arajabHOI KIJIbKOCTI BUCADKEHUX MMJIAKIB.

3HaYYymIiCTh PI3HUIN MDK JOCIITHAMU BapiaHTa-
mu oninroanu 3a HIP , sixy oTpumyBau 3a 10momo-
TOI0 JINCTIIEPCIHOTO aHAalli3y SIKICHAX 03HAaK 32 BUKO-
puctanns nporpamu «Microsoft Office Excel 2010»
(«Microsoft Corporationy», CIIA).

Pe3yabTaTn T2 00rOBOpEHHS

AHautiz pe3ynabTaTiB JOCTiIKEeHb BUSIBHUB (Talbnu-
1), 100 3a KyJIbTHBYBaHHs mnwisikiB iHii J['00-
126, sixi Oynu BUIIYYeHi i3 KOJIOCCSA, BUTPUMAHOTO
3a Temneparypu 4°C 6e3 mpsMoro KOHTAKTy 3 BO-
T010 BITposoBk 28 mi6 [11], Ha cepemoBuIi 3 arap-
arapom (BapiaHT 1) HOKa3HUKH TaruIONPOAyKIii Oymm
ICTOTHO HIDKYI 32 KOHTPOJIbHI. 3aMiHa arap-arapy
XiMiYHO MoaM(IKOBaHMM KpoxMmajieM (BapiaHT 2)
HE TIpHUBENia N0 MiIBHINEHHS €(PEKTUBHOCTI YTBO-
peHHsT MOp(OTeHHUX CTPYKTyp i pereHepaii poc-
JIH 32 BUKOPUCTaHHs Marepianty, 00poOIeHoro uum
cnocobom. HatomicTs Oyno miaTBepAKeHO mepeBaru
MoAH(iKOBaHOTO METOIY MOIEPeAHbOi 00poOKH [4]
LIOO SIKOCTI KOJIOCCA 1 MHJISIKIB MicCIsl TOBTOTPH-
BaJIOro 30epiraHHs i MO3UTUBHOTO BIUTUBY Ha IOKa3-
HUKH Tarmionpoaykitii. 3okpema, y minii JAI'00-126
OyJI0 BiIMIUEHO iCTOTHE 30IIBINCHHS SK KiIBKOCTI
MOpP(OTEHHUX TWIIAKIB, TaK 1 POCIWH-PETCHEPAHTIB
3a KyJIbTHBYBAaHHS MWIAKIB HA arapoBOMy Cepeno-
Bumi (BapianT 3). Ilpu 1mboMy OCTaHHIN MTOKa3HHK
MABHUIIMBCS OUIBIN HIXK BABIYl — 3 23,45 1o 49,74%
(Tabmurist). Ane Ha HaWOLIBITY yBary 3aciiyrOBYIOTh
pe3ynpTaTH, OTPHMaHi 3a 3aCTOCYBaHHS YHOCKO-
HAJIEHOTO CIOCco0y momnepenHboi 0OpoOKHM Ta Ku-
BWJIBHOTO CEpEeNOBHINA, y CKJIali SIKOTO arap-arap
Oyno 3aMiHEHO Ha XiMIYHO MOIM(IKOBaHMH KpPOX-
Manb (Bapiant 4). Tak, y 1poMy BapiaHTi JOCTiTy
y minii AI00-126 Gyino orpumano 6imemie 100 poc-
nuH-pereHepanTiB Ha 100 KynbTHBOBAaHUX TIMUIIS-
KiB, III0 € HACNIJIKOM yTBOPEHHS BEIMKOI KUJTHKOCTI

72

=3

medium solidified with agar (variant 1) or chemi-
cally modified starch D5a-M at 12.0% concent-
ration (variant 2) after cold pretreatment. In va-
riants 3 and 4, the modified method of spike pre-
treatment differed from that one described in the
protocol mentioned above by additional procedure
of spike preparation [6] was applied. Then anthers
were cultivated in the media containing agar (va-
riant 3) and chemically modified starch D5a-M
(variant 4). Experimental design was shortened
and included only variant 3 in genotypes with a
low androgenic ability (Ekzotyk and Feniks).
Starch was modified at the V.P. Kukhar Institute
of Bioorganic Chemistry and Petrochemistry of the
National Academy of Sciences of Ukraine and
kindly supplied by P.G. Dulniev. At least 260 an-
thers were inoculated in medium in each experi-
mental variant. Tubes containing anthers were in-
cubated at 24..25°C in the dark. Observations
were carried out starting from the 20" day of culti-
vation beginning.

In order to obtain the regenerated plants, the
calli and embryoids were transferred into modified
MsSR medium [5]. The efficiency of androgenesis in
vitro was determined as the percentages of morpho-
genic anthers, i. e. anthers with calli or embryoid
appeared on their surfaces, and green plants per
100 inoculated anthers.

The significance of differences between experi-
mental and control treatments were evaluated on the
base of LSD , obtained from analysis of variance
(ANOVA) for qualitative traits using Microsoft Of-
fice Excel 2010 (Microsoft Corporation, CIILIA).

Results and discussion

Analysis of obtained results revealed that the
rate of haploid production in line DH00-126 was
significantly lower in comparison to the control
when anthers were cultivated in agar solidified me-
dia (variant 1) after cold pretreatment at 4°C for
28 days without a direct contact with water ac-
cording to the method [11]. Replacement of agar
with chemically modified starch (variant 2) did
not result in increased efficiency of morphogenic
structure induction and plant regeneration. At the
same time the advantage of modified method [6]
in relation to spike and anther quality after a long-
term storage and its positive effect on the traits of
haploid production was verified. In particular, a sig-
nificant increase both in number of morphogenic
anthers and regenerated plants were established
in line DHO0-126 in agar solidified medium (va-
riant 3). Notably, the latter trait increased more
than twice: from 23.45 to 49.74% (Table). However,
a special attention should be paid to the results ob-
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EdbekTnBHICTL aHAporeHesy in vitro y siporo SUMeHH0 3arnexHo Big cnocoby nonepeaHboi 06pobku konoccst
3a Temnepatypu 4°C Ta 3arycHuKa XMBUNbHOIO cepeaoBULLa ANst KyNbTUBYBaHHS NUNSIKIB

Dependence of efficiency of androgenesis in vitro in spring barley on mode of spike pretreatment
at 4°C and gelling agent of nutrient media for anther cultivation

Kinbki MopdoreHHi nunAxkun 3eneHi pocnuHu-pereHepaHTn
. . INBKICTE BACALKEHNX Morphogenic anthers Regenerated green plants
BapiaHT gocnigy NUNAKIB, LUT.
Experimental variant Number of inoculated
anthers wr. % wr. %
number number
aroo-126
DHO00-126
KowTpone 354 159 44,92 83 23,45
Control
1 456 38 8,33 15 3,28
2 261 14 5,36 16 6,13
3 380 242 63,68 189 49,74
4 391 182 46,55 393 100,5
HIP
LSDOOZ - - 6,04 - 4,60
CopTt EksoTuk
Exotyk
KSHTW”" 411 186 45,26 17 4,13
ontrol
3 371 140 37,74 33 8,98
HIP
LSDZES - - 6,90 - 3,42
CopT deHikc
Fenix
KowTpone 307 19 6,18 4 1,30
Control
3 285 36 12,63 12 4,21
HIP,
LSDOOZ - - 4,66 - -

MpumiTkn: KoHTponb — naroHu, Boaa, 5 Aid, arap-arap; 1 — konoccs, 6e3 Boau, 28 Aib, arap-arap; 2 — konoccs, 6e3 sogu,
28 ni6, ximiyHo moaudpikoBaHui kpoxmane [5a-M; 3 — konoccs, yoockoHaneHun cnocib, 28 aib, arap-arap; 4 — konoccs,
yAoCkoHaneHun metog, 28 aib, A5a-M (arap-arap — 0,8 %; O5a-M -12,0 %).

Notes: Control —tillers, water, 5 days, agar; 1 — spikes, pretreatment without water, 28 days, agar; 2 — spikes, pretreatment
without water, 28 days, chemically modified starch D5a-M; 3 — spikes, improved mode of pretreatment, 28 days, agar; 4 -

spikes, improved method of pretreatment, D5a-M (agar - 0.8 %; D5a-M — 12.0 %).

eMOpioiniB Ha OAWH Ha MHJISIK (B cepeaubomy 10 mT.)
Ta iX BHCOKOI pereHepauiiinoi 3gataocti. Crig 3a3-
HA4YMTH, IO 1€ € HAWBUIIMK BUXiJ POCIUH-pErcHe-
paHTIB, SKOTO HaM BIANOCS JIOCATTH y XOii Oara-
TOPIYHUX TOCHTIKEHB 13 YIOCKOHAICHHS TEXHOIOT11
OTPHMAaHHS aHJIPOTCHHUX TaIUIOiiB SYMEHIO 32 BU-
KOPHUCTAaHHS Pi3HUX METOAWYHUX IIIIXOIIB, COPTIB
Ta JIHIA SPOTO SIMEHIO, SKi PI3HUIINCS 3a IOXOJ-
JKEHHSM, KOMIUIEKCOM OIOJIOTIYHMX 1 I[IHHHUX TOC-
TTOIapChKHUX O3HAK [7].

IIlo cTocyeThCs TEHOTUIINB, SKI € HEUYTIUBUMU
710 aHAPOTEHESY in Vitro, T0 y cOpTy EK30THK 3MEHIIN-
Jacs iHTCHCUBHICTh 1HAYKLii MOP(OTreHHHX CTPYK-
Typ Yy ZOCIiTHOMY BapiaHTi, aje iCTOTHO 3pocia Jac-
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tained when applying the improved method of
pretreatment and the medium containing chemically
modified starch instead of agar (variant 4). Parti-
cularly, there were procured more than 100 rege-
nerated green plants per 100 cultivated anthers in
this research variant in line DHO00-126, resulting
from the formation a large amount of embryos
on the surface of one anther (in average 10) and
their high regeneration ability. It should be noted
that the resulted green plant yield was the highest
one we have ever managed to achieve within our
many year investigations on mastering the techno-
logy for barley haploid production by means of dif-
ferent methodological approaches and by involve-
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ToTa pereHepauii pocinuH. Y copty Penike Moaudi-
KOBaHMH MeToJ OOpPOOKH CTHMYJIIOBAaB 30LIbIICH-
HSl KUTBKOCTI MOP(OTeHHUX NWISAKIB. Y TOH caMHid
9gac BIAMIHHICTH 3a YacTOTOIO pereHepaii 3eJICHUX
pociuH Oyma HEICTOTHOIO, Xo4a ¥ crmocrepirama-
Csl TeHIEHIIiS 0 3pOCTaHHS IBOTO MoKaszHuKa. llpu
npoMy copTd Ex3otuk i DeHike, Bif AKUX y JOCIII-
HOMY BapiaHTi Oyito oTpumMano 8,98 1 4,21% 3enennx
POCIHMH-PETCHEPAHTIB BiAMOBIAHO, ICTOTHO ITOCTY-
muaucs il J100-126, He3Bakarouwm Ha Te, IO
KOJIOCCS 1 TMMWJISIKK yCiX JTOCIHIPKEHUX TEHOTHUIIIB HE
MaJld BiJMIHHOCTEH 3a 3a0apBIICHHSIM, TYPropoM i
(ha3010 PO3BUTKY MIKPOCIIOp IicIs Aii HU3BKOI TeM-
neparypu BIPOAOBXK MONepeaHbpoi oOpoOku (Tad-
mnus). st copry Penike, KUl Mae JOBre Kojoccs,
XapakTepHa Horo Kpaiia 30epeKeHICTb.

Pe3ynbraTi aHamizy BUSBWIM Pi3HY PEaKIIiio re-
HOTHIIIB Ha 3aCTOCOBaHI METOAMYHI NMPHUHOMH, IO
BIJIMOBi/Ta€ 3arajJbHOBIIOMHM JaHUM MIOAO TEHO-
THIIOBOI 3aJIEKHOCTI €(PEKTUBHOCTI EKCIEPUMEH-
TaJILHOTO aHjaporeHesy in vitro [6, 8]. lle crocyeTs-
csl TaKkOX BIAMIHHOCTEH y peakuii IeHOTHIIIB Ha
TPHUBAJICTh monepeaHboi 00podku [9]. Panime Oyno
BCTaHOBJICHO, MO 3a 30epiraHHA MaroHiB y BOAi
MEHII YyTIWBI 0 aHAPOTreHe3y in Vitro TeHOTU-
U STYMEHI0 TOTPeOyBalll CKOPOYEHHS TPHUBAIOCTI
HU3BKOTEMIIEpATypHOi TMonepenHpoi oOpodku [1].
Y oMy 3B’S3Ky MPEAMETOM ITOMANBITUX JOCIIJI-
JKEHb Mae OyTH BUBUCHHS MOXKIIUBOCTI IiIBUIIICHHS
e(DeKTHBHOCT1 aHAPOTEHERY in Vitro caMe y HeuyTiIu-
BHX TCHOTHITIB 32 PaXyHOK 3MiHHM €KCIO3HIlii HHU3b-
KOTeMIIepaTypHOi OOpOOKM Ta 3acTOCYBaHHS IS
KyJBTUBYBaHHA TWISAKIB JKUBWJIBHUX CEpPEIOBUII,
ONTUMI30BaHUX 3a (PITOTOPMOHAIBHOK KOMIIO3HU-
Li€10, TeIEyTBOPIOIOYMMH 1 TPOPIYHUMU KOMITIOHEH-
TaMHU.

OTtpumaHi pe3ysibTaTd CBig4aTh MPO MOXKIIUBICT
1 OIUTBHICTh TMOETHAHHS JOBTOTPHUBANIOI 0OPOOKH
130JILOBAHOTO KOJIOCCS SIPOTO SIUMEHIO (pHC. 2) 1 Kylb-
THBYBAaHHSA MWISAKIB Ha XUBHJIFHOMY CEpPEIOBHII,
Y CKJIaJIi SIKOTO arap-arap 3aMiHEHO Ha XIMI9HO MOJIH-
(dikoBanuit kpoxmanb J[5a-M, B omHOMY TEXHO-
JIOTIYHOMY TIporeci. MeTom J03BOJIsT€E KOMITAKTHO
30epiraTd BeENMHMKI OOCSATH POCIMHHOTO MaTrepiary
(i3ompoBaHOTO KOJMOCcS y damkax Ilerpi 3amicTh
MaroHiB y MOCYAMHAX 3 BOIOI0) 0e3 rabapuTHOro Xo-
JIOAUIBHOTO OONagHaHHS, IO TO3BOJISIE MiABUILIUTH
eHeproeekTuBHiCTh. KpiMm Toro, ommcani migxo-
I CIIPUSUTM ICTOTHOMY MiJBHILEHHIO €()eKTHBHOCTI
pereHepatii pociavH y 4yTIHBOIO I'€HOTHUIY i, PH-
HalMHI, HE TOTIPUIMIN Iel MOKa3HUK y COPTIB i3
TEeHETUYHO JETEPMIHOBAaHOIO HH3BKOIO 3[aTHICTIO
o aHmporeHesy in vitro. Lli daktu cBiguaTs mpo
MIePCIEKTUBHICTD MOMATBINHIX AOCIIHKEHD 13 OITH-
Mi3arlii TeXHOJIOTI{ rarIoigHol IHIYKINT 3 ypaxyBaH-
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Puc. 2. MopdoreHHi CTpyKTypW, yTBOPEHi y KynbTypi nuns-
KiB in vitro siporo aumeHto (niHia Or00-126) Ha XMBUNBbHUX
cepegoBuLax, 9Ki MiCTUM arap-arap Ta XiMiyHO MoaMQIiKo-
BaHWIA KpoxMarnb, nicrs nonepeaHbLoi 06pobkM konocest 3a
Temnepatypu 4°C Bnpogosx 28 gib: 1-4 BapiaHT gocniay.

Fig. 2. Morphogenic structure in spring barley (line DHOO-
126) anther culture in vitro induced after spike cold pret-
reatment at 4°C for 28 days on media with agar and
chemically modified starch: experimental variants 1—4.

ment of varieties and lines differed in their origin,
biological and valuable agronomic characteristics [4].

As to genotypes with a low ability to androgenesis
in vitro, in variety Ekzotyk the intensity of morpho-
genic structure induction was reduced in contrast
to an increase in the frequency of plant regenera-
tion in experimental variant 3. In variety Feniks,
an improved mode of pretreatment stimulated an
increase in the number of morphogenic anthers. At
the same time, the differences in the frequency of
green plant regeneration were insignificant, but a
visible tendency to this trait enhancement was ob-
served. In spite of spikes and anthers of all the
investigated genotypes had no differences in their
color, turgor and microspore development stage
after low temperature pretreatment, the varieties Ek-
zotyk and Feniks with 8.98 and 4.21% frequency
of green plant regeneration respectively were in-
ferior to line DHO00-126 (Table). Moreover, long
spikes of variety Feniks had higher preservation.

The analysis of results revealed different geno-
type reaction on the applied methodological approa-
ches that corresponded to the well-known data
concerning genotypic dependence of ability for in
vitro androgenesis [1, 8]. It is also in relation to
variability in genotype reaction on the duration
of cold pretreatment [9]. Previous study showed that
less responsive to in vitro androgenesis genotypes
required shorter cold pretreatment for tiller storage
in water [2]. For this purpose, the evaluation of
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HSIM CTHUMYJIIOIOYOTO BIUIMBY HHU3BKOI TMO3UTHBHOI
TeMmIeparypu Ha MOp(hOreHe3 y KyJabTypi HIISKIB in
Vitro pOro SYMEHIO.

BucHoBku

1. JosrorpuBaina momepenas odpodka i301p0Ba-
HOTO KOJIOCCSI SIpOTO sTAMEHI0 3a Temrmeparypu 4°C
BIPONIOBXK 28 mi6 i3 MOJANBIINM KYJIETHBYBAHHIM
MMAJISKIB HA KUBUJILHOMY CEPEIOBHII, Y CKIIa KO-
ro arap-arap OyJio 3aMiHeHO Ha XiMi4HO Moan(ikoBa-
HUM KpoxMaib [[5a-M, no3Bonuia JOCATTH 3pOCTaH-
HSl 4acTOTH MOp(OTeHHHX NHJISKIB Ta pereHepaii
3€JICHUX POCIHMH Yy KyJIBTYpl NWISIKIB i1 Vitro y JBOX
13 TPHOX JOCIIPKCHUX TEHOTHUIIIB.

2. 3a KynbTHBYBaHHS MUJISKIB YyTIMBOI JIO aH-
IporeHe3y in vitro miHii sporo stamento J1'00-126,
BIJTYYCHHX 13 KOJIOCCS TICIIS TOMePEeIHbOI 00pOoOKH
TpuBaiicTio 28 mi6 3a Temmneparypu 4°C, Ha cepemno-
BHWIII 3 arap-arapom Oyio OTpuMaHO nIBopa3oBe (i3
23,45 no 49,74%) migBUIIEHHS 9YacTOTH pereHepartii
3esieHuX pociivH. [loeqHaHHs 3a3HadyeHoi momepen-
HBOT 00pOOKH KOJIOCCS 3 KYJIBTHBYBaHHSIM IHJISIKIB
Ha CEepelOBHUI, y CKJIai SKOTro 3aMiCTh arap-arapy
OyJlo BUKOPHUCTaHO XiIMIYHO MOAW(IKOBAaHHHA KpPOX-
manb [[5a-M, npuBeno a0 3pOCTaHHS BUXOIY 3€lie-
HUX pocnuH-perenepanTis 10 100%, mo Oymno Maiike
y 4 pasu Bulle, HiX Y KOHTPOJIL.

3. JIns TEHOTHIIB 13 HHU3BKOIO 3JATHICTIO JO aH-
IPOTEeHE3Y in Vitro, y SIKAX y KpalioMy BapiaHTi J0-
CITITy 9acToTa pereHepariii 3eJIeHIX POCIUH He Iepe-
Bumuia 9 %, akTyaTbHUMH € JOCTIHKCHHS BIUTHBY
TPUBAJIOCTI Ta TEMIIEPATYPHOTO PEXXUMY OIEPETHBOT
00p0o0KH, CKIIaTy JKHBHJIBHOTO CEPEIOBHUIIA 3 METOIO
BH3HAYCHHS OINTHUMAJIEHUX MapaMeTpiB TEXHOJOTIi
rarIoifHOT 1HYKIIii.

NMitepatypa

1. BbenvHckaa EB. BnusHue reHotuna, ycnosuin BeipallmBaHus 1
npenobpaboTkn AOHOPHBIX pacTeHU Ha 3aPdPEeKTUBHOCTb aH-
aporeHesa y siumeHsi. B: CoBpeMeHHble npobnembl reHeTukN 1
Cenekummn cenbCKoXO3ANCTBEHHbBIX pacTeHNi: MaTepuansl Bee-
COIO3HOM  HAyYHO-TEXHMYECKOW  KOHMpepeHuun  Moroabix
yyeHblx; 1991 r., 22-26 anpensi, Ogecca. Ogecca,1991. c. 12.

2. benuHckasi EB. Bnusinne npenobpaboTtku kornocbes Ha adhdek-
TUBHOCTb MHAYKLMMN rannonaoB SYMEHsI B KynbType MblfbHUKOB
in vitro. ®u3nonormsa n GUoxmMmMust KyneTypHbIX pacteHni. 2005;
37(5): 436—42.

3. BenuHckas EB, OynbHeB M. MoguduumpoBaHHbIA Kpaxman
Kak KOMMOHEHT MUTaTeNnbHOW cpeabl ANS NOMydYeHUs rannow-
0B SIYMEHSI B KyNbType MbIfIbHUKOB in vitro. ®uavonorus u 6uo-
XUMUS KyNbTYpHbIX pacteHuni. 2007; 39(2): 136—43.

4. binvHcebka OB, BMHaxigHWUK; IHCTUTYT pocnvHHMUTBa iM. B.A.
lOp’eBa HAAH, nateHToBnacHuk. Cnoci6 nonepeaHsoi 06po6-
K/ POCNMHHOIrO Marepiany Ans OTPMMaHHS rannoigis S4YMeHo
ApOro y KynbeTypi NUNsKiB in vitro. MNaTteHT Ykpaitn Ne 113261.
26.12.2016.

npobnemu Kkpiobionorii i kpiomeanLUMHN

problems of cryobiology and cryomedicine
Tom/volume 30, Ne/issue 1, 2020

possibility to increase the efficiency of in vitro
androgenesis in nonresponsive genotypes via alte-
ration in the cold pretreatment exposure as well
as the application of media with improved phytohor-
mone composition, gelling agents and trophic
components should be an object of further inves-
tigations.

Our findings showed the possibility and expe-
diency of combination of long-term spring barley
isolated spike pretreatment (Fig. 2) and anther culti-
vation in the medium solidified with chemically mo-
dified starch D5a-M instead of agar in an integrated
technological process. This method allows a compact
storage of large volumes of plant material (isolated
spikes in Petri dishes instead of tillers rinsed in
water) without large refrigerator equipment, resulting
in decrease in energy consumption. Besides, the
described approaches promoted a sufficient increase
in the efficiency of plant regeneration in responsive
genotype and, at least, did not decrease this trait
in genotypes possessing genetically determining
low androgenic ability. These facts testify to the
prospects of further investigations in improvement
of haploid induction technique, and they should
be carried out taking into consideration a stimu-
lating effect of low positive temperature on morpho-
genesis in spring barley anther culture in vitro.

Conclusions

1. Long-term pretreatment of spring barley
isolated spikes at 4°C for 28 days followed by
anther cultivation in the medium solidified with
chemically modified starch D5a-M instead of agar
allowed to reach increasing both in the frequencies
of morphogenic anthers and green plant regeneration
in anther culture in vitro in two among three
investigated genotypes.

2. Cultivation of anthers of DH00-126 line spring
barley prone to androgenesis in vitro, isolated from
spikes after their pretreatment at 4°C for 28 days, in
the medium containing agar resulted in two-fold (from
23.45 to 49.74%) increase in the frequency of green
plant regeneration. Combination of above mentioned
cold pretreatment with cultivation of anthers in the
medium solidified with chemically modified starch
D5a-M instead of agar led to green plant yield as high
as 100% that was almost four fold higher than in the
control.

3. For genotypes with a low ability to androge-
nesis in vitro, in which the frequency of green plant
regeneration did not exceed 9% in the best experi-
mental variant, the investigations of the duration and
temperature regimen effects of cold pretreatment
aimed to determine the optimal parameters of haploid
production technique are of concern.
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