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Double haploids are important for durum wheat breeding. Anther culture method for
obtaining double haploid is one of the most popular. Effectiveness of this method de-
pends on different factors such as cultural condition and plant genotype. It is important
to investigate the impact of cultural condition on the level of callus induction and plant
regeneration. Sugar source in cultural media affects a process of androgenesis in vitro.
Ability of four winter and four spring durum wheat hybrids F2 to androgenesis in vitro
was studied. Two induction media with different sugar source were compared. C17M
media contained maltose in 90 g/l concentration. C17n media contained sucrose in
60 g/l concentration and glucose in 17.5 g/l concentration. It was estimated that the
level of callus induction and albino plant regeneration were higher on the media with
maltose for all investigated genotypes. The level of green plants regeneration was low.
Green plants were obtained only for three genotypes. Three green double haploids of
T12 genotype obtained from new formations on C17M media, were successfully culti-
vated in soil and produced seeds. Analysis of variances (ANOVA) was used for statistical
analysis. The percentage of total variance accounted for each factor was calculated. It
was established that plant genotype had the most significant influence on callus induc-
tion. Interaction between factor of genotype and induction cultural media had the biggest
percentage of total variance accounted for albino and green plants regeneration.
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INTRODUCTION

Double haploid is an efficient biotechnological method in wheat breeding which can
significantly accelerate the process of production of new varieties. In vitro anther culture
is one of the most important methods of haploid plants obtaining. Presently we have
only limited knowledge about androgenesis in wheat durum. It was reported that this
cereal is recalcitrant regarding anther culture because of its low ability to regenerate
green plants [1, 9].
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Several factors which influenced anther culture have been studied, including geno-
type of the explants [1] and culture conditions [17].

Most of the induction cultural media contain high sugar concentration (6—10%).
Nutritional requirements for androgenesis and formed embryos growth are diffe-
rent [19]. For many plant species maltose has been known as a better carbohydrate
source in comparison to sucrose for androgenesis. The use of maltose instead of su-
crose as a carbohydrate source in culture medium led to a substantial stimulation of
microspore embryogenesis, plant regeneration, and green plantlet formation [6, 10, 11].

The effects of maltose have been documented in several tissue culture systems,
but the reason for their superiority to sucrose is not known. It was demonstrated that
maltose improves the osmotic stability of culture medium compared to sucrose [4]. It
has also been reported that maltose stimulates embryogenesis at low concentra-
tions [14]. It was estimated that utilization of maltose as sugar source lasted for a longer
period due to a slower rate of hydrolysis compared to sucrose [8]. Besides, it is as-
sumed that fructose, which is a side product of sucrose hydrolysis, inhibits androgene-
sis in vitro [5]. Maltose may be more effective source of sugar due to the fact that the
rate of hydrolysis is close to the rate of glucose uptake during embryos germination [12].

Effect of sugar agents on durum culture of wheat anther were tested in several in-
vestigations [9, 16]. The anthers were cultured on media with different carbon sources:
sucrose and maltose. Supplements in culture medium significantly affected calli induc-
tion and plant regeneration. The number of calli and plants on the medium with maltose
were significantly higher than the medium with sucrose. The green plant regeneration
was effected by the initiation medium as well as genotypes. Maximum response was
found on the medium with maltose.

The aim of this investigation was to determine the impact of sugar source in the
induction cultural media on the effectiveness of calli production and plant regeneration
in durum culture of wheat anther in vitro.

Two induction cultural media with different sugar source were compared. The influ-
ence of plant genotype and cultural media on callus induction and plant regeneration in
vitro was estimated.

MATERIALS AND METHODS

Four spring and four winter wheat durum hybrids F2 were used as anther donors
(Table 1). For spike pretreatment low positive temperatures (+3—+5 °C) in water for
7 days were used [15]. Spikes were sterilized with calcium hypochlorite solution using
the method [3]. The experiment was set up with two induction media: C17n nd C17M.
Induction media were identical except the source of sugar. C17n media contained 6 %
of sucrose and 1.75 % of glucose and C17M media contained 9 % of maltose. Both
media contained 2 mg/l 2,4-D and 0.5 mg/I kinetin [18]. Anthers were incubated in dark
at +24 °C [2].

After 15-25 days of cultivation new formations were transferred to regeneration
media MS cultural media with BAP (1 mg/l) and IAA (1 mg/l), proline (200 mg/l) and
glutamine (200 mg/l). New formations were incubated in dark. Callus with regenerative
zones or embryos were transferred to S MS media without growth regulators [7] and in
a growth room at 25 °C with 16 h light /8 h dark photoperiod [2].
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Table 1. The studied hybrids of winter and spring wheat durum
Tabnuys 1. O3umi Ta Api riopuamn NweHULi TBepaol, 3any4eHi 00 AocnigXeHHs

T1 (Saratovsky Zolotiy x Gidara 2) x Gardemaryn

N

'-'(; Topdy 18/FOCHA1/Altar84 x /(Yav79 x Aliy Parus) x {Koral Odessky x

2 T8 [(LR-1 x 504/67) x Kharkivska 1] x [(Tigris x Aisberg Odessky) x (Aisberg

% Odessky x Novynka 4)]}/

o T12 Haurani x /(Yav79 x Aliy Parus) x { Koral Odessky x [(LR-1 x 504/67) x

E_ Xap.1] x [(Tigris x Aisberg Odessky) x (Aisberg Odessky x Novynka 4)1}/
T15 Topdy 18/FOCHA1/Altar84 x Bosfor

o T42 DF-900-83/WPB-881 x Novynka4

(2]

€ T43 DF-900-83/WBK-881 x Linkor

>

g T44 DF-900-83/WBK-881 x Zolote Runo

<

2 T45 DF-900-83/WBK-881 x Yantar Odessky

The level of induction and regeneration was calculated as a callus and albino and
green regenerated plants percentage upon total number of callus and confidence inter-
val for each experimental variant. Analysis of variance (ANOVA) was used for statistical
analysis [13].

RESULTS AND DISCUSSION

Level of induction of all tested genotypes was higher on C17M media (Fig.1). Albino
plant regeneration of spring hybrids was observed only for callus on C17M media. Level
of winter hybrids albino plant regeneration was higher for callus on C17M media (Fig. 2).
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Fig. 1. Frequency of callus induction of different wheat durum genotypes on C17n and C17M induction
media

Puc. 1. YactoTta iHAyKUii HOBOYTBOpPEHb Pi3HMX FEHOTMMIB MLeHWLi TBEpAOi Ha MOXWBHUX CepefoBULLax
C17ni C17M
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Level of green plant regeneration was low. On C17M media it was 0.51+0.51 % for
T12 and 0.26£0.19 % for T43. On C17n media it was 0.77+0.54 % for T32. Three green
plants of T12 were successfully adopted in soil and cultivated in growth chamber.
Plants were double haploids and produced seeds. Green plants of T32 and T43 were
defective and could not be adopted in soil. In general, the media with maltose was
more effective for callus induction and plant regeneration for most of studied plant
genotypes.
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Fig. 2. Frequency of albino plant regeneration of different wheat durum genotypes from new formations ob-
tained on C17n and C17M induction media

Puc. 2. YactoTa pereHepaLii anb0biHO poCnvH Pi3HNX reHOTUMIB MLUEHWUL TBEpPAOi 3 HOBOYTBOPEHb, OTpUMa-
HWUX Ha iHAYKUinHUX cepepoBuwax C17H i C17M

Table 2. Two factor analysis of variance of callus induction and albino and green plants
regeneration level

Tabnuuysa 2. ABodakTopHUA AucCnepcinHMA aHanis gaHux piBHA iHAYKLUII HOBOYTBOpEeHb
i pereHepauii anb6iHO Ta 3eNeHMX POCIUH

Process Variances F h, %

Main effect of factor A: genotype 23.50** 55.89

Induction Main effect of factor B: induction cultural media 49.80** 16.92
Interaction A and B 6.86 16.32

Main effect of factor A: genotype 7.27**  34.54

Albino plant regeneration  Main effect of factor B: induction cultural media 11.98**  8.13
Interaction A and B 7.50*  35.62

Main effect of factor A: genotype 6.99**  31.54

Green plant regeneration  Main effect of factor B: induction cultural media 13.29**  8.56
Interaction A and B 8.71**  39.28

Comments: ** — significant at p<0.01; h — the percent of total variance accounted for each factor

*

Mpumitkn: ** — goctosipHo npu p<0,01; h — BiACOTOK BiA 3aranbHOi Aucnepcii, po3paxoBaHWin Anst KOXXHOro

dakTopa
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Two-factor analysis of variance with factors of plant genotype and induction cul-
tural media was used to check the impact of sugar sources and plant genotype on
the level of callus induction and albino and green plant regeneration (Table 2). Two fac-
tors and its interaction affected significantly both the level of callus induction and plant
regeneration. The highest percent of total variance for callus induction was 55.89 %
accounted for genotype factor. The highest percent of total variance for albino and
green plant regeneration was 35.62 % and 39.28 %, correspondingly. It was accounted
for interaction between two factors. Percent of total variance for factor of induction cul-
tural media was 16.92 % for callus induction, 8.13 % for albino plant regeneration and
8.56 % for green plant regeneration. Since induction media were different only with
sugar source, it can be concluded that maltose had a significant influence on in vitro
callus induction and plant regeneration.

CONCLUSIONS

1. The influence of sugar source and genotype on the level of callus induction and
plant regeneration in wheat anther durum culture in vitro was estimated. It was
found that sugar source had a significant influence on wheat anther durum cul-
ture effectiveness.

2. Maltose is shown to be more effective sugar source comparing with sucrose.
It was established that the level of callus induction and plant regeneration was
higher on the media with maltose comparing with media with sucrose and glu-
cose.

3. Three fertile double haploid plants of T12 genotype were obtained.
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BMNNWB BMICTY OXKEPENA BYIMEUIO B IHAYKUINHOMY NOXUBHOMY
CEPEOOBULLI HA E®EKTUBHICTb KANTIOCOYTBOPEHHA
| PETEHEPALIT POCIIMH Y KYNBTYPI MUNAKIB NWWEHWLI TBEPAOI IN VITRO

I. 0. Job6poea, I. C. 3ambpibopuwy, O. J1. Llecmonan

CenekyitiHo-eeHemuyHuUl iHcmumym —
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MoaBoeHi rannoign € BaxxnMBMMKU A5 cenekuii TBepgoi nweHuui. OgHum i3 Han-
OiNbLU MOWMPEHNX METOAIB X OTPUMAaHHSA € METOA KynbTypu Nunskis. EekTUBHICTb
LbOro MeToay 3anexuTb Bif, PidHNX PakTopiB, TaKMX K YMOBW KYNLTUBYBAHHS | reHOTMN
pOCrnvH. Baxnneum € JOCHIIKEHHS BMAMBY YMOB KyNbTUBYBAHHS Ha iHOYKLiIO HOBOYT-
BOpEHb i pereHepadito pocnuH. BmicT mpxepena Byrneuto y NOXMBHOMY CepenoBuLLI
BMMMBaE Ha npoLlec aHaporeHesy in vitro. BuB4Mnmu cnpoMOXHICTb 4O aHAporeHesy in
Vitro 4oTMPBbOX O3UMUX i YOTUPLOX ApuX ribpuais F2 nweHwuui TBepaoi. MNMopisHOBaNM
ABa iHOYKUIMHMX NOXMBHUX cepefoBuLLa 3 pisHUMK mxepenamun Byrneuto. Cepenosu-
we C17M mictnno manestosdy B koHueHTpauii 90 r/n. Cepenosuiye C17H MiCTUNO LyKpPO-
3y B KOHUeHTpauii 60 r/n i rmioko3y B koHUeHTpauii 17,5 r/n. Byno BctaHoBneHo, Lo pi-
BEHb iHAYKLii HOBOYTBOPEHb | pereHepalii anbbiHO pocnvH ByB BULUM Ha cepeaoBuLL
3 ManbTO3010 ANd BCiX MPOTECTOBaHWX reHOTUNIB. PiBeHb pereHepalii 3eneHnx pocnuvH
OyB HM3bkMM. OTpMManu 3eneHi pereHepaHTV Nuwe TPbOX FEeHOTUNIB. TpW MOABOEHI
rannoian reHotuny T12, Wo pereHepyBany 3 HOBOYTBOPEHb, OTPUMAHNX Ha CepenoBu-
wi C17M, 6ynu ycnilwHO aganToBaHi 40 YMOB I'PYHTY | BUPOLLYYBasMCh Y POCTOBIN kKame-
pi 0O OTPMMaHHS HaciHHA. [1ns cTaTUCTMYHOMO aHani3y BUKOPUCTOBYBanNu ABodakTop-
HUIM gucnepcinHmi aHania. byno pospaxoBaHO CTYNiHb BMAMBY KOXHOMo ¢oaktopa. Beta-
HOBMWIW, O FEHOTUMN POCIUH MaB HanOdINbLUNIA BMAMB Ha iHOYKLiIO HOBOYTBOPEHDb. B3a-
emMogia hakTopiB reHoTuny M iHAYKUINHOMO MOXMBHOIMO CepefoBulla HaWCUMbHiLLE
BNAMBarna Ha pereHepakdito anbbiHO i 3eNeHNX POCINH.

Knroyoei crioea: TBeppaa nwieHuULUs, NOABOEHI rannoign, Kynsrypa nunskis, Manb-
TO3a.
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W PETEHEPALIMU PACTEHUW B KYNBTYPE NbINIbHUKOB
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I'Ionyqul/le yAOBOEHHbLIX raniongoBs BaXXHO ONnA cenekuunn TBepp,OIZ nweHunubl.
OLI,HI/IM N3 CaMbIX pacnpoCTpaHeHHbIX MeTo40oB Nnosny4vYeHna yaBOEeHHbIX ranjiongos
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cuMTaeTca MeTog KynbTypbl NblbHUKOB. OPHEKTUBHOCTL 3TOMO0 MeToAa 3aBUCUT OT
pa3sHbiX PakTOPOB, TAKMX KaK YCIIOBUSA KyNbTUBMPOBAHUSA 1 TEHOTUN pacTeHun. Bax-
HO uccrefoBaThb BAWSHME YCIOBUN KYNbTMBUPOBAHMS Ha MHAYKLNIO HOBOOBpa3soBa-
HUI U pereHepauunto pacteHnn. ICTOYHKK yrrnesoga B nnTaTenbHON cpefe BAusieT Ha
npoLecc aHgporeHesa in vitro. Iayumnm cnocobHOCTL K aHOpOreHesy in Vitro 4eTbipex
03MMbIX N YeTbIpex apoBbIxX rmMbpuaos F2 nweHuuysl TBepgon. CpaBHMBanu gBe WH-
OYKUNOHHBbIE NUTaTenNbHbIE Cpebl C pa3HbIMU UCTOYHMKaMK yrnesogda. Cpega C17M
cogepxana manbstody B koHueHTpauumn 90 r/n. Cpega C17H coagepxana caxaposy B
KOHUeHTpaumn 60 r/n u rmko3y B KOHUeHTpaumn 17,5 r/n. YcTtaHOBUIK, YTO YPOBEHb
WHAYKLMM HOBOOBOpa3oBaHUIM 1 pereHepauum anbObnHO pacTeHnin Obin Bbllle Ha cpe-
e C ManbTOo30M A4Nsi BCEX MPOTECTMPOBAHHbBIX FEHOTUMOB. YPOBEHb pereHepaumnm 3e-
NeHbIX pacTeHn 6bin HU3KKMM. [ony4Ynnu 3eneHble pereHepaHThl TONbKO TPEX FeHOo-
TUnoB. Tpu yaABOEHHbIX rannouga reHotuna T12, kKoTopble pereHepmpoBanu n3 HOBO-
obpasoBaHuin, Nnony4veHHbIX Ha cpeae C17M, Gbinv ycnewHo aganTupoBaHbl B NoYBe
1 BblpallMBan1cb B POCTOBOWN KaMepe A0 NofyyYeHnsa cemsaH. [nsi cTaTucTuyeckoro
aHanmsa ncnosib3oBanu AByxXdakTOPHbIN AUCNEPCUOHHbIN aHanua. Paccuntanu cte-
NneHb BIIMSIHUA KaXgoro daktopa. YCTaHOBUIM, YTO reHOTUMN pacTeHWI BIIVAN Ha UH-
AYKUMIO HOBOOOpa3oBaHUM B Haubonbluelh cteneHn. Baanmopencteme akTopoB
reHoTMna U MHAYKLUMOHHOW MUTaTeNnbHOW cpedbl UMeno Hauborbluee BAUAHME Ha
pereHepauuio anbObMHO 1 3eneHbIX pacTEHUNA.

Knroveenie cnoea: TBepAad rnueHunua, yaBoeHHble ranfonabl, Kynbrypa nbiibHAU-
KOB, Manbro3a.

OpepxaHo: 10.11.2015

ISSN 1996-4536 (print) ¢ ISSN 2311-0783 (on-line) e BionoriyHi CTygii / Studia Biologica e 2015 ¢ Tom 9/Ne3—4 « C. 99-106



