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Anthers with uninuclear microspores originating from 19 genetically
divergent wheat genotypes were cultured in four induction media A;—A,
containing MS mineral solution (Murashige and Skoog, 1962), 4.5
and 5.0 sucrose, 0.7% agar, 10% potato extract and varying concentrations
of vitamins, auxins and kinetin. Androgeneous calluses were formed
depending on both genotype and nutrient medium composition.

Cultivation of calluses during four passages was performed using
media supplemented with cytokinins and in some genotypes rhizogenous
calluses were formed. Only calluses of wheat genotype ,Veery—4 x
Novosadska Jara” regenerated four albino plants with haploid chromosome
number,
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INTRODUCTION

Since the first publication appeared concerning haploid plant production by in
vitro anther culture (Guha and Maheswari, 1964), numerous investigators con-
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centrated their efforts on these problems and soon after that, haploid plants of many
plant species have been obtained. Although several research groups were dealing within
vitro anther culture of wheat, Ouyang et al (1973) were the first who published the
results on this topics. In their experiments, about 3% of anthers formed calluses and 10%
of the calluses gave green plants. However, at present, it is possible to obtain more than
60% of androgeneous calluses and more than one third of them is capable to regenerate
green haploid plants (Hu et al, 1983).

Individual phases of microsporogenesis have been investigated in order to
determine the most suitable stage of pollen development for the anther culture. Only
anthers with microspores during the phase from tetrade separation to the beginning of
postmeiotic division are suitable for the isolation.Quyang et al (1973) recommended
middle uninuclear stage as the most suitable one, while Schaeffer ef al (1979) used
anthers with microspores in both middle and late uninuclear stage.

It has been observed that pollen capability for androgenesis depends on genetic
characteristics of individual genotypes (Shimida and Makino, 1975; Bajaj,
1977; Beversdorf and Bingham 1977;Lazar etal, 1984).Huand Shao
(1981) found that significantly better results were achieved with anthers of F, or F,
hybrids, than with anthers of pure lines or cultivars of wheat. Besides genotype, the
nutrient medium composition also strongly influences haploid production from the wheat
anther culture. Concentrations of mineral constituents, vitamins, auxins to cytokinin
balance, and especially the amount of sucrose in the nutrient medium, influence both
formation and differentiation of the callus, i.e. affects its ability to regenerate plants
(Ouyang etal, 1973;Schaeffer et al, 1979). It has also been found that 10 —
20% potato extract stimulates the process of androgenesis, resulting in better quality of

_embryos and higher percentage of haploid plants (Chuang et al, 1978;De Buy -
ser and Henry, 1980). Investigations concerning the effects of temperature pretreat-
ment on androgenesis in wheat microspores, showed that exposure of anthers to 4-50C
before or after inoculation, accelerate the process of embryonic callus formation
(Schaeffer etal, 1979; Hu etal, 1983).

Taking into account all above mentioned factors influencing androgenesis, we
investigated the possibilities of callus and haploid plants formation from in vitro anther
cultures of several genotypes, obtained by crossbreeding of some genetically divergent
wheat lines with wheat cultivars of Novi Sad.

MATERIAL AND METHODS

Anthers of F, generation isolated from 15 genotypes obtained by crossbreeding in
which genetically divergent hybrids were included, as well as anthers from four different
wheat (Triticum aestivum L.) cultivars were used. Plant material which was obtained in
the field under normal environmental conditions, is listed in Tab. 1.

The anthers were isolated under sterile conditions and percentage of contamina-
tion was about 3. Approximately 5.0 cm long spikes were separated from the leaf sheath,
sterilized for 7 min in 0.1% mercury chloride solution and washed five times with sterile
distilled water. Anthers, 0.8 — 2.0 mm long, enclosing uninuclear microspores {Fig. 1)
were inoculated. During the initial period of cultwre, anthers were exposed to low
temperature (4 — 50C) for 64 lus, representing the first part of temperature
pretreatment, which was shown to stimulate androgeneds of microspores{Schaeffer
et al., 1979). After that, the cultures covered with aluminium foil to provide complete
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Fig, 1. — Microspores in uninuclear stage of Fig. 2.« thzogenous callus of the wheat
development (x 2 600). genotype ,,Veery—4 x Neretva™in B nut-
rient medium (x 4.5).

darkness, were transferred into a laboratory thermostat and kept for 5 days at 260C.
Later, the cultures were grown at 24 — 280C under the fluorescent light tubes for varying
periods of time. During the cultivation in induction nutrient media, the cultures were
exposed to 800 — 1 000 Ix for 8 hrs. After the first transfer, the cultures were exposed to
1500 Ix for 16 hrsa day,

Four different induction media, designated A; — A, were used. Medium A,
contained mineral solution after Zhuan and Fia (1980) and the three others(A , —
Ag) MS mineral solution (Murashige and Skoog, 1962). Concentration of
sucrose was 4.5% and 5.0%, that of agar 0.6% and 0.7%. Media A, — A, contained 10%
potato extract (PE). Concentration of vitamins and growth stimulators in the media used
isgiven in Table 2.

Nutrient media, use for callus differentiation, necessary for plant regeneration
(media B, — B contained decreased amount of sucrose (3%) and an increased
concentration of PE (20%). These media also contained less auxins and more cytokinins
in comparison with the induction nutrient media (Tab, 3).

RESULTS AND DISCUSSION

The results presented in Table 1 demonstrate significant differences in percentage
of androgeneous callus formation of eight wheat genotypes of F; generation when
anthers were cultured in A; and A, nutrient media. It can be seen that these differences
are related to both nutrient medium composition and wheat genotype. In medium A,
which contained somewhat lower auxin concentration (1.5mg-1-' 24-Dand 0.5 mg -
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Fig. 3. — Haploid plant regenerated from Fig. 4. — Karyotype with haploid chromo
the callus of the wheat genotype ,,Veery—4 some number (n = 21) regenerated from the
x Novosadska jara” in B, nutrient medium callus of the wheat genotype ,,Veery—4 x
(x 4). Novosadska jara™ (x 4 000).

Tab. 2. — Composition of induction nutrient media for anther culture of wheat

Substrate Al A2 A 3 A,q_
Mineral solution Z+FeEDTA MS+FeEDTA MS+FeEDTA MS+FeEDTA
Agar 0.7% 0.6% 0.7% 0.7%
Sucrose 4.5 % . 5% L 5% 5%
Inositol 100 mg 1~ 100 mg 1~ 100 mg 1! 100 mg 1—!
Nicotinic acid 0.5 mg 1= 50mg)™] - 5.0mgl™!
B; 1.0 mg1— 1.0mgl™ 1.0 mgi—! 1.0 mg i~
B 0.5 mg1~! - 0.5mgl" -
Glutamine - 500 mgl~" 500 mg 1-* 500 mg1—!
Glycine 2.0 mg 1! - - -
Kinetin 0.5 mg1-* - - 0.4 mgl!
2,4-D 1.5mgl~! 3.0mgl—! 2.0 mg 1! 3.0 mgl—!
NAA 0.5mgl} - 0.5mgi~! -

PE - 10% 10% 10%
pH=5.8 -

—

Z = mineral solution (Zhuan and Ju, 1980):.
MS = mineral solution (Murashige and Skoog. 1962):
PE = Potato extract
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Tab. 3. — Nutrient media for differentiation and plant regeneration from androgeneous

Wheat callus

B; B, B,
Substrate 1st passage 2nd passage 3rd—4th passage
Mineral solution MS+FeEDTA MS MS+FeEDTA
Agar 0.7 % 0.7% 0.7%
Sucrose 3.0% L 3.0% ' 4.0% X
Glutamine 146 mg l: 146 mg 1™~ 146 mg 1™
Nicotinic acid 1mgl— -, -
By - 1 1mgl™ - 1
Kinetin 0.5mgl— - 0.2 mg l“1
Zeatin - 0.1 mgl“1 0.1mg 1“1
IAA 0.5mgi™) 0.3mg 1'“] 1.0mgl~
NAA 1.0mgl— 1.0mgl~ -
PE 20% 20% 20%
pH=528

1—! NAA) and no PE, 0.3 to 6.4% (mean 1.8%) of anthers formed androgeneous calluses.
In medium A, , containing not only higher concentrations of 2,4-D (3.0 mg -1-'), but
also 500 mg - I-! of glutamine and 10% PE, 1.7 to 24.5% (mean 10%) of the anthers
formed androgeneous calluses. Anthers isolated from the genotype ,Hays x Yugoslavia™
and ,,Hays x Liganka” had the poorest regeneration capacity on both media. About 3.5%
of anthers of the genotype ,NS—559 x Yugoslavia™ formed androgeneous calluses in
medium A, , while this percentage was much lower (1.7%) when the anthers of the same
genotype were grown in medium A,. Only 0.3% anthers of the wheat genotype
ANS—58-97xAA)xNz” formed androgeneous calluses in medium A, , but 24.5% anthers
of the same genotype.gave androgeneous calluses when cultured in medium A, . These
results strongly suggest the dependence of callus formation on both wheat genotype and
composition of the nutrient medium,

Anthers of the wheat cultivar ,,Chris” formed no androgeneous calluses.
Percentage of androgeneous callus forming anthers of all other wheat genotypes examined
throughout this work and cultured in induction nutrient media A 3 and A, varied from
0.8% (genotype ,,Pavon—76 x Dugoklasa” to 43.5% (genotype ,Veery—4 x Neretva™),
(Tab. 1).

Further cultivation of androgeneous calluses, 35 — 40 days after the isolation
proceeded in nutrient media for callus differentiation and plant regeneration (media By —
Bgs; Tab., 3). After the first transfer, some wheat genotypes expressed retarded
development in medium B,, even necrosis of androgeneous calluses appeared, while
approximately 45% of the calluses grew intensively, forming green homogeneous nodules
with the buds or leaf primordia. During the second transfer, these calluses were cultured
for 20 — 25 days in B, nutrient medium, containing no 2 4-D. Approximately 30% of

. the calluses were rhizogenous. These calluses grew very intensively and formed numerous

roots (Fig. 2). During the fourth trandfer, most of the calluses gradually developed
necrosis starting from the green nodules and after that, necrosis spread over the entire
tissue,

Rhizogenous calluses were transferred in B nutrent medium supplemented with
kinetin (0.2 mg-1—") and zeatin (0.1 mg - 1—*) in order to induce plant regeneration. Six
calluses obtained from the anthers of three different wheat genotypes regenerated plants.
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An anther of the genotype ,Veery—4 x Novosadska jara” produced a well developed,
compact, androgeneous callus, with numerous differentiated leaf primordia. After the
culture in B nutrient medium, this callus was divided into four segments and each
regenerated one well developed albino plant (Fig. 3) with haploid chromosome number
(Fig. 4.). These plants survived for about 20 daysin B ; nutrient medium. Androgeneous
calluses of genotypes ,NS—722 x Yugoslavia” (one callus) and ,Veery—4 x Neretva”
(four calluses) gradually developed necrosis, especially in nodular parts, but nevertheless
the other parts formed roots. Culture of rhizogenous calluses proceeded in B ; nutrient
medium, These callusss showed abundant rhizogenesis even after six months of
continuous transfers.

The highest potential for plant regeneration was observed in anthers of genotype
. Veery—4 x Novosadska jara”. Plant regeneration from the calluses-of this genotype was
achieved in a relatively short period of time, i.e. for approximately 30 days. Regeneration
of the plants of genotypes ,,NS—722 x Novosadska jara™ and ,,Veery—4 x Neretva™ began
with the development of apical meristem with a pair of leaf primordia, but rapid necrosis
of the calluses of these two genotypes prevented further differentation and development
of these structures into the plants.

On the basis of the results presented in this paper following conclusions could be
pointed out: a. Formation of androgeneous calluses and plant regeneration depend on the
composition of the nutrient medium and on wheat genotype (Tab. 1). b. Differentiated
callus originated from the anthers of wheat genotype ,Veery—4 x Novosadska jara”
regenerated four albino plants with haploid chromosome number after brief cultivation in
B 3 nutrient medium,
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FORMIRANJE KALUSA I REGENERACIJA BILJAKA U KULTURI ANTERA
PSENICE (TRITICUM AESTIVUM L.)
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*Institut za biologiju, Prirodno—matemati¢ki fakultet, Novi Sad
**Institut za bioloska istrazivanja ,,Sinifa Stankovi¢”, 11000 Beograd, Jugoslavija

Antere sa jedarnim mikrosporama iz 19 genetski divergentnih genotipova psenice
kultivisane su na &etiri indukcione podloge A;—A, koje su sadrzale MS mineralni
rastvor (Murashige i Skoog, 1962), 4,5 i 5% saharozu, 0,7% agar, 10% ekstrakt
krompira, razli¢ite koncentracije vitamina, auksina i kinetina. Androgeni kalus se
formirao u zavisnosti od genotipa i hranljive podloge.

Sukcesivno gajenje kalusa tokom &etiri pasaza, nastavlieno je na podlogama
obogacenim citokininima (podloge By — B 3), 5to je kod pojedinih genotipova dovelo do
formiranja rizogenih kalusa. Jedino su kalusi genotipa ,,Veery—4 x Novosadska jara™
regenerisali Cetiri albino biljke sa haploidnim brojem hromozoma.





