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Anther Culture Response to Different Media in F2 Progenies of Bread Wheat
(Triticum aestivum L.)

0. Yorgancilar! I. Kutlu®* A. Yorgancilar! P. Uzun?

Transitional Zone Agricultural Research Institute, Biotechnology Division, Karabayir
Baglari 6th km. Eskisehir-Turkey
2Eskisehir Osmangazi University, Faculty of Agriculture, Ali Numan Kirac Campus, Eskisehir-
Turkey,imrenkutlu@hotmail.com

The anther culture is one of the most important methods for producing doubled haploid plants and the efficiency of
this method is influenced by several mentioned factors such as genotype and induction media. In this study, it was
investigated that anther response of different F, progenies of bread wheat (Triticum aestivum L.) hybrids using
MNG6 and P2 induction media. The results indicated that callus production, regeneration, green and albino plant
numbers are higher on MN6 media than on P2 media for all genotypes. In addition to, all investigated parameters
varied between genotypes. It can be said that the response of anthers depends mainly both the genotype and
media, and the most suitable induction media for obtaining doubled haploid from our wheat hybrids was MN6
medium. However, it may be needed to develop other culture conditions for this population to utilize it in an actual
breeding program.

Key Words: anther response, bread wheat (Triticum aestivum L.), callus production, induction media, regeneration.

Ekmeklik Bugdayin (Triticum aestivum L.) F; Déllerinin Farkli Ortamlarda Anter
Kiilturiine Tepkisi

Anter kiltiirG, double haploid bitki elde etmek igin kullanilan en 6nemli yontemlerden birisidir ve bu yontemin
etkinligi, genotip ve kiiltiir ortami gibi pek ¢cok etmenden etkilenir. Bu ¢alismada, MN6 ve P2 ortamlari kullanilarak,
farkh ekmeklik bugday melezi F, déllerinin anter kiltirine tepkisi arastiriimigtir. Sonuglar, biitiin genotiplerde kallus
Uretimi, rejenerasyon, yesil ve albino sayisinin, P2’ye gére MN6 ortaminda daha yiiksek oldugunu géstermistir. Buna
ek olarak, incelenen tim o6zellikler bakimindan genotipler arasinda farkliliklar vardir ve anter kiltiiriine tepkinin
biliyik oranda hem genotipten hem de kiltiir ortamindan etkilendigini ve kullanilan melezler igin en uygun kultur
ortaminin MN6 ortami oldugu sdylenebilir. Ancak, etkin bir islah programinda bu populasyonun kullanabilmesi
diger kultur kosullarinin da gelistiriimesiyle olasidir.

Anahtar Kelimeler: anter tepkisi, ekmeklik bugday (Triticum aestivum L.) kallus Gretimi, kiltlr ortami, rejenerasyon

Introduction be gained by traditional breeding methods. They,

Wheat, which has vital importance for human
nutrition, is first as acreage and production in
Turkey and world because it has wide adaptability
and ease storage etc. Global demand for wheat
has been growing day by day because of its
features. Wheat production is so far away to meet
increasing demand to wheat in Turkey and should
be increased in. The production of wheat can be
increased either by greater area under cultivation
or by increasing per hectare yield. However, it is
not feasible to increase area under wheat
cultivation. Therefore, the only alternate left is to
increase per hectare yield by developing high
yielding varieties that are better adapted to wide
range of environments and stresses (Ozgen,
1991). However, genetic variability which is
required to solve yield and quality problems can

to evolve high yielding and quality wheat varieties
should include a system of instant homozygosity
of important characters after gene pyramiding to
gain more variation (lnagaki, 1997). Many
generation breeding cycles are needed to achieve
uniformity in different agronomic traits which is
time consuming (Hussain et al., 2012).

To speed up the breeding process, plant tissue
culture methods could be used effectively. Among
them, the technique of double haploid (DH) plants
by anther culture is an important method, which
enables significant shortening the breeding
process (Kasha and Maluszynski, 2003; Belchev et
al., 2004). As known, doubled haploid lines are
homozygous of hundred percent, and they allow
evaluating or screening the material in a very
rather short time. Again, according to this
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method, it is possible to obtain new varieties even
in 5=7 years, while conventional breeding usually
takes 10-15 years (Grauda et al., 2010). Doubled
haploid production is widely used not only for the
plant breeding (De Buyser et al., 1987; Pauk et al.,
1995), but also for basic research (Orshinsky et al.,
1990), such as genomic mapping, haploid
transformation and artificial seed production, etc
(Tuvesson et al., 2003).

Androgenesis is a common methodology to
develop haploids, and doubled haploids, in major
grain crops. The formation of androgenetic
structures and regenerated plants depends on the
genotype of the donor plant, its growth
environment, culture media and their interactions
(Lazar et al., 1985; Redha and Talaat, 2008;
Kondic-Spika et al., 2011).

It is not easy to find an anther culture medium,
which gives good respond to many plant species
(Ellialtioglu, 1999). Because the anther response
changes even among the different genotypes of
same species, common nutrient media is not
recommended (Ellialtioglu, 1999). Several defined
induction media, such as N6 (Chu, 1978), Wi4
(Ouyang et al., 1989), Chu90 (Chu et al., 1990) and
C17 (Pauk et al., 1991), and also less-defined
media, such as the potato extract-media P2
(Chuang et al., 1978) and P4 (Ouyang et al., 1983),
have been established for wheat anther culture
(Puolimatka and Pauk, 2000).

It was reported that due to plants are not selected
in F1 generation, F2 and Fs progenies must be used
as a material in anther culture (Pauk et al., 2003).
Because genetic segregation in F2 progenies are

Table 1. Pedigree of 12 bread wheat crosses

Yorgancilar et al., 2015: 12 (02)

more evident than that of Fi population and
genetic variation reduction during doubled
haploid plant production might be partially
eliminated (Yorgancilar et al., 2013). Hence, in this
research, F2 population was used as a material.

In this study, it was investigated that anther
response of different F2 hybrids originated from
Turkish winter bread wheat (Triticum aestivum L.)
cultivars using MN6 and P2 induction media.
Because there was no information about which
components in these media affected -callus
induction and plant regeneration in these F:
progenies.

Material and Methods

Twelve F2 wheat hybrids created at the
Transitional Zone Agricultural Research Institute
were used in the research (Table 1).

Donor plants were grown under field conditions.
Spikes were collected in the early uni- to mid-
uninucleate and covered with plastic bags
preserved at 4°C during two weeks. Then the
developmental stage of microspores was
determined by squashing in the acetic carmine on
a glass slide (Jacquard et al., 2003). After pre-cold
treatment, leaves and other parts thrown on spike
and they were surface sterilized in 2% Sodium
Hypochloride solution including Tween 80 for 20
minutes by continuous shaking to remove to
surface contaminants (fungi, bacteria) and then
they were rinsed in sterilized distilled water for
four times (Pauk et al., 2003).

CROSS NUMBER

PEDIGREE

1

© 00 N o 1 A W N

[ Y
N B O

SIVAS111-33/ESER
AK702/CETINEL2000
KARAHAN99/ALPUO1

KRC/BEZ1/3/TT-50-18/P101/TT-50-18/VG DWF/4/NACIBEY

P1-178383/YILDIZ98

1D13.1/MLT//TOSUNBEY

MV8/NACIBEY
ATILLA12/2*MUFITBEY

ONEARLY_S-248/2*KIRAC66

K431494/2*MUFITBEY

HARMANKAYA99/2*ONEARLY_S-148
CHINESEE SPRING x HYSTAR

100



Tekirdad Ziraat Fakiiltesi Dergisi
Journal of Tekirdag Agricultural Faculty

Two different induction media, MN6 (Quyang et
al., 1987) and P2 (Chuang et al., 1978) were used
in this study and the media components showed
Table 2. The media components were sterilized
and autoclaved at 121°C for 15 minutes. The
induction media were poured into 90 mm
diameter Petri dishes, 25 ml of medium in each
one. 1000 anthers per cultivar and medium were
placed Petri dishes at a density of 100 anthers per
dish and ten replicates were used. Anthers were
isolated under aseptic conditions and put on
induction medium. From all F2 combination total
12.000 anthers were isolated; isolated anthers of
each spike were cultivated on both P2 medium
and MN6 medium. Petri dishes where anthers
incubated at 28°C and 80% humidity in the dark
for 4-5 weeks. When cultivation obtained callus
are about 2 cm, they were transferred on the
regeneration medium which its components
showed Table 3 (Zhuang and Jia, 1980).

The cultures were maintained at 25°C at a light
intensity of 50 umol s m?, with photoperiod of
16/8 h. Green and albino plantlets were

Table 2. Component of induction media.

Yorgancilar et al., 2015: 12 (02)

indentified and recorded. When the plantlets are
approximately 1,0-1,5 cm, they were transferred
to test tubes containing the same nutrient
medium. Shooting plants with roots were
transferred pots and acclimatization by covered
nylon bags to provide a moist environment during
4-5 days.

Then, ploidy level is determined by examining the
size of stomata under microscope (Olympus BH-
2). Haploid plants were treated with 0.2%
Colchicines, 2% Dimethyl Sulfoxide (DMSO), then
transferred greenhouse, while spontaneous
doubled haploid plants were directly transferred
greenhouse.

A random design involving ten replications per
variant (genotype x media) was used. Each petri
dishes containing 100 anther was considered as
an experimental unit. Data were collected on a
per petri dishes basis. Statistical analyses were
done using SPSS 17.0 statistical software.

P2 MN6
Component Amount (mg/l) Component Amount (mg/l)
KNO3 1000 KNO3 1150
Ca(N03)2.4H20 100 /NH4/2S04 x 2H,0 100
MgS04.7H.0 125 Ca/ NO3/2 x 4H,0 100
(NH4)2 SO4 100 (NHa4)2 SO4 80
KH2PO4 200 MgS04 x 7H20 125
KCl 35 KH2PO4 200
FeS04.7H20 27.9 KCI 35
Na2.EDTA 37.3 2,4-D 1,5
Sucrose 90.000 Kinetin 0,5
Agar 6000 Ficoll 100.000
Glutamin 500
Thiamin.hcl 1
2,4-D 1.5
Kinetin 0.5
Component Amount (ml/I) Component Amount (ml/I)
Potato extract 100 Fe-Na-EDTA 5
Thiamin-HCl 1
Maltose 100

* pH 5.8 for both media.
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Table 3. Components of regeneration and growth media.

After P2 Induction Media After MNG6 Induction Media (190-11 Cu)

Component Amou.nt for Amount for Component Amount (mg/I)
Regeneration (mg/l) Growth (mg/1)
KNOs 950 1000 KNOs 100
Ca(N0s3)2.4H20 - 500 /NH4/2S04 200
MgS04.7H,0 - 71.5 Ca/ NO3/2x 4H20 100
(NHa4)2 SO4 185 - KH2PO4 300
KH2PO4 85 300 MgSOs x 7 H20 200
NHsNOs 825 1000 KCl 40
CaCl2.2H20 220 - Fe-Na-EDTA 20
FeS04.7H20 13.9 13.9 MnSO4 x 4H20 8
Na2.EDTA 18.6 18.6 ZnS04 x 7H20 3
MnSQ04.4H,0 22.3 4.9 H3BOs3 3
ZnS04.7H20 8.6 2.7 Kl 0,5
H3BO3 6.2 1.6 Glicine 2
KI 0.83 0.75 Thiamin-HCI 1
Na2Mo04.2H.0 0.25 - Pyridoksine hcl 0,5
CuS04.5H20 0.025 - Nikotinik asit 0,5
CoCl2.6H20 0.025 - Meso-inositol 100
Agar 20.000 20.000 Sucrose 0,5
Glutamin 6000 8000 NAA 0,5
Glycine 100 - Kinetin 0,5
Pyridoxin.HCI 2 20 CuSO4 X 5H20 5,7
Thiamin.HCl 0.5 5
Nikotinik asit 0.1 1
2,4-D 0.5 5
IAA 0.5 -
Kinetin - 1
KNOs 0.5 -
* pH 5.8 for both media.
Results genotype x media interactions were not

The main effects of the genotype, media and their
interaction were all significant at the p < 0,01 level
for number of callus, genotype was significant at
the p < 0,01 level for regeneration and albino
plants and genotype was significant at the p <
0,05 level for green plant. However, media and

significant for regeneration and green plant.
Media and genotype x media interactions could
not be analysed for albino plant because of any
albino plant was not occurred in P2 media (Table
4).

Table 4. Variance analyses of genotype, media and their interactions for callus number, plant
regeneration, green plant number and albino plant number.

Dependent Variable

Independent Variable

Genotype Media Genotype x Media
Callus 3,99™ 36,86 2,50
Regeneration 3,26™" 3,62 0,13™
Green Plant 2,08" 0,41 0,02
Albino Plant 13,73" na na

** Significant at P<0,01, * Significant at P<0,05, " not significant, na: not analysed
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The effect of different induction media on anther
response (callus induction) of F2 progenies was
presented in Figure 1. All genotypes of F2
progenies analyzed provided of callus induction
except for Cross 4 and Cross 5 on P2 media.
Differences were observed between genotypes
and culture media with respect to number of
callus. The Cross 11 showed the highest total
callus induction both on MN6 media (252) and on
P2 media (57). The Cross 4 which had the lowest
value (32) on MN6 media did not produce callus
on P2 media. The best anther culture response
was obtained on MN6 media.
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Regeneration was higher on MN6 media
depending on the number of obtained callus from
initiation medium (Figure 2). It is clear from the
results that genotype influences the regeneration
as well as media. Cross 8 was the highest
regeneration to callus cultivation on the MNG6
media (33) and Cross 9 was the highest
regeneration on the P2 media (4). Three crosses
(Cross 8, Cross 9, and Cross 11) regenerated on P2
media, although all crosses regenerated on MN6
media.
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Figure 1. Sum callus induction for 12 genotypes on MN6 and P2 media.
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Figure 2. Sum regenerated plant number for 12 genotypes on MN6 and P2 media.

Likewise, all regenerated callus were produced
green plants both on P2 media and on MN6 media
(Figure 3). The highest green plant gained from
Cross 8 (22), and this cross followed by Cross 9
(18), Cross 5 (12), Cross 2 (11) and Cross 11 (9)
with higher values than other crosses. In total, 94
and 8 well-rooted green plantlets were
regenerated from the 12 breeding crosses on
MN6 media and P2 media, respectively. These
plantlets were acclimatized to greenhouse
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conditions, and the rate of survival following
acclimatization was approximate 63% on both
media.

The albino plants total number was changed from
1 (Cross 3 and Cross 12) to 27 (Cross 2) on MN6
media. On P2 media, any cross was produced
albino plant (Figure 4).
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The number of haploid plants obtained from
regenerated green plants were changed from 1
(Cross 4, Cross 6 and Cross 11) to 5 (Cross 8 and
Cross 9) on MN6 media and only 2 haploid plants
gained from Cross 9 on P2 media (Figure 5). On P2
media, the Cross 8 and Cross 11 produced
spontaneous double haploid plants were their
number 1 and 2 respectively (Figure 6). On MN6
media, all crosses produced spontaneous double
haploid plants. The highest spontaneous double
haploid plants gained from Cross 8 on MN6 media
(8) and from Cross 11 on P2 media (2). In total, 19
haploid and 40 spontaneous double haploid plants
were obtained from MN6 media, but only 2
haploid and 3 spontaneous double haploid plants
were obtained from P2 media.

Discussion and Conclusion

Anther culture is one of the most important
methods for producing doubled haploid plants
and the efficiency of this method is influenced by
several mentioned factors such as genotype and
induction media. This study was carried out to

Yorgancilar et al., 2015: 12 (02)

evaluate twelve different F2 progenies bread
wheat hybrids capacity for callus production and
plant regeneration by using two different media.

Total callus number changed from 32 to 252 on
MN6 media, while it changed from 0 to 57 on P2
media. These results mainly indicated that media
effect on anther response, even though anther
response was greatly genotype dependent. Many
researchers reported that the response of anthers
depends mainly on the genotype used (Konieczny
et al., 2003; Kim and Baenziger, 2005; Cistu’e et
al., 2006; Kang et al., 2011; Yorgancilar et al.,,
2013). In addition to Redha and Talaat (2008)
stated that manipulation of media components is
of particular interest and has led to success in
some cases. Also, Kondic-Spika et al. (2011)
reported that the differences in the genotypes’
reaction to the induction media indicate that
formation of callus and plant regenerants (green
and albino plants) depends on the genotype and
culture conditions.
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Figure 5. Sum haploid plant number for 12 genotypes on MN6 and P2 media.
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Figure 6. Sum spontanoeus double haploid plant number for 12 genotypes on MN6 and P2 media.

Regeneration, green and albino plant numbers are
higher on MNG6 than on P2 media. The reason for
this may be high callus production on MN6 media.
MN6 media including maltose could vyield
sufficient green plants from anther culture in
these F2 populations.

The culture media composition is reported to be a
major factor for the anther culture response and
induction of development of green and albino
plants from microspores (Fadel and Wenzel, 1990;
Hu, 1997; Kao, 1981). Dogramaci-Altuntepe et al.
(2001) reported that a strong media effects on
anther response and callus production. Our
findings were similar and callus production and
plant regeneration were better on MN6 than on
P2 media. Whereas some researchers (Moieni
and Sarrafi, 1995, 1996; Danci et al., 2010; Kondic-
Spika et al., 2011) reported that the P2 media has
been effectively used in anther culture of
hexaploid wheat. In contrast to, the results of this
study showed that P2 media is not effective
enough in our genotypes. Shirdelmoghanloo et al.
(2009) stated that P2 media is not suitable wheat
isolated microspore culture, too. On the other
hand, Rashid et al. (2002) reported that N6

medium as a recommended medium for callus
induction.

One of the important results of this study,
spontaneously doubled haploids accounted
almost 68% of plants. Similar results found that
Cistu’'e et al.,, 2006. Spontaneous doubling is
generally assumed to generate from endomitosis
or by nuclear fusion (Sunderland et al., 1974).
However, since both mechanisms are infrequent
and inconsistent events ((Loh and Ingram 1983),
the reason for the high spontaneous chromosome
doubling among regenerated plants is unknown.

It was shown that the most suitable induction
media for obtaining doubled haploid from wheat
hybrids was MN6 medium. This medium was the
suitable for callus production and to develop
green plants. P2 media was not suitable for
investigated wheat hybrids. Therefore, we may
need to develop other culture conditions for this
population to utilize it in an actual breeding
program. Cross 8, Cross 9 and Cross 11 gave
desirable regeneration answers, but Cross 8
exhibited better values for green and
spontaneous double haploid plants and therefore
may be worthy genotype to serve in the future as
a promising donor material for breeding based on
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anther culture. More plants- regenerates
contained spontaneous double haploid, but some
of them had also haploid. In addition, the use of
doubled haploid lines will be gained great
possibilities and they will be bring novel genes at
the especially biotechnologically level in the
wheat breeding.
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