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The present study was conducted to determine the effect of the D genome on embryoid induction and green plant 
regeneration in wheat anther culture and how it is influenced by low temperature and mannitol treatment. For this 
reason, the anther culture response of two Canadian bread wheat cultivars and their extracted tetraploids (AABB) 
was studied. As controls two cultivars well responding to anther-culture (i.e. cvs. Kavkaz/Cgn and Acheron) and 
a no-responding cultivar (cv. Vergina) were used. Approximately 3000 anthers of these cultivars were cultured and 
three pre-treatments were applied: cold pre-treatment for 7 and 18 days at 4oC, and 0.3M mannitol for seven days 
at 4oC. W14 and 190-2 were used as induction and regeneration media, respectively, and the basic MS medium 
as the rooting medium. No green plants were produced from the tetraploids, which supports the view that the 
D-genome chromosomes are necessary for androgenic response in wheat. Furthermore, the Canadian cultivars 
performed better after 18-day pre-treatment at 4oC. The extracted tetraploids produced fewer embryoids and 
performed better after seven days of cold pre-treatment. The controls well responding to anther culture performed 
better than the Canadian cultivars, although their best response was recorded after seven-day cold pre-treatment. 
Cultivar Vergina produced no green plants. The presence of mannitol influenced negatively both embryoid and 
green plant production. It was concluded that the D genome plays a crucial role in anther culture response of 
wheat and that this response is influenced by both the genotype and the duration of cold pre-treatment. 
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EFFECT OF D GENOME ON WHEAT ANTHER CULTURE RESPONSE 
AFTER COLD AND MANNITOL PRETREATMENT

INTRODUCTION

The androgenic technique represents an effective 
approach in producing homozygous lines, called 
doubled haploid lines (DHLs), in a shorter period 
of time (Jauhar et al., 2009). This production has 
been proved beneficial to plant breeders in improv-
ing the efficiency of breeding programs (Cistué et 
al., 2006; Hennawy et al., 2011). Hexaploid wheat 
(Triticum aestivum L.) is generally a well respond-
ing species and anther-culture technique has 
already been widely and successfully used (Kasha 
and Maluszynski, 2003). On the contrary, durum 
wheat (Triticum durum L.) is very recalcitrant to 
anther-culture and almost no green plants are pro-

duced (Cistué et al., 2009). Therefore, the question 
is often expressed whether the lack of the D genome 
is responsible for the extremely low response of the 
durum wheat to anther culture. 

The importance of anther culture in breed-
ing programs motivated researchers to investigate 
the reasons for this different behavior of wheats. 
More precisely, in the case of bread wheat it is well 
established that the androgenic ability is affected 
by the physiological status of the pollen of the 
donor plants (Ouyang et al., 1987), the develop-
mental stage of the microspores (He and Ouyang, 
1984), the pre-treatments of the microspores at 
low temperatures (Xynias et al., 2001; Tersi et al., 
2005; Scagliusi, 2014) and the in vitro culture con-
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ditions (Patel et al., 2004; Cistué et al., 2006). In 
an attempt to improve the androgenic response 
in durum wheat, Cistué et al. (2006) revealed that 
anthers pre-treated in 0.7 M mannitol for five 
days exhibited improved green plant regeneration. 
Soriano et al. (2007) and Castillo et al. (2015) also 
pretreated the anthers of bread wheat for 5 days 
in 127.5 g l−1 mannitol with sufficient results. 
Furthermore, Labbani et al. (2007) demonstrated 
that a combined pre-treatment, involving 0.3 M 
mannitol and cold pre-treatment for seven days, 
had a crucial effect on the number of embryos pro-
duced and the regenerated green plants in tetra-
ploid (durum) wheat. However, genetic factors also 
play an important role in the efficiency of anther-
culture and its widespread application (Barnabas 
et al., 2001; Lantos et al., 2013). It is also estab-
lished that the calli induction, the regeneration and 
the green plant production are greatly genotype 
dependent (Castillo et al., 2000; Ritala et al., 2001; 
Lazaridou et al., 2005). Furthermore, it was demon-
strated that genes located at D genome influence the 
embryoid production (Ghaemi and Sarrafi, 1994; 
Inagaki et al., 1997). It was also reported that A-, B- 
and D-genome chromosomes influence embryogen-
esis and that green plant production is controlled 
by the complete set of the A- and D-genome chro-
mosomes (except 5D), and albino and total plant 
production is affected by some B- and D-genome 
chromosomes (Ghaemi et al., 1995). In addition, 
Mujeeb-Kazi et al. (2006) reported the cumulative 
role of the D- and A- or B-genome chromosomes 
on embryo formation. Finally, Tersi et al. (2005) 
reported the positive effect of the D genome on 
green plant production since the only regenerated 
plants they obtained from durum x bread wheat 
crosses had some D-genome chromosomes. It 
is obvious that a final answer on the effect of the 
D genome on wheat anther culture could come from 
the study of hexaploid cultivars and their extracted 
tetraploids. This is because they share the same 
cytoplasm as well as the same A and B genomes. 
Luckily, enough material connected with this issue 
has been developed by Kaltsikes et al. (1968).

The present study was undertaken to evaluate 
the effect of the D genome on embryoid induction 
and green plant regeneration from anther culture 
of hexaploid bread wheats and their extracted tet-
raploid wheats and the effect of low temperature 
duration and mannitol pre-treatments on their 
anther culture response.

MATERIALS AND METHODS

PLANT MATERIAL

Two bread wheat (AABBDD) Canadian culti-
vars (i.e., cvs.Thatcher and Rescue) and their 
extracted tetraploids (AABB), referred to as tetra-
Thatcher and tetra-Rescue, respectively, (Kaltsikes 
et al., 1968) were studied for their anther cul-
ture response. The well responding to anther cul-
ture cultivars Kavkaz/Cgn (KVZ) and Acheron 
(Lazaridou et al., unpublished data) and the no-
responding Hellenic cultivar Vergina (Zamani et al., 
1998) were used as controls.

FIELD CONDITIONS

The aforementioned cultivars were cultivated at the 
University Farm of Thessaloniki in northern Greece, 
in loam (L) soil (Typic Xerorthent) with pH 7.8 
organic matter content 13.4 g kg-1, N-NO3 38 mg kg-1, 
P (Olsen) 26 mg kg-1 and K 156.6 mg kg-1 (0 to 30 cm 
depth). Seedbed preparation included mouldboard 
plough, disc harrow and cultivator. Nitrogen and 
P205 at 80 and 40 kg ha-1, respectively, were incor-
porated into the soil as diammonium phosphate 
(20-10-0) before sowing. The crop was kept free of 
weeds by hand hoeing when necessary.

SPIKE PRE-TREATMENT 

Spikes of the above mentioned cultivars were 
harvested when the flag leaf was visible, stage 38 
according to Zadoks scale (Zadoks et al., 1974), 
placed in Erlenmeyer flasks containing tap water 
and transferred to 4oC for 7 or 18 days. Spikes of 
the same varieties were harvested and remained in 
a 0.3 M mannitol solution at 4oC for seven days 
for cold pre-treatment and osmotic stress (Labbani 
et al., 2007). In total, approximately 3000 anthers 
(derived from 60 spikes) from each cultivar were 
cultured.

ANTHER-CULTURE CONDITIONS

Spikes of the aforementioned genotypes prior to 
culture were checked for microspore development 
and those containing anthers in the mid (MU) to 
late uninucleate (LU) microspore developmental 
stage were used in the experiment. The spikes were 
sterilized in a 30% commercial chlorine solution for 
20 min and they were subsequently rinsed in steril-
ized distilled water several times. The anthers were 
aseptically excised from the spikes and transferred 
onto petri dishes containing approximately 30 ml 
W14 solid medium (Ouyang et al., 1989) supple-
mented with 2 mg/l-1 2.4D and 0.5 mg/l-1 kinetin 
(Knudsen et al., 1989) and were incubated in the 
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dark at 28oC for 4 weeks. The anthers of each geno-
type and each treatment were inoculated on four 
different days representing four replications. The 
microspore derived structures (embryoids) from 
all treatments were transferred to 190-2 regenera-
tion medium (Zhuang and Jia, 1983) supplemented 
with 0.1 mg/l-1 gibberellic acid (GA3) plus 5 mg/l-1 
IBA and kept at 26°C under 16-hour illumination 
for four weeks. 

The produced green plantlets were transferred 
to flasks containing MS medium (Murashige and 
Skoog, 1962) without growth regulators and final-
ly the well-differentiated green plants were trans-
planted into small pots, covered with plastic bags 
in order to maintain high humidity and kept in 
a growth chamber at 21°C/19°C day/night tempera-
ture regime and 16-hour illumination. After three 
weeks the plants were transferred to larger pots 
and kept in the growth chamber under the same 
temperature and light conditions to reach maturity 
and produce seeds.

STATISTICAL ANALYSIS

The experiment was analysed as a complete-
ly randomised design in a split-plot arrange-
ment with four replications. The cultivar was the 
main plot factor while the cold pre-treatment 
in the first experiment and the application or 
not of the mannitol in the second experiment 
was the sub-plot factor. Each replication con-
sisted of five petri dishes (15 cm in diameter) 
and each of them contained approximately 50 
anthers from one spike. The number of embry-
oids was recorded after four weeks and the 
regenerated green and albino plants were count-
ed four weeks later. The statistical analysis was 
performed using analysis of variance (ANOVA) 
by SPSS, version 22 (SPSS Inc., Chicago, IL).

RESULTS

EFFECT OF COLD PRE-TREATMENT

All the examined genotypes (i.e., cultivars Thatcher, 
Rescue, Tetra-Thatcher and Tetra Rescue and the 
controls KVZ, Acheron and Vergina) responded to 
anther culture and produced embryoids (Table 1). 
More embryoids were produced from the controls 
KVZ (45.2 and 31 embryoids/100 anthers) and 
Acheron (63.5 and 61 embryoids/ 100 anthers) 
under both cold pre-treatments. Cultivars Thatcher 
and Rescue (Fig. 1a,b) performed better than their 
extracted tetraploids and produced more embry-
oids at both cold pre-treatments. The percent-
age of embryoids/100 anthers formed after seven 
days of cold pre-treatment varied from 0.8 in cv. 

tetra-Thatcher to 63.5 in cv. Acheron, whereas after 
18-day cold pre-treatment it ranged from 0.5 in tet-
ra-Thatcher to 61 in cv. Acheron. Cultivars Thatcher 
and Rescue, the two Canadian cultivars, produced 
more embryoids after 18 days of cold pre-treat-
ment, compared to their performance after seven-
day cold pre-treatment. On the contrary, the control 
cultivars KVZ and Acheron (both spring type bread 
wheats) performed better after seven-day cold pre-
treatment. 

More plants were produced from the controls 
KVZ and Acheron in all the treatments. Regarding 
the genotypes, the tested cultivar Thatcher pro-
duced 0.5 plants/100 anthers and Rescue 0.7 green 
plants/100 anthers after seven-day cold pre-treat-
ment (Fig. 1c). No plant production was observed 
for the extracted tetraploids from both cultivars 
and both cold pre-treatments. Moreover, no plant 
production was recorded in cultivar Vergina at 
both cold pre-treatments. Additionally, in cultivars 
Thatcher and Rescue more green plants were pro-
duced after 18 days of cold pre-treatment, com-
pared to seven-day cold pre-treatment, whereas in 
the controls KVZ and Acheron the longer cold pre-
treatment resulted in reduced plant production. 

EFFECT OF MANNITOL

A negative effect of mannitol on the androgenic 
ability on the examined genotypes was observed 
(Table 2). The hexaploid wheats (Thatcher, Rescue 
and the control Acheron) as well as the extracted 
tetraploids, performed better and produced more 
embryoids in the treatments without mannitol com-
pared to the respective values observed when man-
nitol was added. A more severe and negative effect 
of mannitol was observed on green plant produc-
tion. Even the cultivars KVZ and Vergina, which 
produced more embryoids after mannitol treat-
ment, did not produce green plants. The same was 
observed in all the genotypes tested, except Rescue 
and Acheron, which produced few green plants. 
It is worth noticing that the extracted tetraploids 
produced no green plants at all - with and without 
mannitol pre-treatment. 

DISCUSSION

D genome effect: Hexaploid wheat (Triticum aes-
tivum L.) is a species well responding to anther 
culture and production of doubled-haploid lines 
and has already been widely and successfully used 
for breeding purposes (Kasha and Maluszynski, 
2003). On the contrary, durum wheat (Triticum 
durum L.) is a very recalcitrant species to anther-
culture (Cistué et al., 2006; Jauhar, 2003). Various 
theories have been proposed to explain these differ-
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ences between hexaploid and tetraploid wheats in 
androgenic response. Thus, Szakacs et al. (1988) 
and Agache et al. (1989) stated that the responsible 
genes for anther culture response are located on 
B-genome chromosomes. However, this could not 
offer a persuasive answer to the question since the 
B genome is present in both species. An alterna-
tive explanation was given by Ghaemi and Sarrafi 
(1994) and Inagaki et al. (1997) who claimed that 
genes located on the D genome might influence 
the embryoid production in wheat. Furthermore, 
Ghaemi et al. (1995) reported that the embryogen-
esis process was influenced by some chromosomes 
of the A, B and D genomes, whereas green plant 
production was influenced by all chromosomes of 
the A and D genomes except 5D. 

The results of the present study clearly sup-
port the view that the D-genome chromosomes 
play a major role in androgenic response in hexa-
ploid wheat. This is because hexaploid cultivars 
Thatcher and Rescue produced green plants, 
whereas no plant production was observed from 
their extracted tetraploids. This is in accord-
ance with the report made by Mujeeb-Kazi et al. 
(2006) that the D genome significantly influenced 
the haploid production efficiency in synthetic 
hexaploid (SH) wheats produced from 44 durum 
wheat (Triticum turgidum L.) cultivars crossed 
with Aegilops tauschii compared to the haploid 
production efficiency of the same cultivars via the 
Zea mays technique. Similar results were demon-
strated by Ghaemi and Sarrafi (1994) and Ghaemi 

 TABLE 1. Embryoids and green plant production of the examined wheat cultivars and the controls 
after 7- and 18-day cold pre-treatment

a/a Genotype
Cold

pre-treatment
Embryoids 

per 100 anthers
Green plants 

per 100 anthers

1 Rescue
7 days 9 e 0.7 de

18 days 13.3 d 1.2 cd

2 Thatcher
7 days 2.3 g 0.5 de

18 days 6.2 ef 1.5 c

3 Rescue’s 4x
7 days 1.9 g 0 e

18 days 0.8 g 0 e

4 Thatcher’s 4x
7 days 0.8 g 0 e

18 days 0.5 g 0 e

5 KVZ
7 days 45.2 b 5.8 a

18 days 31 c 3.4 b

6 Acheron
7 days 63.5 a 5.1 a

18 days 61 a 3.6 b

7 Vergina
7 days 3.6 fg 0 e

18 days 3.8 fg 0 e

LSD (t = 0.05) 9.6 1.8

Source DF Mean squares Mean squares

Genotype 6 ** **

Treatment 1 ** **

Genotype x Treatment 6 ** **

CV (%) 9 33.3

Percentages followed by different letters are significantly different at p=0.05 level
** significant differences at p ≤ 0.01 respectively



Effect of D genome in wheat anther culture response 99

et al. (1995). A verification of these statements was 
undertaken by Tersi et al. (2005) who attempted 
to produce tetraploid genotypes carrying B-genome 
chromosomes originating from well responding to 
anther culture bread wheats. The aforementioned 
authors reported that the only F1 plants produced 
were those carrying D-genome chromosomes. This 
may indicate that the D genome could have an effect 
on anther culture response. However, the question 
that is still open is how the D genome affects the 
androgenic response of bread wheat. This could be 
due either to D-genome genes having a direct effect 
on androgenesis or to modifier genes interacting 
with genes located on A or B genomes. For this to 
be clarified, further research is needed. 

Pretreatment effect: The check cultivars KVZ 
and Acheron performed better than the Canadian 
hexaploid cultivars in all the treatments verifying 
their excellent response to anther culture. Cold pre-
treatment significantly affected the anther culture 
response in both hexaploid and tetraploid wheat. 
More specifically the cold pre-treatment for 18 days 
had a negative effect on cultivars KVZ, Acheron 

(used as controls) and a positive effect on culti-
vars Thatcher and Rescue compared to cold pre-
treatment for seven days. This positive effect was 
more obvious in plant production, since the longer 
cold pre-treatment almost doubled plant produc-
tion in cv. Rescue and more than doubled it in cv. 
Thatcher. In other words, there was a very strong 
interaction between the genotype and the duration 
of cold pre-treatment and this is in disagreement 
with Rizkalla et al. (2012) who reported that cold 
treatment of the wheat spikes for 7 or 14 days was 
almost equally effective in embryo production. 

Regarding the effect of mannitol presence dur-
ing the stage of cold pre-treatment in the regenera-
tion process of the tetraploid wheats various pro-
tocols have been proposed. It is well established 
that the application of a stress pre-treatment factor 
is necessary for efficient induction of microspore 
embryogenesis in cereals (Labbani et al., 2007). 
Sugar starvation by placing anthers on a medium 
with mannitol as the carbohydrate source is one 
of the most commonly used stress pre-treatments 
(Caredda et al., 2000; Kasha et al., 2001; Cistué et 

Fig. 1. Androgenic response in cultivar Rescue. (a) responded anther, (b) albino plant, (c) regenerated green plant
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al., 2006; Soriano et al., 2007; Castillo et al., 2015). 
This pre-treatment has resulted in consistently high 
chromosome doubling rates in barley (Kasha et al., 
2001; Shim et al., 2006) and wheat (Hu and Kasha, 
1997). In addition, Cistué et al. (2006) reported 
that pre-treating the anthers in 0.7 M mannitol 
for five days improved green plant regeneration in 
durum wheat. Furthermore, Labbani et al. (2007) 
presented data suggesting that a pre-treatment 
including a combination of mannitol 0.3 M and cold 
pre-treatments for seven days had a strong effect 
on the number of embryos and regenerated green 
plant production. However, none of the former sug-
gestions was confirmed in the present investigation. 

The addition of mannitol had negative effect (with 
few exceptions) on both embryoid and green plant 
production in all the genotypes tested.

In conclusion, all the results of the present 
study indicate a decisive effect of the D genome on 
androgenic ability of wheat, or otherwise they sup-
port the view that at least some of the D-genome 
chromosomes are necessary for anther culture 
response. However, the green plant production in 
wheat is probably more complicated and the exist-
ence of possible interactions between the three 
genomes, A, B and D, may affect the androgenic 
response in bread wheat and this has to be further 
investigated.

 TABLE 2. Embryoid and green plant production of four wheat cultivars and three controls 
after seven-day cold pre-treatment with and without 0.3 M mannitol

a/a Genotype
Mannitol

pre-treatment
Embryoids

per 100 anthers
Green plants 

per 100 anthers

1 Rescue
without 9 ef 0.7 c

with 1.5 g 0.4 cd

2 Thatcher
without 2.3 g 0.5 cd

with 6 g 0 d

3 Rescue’s 4x
without 1.9 g 0 d

with 0 g 0 d

4 Thatcher’s 4x
without 0.8 g 0 d

with 0 g 0 d

5 KVZ
without 45.2 c 5.8 a

with 112.5 a 0 d

6 Acheron
without 63.5 b 5.1 b

with 29.8 d 0.8 c

7 Vergina
without 3.6 fg 0 d

with 13.6 e 0 d

LSD (t = 0.05) 16.4 1.4

Source DF Mean squares Mean squares

Genotype 6 ** **

Treatment 1 ** **

Genotype x Treatment 6 ** **

CV (%) 25 46.9

Percentages followed by different letters are significantly different at p=0.05 level
** significant differences at p ≤ 0.01 respectively



Effect of D genome in wheat anther culture response 101

AUTHORS’ CONTRIBUTION

Dr. Lazaridou contributed to experimental design, 
she performed the anther-culture process and inter-
pretation of results. Dr. Pankou performed the sta-
tistical analysis, Dr. Xynias and Dr. Roupakias were 
responsible for planning the experiment, interpre-
tation of results and linguistic improvement of the 
text. Dr Roupakias also supplied the plant material 
used in this work. The authors declare that they 
have no conflicts of interest.

ACKNOWLEDGEMENTS

The present work was financially supported 
by the Technological and Educational Institute 
of W. Macedonia, Greece and the Laboratory 
of Genetics and Plant Breeding of the Aristotle 
University of Thessaloniki, Greece and is dedicated 
to the memory of P. J. Kaltsikes, professor in Plant 
Breeding at the Agricultural University of Athens.

REFERENCES

AGACHE S, BACHELLER B, DE BUYSER J, HENRY Y, and SNAPE J. 
1989. Genetic analysis of anther culture in wheat using 
aneuploid, chromosome substitution and translocation 
lines. Theoretical and Applied Genetics 77: 7–11.

BARNABÁS B, SZAKACS E, KARSAI I, and BEDO Z. 2001. In vitro 
androgenesis of wheat: from fundamentals to practical 
application. Euphytica 119: 211–216.

CAREDDA S, DONCOEUR C, DEVAUX P, SANGWAN R, and CLEMENT C. 
2000. Plastid differentiation during androgenesis in albi-
no and non albino producing cultivars of barley (Horde-
um vulgare L.). Sexual Plant Reproduction 13: 95–104.

CASTILLO AM, SANCHEZ–DIAZ RA, and VALLES MP. 2015. Effect 
of ovary induction on bread wheat anther culture: ovary 
genotype and developmental stage and candidate gene 
association. Frontiers in Plant Science 6: 1–12. doi: 
10.3389/fpls.2015.00402

CASTILLO AM, VALLES MP, and CISTUÉ L. 2000. Comparison of 
anther and isolated microspores cultures in barley. Ef-
fects of culture density and regeneration medium. Eu-
phytica 113: 1–8.

CISTUÉ L, ROMAGOSA I, BATLLE F, and ECHÀVARRI B. 2009. Im-
provements in the production of doubled haploids in 
durum wheat (Triticum turgidum L.) through isolated 
microspore. Plant Cell Reports 28: 727–735.

CISTUÉ L, SORIANO M, CASTILLO AM, VALLÉS MP, SANZ JM, and 
ECHÀVARRI B. 2006. Production of doubled haploids in 
durum wheat (Triticum turgidum L.) through isolated 
microspore. Plant Cell Reports 25: 257–264.

GHAEMI M, SARRAFI A, and MORRIS R. 1995. Reciprocal substi-
tutions analysis of embryo induction and plant regenera-
tion from anther culture in wheat (Triticum aestivum L.). 
Genome 38: 158–165. 

GHAEMI M, and SARRAFI A. 1994. The effect of the “D” genome 
from synthetic wheat lines in anther culture responses. 
Plant Breeding 112: 76–79.

HE DG, and OUYANG JW. 1984. Callus and plantlet formation 
from cultured wheat anthers at different developmental 
stages. Plant Science Letters 33: 71–79.

HU TC, and KASHA KJ. 1997. Improvement of isolated micro-
spore culture of wheat Triticum aestivum L. through 
ovary co-culture. Plant Cell Reports 16: 520–525. 

HENNAWY EI, ABDALLA AF, SHAFEY SA, and AL-ASHKAR IM. 2011. 
Production of doubled haploid wheat lines (Triticum aes-
tivum L.) using anther culture technique. Annals of Agri-
cultural Sciences 56: 63–72.

INAGAKI MN, PFEIFFER, WH, MERGOUM M, MUJEEB-KAZI A, and LU-
KASZEWSKI AJ. 1997. Effects of D-genome chromosomes 
on crossability of hexaploid triticale (x Triticosecale Wit-
tmack) with maize. Plant Breeding 116: 387–389.

JAUHAR PP. 2003. Haploid and doubled haploid production 
in durum wheat by anther culture. In: Maluszynski M, 
 Kasha KJ, Forster BP, Szarejko I. (eds.) Doubled haploid 
production in crop plants, 167–172. Kluwer, Dordrecht.

JAUHAR PP, XU SS, and BAENZIGER PS. 2009. Haploidy in culti-
vated wheats: induction and utility in basic and applied 
research. Crop Science 49: 737–755.

KALTSIKES PJ, EVANS L, and BUSHUK W. 1968. Durum-type wheat 
with high bread-making quality. Science 129 (3811): 
211–213.

KASHA KJ, HU TC, ORO R, SIMION E, and SHIM YS. 2001. Nuclear 
fusion leads to chromosome doubling during mannitol pre-
treatment of barley (Hordeum vulgare L.) microspores. 
Journal of Experimental Botany 359: 1227–1238.

KASHA KJ, and MALUSZYNSKI M. 2003. Production of doubled 
haploids in crop plants. An introduction. In: Maluszyn-
ski M, Kasha KJ, Forster BP, Szarejko, I. (eds.) Doubled 
haploid production in crop plants, 1–4. Kluwer, Dor-
drecht.

KNUDSEN S, DUE IK, and ANDERSEN SB. 1989. Components of 
response in barley anther culture. Plant Breeding 103: 
241–246.

LABBANI Z, DE BUYSER J, and PICARD E. 2007. Effect of man-
nitol pre-treatment to improve green plant regeneration 
on isolated microspore culture in Triticum turgidum 
ssp. durum cv. ‘Jennah Khetifa’. Plant Breeding 126: 
565–568.

LAZARIDOU TB, LITHOURGIDIS AS, KOTZAMANIDIS ST, and ROUPA-
KIAS DG. 2005. Anther culture response of barley geno-
types to cold pre-treatments and culture media. Russian 
Journal of Plant Physiology 52: 696-699.

LANTOS C, WEYEN J, ORSINI JM, HEIKE G, BERND S, VOLKER L, 
KONTOWSKI S, JACOBI A, MIHALY R, BROUGHTON S, and PAUK 
J. 2013. Efficient application of in vitro anther culture for 
different European winter wheat (Triticum aestivum L.) 
breeding programs. Plant Breeding 132: 149–154.

MUJEEB-KAZI A, AHMED J, GULAND A, and MIRZA JI. 2006. Hap-
loid production variation in several durum wheat culti-
vars and their synthetic hexaploid derivatives. Pakistan 
Journal of Botany 38: 407–415.

MURASHIGE T, and SKOOG F. 1962. A revised medium for rapid 
growth and bioassays with tobacco tissue cultures. Phys-
iologia Plantarum 15: 473–497.

OUYANG YW, HE DG, FENG GH, and JIA SE. 1987. The response 
of anther culture to culture temperature varies with 



Lazaridou et al.102

growth conditions of anther donor plants. Plant Science 
49: 145–148.

OUYANG JW, JIA SE, ZHANG C, CHEN X, and FEN G. 1989. A new 
synthetic medium (W14) for wheat anther culture. An-
nual Report, 91–92. Institute of Genetics, Academia Si-
nica, Beijing.

PATEL M, DARVEY NL, MARSHAL DR, and BERRY JO. 2004. Opti-
mization of culture condition for improved plant regen-
eration efficiency from wheat microspore culture. Eu-
phytica 140: 197–204.

RITALA A, MANNONEN L, and OKSMAN-CALDENTEY KM. 2001. Fac-
tors affecting the regeneration capacity of isolated barley 
microspores (Hordeum vulgare L.). Plant Cell Reports 
20: 403–407.

RIZKALLA AA, AL-ANSARY AMF, ATTIA SAA, HAIBA AAA, and NAS-
SEEF JE. 2012. Response of some Egyptian and intro-
duced wheat hybrids to androgenic process. Internation-
al Journal of Agricultural Research 7: 205–214.

SCAGLIUSI SM. 2014. Establishing isolated microspore culture 
to produce doubled haploid plants in Brazilian wheat 
(Triticum aestivum L.) Australian Journal of Crop Sci-
ence 8: 887–894.

SHIM YS, KASHA KI, SIMI E, and LETARTE J. 2006. The relation-
ship between induction of embryogenesis and chromo-
some doubling in microspore cultures. Protoplasma 
228: 79–86.

SORIANO M, CISTUE L, VALLE MP, and CASTILLO AM, 2007. Effects 
of colchicine on anther and microspore culture of bread 
wheat (Triticum aestivum L.). Plant Cell Tissue and Or-
gan Culture 91: 225–234.

SZAKACS E, KOVACS G, PAUK J, and BARNABAS B. 1988. Substitu-
tion analysis of callus induction and plant regeneration 
from anther culture in wheat (Triticum aestivum L.). 
Plant Cell Reports 7: 127–129.

TERSI M, XYNIAS IN, GOULI-VAVDINOUDI E, and ROUPAKIAS DG. 
2005. Effect of genome, induction medium and tempera-
ture prereatment on green plant production in durum 
(Triticum turgidum var. durum) x bread wheat (Triticum 
aestivum L. em Thell) crosses. Acta Physiologiae Plan-
tarum 27: 641–649.

TUVESSON S, LJUNGBERG A, JOHANSOON N, KARLSSON KE, SUIJS LW, 
and JOSSET JP. 2000. Large-scale production of wheat and 
triticale double haploids through the use of a single-anther 
culture method. Plant Breeding 119: 455–459. 

XYNIAS IN, ZAMANI IA, GOULI-VAVDINOUDI E, and ROUPAKIAS DG. 
2001. Effect of cold pre-treatment and incubation tem-
perature on bread wheat (Triticum aestivum L.) anther 
culture. Cereal Research Communications 29: 331–338. 

ZADOKS JC, CHANG TT, and KONZAK CF. 1974. A decimal code 
for the growth stages of cereals. Weed Research 14: 
415–421.

ZAMANI I, GOULI-VAVDINOUDI E, and ROUPAKIAS DG. 1998. Anther-
culture of Greek bread wheat cultivars and their F1 hy-
brids. In: Abstracts of 7th Conference of the Hellenic Ge-
netics and Plant Breeding Society. October 21–23, 1998, 
Heraklio, Greece.

ZHUANG J, and JIA X. 1983. Increasing differentiation frequen-
cies in wheat pollen callus. In: Hu, H., and Vega, M.R. 
(eds.) Cell and Tissue Culture techniques for Cereal crop 
Improvement, 413–432. Sinica Science Press. Beijing.


