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Abstract 
 
For rapid production of doubled haploid plants through isolated microspore culture is very promising target and useful tool in crop 
plants. But there are some problems for low rates of embryogenesis, regeneration, albinism and all genotype do not show in 
androgenetic response. Therefore, the aim of this investigation were to screen some androgenetic responsive cultivars, efficient and 
reproducible plant regeneration system through isolated microspore cultura of wheat. For improvement of regeneration efficiency 
experiments were conducted on embryoids age, size and shape on regeneration. Different sizes of embryos were classified into three 
categories, such as large (> 2.0 - 3.0 mm), medium (1.0 - 1.9 mm) and small (< 1.0 mm). Results indicated that size of the embryo is 
an important factor for efficient regeneration. It was observed that large embryos produced higher percentage of green plantlets and 
small embryos showed low regeneration. Embryoids age and shape are also very important factor for regeneration. The present 
investigation demonstrated that transfer of embryos to semi-solid regeneration medium at an early age, e.g. three - five weeks, 
showed significant and effective results for the production of regenerated green plants in comparison to prolonged age (six - eight 
weeks). Transfer of embryos to the regeneration medium after six weeks produced four - five times higher albinos than the earlier 
age. This results indicate that embryo shape (torpedo, heart and globular) plays an important role for regeneration. Large and heart 
shaped embryoids produced higher percentage of green plantlets and lower albinos in all cases. This investigation has increased the 
knowledge for efficient plant regeneration system through proper microspore-derived embryoids using in age, size and shaped in 
wheat microspore culture.  
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Introduction 
 
Since the discovery by Guha and Maheshwari (1994) the 
immature pollen could be induced to bypass normal 
development within the anther and the production of haploid 
plants, first realized in Datura innoxia Mill. Afterwards many 
reports have been done for production of doubled haploids in 
cereals and other crops. The technique of regenerating fertile 
plants from isolated microspores represents a potential tool 
for different biotechnological approaches. Till now progress 
through anther and isolated microspore culture are reported in 
cereals and other crops e.g. wheat (Datta and Schmid, 1996; 
Cistué et al., 2009; Slama-Ayed et al., 2010), rice (Raina and 
Irfan, 1998; Bikash and Mandal, 2001; Suriyan et al., 2009); 
barley (Jahne and Lörz, 1999; Jacquard et al., 2006; Shim et 
al., 2009), maize (Nägeli et al., 1999; Obert and Barnabás, 
2004), Brassica (Weber et al., 2005; Möllers et al., 1994), 
Capsicum (Barany et al., 2005), carrot (Górecka et al., 2010), 
Datura (Iqbal and Wijesekara, 2007), Nicotiana (Touraev et 
al., 1996a), etc. The success achieved in anther culture of 
cereals encouraged several workers to establish regeneration 
systems for isolated microspores in wheat. But success in 
microspore culture is predominantly dependent on the 
genotype of the anther donor material. Genetic factors are 
also important in determining the age of anther and 
microspore culture response. Several workers observed that 
the growing conditions of the donor plants might have a 
profound influence on the induction of androgenic embryo 
and its development (Ali and Jones, 2000; Islam et al., 2001). 
In cereal crops, still the major problem is albinisms for 
androgenetic study. Many factors have been found to affect 
the degree of albinisms, such as the genotype and 

physiological state of the donor plants (Torp and Andersen, 
2009; Jacquard et al., 2006, Wojnarowiez et al., 2004). The 
problem is partly solved by using fully developed embryos in 
respect of their shape and size is very important for better 
regeneration and avoiding the albinisms. In microspore 
culture of wheat highest percentage of green plants was 
obtained when large (>4 mm) embryos were transferred after 
25 days in regeneration medium (Kunz et al., 2000). Cistué et 
al. (1995) also reported that induction time in culture was 
directly correlated with the production of albino regenerants. 
Hoffmann et al. (1990) examined histological conditions of 
several androgenic callus types in wheat and reported that 
soft and aqueous callus tissue, which consisted of long 
tubular cells, was not regenerable. De Buyser and Henry 
(1979) transferred prolonged aged embryos in regeneration 
medium i.e. after 45 days of culture at 26 - 27°C and 
observed its retarded regeneration. Till now there are very 
few reports on the shape and age of embryos for regeneration 
efficiency. Therefore, the purpose of the present study was to 
develop an efficient and reproducible plant regeneration 
system through isolated microspore culture of wheat.  
 
Materials and methods 
 
For this study the spring wheat (Triticum aestivum L.) 
genotypes, namely Barkat, Kanchan and Pavon 76 were taken 
as plant materials for its good androgenetic response (Islam et 
al., 2001). Donor plants were grown in the greenhouse (1999) 
with approximately 25/18ºC day/night temperature and 16/8 
h   light/dark   in   ETH-Zurich,   Switzerland.   Spikes   were  
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Fig 1. Stages of microspore development and regeneration 
from microspore-derived embryoids in wheat. A: Microspore 
development after 5 days of culture. B: Dividing microspore 
after 10 days of culture. C: Different shape (heart) and sizes 
of embryos after 3 weeks of culture. D: Torpedo and globular 
shape of embryos after 4 weeks of culture. E: Callus with 
regenerable structures. F. Green and albino regenerated 
plantlets. G. Microspore-derived plants. 
 

 
Fig 2. Embryogenesis and plant regeneration efficiency for 
three wheat genotypes through isolated microspore culture. 
Vertical bars indicate standard error.   
 

 
Fig 3. Effect of embryoids size on plant regeneration 
 

 
 
Fig 4. Effect of embryoids age on plant regeneration. Vertical 
bars indicate standard error.   

Table 1. Regeneration efficiency of different shapes of 
microspore-derived embryoids in wheat  
 

Shape of 
embryos 

Total 
embryos 

Green 
plants (%) 

Albinos (%) 

Torpedo 304 63.16 19.08 
Heart 252 90.48 9.52 

Globular 272 76.47 17.64 
Green and albino plants are calculated per 100 embryos. 
 
harvested shortly after just emerging of flag leaf and when 
the microspores were at mid to late uninucleate stage as 
determined by 1% aceto-carmine staining test. Harvested 
spikes were then subjected to cold pretreatment in dark for 3 - 
15 days at 4°C. Cold pre-treated spikes were surface 
sterilized with 70% ethanol and anthers were removed from 
the spikes using a fine tweezers. Then microspores were 
released into the medium by squeezing the anthers with a 
sterile glass rod or by homogenizer. The suspension was 
diluted with optimum range of liquid AMC (induction) 
medium (Kunz et al., 2000) and filtered through a sieve with 
a 100 µm stainless steel mesh and centrifuged at 1000 rpm 
for 3 - 4 minutes. The pellet was then carefully re-suspended 
in induction medium and transferred to sterile Petri dishes 
following the protocol of Puolimatka et al. (1996) and 
incubated at 28ºC for embryo induction. Microspore 
developmental stages were observed after five days of culture 
initiation (Fig A, B).  

After three - four weeks in culture the embryos and calli, 
1-3 mm in diameter, were removed weekly and transferred to 
regeneration medium (Fig C, D) and cultures were placed in a 
chamber at 16/8 hr light/dark regime and 27°C and relative 
humidity as 80% for regeneration. Regenerated plantlets were 
transferred to plant growth medium (PM), (Schmid, 1990) for 
good root and shoot formation. The effect of embryo age 
(transferring time) on regeneration from microspore-derived 
embryoids of Barkat was considered for this study. The 
cultures were divided into two age groups, e.g. (a) three - five 
and (b) six - eight weeks. Firstly, selected embryoids were 
transferred in regeneration medium within three - five weeks 
and secondly; embryoids were transferred within six - eight 
weeks. For both the age groups, approximately 12 × 105 
microspores (120 anthers) of each genotype were cultured 
into 20 Petri dishes (Corning, surface treated, 35 × 10 mm). 
To observe regeneration efficiency embryo sizes were 
determined by superimposing the Petri dish with a 
transparent grid (1 mm). Embryoids were classified into three 
categories (sizes): large (>2.0 - 3.0 mm), medium (1.0 - 1.9 
mm) and small (<1.0 mm). In another findings different 
shapes of embryos e.g. torpedo, heart and globular were 
taken from Barkat and cultured to observe their regeneration 
ability. Embryo’s shape was identified with a stereoscopic 
microscope after three weeks of culture and transferred to 
regeneration medium within 21 - 35 days of culture (Fig E). 
Data were recorded on the basis of number of embryo like 
structures (ELS) per 105 microspore and total regenerated 
plantlets (TRP), green regenerated plants (GRP) and albino 
regenerated plants (ARP) per 100 embryos.  

For statistical analysis, data were transformed by the 
ArcSin√P function for converting their multiplicative inter-
effects of the traits into additive ones and subjected to 
ANOVA. Significance level of 0.05 and 0.01 were compared 
the independent effect of each factor to evaluate the effect of 
embryo size and age on regeneration. The analysis was 
computed following the working schedule of Gomez and 
Gomez (1976). 
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Table 2.  Analysis of variance for the effect of genotype, size and age of embryos on plant regeneration. 
df ELS 

 
TRP 

 
GRP 

 
ARP 

 
Sources of 
variation 

 MS F. value MS F. value MS F. value MS F. value 
Variety 2 22.16 44.32** 19.34 15.85** 11.82 4.38 2.52 5.04 

Size 2 1489.79 2979.58** 1443.57 1183.25** 1122.9 415.89** 193.58 387.16** 
Variety 
× Size 

4 11.68 23.36** 18.08 14.82* 10.45 3.87 1.51 3.02 

Age 1 48.91 97.82** 78.75 64.55** 688.58 255.02** 462.59 925.18** 
Variety 
× Age 

2 0.39 0.78 0.95 0.78 2.11 0.78 2.32 4.64 

Size 
× Age 

2 23.17 46.34** 19.50 15.98** 169.80 62.89** 152.67 305.34** 

P. error 4 0.50 - 1.22 - 2.70 - 0.50 - 
Total 17 186.37 - 183.69 - 197.30 - 69.62 - 

ELS = per 105 microspores. TRP, GRP and ARP recorded per 100 embryos. 
*, ** indicating significant at 0.05 and 0.01 level of significance, respectively. 
 

Results and discussion 
 
Three wheat cultivars from Bangladesh were tested for 
isolated microspore culture and found that 28.63%, 24.05% 
and 26.94% embryoids in Barkat, Kanchan and Pavon 76, 
respectively per 105 microspores (Fig 2). Hoffmann et al. 
(1991) and Ouyang (1986) reported that microspore-derived 
green plantlet yield of the field-grown spring wheat were 
several times higher than the greenhouse grown plants.  

For microspore culture the physiological or developmental 
conditions of the donor plants are very important for 
induction and regeneration. It was found that the large (L) 
embryos showed significantly highest percentage of green 
plantlets (32.30), whereas medium (M) and small (S) 
embryos showed greatly decreased regeneration (Fig 3). 
Moreover, when the embryos were transferred to 
regeneration medium within three - five weeks then it showed 
significantly higher percentage of green plantlets (21.07 %) 
and least number of albinos. But when the embryos were 
transferred after six weeks then decreased green plantlets and 
increased significantly higher number of albino plants (Fig 
4). It was observed that many factors have been found to 
affect the degree of albinism. However, when embryo size 
was larger than > 3.00 mm then it produced a highest number 
of regenerated green plantlets per 100 embryos along with 
least number of albino plants. If embryo size was smaller 
than 1.00 mm it showed the lowest regeneration potential and 
the highest albinism. To overcome the albinism and improved 
green plant regeneration shape of embryos was considered as 
an important factor in the present study. It was observed that, 
heart shaped embryos showed highest percentage of 
regeneration than other two i.e. torpedo and globular shape. 
A very high percentage of regenerated green plants (90.48%) 
and less number of albino plants (9.52%) were found when 
different sizes of heart shaped embryos were transferred to 
the regeneration medium within three - five weeks of culture 
initiation (Table 1).  

The effect of genotype, embryoids size and age and their 
interactions on induction and regeneration traits were tested 
at the 0.05 and 0.01 level of significance by F-test (Table 2). 
Embryo’s age, size and age - size interaction on the induction 
and regeneration were found to be highly significant, 
whereas, the genotype and genotype - embryo’s size also 
showed highly significant effect on the formation of embryo 
like structures and showed significant effect on plant 
regeneration. The present investigation about the effect of 
embryo age, size and shape on plant regeneration potential 
were evaluated. It clearly demonstrated that an early transfer 
of   embryos   or   embryo   like   structures   (ELS)   into   the  

 
 

regeneration medium within three - five weeks is more 
efficient for regeneration of green plantlets in comparison to 
prolonged culture (six - eight weeks) in AMC (Fig F, G). It 
might be due to the accumulation of gametoclonal variations 
induced by the relatively high 2, 4-D content of AMC. The 
quality of embryos (size and shape) also showed significant 
effect on the regeneration efficiency. Large embryos yielded 
more green plantlets than other embryos of the same age. 
Furthermore, the percentage of albino plants was negetively 
correlated with the embryo size. Hu and Kasha (1997) 
determined two sizes of embryos e.g. large (>2.0 mm) and 
small (0.5 - 2.0 mm) and only the large sized embryos were 
transferred into differentiation medium for regeneration. 
They reported that the frequency of number of green and 
albino plant regeneration is dependent on embryoids size. 
Touraev  et al. (1996b) reportad that albino plant production 
is not only dependent on genotype, it is also correlated with 
the embryo size. Bruins and Snijders (1995) also examined 
the effect of size of embryo on regeneration and they 
classified the embryos into three groups (0.5 - 0.75, 1.0 - 1.25 
and 1.50 - 2.0 mm), and demonstrated that the green plantlet 
production from 0.5 - 0.75 mm sized embryos was more 
efficient than the larger (>1.0 mm) embryos. Hu and Kasha 
(1997) also transferred large sized embryos (>2.0 mm) to 
regeneration medium after 30 days, and obtained very higher 
percentage of green plants (18 - 43 %) and lower number of 
albinos (5 - 8 %). Kunz et al. (2000) reported that the 
prolongation of embryo culture in induction medium up to 45 
days caused a dramatic drop in the regenertaion efficiency. It 
was observed that a very high percentage of green plantlets 
and low number of albinos were recorded from large (2.0 - 
3.0 mm) embryos, but <1.0 mm embryos failed to show good 
regeneration. However, it differs from the observation of 
Bruins and Snijders (1995), they obatined significantly better 
results on regeneration from >1.0 mm embryos. But they did 
not mention any effect of age of embryo on regeneration and 
albino production. The present results on the influence of 
embryo size and age on regeneration agreed well with the 
findings of Kunz et al.  (2000), Hu and Kasha (1997), De 
Buyser and Henry (1979). Cistué et al. (1995) mentioned that 
the duration of culturing time was highly correlated with the 
production of albino plants. In this study, only 2.39% albino 
plants were observed when the embryos were transferred 
within three - five weeks and 12.40% albinos were counted 
when embryos transferred after six - eight weeks. Similar 
type of work has been reported by De Buyser and Henry 
(1979). 



 

 152

In conclusion, different shape of embryos showed significant 
effect on the variability of regeneration. Torpedo and 
globular embryos also showed good results but production of 
albino was two - three times higher than the heart shaped 
embryoids. Finally, it has been proved that embryoid’s age, 
size and shape are important factors for the production of 
increased green plantlets and reduced number of albino. 
Large and hearts shaped embryos were appeared to be the 
best performer for green plant regeneration. 
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