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Abstract 

Mature seed based plant regeneration is the most desirable one. Since it is 
convient to collect independent of growing season and developmental stages 
and consistent in physiological status. These advantages make mature seed 
based explants  most easily handled material for plant transformation. In 
this paper the information based on mature seed explants regeneration is 
collated and data on screening bread wheat and durum wheat is presented.    
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Introduction 
Unlike the model plant, wheat has remained 
to be difficult in the transgenic study, 
mainly due to the lack of explants with high 
regeneration efficiency. So far, the 
regeneration of  wheat plantlets has been 
successfully achieved in vitro from its 
immature embryos, inflorescences, anthers, 
mature embryos (Chugh and Khurana 2003, 
Patnaik et al. 2006, Ding et al. 2009 and 
Parmar et al. 2012) and microspores among 
which the regeneration efficiency for 
different genotypes is 0-80% from the 
immature embryo culture (Bohorova et al 
1995, Fennell et al. 1996), 0-50% from the 
anther culture (EI- Hennawy et al 2011) and 
0-20% from the mature embryo culture  
 
(Chugh and Khurana 2003; Patnaik et al. 
2006; Ding et al. 2009 and Parmar et al. 
2012). Therefore, the immature embryos of 
wheat have been mostly used as receptor 
explants in transformation (Vasil et al 1992;  

 
Parmar et al. 2012). However, collection of 
the immature embryos is strictly limited by 
environmental conditions and growth 
periods. In addition, the physiological status 
of these explants suitable for tissue culture 
and transformation is greatly affected by the 
growth conditions such as temperature, 
light, nutrition, water, and diseases. 
Moreover, using immature embryos is so 
time-consuming that it is hard to meet the 
needs of the transgenic study of wheat. In 
comparison, the mature embryos are 
convenient to collect, independent of 
growing seasons and development stages 
and consistent in physiological status. These 
advantages made the mature embryos the 
most easily handling materials for plant 
transformation. Therefore, it is very 
important to establish an efficient 
regeneration system for the wheat mature 
embryos to promote the research in the 
molecular breeding and functional 
genomics. Several researchers have reported 
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callus induction and plant regeneration 
from mature seed based explant in wheat 
(Table 1). Two wheat varieties namely 
PBW222 and PBW215 were used in present 

study with the objective to check their 
callous induction and regeneration potential 
from mature seed based explants.

 
Table 1. Studies on Mature Seed based Plant Regeneration System in Wheat 

Explant Type Medium Reference 

Mature seed/Mature 
embryo explants 

C = LS+2, 4-D 
R = LS + IAA+BA 

Mackinnon et al 1987 

Leaf base culture C = MS + 2, 4-D 
R = Basal MS medium 

Rajyalakshmi et al. 1991 

Mature embryo (12 
common winter wheat 
varieties) 

C = MS + 2, 4-D (8 mg/l) 
R = Basal MS medium 

Ozgen et al 1998 

Mature seed C = LS + 2, 4-D 
R = Basal MS medium 

Malik et al 2003  

Mature embryo (CPAN 
1676 & PDW215) 

C = MS + 2, 4-D 
R = MS+BAP+IAA 

Patnaik & Khurana 2003 

Shoot tips C = T-medium+2,4-D 
       B5 + 2,4-D 
R = MS+BAP+NAA 

Sharma et al 2003 

Basal segment of 2-4 day 
old seedlings 

C = MS + 2, 4-D 
R = MS, 2 , 4-D, BAP,   
       NAA 

Wang et al 2004 

Mature embryo (Several 
varieties) 

C = MS + 2, 4-D 
R = Basal MS medium 

Ahmet et al 2007 

Leaf based cultures C = MS + 2, 4-D (Pulse) 
R = Basal MS medium 

Mahalakshmi et al 2007 

Mature embryo C = MS + 2, 4-D 
R = MS+BAP+AgNO3 

Yu et al 2008 

Mature embryo C = MS + 2, 4-D 
R = MS+IAA+Kin.+2iP 

Afzal et al 2010 

Mature embryo C = MS + 2, 4-D,  
          Picloram, Dicamba 
R = Basal MS or with  
          TDZ, Zeatin 

Parmar et al. 2012 

 
Material and Methods 
Two wheat varieties viz. PBW 222 and 
PDW 215 were used in the present 
study. Four mature seed based explants 
viz. mature seeds as such, embryos 

excised from mature seeds, germinating 
seedlings and coleoptilar nodes were 
cultured on different callusing 
medium(Table2). 
 

Table (2) Composition of Various Media used 

Media Composition 

Callusing Media  

CM2 MS+Asparagine+Thiamie+ Proline +2,4-D 
        (150mg/l)      (40mg/l)  (10mg/l) 
(2.5mg/l) 

CM2-5 MS+Asparagine+Thiamie+2,4-D 
        (150mg/l)      (40mg/l)  (5mg/l) 
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CM2-10 MS+Asparagine+Thiamie+2,4-D 
        (150mg/l)      (40mg/l)  (10mg/l) 

CM3 MS+Asparagine+Glutamine+Proline+2,4-D 
        (150mg/l)      (25mg/l)    (10mg/l)  
(2.5mg/l) 

Regeneration Media   

RM1 MS+Asparagine+Thiamie+IAA        +  BAP 
        (150mg/l)      (40mg/l)  (0.2mg/l)  
(1mg/l) 

RM2 MS+Asparagine+Thiamie+Proline +   IAA +     
BAP 
        (150mg/l)      (40mg/l)  
(10mg/l)(0.2mg/l) (1mg/l) 

RM3 MS+Asparagine+Glutaimine+Proline +IAA 
+     BAP 
        (150mg/l)      (25mg/l)    (10mg/l) 
(0.2mg/l) (1mg/l) 

Surface sterilization and preparation of 
explants: As shown in flow chart  (Fig.1) 
the healthy seeds were selected. Seeds 
were surface sterilized in sterile air 
provided by laminar air flow using 
autoclaved flasks/test tubes. 
Sterilization was done by first dipping 
the seeds in absolute alcohol for four 
minutes followed by 0.1 % HgCl2 
treatment for eight minutes with 
constant shaking. The sterilized seeds 
were  cultured on callusing media with 
their grooved surface on one side and 
were kept in total dark. For excision of 
embryos the sterilized seeds were 
soaked in autoclaved distilled water for 
6-20 hours to soften the seed coat. These 

embryos were cultured on callusing 
media as such or by dividing it into two 
parts with alongitudinal cut. For leaves 
from germinating seedlings the sterilized 
seeds were placed on basal MS medium 
for germination. After 4-5 days of 
germination, the seedlings were cut into 
1cm long pieces and cultured on 
callusing medium amd incubated in 
dark. Three days after germination, the 
coleoptilar nodes (the small amorphous 
tissue from which shoots and roots arise)  
were separated from the sterilized seeds 
with the help of forceps and scalpel 
blade and were cultured on callusing 
medium and incubated in dark.  
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Results 
Mature embryos 
The seeds were soaked into autoclaved 
distilled water before excision of 
embryos for 6-20 hours. The embryos 
could be excised after 6h imbibitions 
period, which was the minimum time 
required for softening of seed coat and 
removal of embedded embryos from 
endosperm. But the imbibition for 20h 
was found to be suitable for better 
regeneration response from the embryos. 
Imbibition for longer time was not 
suitable for better excision, because of 
excessive softening of seeds.  

Two wheat varieties one of durum 
wheat i.e. PDW 215 and one of bread 
wheat i.e. PBW 222 were used to study 
the callusing and regeneration response 
of mature embryos. The scutellum of the 

mature embryos did not form callus. The 
callus in mature embryos originate from 
embryonic axis. Table (3) shows the 
callusing response of mature embryos on 
different media - CM2 (2.5mg/l), CM2-5 
(2,4-D 5mg/l), CM2-10 (2,4-D 10mg/l) 
and  CM3. Higher concentrations of 2,4-
D (5-10 mg/l) did not enhance callus 
induction. However these concentrations 
reduced the precocious germination. In 
PDW 215 the percent callus induction on 
CM2, CM2-5, CM2-10 and CM3 was 
85.3%, 75.8%, 55.6% and 79.3% 
respectively. Whereas, in PBW 222 the 
percent callus induction on CM2, CM2-5, 
CM2-10 and CM3 was 80%, 71.3%, 78.4% 
and 72.7% respectively. The calli were 
maintained for forty five days on 
callusing medium before their transfer to 
regeneration medium. 
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Table (3) Percent Callusing and Shoot Regeneration from Mature Embryos of Two 
Tissue Culture Responsive Genotypes of Wheat on Four Callusing  Media. 

Genotyp
es 

CM2 CM2-5 CM2-10 CM3 Average 

PDW215 85.3 
(28.6) 

75.8 
(18.2) 

55.6 
(0.0) 

73.9 
(41.2) 

72.20 
(20.7) 

PBW222 80.0 
(31.8) 

8103 
(0.0) 

78.4 
(0.0) 

72.7 
(2.9) 

78.57 
(16.1) 

Figures in parantheses are the regeneration response 

For shoot regeneration, the calli were 
transferred to regeneration media RM2 
and RM3 and kept in florescent light. 
Table (3) shows the shoot regeneration 
response. In PDW 215 the calli induced 
on  CM2, CM2-5 and CM2-10 exhibited 
28.6%, 18.2% and zero regeneration, 
respectively, upon transfer to RM2 shoot 
regeneration medium. Similarly in PBW 
222 calli induced on CM2, CM2-5, CM2-
10 exhibited 31.8% and zero regeneration 
, respectively, upon transfer to RM2  
medium. Calli of PDW 215 and PBW 222 
obtained on CM3 medium gave 41.2% 

and 42.9% regeneration, respectively on 
RM3 regeneration medium. 
 Mature Seeds 
Seeds of two varieties PDW 215 and 
PBW 222 were cultured on four callusing 
media. Table (4) shows the callusing 
response of these two varieties on four 
media i.e. CM2 (2.5mg/l), CM2-5 (2,4-D 
5mg/l), CM2-10 (2,4-D 10mg/l) CM3. 
PDW 215 gave 57.17%, 50.9%, 41.8% and 
49.2% callusing while PBW 222 gave 
50%, 53.1%, 46.2% and 52.3% callusing 
on CM2, CM2-5, CM2-10 and CM3 
media, respectively.

Table (4) Percent Callusing and Shoot Regeneration from Mature Seeds of Two 
Tissue Culture Responsive Genotypes of Wheat on Four Callusing  Media. 

Genotype
s 

CM2 CM2-5 CM2-10 CM3 Averag
e 

PDW215 57.1 
(34.8) 

50.9 
(14.8) 

41.8 
(0.0) 

49.2 
(33.3) 

49.1 
(19.4) 

PBW222 50.0 
(33.3) 

53.1 
(11.5) 

46.2 
(0.0) 

52.3 
(33.3) 

50.4 
(21.4) 

Figures in parantheses are the regeneration response 
 
Table (4) shows the regeneration 
response of the calli obtained on media 
CM2, CM2-5 and CM3. Calli of  PDW 
215 obtained on CM2 exhibited 34.8%, 
while calli of PBW 222 exhibited 33.3% 
shoot regeneration on RM2. Calli of 
PDW 215 induced on CM2-5 exhibited 
14.8% shoot regeneration while those of  
PBW 222 gave 11.5% shoot regeneration 
response on RM2. Calli of PDW 215 and 
PBW 222 induced on CM2-10 did not 
regenerate on RM2. Calli of PDW 215 
and PBW 222 induced on CM3 callusing 
medium showed 33.3% shoot 

regeneration on RM3 regeneration 
medium. 
Germinating Seedlings 
Four best responsive genotypes of wheat 
i.e. PBW 343, PBW 222, PBW 226 and 
PBW 215 were used in this experiment. 
Leaves of the germinating seedlings 
were cut into pieces of 1cm length. These 
pieces were culture on callusing medium 
CM3. Table (4) shows the callusing 
response of these four genotypes on 
CM3 media. PDW 215 gave 87.8%, PBW 
222 gave 88.2%, PBW 226 gave 78.1% 
and PBW 343 gave 80% callusing 
response. 
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Table (5) Percent Callusing and Shoot Regeneration from Leaves of Germinating 
Seedlings  of Different Wheat Genotypes on CM3 and RM3  Media. 

Genotypes Callusing Regeneration 

PDW215 87.28 0.0 

PBW222 88.20 0.0 

PBW226 78.10 0.0 

PBW343 80.00 0.0 

 
Although there was profuse callusing 
from basal segments of seedling pieces, 
but no regeneration was observed from 
these calli. 

Coleoptilar Node 
Coleoptilar node of two tissue culture 
responsive genotypes PDW 215 and 
PBW 222 were put on calusing media. 
Table (6) shows callusing and 

regeneration response of these two 
genotypes.  PDW 215 gave 94.7% 
callusing whereas, PBW 222 gave 88.9% 
callusing from coleoptilar node. 
Coleoptilar derived calli of  PDW 215 
showed 16.7% shoot regeneration on 
RM3 medium whereas the calli of PBW 
222 did not regenerate into shoots. 

Table (6) Percent Callusing and Shoot Regeneration from Coleptilar Node of Two 
Tissue Culture Responsive Wheat Genotypes. 

Genotypes Callusing Regeneration 

PDW215 94.7 16.7 

PBW222 88.9 0.0 

 
Disscussion 
To obtain explant, which remains 
available round the year four mature 
seed based explants were tried i.e. 
mature seeds, mature embryos, leaves 
from germinating seedlings and 
coleoptilar node. In case of mature seed 
as explants and mature embryo as 
explants, two highly regenerative wheat 
varieties one of bread wheat, PBW 222 
and one of durum wheat, PDW 215 were 
used. Two best responsive media for 
callusing, CM2 and CM3 were used. In 
case of  CM2 callus induction medium, 
three different levels of  2,4-D i.e. 
2.5mg/l, 5mg/l, and 10mg/l were used. 
Before dissection of mature embryos, 
seeds were soaked in water for 6-20 
hours. 20 hours soaking of seed in water 
before isolation of mature embryos was 
found to be best. This was in accordance 
with some previous studies of Chylah et 
al. (1990). Mature embryos were placed 
on solid medium by keeping scutellar 
side down as discussed by Chylah et al. 
(1990). Mature seeds were cultured as 
such on solid medium. Table (3) shows 

the callusing response and plant 
regeneration response of two different 
varieties from mature embryos as 
explant. CM2 with 2.5mg/l 2,4-D gave 
best response for callus induction. But 
maximum regeneration was observed in 
calli induced on CM3 induction 
medium. Persual of data indicates that 
increase in the concentration of 2,4-D did 
not increase the callusing response but 
reduces the regeneration ability 
drastically. Calli produced on CM2 
medium having 2,4-D (10mg/l) did not 
show any regeneration response. Table 
(4) shows the callus and plant 
regeneration response of two varieties 
from mature seed explants in two 
different media i.e. CM2 and CM3. Here 
also three levels of 2,4-D i.e. 2.5mg/l, 
5mg/l and 10mg/l were tried in case of 
callus induction medium. Again CM2 
medium gave best response for callus 
induction, whereas callus produced on 
CM2 as well as CM3 gave similar results 
for plant regeneration. Increased level of 
2,4-D did not show any advantage in 
callusing, rather decreased the 
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regeneration potential. O’Hara and 
Street (1978) and Lazar et al. (1983) have 
reported plant regeneration from callus 
induced from mature embryos. 
Leaves from germinating seedlings of 
four highly responsive genotypes were 
used for callusing and plant 
regeneration. Based on the previous 
experiments, only one medium i.e. CM3, 
which was found to be best responsive 
for regeneration used in this study.  
Approximately 1 cm long leaf pieces 
were cultured on callus induction 
medium CM3. In all the leaves, only 
basal one or two segments gave 
callusing response. Rajyalakshsmi et al. 
(1991) were also able to get calli from 
first one or two segments of  leaves. So 
only two basal leaf segments were 
included for recording the observations. 
Table (5) shows callusing and 
regeneration response from leaves of 
germinating seedlings. Although very 
high callus induction response was there 
yet no regeneration was recorded. 
Contrary to this, Rajyalaksmi et el (1991) 
were able to regenerate plants from calli 
produced from leaf segments. 

To study the callusing and regeneration 
response of coleoptilar node, it was 
dissected from two varieties, PDW 215 
and PBW 222 as mentioned by 
Mchughen (1991). Coleoptilar nodes 
from these varieties were cultured on 
CM3 medium. Very high callusing 
response was observed for both the 
varieties i.e. 94.7% from PDW 215 and 
88.9% from PBW 222. Calli produced 
from PDW 215 gave 16.7% shoot 
regeneration, where as no shoot 
regeneration was observed from PBW 
222. Mchughen reported that 
regenerants from coleoptilar node 
derived callus reach anthesis about 60 
days after initial culture of coleoptilar 
node.                   
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