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Wheat is a member of family Poaceae. It is the major staple food of Pakistan. The present study was 
done to improve the regeneration of two commercially grown wheat varieties Kohsar and Khyber-87. 
Mature embryos were used as explants. Five different concentrations of 2,4-D; 2, 2.5, 3, 3.5 and 4 mg/L 
were used for callus induction. For regeneration, initially different concentrations (0.1 to 0.2) of IAA 
(indole-3-acetic acid) and BAP (6-benzylaminopurine) were experimented. The best combination of these 
hormones that is, 0.1 mg/L IAA and 0.5 mg/L BAP were further subjected to experimentation along with 
different concentrations of kinetin; 0.1, 0.2, 0.3, 0.4, 0.5 and 1 mg/L. Maximum calli of Kohsar (83.3%) was 
obtained at 3 mg/L 2,4-D whereas for Khyber-87 maximum callus induction (71.70%) was obtained at 3.5 
mg/l 2,4-D. The maximum regeneration of both Kohsar and Khyber-87 (80.5 and 62.2%, respectively) 
were obtained at the combinations of 0.1 mg/L IAA, 0.5 mg/L BAP and 0.5 mg/L kinetin.  
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INTRODUCTION 
 
Wheat (Triticum aestivum L.) is a main cereal crop and is 
the staple food of many countries including Pakistan. It is 
one of the most important domesticated crops grown 
around the world. Among the food crops, wheat is one of 
the most abundant sources of energy and protein for the 
world population (Harlan, 1981). However wheat is 
subjected to various biotic (fungal, bacterial and viral 
diseases) and abiotic (drought, salt) stresses that cause 
major yield losses. In Pakistan the most destructive 
diseases of wheat are leaf rust, stem rust, loose smut 
and leaf blight that cause losses up to 50% of yield. 

The development of resistant cultivars appears to be 
the most effective and economical method for controlling 
the diseases. Therefore the genetic improvement of 
wheat has received considerable attention over the years 
from plant breeders with the purpose of increasing grain 
yield and to minimize crop loss due  to  attack  of  various 
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Abbreviations: 2,4-D, 2,4-Dichlorophenoxy acetic acid; BAP, 
6-benzylaminopuri; IAA, indole-3-acetic acid; MS, Murashige 
and Skoog (1962) medium.  

pests and pathogens. For this purpose genetic transfor-
mation techniques are used to improve different crop 
plants. Scientists have successfully obtained transgenic 
plants of the same family (Poaceae) including rice 
(Mohanty et al., 1999) and maize (Wang et al., 2000) by 
using transformation techniques. Mooney and Goodwin 
(1991) and Peters et al. (1999) also reported 
Agrobacterium mediated wheat transformation. 

For successful gene transformation system regenera-
tion from highly embryogenic somatic cultures or cell sus-
pension must be developed. Thus, the success of plant 
transformation largely depends on effective regeneration 
protocols. Therefore before transformation experiments, 
the regeneration protocol is needed to develop for 
selected wheat varieties. In the present study in vivo 
plant regeneration protocol was established that could be 
further used for Agrobacterium mediated wheat 
transformation.  
 
 
MATERIALS AND METHODS 
 
Plant 
 
Seeds of two local wheat (T. aestivum L.) varieties,  namely  Kohsar  
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Table 1. Effect of different concentrations of 2,4-D on callus induction. 
 

Variety 2,4-D concentration    
(mg/L) 

Number of seeds 
inoculated 

Number of calli 
produced 

% of calli 

2 180 64 35.5 
2.5 180 78 43.3 
3 180 150 83.3 

3.5 180 84 46.6 

 
 
Kohsar 

4 180 60 33.3 
2 180 37 20.5 

2.5 180 62 34.4 
3 180 88 48.8 

3.5 180 140 77.7 

 
Khyber-87 

4 180 74 41.1 
 
 

and Khyber-87, were collected from National Agriculture Research  
Center (NARC) Islamabad. 
 
 
Surface sterilization and callus induction 
 
Seeds were washed with 2-3 drops of chemical detergent (Tween-
20) for 3 min and then thoroughly rinsed with running tap water for 
3-4 times. They were surface sterilized with 70% ethanol for 30 s. 
Finally surface disinfections were done with 40% Clorox (Hypo-
caloric acid) for 20 min followed by several washes with autoclaved 
distilled water. Then they were dried and cultured in tubes. 

MS (Murashige and Skoog, 1962) medium supplemented with 
3% (w/v) sucrose as a carbon source and solidified with 0.6% (w/v) 
agar was used. The pH of MS medium was adjusted at 5.75 before 
autoclaving at 121°C at 105 kPa for 20 min. The seeds of two 
wheat varieties were used for callus induction. Seeds were cultured 
in test tubes containing MS medium supplemented with different 
concentrations of 2,4-D (2, 2.5, 3, 3.5 and 4 mg/L). These cultures 
tubes were incubated under 16/8 h light/dark cycles at 25°C in a 
growth chamber. After three weeks calli were excised and shifted to 
regeneration medium.  
 
 
Regeneration 
 
The three weeks old calli were dissected into small pieces and were 
transferred to regeneration medium. Regeneration media was 
supplemented with various combinations and concentrations of IAA, 
BAP and kinetin. Regeneration was divided into two steps. In first 
step the effect of different concentrations of IAA and BAP were 
tested on regeneration frequency, whereas in the second step, the 
best-known combination of these hormones was experimented 
along-with different concentrations of kinetin (0.1, 0.2, 0.3, 0.4 and 
0.5 mg/L). 
 
 
RESULTS AND DISCUSSION 
 
Callus induction 
 
For callus induction different concentrations of 2,4-D (2, 
2.5, 3, 3.5 and 4 mg/L) were used. Among these concen-
trations 3 mg/L 2,4-D showed the best response for 
callus induction (83.3%) in Kohsar. As the concentration 
of 2,4-D was increased from 3 to 4 mg/L, the  percentage  

 
 
Figure 1. Callus induction of Kohsar with3 mg/L 2,4-D. 

 
 
 
of calli was drastically reduced from 83.3 to 33.3% (Table 
1). On the other hand Khyber-87 showed a different 
response as 3.5 mg/L 2,4-D was found to be  the best for 
callus induction in Khyber-87. Percentage of callus 
induction was increased from 20.5 to 77.7% with an 
increase in 2,4-D concentration from 2 to 3.5 mg/L. Any 
further increase in 2,4-D concentration would decreased 
the percentage of calli. At 4 mg/L 2,4-D the percentage of 
calli was 41.1%. At 3 and 3.5 mg/L 2,4-D, Kohsar and 
Khyber-87 respectively produced compact, nodular, 
whitish to creamy in color and larger calli than those 
obtained at other concentrations (Figures 1 and 2). These 
results do not coincide with the results of Turhan and 
Baser (2004) who obtained best callus induction with 4 
mg/L 2,4-D and 1 mg/L NAA. Sarker and Biawas (2002) 
also found good callus induction at 6 mg/L 2,4-D in wheat 
seeds. However Shah et al. (2003) observed excellent 
callus induction at 3.5 mg/L and good callus induction at 
3 mg/L 2,4-D. These results match with the present study 
in which 3.5 mg/L 2,4-D was found good for callus induc- 
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Table 2. Effect of different concentrations of IAA and BAP on regeneration. 
 
Variety IAA 

(mg/L) 
BAP 

(mg/L) 
Number of calli 

inoculated 
Number of calli 

showing green spots 
% of 

regeneration 

0 0.5 92 0 0 
0.1 0.5 92 66 71.7 
0.2 0.5 92 50 54.3 
0 1.5 92 0 0 

0.1 1.5 92 8 8.6 
0.2 1.5 92 2 2.2 
0 2.5 92 0 0 

0.1 2.5 92 0 0 

 
 
 
 
Kohsar 

0.2 2.5 92 0 0 
0 0.5 92 0 0 

0.1 0.5 92 40 43.4 
0.2 0.5 92 30 32.6 
0 1.5 92 0 0 

0.1 1.5 92 13 14.1 
0.2 1.5 92 4 4.3 
0 2.5 92 0 0 

0.1 2.5 92 0 0 

 
 
 
 
Khyber-87 

0.2 2.5 92 0 0 
 
 
 

 
 
Figure 2. Callus induction of Khyber-87 with 
3.5 mg/L 2,4-D. 

 
 
tion in Khyber-87 and 3 mg/L for Kohsar. These 
variations may be due to different genotypes of wheat 
varieties as each variety show a different response to 
tissue culture techniques. 
 
 
Effect of IAA and BAP on regeneration 
 
Twelve different combinations of IAA and BAP were used 
for regeneration from mature embryo derived calli. 
Among these combinations, 0.1 mg/L IAA and 0.5 mg/L 
BAP showed the best response for regeneration in both 
Kohsar and Khyber-87 (Figures 3 and  4).  In  this  combi-  

 
 
Figure 3. Regeneration of Kohsar with 0.1 mg/L IAA 
and 0.5 mg/L BAP. 

 
 
 
nation, about 71.7 and 43.4% calli showed green spots in 
Kohsar and Khyber-87, respectively (Table 2). However 
there was no regeneration without IAA. Similarly at high 
concentration of BAP, the percentage of regeneration 
was reduced drastically. It shows that high doses of BAP 
might have inhibitory effects on regeneration. Rashid et 
al. (2002) also reported the same 0.1 mg/L IAA and 0.5 
mg/L BAP as best combination for maximum plantlet 
formation (31.95%) in wheat cv. Rawal-87. However the 
results of present study do not coincide with the results of 
Alizadeh et al. (2004) who found best shoot regeneration 
in wheat at 0.2 mg/L IAA, 1 mg/L BAP and 0.2 mg/L 2,4-
D. Similarly Sarker and Biawas (2002) reported  0.5 mg/L  
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Table 3. Effect of different concentrations of kinetin on regeneration along-with 0.1 mg/L IAA and 0.5 mg/L BAP.  
 

Variety Concentration of kinetin 
(mg/L) 

Number of calli 
inoculated 

Number of calli showing 
green spots 

% of regeneration 

0.1 82 5 6.0 
0.2 82 13 15.8 
0.3 82 27 32.9 
0.4 82 58 70.7 

 
 
Kohsar 

0.5 82 66 80.5 
0.1 82 12 14.6 
0.2 82 15 18.2 
0.3 82 28 34.1 
0.4 82 35 42.6 

 
 
Khyber-87 

0.5 82 51 62.2 
 
 
 

 
 
Figure 4. Regeneration of Khyber-87 with 0.1 mg/L IAA 
and 0.5 mg/L BAP. 

 
 
 
IAA, 0.5 mg/L BAP and 40 mg/L tyrosine as best 
combination for shoot regeneration in wheat. 
 
 
Effect of kinetin on regeneration  
 
The best combination of IAA (0.1 mg/L) and BAP (0.5 
mg/L) was further experimented with 6 different combina- 
tions of kinetin for best regeneration. Addition of kinetin 
was found to have a positive effect on regeneration. It 
was observed that 0.5 mg/L kinetin along with 0.1 mg/L 
IAA and 0.5 mg/L BAP produced the highest regeneration 
frequency in both varieties (Table 3). When the concen-
tration of kinetin was decreased from 0.5 to 0.1 mg/L the 
percentage of regeneration was also decreased from 
80.60 and 62.2% to 6.0 and 14.6% in Kohsar and 
Khyber-87, respectively.  
 
 
Conclusion 
 
The best combination for highly efficient regeneration of 
Kohsar  and  Khyber-87  is  0.1 mg/L IAA,  0.5 mg/L  BAP 

 
 
Figure 5. Regeneration of Kohsar with 0.1 mg/L 
IAA, 0.5 mg/L BAP and 0.5 mg/L kinetin. 

 
 
 

 
 
Figure 6. Regeneration of Khyber-87 with 0.1 mg/L IAA, 
0.5 mg/L BAP and 0.5 mg/L kinetin. 

 
 
 
and 0.5 mg/L kinetin (Figures 5 and 6). These results are 
in coincidence with the results of Sarker and Biawas 
(2002) who also obtained best  regeneration  at  0.5 mg/L 



 
 
 
 
kinetin but explants source was immature embryos and 
combination was also different (0.5 mg/L BAP, 25 mg/L 
tyrosine). Shah et al. (2003) also found good response 
when they added kinetin in the regeneration medium 
along with 1.0 mg/L IAA and 2 mg/L BAP.     
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