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Abstract: Increasing human population and food demands necessitate the development of biotechnological strategies 

for improved crop production. Plant tissue culture is a crucial step for wheat genetic transformation. Callus induction and 

regeneration of 3 local wheat cultivars; Faisalabad 2008, Galaxy and Zincol monitored: with different concentrations of 2, 

4-D, coconut water, and BAP. The mature seed embryo was an explant source. All the cultivars showed maximum callus 

induction at 3 mgL-1 of 2, 4-D; this was further enhanced by 20% coconut water. The highest callus induction was 84.6% 

for Faisalabad 2008, 74.6% for Galaxy, and 63.3% for Zincol. Regeneration frequency also varied significantly with 

coconut water. The highest regeneration was with 1.5 mgL-1 BAP, 10% coconut water for Faisalabad 2008 (81.6%), and 

the least in Zincol (68.3%). Faisalabad 2008 was found most responsive among three wheat cultivars for callus induction, 

proliferation, and regeneration. Coconut water was found efficient and vital for in vitro wheat regeneration. Chlorophyll 

mutants were also observed; collected to study the genetic variability produced due to media effect. Plants were 

transferred to in-vivo conditions and the number of plants obtained by each variety was recorded. 

Keywords: Triticum aestivum, callus induction, regeneration, coconut water, 2, 4 D  

Abbreviations: Naphthalene acetic acid (NAA); 2, 4-Dichlorophenoxy acetic acid (2, 4-D); 6-Benzyl aminopurine (BAP); 
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1. Introduction 

Wheat (Triticum aestivum L) is a self-pollinated annual plant: the main component of the human diet all over [1]. One of 

the three major crops, it is vital in meeting the challenge of continuously increasing the food need of the growing 

population [2]. Wheat is the most widely grown crop, with more than 218 million ha, providing 20% of the daily protein 

and food calories [3], [4]. It is the second most important food crop in the developing world after rice because 80 million 

farmers depend on wheat. Wheat research aims to augment the existing yield along with fighting against stresses. 

Resistance genes; were introduced against different pathotypes and environmental factors. Traditional breeding 

methods are used in Pakistan to improve the production and quality of the wheat crop. However, the limited availability 

of gene pool and the long duration of these methods are the main limitations for improving wheat by conventional 

methods [5]. Biotic and abiotic factors lowering the wheat production made the basis of tissue culture led to the genetic 

modifications [6]. Genetic engineering is less time-consuming without a species barrier. Any gene can be introduced into 

the wheat genome by any organism for the desired phenotype. 

Wheat, like many monocots, is recalcitrant to in vitro culture and its regeneration and transformation are highly 

genotypic dependent [7]. The fundamental step in the plant transformation procedure is to optimize the tissue culture 
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for callus induction and its regeneration. There are three main factors on which the tissue culture of wheat depends, 

culture medium and growth regulators [8], [9]. Explants sources used for wheat tissue culture included embryos 

(mature/immature), shoot bases, leaves, and root tips [10], [11]. T. aestivum immature embryos are widely reported 

explants for callus induction: but due to the seasonal availability, alternatives such as mature embryos and immature 

embryos can be used [2], [12]. Mature embryos, seeds, or tissues derived from them are reported: as an effective 

alternative to immature embryos for their availability and genetic stability [7], [9], [13], [14], [15]. Growth regulator 

concentration in the media is crucial in callus growth. Low cytokinin and high auxin concentration are favorable for 

wheat callus growth [16].   

The regeneration reluctance through callus is a drawback for monocots’ genetic improvement, including wheat. Explants 

source, media composition, and genotype effects in vitro plant regeneration [7], [14]. Other factors affecting plant 

regeneration from wheat mature embryo/seed are sterilization, pH, combination, and concentration of growth 

hormones [13]. Mature wheat embryos callus induction and regeneration with auxins like Naphthalene acetic acid (NAA) 

and 2, 4-Dichlorophenoxy acetic acid (2, 4-D); and cytokinins like 6-Benzylaminopurine (BAP) and Kinetin are reported 

[8], [13]. Coconut water (CW) had wide use in the plant tissue culture industry for its growth-promoting regulator 

properties. It had the cytokinin-type activity (Zeatin riboside, isopentenyl adenine, kinetin), along with a source of sugars, 

vitamins, minerals, and amino acids [17], [18], [19]. The use of coconut water to enhance wheat regeneration has not 

been reported before. 

There is a need to optimize regeneration using wheat mature seed embryos of local wheat cultivars. Somatic 

embryogenesis of local wheat varieties Faisalabad 2008, Galaxy and Zincol with CW and minimal growth regulators had 

so far not been explored. The present study will be a milestone for wheat genetic engineering through mature embryo 

tissue culture.  

2. Research Elaborations  
2.1. Plant Material 

Mature wheat seeds of three local wheat cultivars: Faisalabad 2008, Galaxy, and Zincol seeds from Gujrat Pakistan, were 

selected for the experiment. The selection was through a survey and consultation with the agriculture extension 

department of Gujrat. 

2.2. Sterilization 

Mature wheat seeds were surface sterilized with 40% sodium hypochlorite with the drop of Tween 20 for 20 min with 

vigorous shaking. It was followed by washing in DD water thrice 20 min each. The seeds were dried, mature embryo 

excision followed by callus induction medium inoculation. 

2.3. Callus induction and regeneration  

Murashige and Skoog (MS) medium salts and vitamins, was used for callus induction, proliferation, and regeneration 

[20]. 1.5, 2, 2.5, 3, 3.5, and 4 mgL-1 2, 4- D was used for callus induction. MS medium supplemented with optimized 2, 4-D 

concentration for callus induction; is used for callus maintenance and proliferation. MS with 2, 4-D best combination for 

callus induction was used, with 0.5, 10, 15, and 20% CW. Sucrose (30g) as carbon source and agar (8 gL-1) as a gelling 

agent, added to one liter MS medium. PH of the medium adjusted to 5.7 for all experiments.  
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One mature embryo/test tube was inoculated and placed in a growth chamber (300 µmol m-2 s-1, 16 h light/8 h dark) at 

25oC and 70% relative humidity) for 15 days. All varieties were monitored, for callus induction, at different 2, 4-D 

concentrations with and without CW. Calli were transferred to a maintenance medium after 15D to optimize 2, 4-D 

concentration for two weeks. After 15 days on maintenance medium, calli were shifted, on 0.5, 1, 1.5, 2, and 2.5 mgL-1 of 

BAP. The optimized BAP concentration was utilized, in combination with 0, 5%, 10%, 15% and 20% CW. Regenerated 

plants were transferred to a rooting medium consisting of MS media supplemented with 0.5% IAA. Rooted plants were 

transferred to pots containing soil containing organic manure in a growth room covered with polythene bags to maintain 

humidity. After 20D, the plantlets were transferred to the earthen pots. 

2.4. Statistical Analysis 

Three replicates were used for a hundred mature seed embryos/replicate for callus induction and regeneration. Means 

and STDEV used; for error bars in MS Excel. One-way analysis of variance (ANOVA); was used to find the significant 

difference between the concentrations of growth regulators response in different wheat varieties. Different alphabets 

represent the significant difference of the different varieties within the same media composition. 

3. Results and Discussion 

3.1. Effect of 2, 4-D, and CW on callus induction 

Wheat callus induction and in vitro regeneration are highly genotypic dependent [4]. Optimization of an efficient in vitro 

regeneration system is a prerequisite for the protocols currently used for the successful genetic transformation of wheat 

cultivars. The situation limits the biotechnological application for wheat genetic improvement. In the present study, in 

vitro regeneration of three Pakistani wheat cultivars was achieved using a mature seed embryo with different callus 

induction and regeneration medium. Different cultivars showed substantial differences in the ability of embryogenic 

callus induction, callus growth (fresh weight of callus), rooting, and regeneration. Regeneration variation is attributed; to 

genetic difference and the embryogenic response for a different combination of growth regulators [4], [7], [9]. So 

different callus induction and regeneration medium tried for the best combination of a given genotype. Cultivars 

exhibited differential embryogenesis and regeneration percentages on induction and regeneration medium. 

Three wheat cultivars Faisalabad 2009, Galaxy, and Zincol, were examined for their ability to induce callus using different 

concentrations of 2, 4-D. A compact and nodular callus for all the cultivars was obtained, characteristic of the embryonic 

callus, after 14D post-inoculation. Comparatively high concentrations of 2, 4-D for callus induction proved to be very 

efficient, vital auxin in callus induction [7], [9]. Genetic makeup is a reason for the different callus induction responses in 

different genotypes [10]. The data show that the ability to induce callus in all genotypes differed significantly from one 

another under the same concentration of 2, 4-D [11]. The highest calli number in all varieties was observed, with 3 mg L-1 

of 2, 4-D (Fig 1A). Callus induction efficiency in all genotypes was 78% for Faisalabad 2008, followed by 70% in Galaxy and 

Zincol (50%) (Fig. 1A). From 1.5-2.5 mgL-1 of 2, 4-D callus induction varied from 28-61%: becoming maximum at three 

mgL-1 (78%), followed by a reduction in callus induction again with increasing 2, 4 D concentration from 3.5-4 (48-68%). 

The nutrient medium and genotype have a considerable influence on callus formation [21]. The highest callus induction 

was observed in Faisalabad 2008, while Zincol showed the minimum callus induction. Callus growth was significantly 
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affected by CW (Fig 1B). Callus growth augmented by increasing CW concentration, become maximum at 10% (Fig 2A; 

2B; and 2C).  

 

 

 

  

 

 

 

Fig 1. Callus induction percentage of Triticum aestivum cvs Faisalabad 2008, Galaxy, and Zincol with MS media 
supplemented with (1A) 1.5, 2, 2.5, 3, 3.5, and 4 mgL-1 of 2, 4-D. (1B) 3 mgL-1 2,4-D with 5, 10, 15 and 20% coconut water. 
 

   

 

 

 

 

 

Fig 2. Callus formation of Triticum aestivum cvs with MS media supplemented with 3 mgL-1 of 2, 4-D + 10 % coconut 
water. (2A) Faisalabad 2008 (2B) Galaxy (2C) Zincol. 
 

The experiment was proceeded by using optimized 2, 4-D 3 mgL-1 with different concentrations of CW from 5-20%. The 

highest percentage callus induction was at three mgL-1 2, 4-D, and 10% CW. That was 84.6% in Faisalabad 2008, followed 

by 74.6% for Galaxy and Zincol (63.3%). Further increasing CW concentration from 10-20% causes a reduction in callus. 

Enhanced callus induction leading to regeneration was observed, with 15% CW in tomato cvs [22]. Wheat mature 

embryos, maximum callus induction with 1.0 mgL-1 abscisic acid, 2, 4 D with 2.0 mgL-1 NAA is reported [14]. 2.0, and 0.2 

mgL-1 2, 4 D and NAA/4-chlorophenoxyacetic acid was found optimum for wheat callus; while regeneration is observed 

free of growth regulators from mature wheat embryos [7]. The highest callus induction with 1mgL-1 2, 4-D, 2 mg L-1 

picloram, 200 mg L-1 casein hydrolysate using wheat mature/immature embryos was observed [9]. The combination of 

auxins was found superior for embryogenic callus induction; compared to a single auxin treatment previously. Mehmood 

et al. [23] reported 90% callus induction at 3mgL-1 of 2, 4-D in Inqalab-91 seeds. In this case, also best callus induction 

was found with single auxin alone or in combination with CW: which enhanced the callus. 

3.2. Effect of 2, 4D, BAP, and CW on wheat regeneration  

Regeneration is a vital step in tissue culture, as the response of different genotypes toward different growth regulators 

forms the basis for transformation. Embryogenic calli transferred to the regeneration media: with 0.5, 1, 1.5, 2, and 2.5 

mgL-1 BAP 30D-Post-Inoculation. The results showed that regeneration frequency varies significantly with different BAP 

concentrations (Fig.3A, 4A, 4B, 4C). Faisalabad 2008 showed the highest regeneration (77.6 %) and proved to be better 

as compared to Galaxy (74.6 %) and Zincol (63.3 %) at 1.5 mgL-1 of BAP. An increase in BAP concentration from 0.5-1.5 

Fig 1  

Fig 2  
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mgL-1 augment regeneration for all wheat varieties, but a further increase in BAP from 1.5-2.5 mgL-1 led to reduced 

regeneration. 1.5 mgL-1 BAP in the regeneration medium is suitable for efficient regeneration in all types of wheat (Fig. 

3A, 3B, 4). The highest regeneration of BAP at 1.5 mgL-1 was used with different concentration of CW (0, 5%, 10%, 15% 

and 20%) to check its effect on regeneration (Fig.3B; 5A, 5B, 5C, and 5D). 

  

 

 

 

 

 

 

 

Fig 3. Regeneration percentage of Triticum aestivum cvs Faisalabad 2008, Galaxy, and Zincol with MS media 
supplemented with (3A) 0.5, 1, 1.5, 2, 2.5 mgL-1 of BAP (3B) 1.5 mgL-1 BAP with 5, 10, 15, and 20% coconut water. 
 

The highest regeneration rate was for Faisalabad 2008 (81.6 %) and the least regeneration in Zincol (68.3 %), at 1.5 mg/l 

BAP with 10% CW. Regeneration decrease with a further increase in CW concentration which inhibits regeneration [22].  

(Fig.3B; 4). Kumar et al. [14] regeneration was reported with BAP, thidiazuron, and NAA using mature wheat embryos. 

Regeneration from mature wheat seed callus (13.8 %) with 1.5 mg L-1 of IAA and 0.3 mgL-1 BAP is reported [8]. According 

to him, the callus induction and regeneration varied significantly with variety. So in this report, maximum regeneration 

was obtained with 10% CW and 1.5 mgL-1 BAP. Higher regeneration (59.33%) was observed in Chakwal-97 with 3mgL-1 

BAP, while least regeneration was observed in Khyber (17.33%) at 4 mg L-1 BAP using seed source [23]. 

 

   

 

 

 

 

 

Fig 4. Regeneration of Triticum aestivum cvs with MS media supplemented with 1.5 mgL-1 BAP (4A) Faisalabad 2008 (4B) 
Galaxy (4C) Zincol. 
Regeneration (65% & 52.38%) on MS medium containing 0.05 mg L-1 NAA using mature/immature embryos is reported 

[9]. Iqbal et al. [13] reported 4mgL-1 BAP for regeneration and maximum callus induction ranges from 4-6 mg L-1 2, 4 D. In 

the given data, the combination of 10% CW and 1.5 mg L-1 BAP was found efficient for regeneration. In vitro wheat 

regeneration was found cultivar dependent, with Faisalabad 2008 signifying maximum regeneration. CW is a complex full  

of growth regulators like IAA, kinetin, and zeatin that minimize the cost of plant propagation [17], [18], [19]. CW was 

reported in olives and Corylus avellana L for embryogenic callus induction and micro-propagation [24], [25]. It’s not been 

Fig 4  

Fig 3  
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reported before in wheat, with the least number of growth regulators. Plants of wheat cvs obtained after rooting were 

shifted to soil and acclimatized (Fig 5F). Data is recorded for the plants obtained from all Triticum cvs (Table 1).  

 

 

 

 

 

 

 

 

 

 

 

Fig 5. Regeneration of Triticum aestivum cvs with MS media supplemented with 1.5 mgL-1 of BAP and 10% coconut water 
3W-Post inoculation (5A) Galaxy 2W-Post- inoculation (5B) Faisalabad 2008: 2W-Post inoculation (5C) Faisalabad 2008 
3W-Post inoculation. Regeneration 3-W-post green spotted calli-inoculation (5D) Galaxy (5E) Zincol (5F) Faisalabad 2008. 
 

Lack of chlorophyll, and results in photosynthesis impairment, resulted in abnormal plant development and premature 

death (Fig 5D, E). Albinism is frequently faced in tissue culture experiments. Nuclear mutation induces plastid ribosome 

deficiency; resulting in albinism [26], [27]. The molecular mechanism responsible for chlorophyll deficiency resulted in a 

mutant allele of the Alm gene for albino lemma and pericarp phenotype (line i: BwAlm) is limelight research now [26], 

[27]. A maximum number of chlorophyll mutants were observed in the variety Faisalabad 2008 and Zincol (90%) and 

minimum in Galaxy 66.67% (Table 1). 

Table 1. Chlorophyll mutants obtained out of regenerated Triticum aestivum cvs obtained by mature embryos derived 

callus with different phytohormones.  

Varieties  Total plantlets Chlorophyll 
mutants 

% Chlorophyll 
mutant 

Faisalabad 2008 110  10  9.09 
Galaxy 90  30  33.33 
Zincol 62  08 12.9 

The presence of chlorophyll deficient plantlets confirmed genetic variability [10], [28]. Phenotypic variability that 

occurred during in-vitro culture can revert to their parental type in field conditions. 

4. Conclusion  

The study showed the 2, 4-D efficiency in callus induction and proliferation at 3 mg L-1) and the BAP in regeneration (1.5 

L-1). There was a significant difference between the three varieties, with superiority of the Faisalabad 2008 to Galaxy and 

Zincol. Along with this, CW significantly enhanced callus induction and regeneration. Faisalabad 2008 shows a maximum 

number of plantlets with minimum chlorophyll variation. 
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