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Abstract: A comparative study was aimed to evaluate the morphogenic response of thidiazuron (TDZ) a novel morphogen, in the 

Murashige and Skoog (MS) nutrient medium on mature caryopsis culture of hexaploid bread wheat (Triticum aestivum L. cv. HD2329) 

and tetraploid pasta wheat (Triticum durum L. cv. PDW215). To begin with, mature caryopsis exhibits slow and  inhibited germination 

followed by semi-compact callus formation from the basal region of growing coleoptiles on nutrient medium supplemented with 2, 4-

dichlorophenoxyacetic acid (2,4-D) alone or in combination with either 6-benzylaminopurine (BAP) or TDZ. In contrary, caryopses 

cultured on either BAP or TDZ alone supplemented medium, show direct multiple-shoot regeneration instead of callusing from the base 

of developing coleoptiles. Furthermore, results indicate that mature caryopses of both wheat varieties show significant improvements in 

frequency of multiple-shoot regeneration (53%) and (39%) respectively on manipulation of TDZ concentration in combination with 

BAP. Thus, TDZ proves to be stimulatory in terms of multiple-shoot regeneration from caryopsis culture. However, other treatments 

such as 2,4-D either with TDZ or BAP reflected very weak combinations and failed to contribute any effective roles in regeneration of 

both wheat varieties. Hence, the results involving the stimulatory response of TDZ for mature caryopsis regeneration in wheat suggest 

that further investigations are required to understand the molecular involvement of TDZ during cellular metabolic pathways and its 

interaction with BAP during in vitro cell regeneration.  
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1. Introduction  
 

Wheat is one of the most primary sources of food and 

nutrition for human populations all over the world and it is 

well  studied that almost 95% of the cultivated wheat T. 

aestivum (hexaploid) type is used mainly for the preparation 

of bread and other baked products whereas the remaining 

5% of T. durum (tetraploid) type wheat that is essentially 

used for making pasta and macaroni.  Development of 

efficient plant regeneration protocol from either single cell 

or organized tissue is important for many commercially 

important crops like wheat the common source of energy 

and proteins for the world population (Kheyrodin and 

Kheyrodin, 2014). 
 

Moreover, in addition to conventional breeding technique, 

application of gene transformation technology has been 

proved an alternative approach to improve the quality and 

quantity of wheat crops. Significantly, the success of 

transgenic wheat production depends on the establishment of 

efficient and stable plant regeneration system but the 

reproducible and dependable regeneration protocols suitable 

for various explants and genotype is lacking in wheat. 

Hence, it proves to be major limitations for implementation 

of an effective wheat functional genomics programme 

(Bhalla, 2006; Ganeshan et al., 2006; Vasil, 2007; Chauhan 

et al., 2007).  

 

In general, immature embryonic tissues have been proved 

more competent tissue in terms of  regeneration potential as 

compared to mature embryonic tissues in graminaceous 

crops but additionally other tissues such as non-endosperm 

supported mature embryos directly from seeds (Ozias-Akins 

and Vasil, 1983; Kato et al., 1991; Kintzios et al., 1996; 

Varshney et al., 1999; Mendoza and Kaeppler, 2002; Li et 

al., 2003; Patnaik and Khurana, 2003; Zale et al., 2004), thin 

pieces of mature embryos (Delporte et al., 2001) and 

endosperm supported mature embryos (Ozgen et al., 1996, 

1998; Chen et al., 2006; Filippov et al., 2006) have been 

also used for callus formation and plant regeneration (Aydin 

et al., 2011). Unfortunately, immature embryogenic tissues 

are restricted only for a short-period in plant life; therefore, 

procurement of these tissues seems to be quite tedious. 

Hence, mature tissues like mature embryo and caryopses 

have enough potential to be treated as immediate possible 

alternative for the studies on regeneration and 

transformation of wheat. 

 

During the last few decades, several compounds have been 

synthesized and also employed to identify for inducing the 

regeneration potential in plant cell (Murthy et al., 1998) and 

morever, the morpho-regulatory potential of TDZ was 

studied that led to its application as an effective bioregulant 

in cell and tissue cultures in many plant species (Li et al., 

2000; Hosseini-Nasr and Rashid, 2000; Svetla et al., 2003; 

Matand and Prakash, 2007; review Guo et al., 2011). 

Additionally, TDZ is known to induce not only adventitious 

and/or axillary shoot production through organogenesis, but 

also somatic embryogenesis in many dicot plant species 

(Murthy et al., 1998).  Most studies involving the morpho-
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regulatory effects of TDZ in plant during in vitro culture are 

mainly based on dicot plant species whereas the literatures 

involving the effects of TDZ in wheat regeneration are very 

limited. The present study thus involves the application of 

TDZ during in vitro culture of mature caryopsis of Indian 

bread wheat and pasta wheat and also to understand its 

morphoregulatory response in wheat regeneration. 

 

2. Materials and Methods 
 

Collection and Preparation of Experiment Materials 

To begin with, mature seeds of Triticum aestivum cv. 

HD2329 and Triticum durum cv. PDW215 were obtained 

from IARI, New Delhi, India and dry seeds of both wheat 

varieties were initially washed in running tap water with 

Teepol (Reurthckit and Colman India Ltd.) and then surface 

sterilized with ethanol (95%) for 30 seconds followed by 

mercuric chloride (0.1%) treatment for 5 minutes in a 

laminar flow. Mature caryopses were further continuously 

washed with sterile distilled water (SDW) for another 4-5 

minutes followed by air drying on sterilized tissue paper in a 

laminar flow to minimize the water-borne contamination of 

explants. Finally, sterilized mature caryopses were 

inoculated on nutrient media by placing embryonic-axis of 

the caryopsis away from the contact of nutrient medium. 

 

Nutrient Medium Composition  

Nutrient medium comprised of MS (Murashige and Skoog, 

1962) supplemented with 20 g/l sucrose, 100 mg/l myo-

inositol and was solidified with 0.8% agar. Nutrient media 

supplemented with various concentrations of plant growth 

regulators either alone or in combinations were used (Table 

1) to study on regeneration of both wheat varieties. 

 

Table 1:  Composition of Nutrient medium with or without 

Plant Growth Regulators 
Nutrient Medium 2,4-D (µM) BAP (µM) TDZ (µM) 

M0 - - - 

M1 5 - - 

M2 10 - - 

M3 20 - - 

M4 - 5 - 

M5 - 10 - 

M6 - 20 - 

M7 - - 5 

M8 - - 10 

M9 - - 20 

M10 - 5 5 

M11 - 5 10 

M12 - 5 20 

M13 5 5 - 

M14 5 10 - 

M15 5 20 - 

M16 5 - 5 

M17 5 - 10 

M18 5 - 20 

 

Explants were sub-cultured after every 15 days and at the 

end of four weeks of culture initiation, actively growing 

multiple-shoots were excised from the main explants and 

then were transferred on MS-basal medium for further 

growth of regenerated shoots. 

 

 

Culture Conditions   

The explants inoculated cultures were incubated for 10 days 

in dark at 26 ± 2
0
C, and were further maintained at 26 ± 2

0
C 

under 16 h photoperiod with a light intensity of 100–125 

mmoles m
-2

s
-1 

provided by fluorescent tube light (Philips 

India Ltd.) 

 

Data Analysis 
Each experiment was performed with 25 explants per 

treatment and three replicates were maintained for each 

treatment and data analysis was done by using three 

individual experiments. Further, for analyzing the results, 

observations on frequency of explants showing callus 

formation or regeneration of shoots was recorded after 5-6 

weeks of culture initiation. 

 

3. Results and Discussions 
 

In general, in vitro regeneration of plants depends on various 

controlling factors but the type of explants, the genotype and 

composition of nutrient media are some of the important 

factors affecting in vitro wheat tissue culture (Gill et al., 

2014). A phenylurea substitute, thidiazuron (TDZ) was 

employed first time as a cotton defoliant (Arndt et al., 1976) 

and it was later found that TDZ showed high cytokinin 

activity in promoting growth of cytokinin-dependent callus 

cultures (Mok et al., 1982). Probably, TDZ may stimulate 

conversion of cytokinin nucleotides to more biologically 

active nucleosides (Capelle et al., 1983) and/or stimulate 

accumulation of endogenous purine cytokinins (Thomas and 

Katterman, 1986).  
 

Previous studies indicate that TDZ is known an efficacious 

regulator of in vitro morphogenesis of many dicot plants, 

influencing callusing, shoots regeneration, somatic 

embryogenesis, and protoplast division (Khurana et al., 

2005). However, its applications to cereal tissue culture have 

been limited (Shan et al., 2000; Vikrant and Rashid 2002; 

Gairi and Rashid 2004; Sharma et al., 2004, 2005; Ganeshan 

et al., 2006). Thus, the present investigation aims to explore 

the morpho-regulatory action of TDZ on mature caryopsis 

culture in two Indian wheat; T. aestivum and T.durum and 

also investigate the stimulatory response if any of TDZ on 

regeneration by optimizing both the concentration and 

combination of TDZ with other plant growth regulators.  

 

Effect of 2, 4-D  
In a comparative study of mature caryopsis culture on 2,4-D 

free basal medium (M0), caryopses exhibit germination 

followed by development into normal seedlings (Figure 1A 

& B) in both wheat varieties while on culture to 2,4-D media 

(M1, M2 and M3), caryopses showed relatively inhibited 

germination followed by the induction of callus in both 

wheat varieties from the basal regions of the developing 

young seedlings (Figure 1C & D)  within 4 weeks of  

culture initiation. The frequency of callus forming explants 

in both wheat varieties was recorded to be variable and in 

case of T. aestivum, the maximum frequency (52%) explants 

(Figure 2) exhibit callus formation at high 2,4-D (10µM-

M2) whereas in T. durum, frequency of callus forming 

cultures was found to be maximum (34%) at very high 

concentration of 2,4-D (20µM-M3) supplemented nutrient 

medium.  
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Generally, calli induced at 2,4-D (10µM) supplemented 

medium were found to be semi-compact and on transfer to 

2,4-D-free basal nutrient medium, these calli appeared to be 

nodular but failed to show somatic embryogenesis. 

Significantly, in rice caryopsis culture, callus induced at 2,4-

D (10µM) exhibits nodular appearance and differentiates 

further into somatic embryos on transfer to 2,4-D-free 

nutrient medium (Vikrant et al., 2012).  Moreover, callus 

formed at high 2, 4-D (20µM) supplemented medium 

appeared to be friable in nature and further necrosed without 

differentiation into shoots/roots or embryo.   

 

 

 
Figure 1- (A-D) 

A) In three-week-old culture of T. aestivum, mature caryopsis germinates and develops into a seedling on MS-Basal 

medium. 
B)  In five-week-old culture of T. durum, mature caryopsis shows the germination and development into a seedling on MS- 

Basal medium. 

C)  One-week-old culture of T. aestivum, caryopsis exhibits callus formation at the seedling base on MS+2,4-D (5µM) 

nutrient medium. 

D)  One-week-old culture of T. durum, caryopsis exhibits callus formation from the basal region of growing seedling on 

MS+2,4-D (5µM) nutrient medium. 

 

 
Figure 2: Frequency of cultures showing callus formation on various concentrations of 2, 4-D in caryopsis culture of             

T. aestivum and T. durum. 

 

Effect of BAP  

On BAP supplemented nutrient media (M4, M5 and M6), 

caryopses germinated normally like control experiments, 

however, in one-month–old culture, seedling started to show 

gradual necrosis followed by induction of multiple shoots 

from the basal region of the seedling (Figure 1E). However, 

there was variations in terms of multiple-shoots regeneration 

frequency and moreover, number of shoots/explants was 

dependent on the concentration of BAP in the nutrient 

medium. In T. aestivum, the maximum frequency (19%) of 

explants showing multiple-shoots regeneration was observed 

at high concentration (10µM-M5) and further increase in 

BAP concentration (M6) could not be effective to support 

multiple-shoot regeneration. However, in T. durum, BAP at 
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low concentration (5µM-M4) exhibited the maximum 

frequency of multiple-shoots regeneration from the 

developing seedlings (Figure 1F) and almost 21% explants 

exhibited multiple-shoots regeneration (Figure 3). In both 

wheat varieties, BAP at high concentration (20µM- M6) 

failed to prove effective for the regeneration. 

 

 
Figure 1 (E-F) 

E) Four-week-old caryopsis culture on MS+BAP (5µM) 

shows induction of multiple-shoots from the basal region 

of growing seedling in T. aestivum. 

F) Four-week-old caryopsis culture on MS+BAP (5µM) 

shows multiple-shoot formation from the seedling base in 

T. durum. 

 

Effect of TDZ  

During this study in both the wheat varieties, explants 

cultured at higher TDZ concentrations (10µM- M8) and 

(20µM- M9) exhibit slow seedling elongation and even after 

subcultures, callus formation was not seen at the basal 

region of the seedlings. Similar results involving absence of 

callusing on TDZ alone nutrient medium have also been 

observed in previous studies (Shan et al., 2000; Vikrant and 

Rashid 2002). However, similar to BAP treatments, 

supplementation of TDZ in nutrient MS-medium supports 

the multiple-shoots regeneration directly from the basal 

region of the seedling and frequency of cultures showing  

shoots regeneration as well as number of shoots per explants 

was found to be higher  in pasta wheat then bread wheat. 

 

 
Figure 3: Frequency of cultures showing Multiple-shoots regeneration from caryopsis culture on medium supplemented with 

various concentrations of BAP and TDZ in T. aestivum and T .durum. 

 

Significantly, in case of T. aestivum, the maximum frequency 

of explants regeneration (21%) in terms of direct multiple-

shoots formation (Figure 1G & H) was observed at low 

concentration of TDZ (5µM-M7) supplemented medium and 

further increase in TDZ concentration (Figure 1I), proved to 

be  little effective for regeneration. However, in case of T. 

durum, the maximum frequency of regeneration (25%) was 

recorded at relatively high level of TDZ (10µM-M8) 

containing nutrient medium (Figure-3). The morphogenic 

effect of TDZ in terms of frequency of cultures showing 

multiple-shoots regeneration as well as number of 

shoots/explants was found to be relatively higher in T. durum 

(Figure 1J) than T. aestivum wheat. Furthermore, explants 

cultured on very high concentrations of TDZ (20µM-M9) for 

both wheat varieties, regeneration frequency was found to be 

less than the frequency obtained at BAP of the same 

concentration (M6) 
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Figure 1-(G-J) 

 

G) Three-week-old caryopsis culture on MS+TDZ (5µM) 

exhibits induction of multiple-shoots from the seedling 

base in T. aestivum. 

H) Four-week-old caryopsis culture on MS+TDZ (5µM) 

shows formation of multiple-shoots from the basal region 

of growing seedling in T. aestivum. 

I) Four-week-old caryopsis culture on MS+TDZ (10µM) 

exhibits induction of multiple-shoots from the seedling 

base in T. aestivum. 

J) Three-week-old caryopsis culture on MS+TDZ (10µM) 

exhibits multiple-shoots formation from the basal region 

of growing seedling in T.durum. 

 

In a previous experiment, spring wheat (Bob White) variety 

exhibits good regeneration ability at TDZ (0.9 mM) and was 

later commonly used in wheat transformation experiments 

(Weeks et al., 1993; Vasil et al., 1993). Of late, in a study on 

mature grains culture of two bread wheat varieties viz. 

(HD2967 and Bobwhite), highest shoot regeneration from 

mature grain derived calli was observed on MS medium 

supplemented with TDZ (0.3 mg/l) in HD 2967 whereas in 

Bobwhite variety, the optimum regeneration was recorded at 

TDZ (0.2 mg/1) and moreover, TDZ was found to be better 

morphogen in terms of regeneration over BAP and IAA 

combinations (Gill et al., 2014) 

 

Effect of BAP with 2, 4-D 
In order to understand the effect of various concentrations of 

BAP (5, 10 and 20µM) in combination with 2,4-D (5µM) on 

caryopses culture, caryopses which were inoculated at 2,4-D 

(5µM) with BAP (10µM-M14) medium, germinated slowly 

and developed very little friable callus from the basal region 

of developing seedling in 3-weeks of culture initiation and 

only 2% cultures showed differentiation of shoots in T. 

aestivum whereas in case of T. durum, regeneration of 

shoots was seen in 4% cultures at medium supplemented 

with equimolar concentrations of 2,4-D and BAP (5µM-

M13). During this study, other combinations of 2, 4-D and 

BAP (M15) could not be functional for shoots regeneration in 

both wheat varieties (Figure 4). 
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Figure 4: Frequency of cultures showing Multiple-shoots regeneration from caryopsis on medium supplemented with various 

concentrations of TDZ or BAP with 2,4-D and TDZ with BAP together in T. aestivum and T.durum. 

 

In general, the results of the present study are in contrast of 

earlier reports where MS medium containing BAP (2.0 mg/l) 

in combination with IAA (1.0 mg/l) and also BAP (1.0 mg/l) 

in combination with 2,4-D (0.5 mg/l) were proved to be very 

effective for  shoots regeneration (Lu, 1993; Mohmand, 

1994). However, the application of BA during subculture 

significantly promotes embryogenic callus formation in 

wheat mature embryos culture (Yu et al., 2008). 

 

Morphogenic Effect of TDZ with 2,4-D  

In contrast to the in vitro culture of dicot plants, where TDZ 

alone is sufficient to enhance regeneration, in monocots, 

TDZ works well when used in combination with other 

growth regulators (Shan et al., 2000; Gairi and Rashid 2004; 

Sharma et al., 2004, 2005).  In barley, the combination of 

picloram (2 mg/l) and TDZ (3 mg/l) has been found to be 

suitable for direct multiple-shoot regeneration, but not for 

callusing (Sharma et al., 2004) and further study also 

indicates that such combination proves to be more suitable 

for direct shoot regeneration in two winter wheat genotypes 

(Sharma et al., 2005).  

 

Various concentrations of TDZ (5, 10 and 20 µM) with 2,4-

D (5µM) was tested during present study  and in both wheat 

varieties explants which were inoculated at 2,4-D (5µM) 

with High TDZ (20µM-M18) could show shoot regeneration 

very poorly from the induced friable callus in 3% and 5% 

cultures respectively. However, other combinations of 2,4-D 

with TDZ (M16 and M17) could not be effective in terms of 

regeneration for both wheat varieties. In a previous study, 

the effects of the TDZ level (0.2 mg/l) on wheat 

regeneration of the two varieties (Bob White and Hi-Line) 

were compared to those of other plant growth regulators and 

combinations commonly used for wheat regeneration. In 

both varieties, TDZ resulted in the highest mean percentage 

regeneration. The combination of Bob White and TDZ was 

superior to any other combinations used whereas in Hi-Line, 

no significant difference was found between TDZ, 2,4-D and 

kinetin plus NAA treatments, however, all these treatments 

performed significantly better than dicamba (Shan et al., 

2000). 

 

Present study suggests that BAP or TDZ alone is competent 

enough to support direct multiple-shoots regeneration and 

frequency of regeneration was recorded even more (Figure 

3) than the frequency obtained in combination of BAP or 

TDZ with auxin 2,4-D (Figure-4). This is in conformity 

with previous studies where TDZ alone in the subculture 

medium favors plant regeneration and even more than if 

TDZ is supplemented in combination with the auxins in the 

subculture nutrient medium (Tian et al., 1994; Anju et al., 

2003). Moreover, in a recent study on T. aestivum, 

considerable improvement in the regeneration frequency was 

recorded with a combination of TDZ and 2,4-D (Parmar et 

al., 2012). However, present study suggests that 2,4-D alone 

is able to generate a semi-compact callus but addition of 

TDZ along with 2,4-D during callus induction medium 

proved to be very little effective for shoot regeneration. 
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4. Stimulatory Effects of TDZ on Regeneration 
 

Previous studies reveal that auxin and cytokinin 

combinations generally improve the regeneration 

frequencies (Bhaskaran and Smith, 1990; Pola et al., 2008). 

In monocotyledons species, it is established that TDZ 

induces multiple-shoot formation and also promoting callus 

regeneration. It is suggested that TDZ has potential for 

enhancing the regeneration of cereal and grass species (Shan 

et al., 2000) and regeneration of multiple-shoots has been 

observed using 10μM TDZ in rice (Gairi and Rashid, 2004). 

In sorghum also, it is observed that the use of a combination 

of BAP, TDZ and IAA could enhance multiple-shoot 

production (Pola et al., 2008; Al-Saied et al., 2014). 

 

Furthermore, the significance of TDZ was analyzed in a 

variety of experimental approaches in small grain cereals to 

induce multiple-shoots formation and also to establish in 

vitro regeneration protocols (Schulze, 2007). During present 

study, low concentration of growth hormone BAP was 

employed along with various concentrations of TDZ that led 

to a significant increase in the regeneration frequency of 

caryopses explants. With respect to regeneration, both the 

varieties of wheat were tested and found to be differed in 

terms of frequency of explants exhibiting multiple-shoots 

regeneration or number of shoots/explants. Moreover, the 

maximum regeneration frequency was observed in medium 

carrying BAP (5µM) in combination with TDZ (5µM) for 

bread wheat varieties (Figure 1K, L & M) whereas in case 

of T. durum, TDZ at relatively higher concentration (10µM) 

along with BAP (5µM) could be proved effective for 

stimulation in shoots regeneration (Figure 1 N & O). In T. 

aestivum, the stimulatory effect of TDZ in terms of 

frequency of cultures indicating direct multiple-shoot 

regeneration was (53%) whereas in T. durum. the enhancing 

response of TDZ was recorded in (39%) cultures (Figure 4). 

 

 

 
Figure 1 (K-M) 

K) Four-week-old caryopsis culture on MS+BAP (5µM) + TDZ (5µM) shows multiple-shoots formation from the basal 

region of growing seedling in T. aestivum. 

L) Five-week-old caryopsis culture on MS+BAP (5µM) + TDZ (5µM) exhibits induction of multiple-shoots from the 

seedling base in T. aestivum. 

M) Six-week-old caryopsis culture on MS+BAP (5µM) + TDZ (5µM) exhibits development of multiple-shoots from the 

seedling base in T. aestivum. 

 
Figure 1 (N-O) 

N) Four-week-old caryopsis culture on MS+BAP (5µM) + 

TDZ (5µM) shows multiple-shoots formation from the 

seedling base in T. durum. 

O) Five-week-old caryopsis culture on MS+BAP (5µM) + 

TDZ (10µM) exhibits formation of multiple-shoots from 

the basal region of growing seedling in T. durum. 

 

Furthermore, low concentration of TDZ (5µM) along with 

low concentration of BAP (5µM) has been proved highly 

effective combination to promote explant potentials for 

direct multiple–shoots regeneration in T. aestivum. 

However, previous study on various wheat genotypes 

reveals that TDZ in lower concentration supports callusing 

in combination with auxin for immature inflorescence and 

embryo culture whereas TDZ proves to be effective in 

combination with cytokinin during the regeneration phase in 

mature embryo culture (Chauhan et al., 2007).  Earlier report 

(Ganeshan et al., 2006)  also reveals the stimulatory 

response of TDZ on durum wheat mature embryo culture, 

where the most number of shoots/explant was obtained on 

culture medium containing TDZ (4.5µM) and BAP (4.4 µM) 

while on TDZ alone, shoot regeneration frequency was 

found to be less as obtained in present study also. Moreover, 

the regeneration frequency from the three winter wheat 

genotypes was found to be highest on culture medium 

containing TDZ (9.1µM) and BAP (4.4 µM).  

 

 

Additionally, other plant growth regulators alone or in 

combinations have been studied in T. aestivum, TDZ alone 

exhibits the better regeneration response than other 
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treatments tested and the highest percentage of the shoots 

formation was recorded in comparison to BA and KN 

(Almobasher and Ahmed, 2015). More recently, TDZ was 

proved to be more effective than BA and Zeatin, for the 

regulation of morphogenesis; particularly for shoot 

formation in T. monococcum, (Miroshnichenko et al., 2017). 

Moreover, in T. aestivum, regardless of embryo source or 

genotypes, TDZ was found to exert a positive effect on the 

plant regeneration process in immature, mature and 

endosperm-supported mature embryos of five different 

genotypes (Benlioğlu and Avci birsin, 2017). 

 

Interestingly, the high concentration of TDZ (20µM) with 

low BAP (5µM) was the least effective combination during 

present study for the stimulation of multiple-shoots 

regeneration compared to other combinations of BAP and 

TDZ in both wheat varieties, indicating that TDZ at very 

high concentration is not suitable for promoting the 

regeneration. Moreover, the stimulatory response of TDZ for 

shoot-regeneration in caryopsis culture was found to be 

more evident in T. aestivum than T. durum. Significantly, 

present study reveals that TDZ alone or in combination with 

BAP could be used for in vitro regeneration of the mature 

caryopses in wheat cereals.  

 

In general, it is established that TDZ supports for direct 

shoot regeneration in monocots and present study also 

indicates that both the concentration and combination of 

TDZ application are critical for efficient wheat regeneration 

and a balanced exposure is  needed for the regeneration of 

mature caryopses explants. Moreover, the key limiting factor 

in the successful generation of transgenic plants is the 

optimization of conditions for regeneration of plantlets after 

several rounds of selection (Patnaik et al., 2006). This 

protocol based on stimulatory behavior of TDZ for wheat 

regeneration could be used for producing transgenic bread 

and pasta wheat varieties. Further, it offers a significant 

scope to understand more about the metabolic interactions of 

TDZ alone or along with BAP at cellular level.  

 

5. Conclusion 
 

Although TDZ is applied to in vitro regeneration of many 

dicot species but very little information is available 

regarding its effects on in vitro regeneration of cereal and 

other monocot species. Present study has demonstrated that 

mature caryopses are viable alternative to immature tissue 

derived explants for efficient shoot regeneration in a 

comparatively genotype independent manner on a simple 

TDZ or with BAP containing MS-basal nutrient media.  

 

Results indicate that caryopses cultured on either BAP or 

TDZ alone supplemented medium, induce direct multiple-

shoots regeneration in both wheat varieties T. aestivum and 

T. durum. However, TDZ in combination with BAP proves 

to be stimulatory in terms of multiple-shoot regeneration in 

both wheat varieties but at different concentrations. Further, 

it also implies that TDZ could be treated as a novel 

morphogen to obtain the high regeneration frequency during 

mature caryopsis or embryo culture in other cereal and grass 

species.  
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