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ABSTRACT 
Efficient and reliable in vitro plant regeneration systems are a prerequisite for in vitro propagation of elite genotypes and genetic 
manipulation aimed at crop improvement. The present study was conducted to study the in vitro responses of different Triticum species: 
Triticum aestivum, Triticum dicoccum and Triticum durum using different types of explants for callus induction and plant regeneration. 
Immature embryos on MS medium supplemented with 18 to 36 μM 2,4-D yielded pale yellow, soft and compact callus and better plant 
regeneration than callus derived from other explants. Comparison of the callus size in different genotypes indicated that the tall varieties - 
Unnath C306 and NP200 were numerically better than the semi-dwarfs and significantly better than semi-dwarf variety containing 
sphaerococcum gene used in this study. Callus induction from immature embryos was highly influenced by the developmental stage of the 
embryo and environmental condition at the time of sampling. The regenerated plants were grown to full maturity and evaluation of 
agronomic traits showed less variation, suggesting that immature embryo could be used for raising in vitro cultures for application in 
mutation induction or genetic transformation. 
_____________________________________________________________________________________________________________ 
 
Keywords: callus size, genotypic response, tissue culture, wheat 
Abbreviations: 2,4-D, 2,4-dichlorophenoxyacetic acid; CH, casein hydrolysate; Gl, glumes of immature inflorescence; Glu, glutamine; 
IE, embryo from immature seeds; IS, immature seed; Kn, kinetin; ME, embryo from mature seeds; MG, mature grain; MS, Murashige 
and Skoog; Nd, nodes of one-month-old seedlings; NAA, �-naphthaleneacetic acid; Rc, rachis of immature inflorescence; SE, standard 
error; TDZ, thidiazuron 
 
 
INTRODUCTION 
 
Wheat is one of the most important cereal crops and is a 
source of calories and proteins for the world population. A 
number of environmental factors such as temperature, mois-
ture, soil and light intensity affect the growth and yield of 
wheat (Keresa et al. 2004) and also biotic factors affect 
plant performance in the field. The developments in plant 
molecular biology, genetic transformation and molecular 
breeding have shown great potential (Patnaik and Khurana 
2001; Abdul et al. 2010) that can be integrated into conven-
tional breeding procedures aimed at crop improvement. Due 
to low efficiency and genotype dependency, wheat is con-
sidered a recalcitrant plant for genetic transformation. Vari-
ous in vitro culture methods have been employed in wheat 
transformation using different explants such as immature 
embryos, mature embryos, anther-derived calli, inflores-
cences, apical meristems, and other floral organs; however, 
further optimization is needed to establish high frequency 
regeneration from different Triticum species (He et al. 
2010; Li et al. 2012). In vitro culture of plant tissue and 
cells provides opportunities to increase genetic variability 
besides system for studying physiological and genetic basis 
of in vitro response. In wheat tissue culture, callus induction 
and regeneration capacity are influenced by the genotype, 
explant source, physiological status of the mother plant, the 
culture medium and the interactions between them (Özgen 
et al. 1998; Alok et al. 1999; Keresa et al. 2004; Dodig et al. 
2010; Munazir et al. 2010; Raziuddin et al. 2010). In wheat 
and other cereals, both mature and immature embryos have 
been used for obtaining totipotent cultures (Aguado-Santa-
cruz et al. 2012). Immature embryos are a better explant 
source for plant regeneration; however availability of ex-
plants due to seasonal growth limits its widespread use. 

Seasonal time of sampling tissues for explants time has also 
been shown to influence tissue culture response of 
immature embryos in barley (Sharma et al. 2005; Mitic et al. 
2009; Fazeli-nasab et al. 2012). Mature embryos are avail-
able throughout the year, saving on growth facility resour-
ces and time required for their collection unlike immature 
embryos, but recalcitrance is generally observed and hence 
studies need to be conducted to study which genotypes opti-
mally induce callus and regenerate plants. 

Composition of media, plant growth regulators and 
additives are the main factors influencing in vitro culture 
initiation and plant regeneration (Barro et al. 1999; Men-
doza and Kaeppler 2002; Raziuddin et al. 2010). The auxins, 
1-4 mgl–l 2,4-dichlorophenoxyacetic acid (2,4-D), 2-4 mgl–l 

dicamba (Dic), 1-2 mgl–l picloram (Pic) alone or in com-
bination with cytokinins, are generally used to improve 
callus induction and proliferation (Castillo et al. 1998; Ren 
and Wang 2010). The use of 1-3 mgl–l thidiazuron (TDZ) 
for cell and tissue culture of monocots has been shown to be 
very effective for plant regeneration from wheat and barley 
(Hordeum vulgare L.) cultures derived from different ex-
plants (Shan et al. 2000; Ganeshan et al. 2003; Li et al. 
2003; Sharma et al. 2004; Aguado-Santacruz et al. 2011). 

Callus induction and regeneration from immature and 
mature embryos and immature inflorescence have proved to 
be genotype dependent and strongly influenced by the com-
position of the medium used (Carman et al. 1988; Zale et al. 
2004; Islam 2010). A number of workers have reported 
regeneration of wheat plants from callus culture derived 
from various plant parts, however, the frequency of green 
plant regeneration was very low (Ahmad et al. 2002; Ayes 
and Kenanturgut 2006; Miroshnichenko et al. 2009). Li et 
al. (2003) also observed that different genotypes gave varied 
frequency of regeneration suggesting a strong role of geno-
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type which could not be overcome by manipulating the 
medium compositions or experimental parameters. In wheat, 
in vitro cultures have been useful for the selection of vari-
ants for abiotic stress tolerance (Bajji et al. 2004; Yadav et 
al. 2004; Gawande et al. 2005) and disease resistance (Sva-
bova and Lebeda 2005; Nasir et al. 2012). 

More often, differences in the production of embryo-
genic calli and the regenerated plantlets have been observed, 
depending on the genotype and source of the explants in 
barley (Luhrs and Lorz 1987; Aguado-Santacruz et al. 
2011) and wheat (Fennel et al. 1996; Bhalla et al. 2006; Yin 
et al. 2011). The study of response to in vitro conditions and 
selection of appropriate genotype are a prerequisite for in 
vitro manipulation. In this study, we present a comparative 
account of three different Triticum species and explant sour-
ces for callus induction and plant regeneration, and influ-
ence of plant growth regulators and seasonal influence. 

 
MATERIALS AND METHODS 
 
All the species of wheat used in this study were spring wheats 
which are commercially cultivated in India. All plants which were 
used as source of explants were grown out doors in wheat growing 
season starting mid October and ending mid April. The varieties 
included Triticum aestivum (HD2189, Kalyan Sona and Unnath 
C306), Triticum dicoccum (NP200 and DDK1029), Triticum 
durum (MACS2846, MACS1967 and PDW291) and a wheat line 
with sphaerococcum trait developed by backcrossing (BC4) using 
Kalyan Sona as the recurrent parent (Table 1). The line used in the 
study was true breeding and stable with reduced culm height, con-
densed spike and round grain which is typical of sphaerococcum 
trait. All except the sphaerococcum line are cultivated varieties 
and were chosen on the basis of differences in ploidy and plant 
height. Different explants viz. immature (IS) and mature grain 
(MG), embryo from mature (ME) and immature seeds (IE), nodes 
of one-month-old seedlings (Nd), the rachis (Rc) and glumes (Gl) 
of immature inflorescence (at boot stage of the tiller) were used 
for callus induction on MS (Murashige and Skoog 1962) medium: 
MSCH-2 (MS + 9 μM 2,4-D + 200 mg/L CH + 3% sucrose, pH 
5.8), MSCH-4 (MS + 18 μM 2,4-D + 200 mg/L CH + 3% sucrose, 
pH 5.8) and MSCH-8 (MS + 36 μM 2,4-D + 200 mg/L CH + 3% 
sucrose, pH 5.8). For immature embryos, developing seeds were 
collected on 10, 20, 30, 40, 45, 50, 55 and 60 days post anthesis. 
Mature embryos were derived from seeds which were harvested 
after full maturity and stored. Mature and immature seeds were 
surface sterilized with 70% ethanol and 0.1% HgCl2 followed by 
rinses with sterile distilled water whereas inflorescences and nodes 
were surface sterilized with 70% ethanol and then used for inocu-
lation. 

For callus induction, immature and mature seeds were placed 

furrow side down on to above MS media while, embryos from 
mature and immature seeds, nodes of one month old seedlings and 
the rachis and glumes of immature inflorescence were dissected 
and placed on the above media. Rachis from immature inflores-
cence were cut and placed on MS medium (MSNKG) containing 
0.5 mg/L �-naphthalene acetic acid (NAA), 2.5 mg/L Kinetin (Kn), 
100 mg–l glutamine (Glu) and 4% sucrose. Callus was subcultured 
every four weeks on to fresh MS medium containing 9 μM 2,4-D, 
200 mg/L casein hydrolysate and 3% sucrose (pH 5.8). All the 
media were adjusted to pH 5.8, and then autoclaved at 121°C for 
20 min. Filter-sterilized plant growth regulators were added to the 
autoclaved media. All the cultures were incubated under cool-
white fluorescent light (1000 Lux) under a 16-h photoperiod at 26 
± 1°C. A minimum of 50 explants were used in each replication 
per treatment. The experiments were performed in at least four 
replicates in each experiment. 

The in vitro response was evaluated in terms of callus forma-
tion scored four weeks after explant inoculation as: the number of 
explants with callus formation over the total number of cultured 
embryos. Callus size as area in mm2 was measured using the soft-
ware, ‘Image J’. Callus was transferred on to different regenera-
tion media (Table 2). Plant regeneration was scored after six 
weeks based on the percentage of calli regenerating and number of 
regenerants per 10 calli. 

The regenerated plants were separated and allowed to grow on 
liquid MS medium containing 3% sucrose until roots were fully 
developed. The fully developed plants were then transferred to 
paper cups containing soil:Soilrite mixture (in the ratio of 4:1) for 
acclimatization for 2-3 weeks. The plants were then finally trans-
ferred to pots in the field. At maturity, parameters like plant height, 
spike length, number of spikelets per spike and number of seeds 
per spike were measured. All the data from different experiments 
using different parameters were recorded and analyzed statistically. 
Analysis of variance was carried out and 5% level of significance 
was considered for differences. For graphical presentation, mean ± 
2.96 SE was plotted. 
 
RESULTS 
 
Callus formation was observed within 3-5 days from the 
time of inoculation on medium supplemented with 2,4-D 
from MG, ME and IE explants. Fig. 1A-H shows callus 
induction from different explants viz. MG, ME, IE, Rc and 
Gl. MG upon inoculation showed germination as well as 
callus formation. The callus formed from MG was white to 
pale yellow, soft and compact (Fig. 1A, 1B). Use of Dic or 
Pic resulted only in germination without any callus forma-
tion. ME showed callus induction within three days without 
any germination, however, the callus differentiated into 
roots only, on various regeneration media. In case of IS, low 

Table 1 Characteristics of the varieties used in the study. 
Variety Species Plant height Dwarfing gene Remarks 
Unnath C306 T. aestivum Tall nil Cultivated 
HD2189 T. aestivum Semi-dwarf RhtB1-b Cultivated 
Kalyan Sona T. aestivum Semi-dwarf RhtB1-b Cultivated 
Sphaerococcum line T. aestivum Semi-dwarf RhtB1-b + Sph Genetic stock 
NP200 T. dicoccum Tall nil Cultivated 
DDK1029 T. dicoccum Semi-dwarf RhtB1-b Cultivated 
MACS2846 T. durum Semi-dwarf RhtB1-b Cultivated 
MACS1967 T. durum Tall nil Cultivated 
PDW291 T. durum Semi-dwarf RhtB1-b Cultivated 
 

Table 2 Media tested for plant regeneration in wheat. 
Plant growth regulators (mg/L) Media 

TDZ Pic Dic NAA Kn Zn 
Sucrose /  
Maltose (%) 

CH Glut 

MSDCH - - 2  - - 3S 200 - 
MSPTM 1 2 - - - - 3M - - 
MSNKG - - - 0.5 2.5 - 4S - 100 
TMR2 - - - - - 2 3S - - 
TMR3 0.48 - - - - 2 3S - - 
TMR4 0.99 - - - - 2 3S - - 
TMR5 0.99 - - - - 1 3S -  
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callus formation was observed (Fig. 1C) which grew slowly, 
while with IE, callus formation was rapid and the callus was 
white to pale yellowish in colour which formed green spots 
after 3-4 subcultures (Fig. 1D, 1E). 

In comparison to the above, other explants displayed 
differential response for callus induction. When rachis of 
immature inflorescence explants were placed on MS media 
containing 18 μM 2,4-D, callus formation was observed 
after a month from the nodal region from where the glumes 
were excised (Fig. 1F). The callus grew rapidly, however 
differentiation was not observed on any of the regeneration 
media. Callus formation was also observed at the base of 
the glumes about 20 days after inoculation on 2,4-D media 
(Fig. 1G). The callus from the nodes of rachis and from the 
base of the glumes was soft and white in colour and grew 
very rapidly. This callus also differentiated into only roots 
on the different regeneration media. Nodal explants showed 
swelling in the first few days after inoculation, became 
translucent after two weeks and showed callus growth after 
four weeks. In order to induce direct somatic embryogene-
sis, rachis explants were inoculated on medium supplemen-
ted with NAA, Kn and glutamine. These responded with the 
formation of tiny globular structures (Fig. 1H) which did 
not grow even after 30 days of culture and turned brown. In 
summary, among the different explants, IE was the best res-
ponding explant for callus induction with advantages such 
as short time for callus formation, higher callus growth rate 
and plant regeneration. 

All the explants, except immature seeds, yielded high 
frequency (45-90%) of callus induction (Fig. 2A). High fre-
quency (90-92%) was observed in the case of ME, Gl and 
Nd while low frequency was observed in IS (2.8%). ANOVA 
showed that IS and MG were significantly different from 
each other at 5% level of significance. IE and Rc were com-

parable and different than ME, Gl and Nd. MEs placed on 
MSCH medium with 9, 18, or 36 μM 2,4-D resulted in 
about 68 to 84% with the highest callus induction on 36 μM 
2,4-D (Fig. 2B). ANOVA showed that 2,4-D treatments (9 
and 36 μM) were significantly different from each other and 
similar to 18 μM. 

Callus induction frequencies were 75.5, 79.9 and 83.1% 
for T. durum, T. aestivum and T. dicoccum, respectively (Fig. 
3A) and ANOVA showed that the differences were not sig-
nificant. Comparison of size of IE callus in different species 
indicated that the tall varieties – Unnath C306 and NP200 
showed better callus growth as compared to the semi-
dwarfs (containing the Rht genes) – HD2189, Kalyan Sona 
and DDK1029 (Fig. 3B), however, this difference was sta-
tistically not significant. There was also no significant dif-
ference in callus growth between Triticum aestivum (Unnath 
C306, HD2189 and Kalyan Sona) and Triticum dicoccum 
(NP200 and DDK1029) (Fig. 3). However, callus growth in 
IE of the semi-dwarf genotypes of both T. aestivum 
(HD2189 and Kalyan Sona) and T. dicoccum (DDK1029) 
were numerically lower than the respective tall genotypes 
(Unnath C306 and NP200). ANOVA showed that the 
sphaerococcum line was significantly different from the rest. 
HD2189, Kalyan Sona and DDK1029 were similar and 
different than NP200 and Unnath C306 which were similar 
to each other. 

Isolated embryo explants of Unnath C306 plants that 
were sown late (mid-December) and explants derived from 
plants sown in October were used to study if environmental 
conditions experienced by wheat plants during growth play 
an important role in callus induction and proliferation. The 
results showed that low callus induction from explants was 
observed of plants that were sown late compared to explants 
derived from plants sown in October (Fig. 4A). ANOVA 
showed that the difference due to time of sowing was 
significant. In addition, the stage of the immature seed 
development also showed a significant influence on callus 
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Fig. 1 Callus induction from different explants. (A) Callus induced 
from mature grain (MG) – after 5 days (B) callus induced from mature 
grain (MG) – after 30 days (C) callus induced from mature embryo (ME) 
– after 30 days. (D, E) callus induced from immature embryo (IE) – after 
30 days (F) callus induced from rachis of immature inflorescence (Rc) – 
after 30 days (G) callus induced from glumes of immature inflorescence 
(Gl) – after 30 days (H) rachis of immature inflorescence placed on direct 
embryogenesis medium. A minimum of 50 explants were used in each 
replication per treatment. 
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Fig. 2 (A) Callus induction percentage from different explants on MS 
medium containing 18 μM 2,4-D and 200 mg/L CH. MG: mature seeds, 
ME: dissected scutellum and embryo of mature Seeds, IS: immature seeds, 
IE: dissected scutellum and embryo of immature seeds, R: rachis from 
immature inflorescence, G: glumes from immature inflorescence, N: 
nodes of young plants (30-40 day old plants). (B) Callus induction on 
different concentrations of 2,4-D. Callus was induced from ME of T. 
aestivum Unnath C306 on 9, 18 and 36 μM 2,4-D. 
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induction. Callus induction at 10 DPA (days post anthesis) 
was significantly lower than all other stages (Fig. 4B). The 
callus induction percentage increased at 20, 30 and 40 DAP 
and differences at each stage were significantly different. 
After 40 DAP (past the dough stage), the callus induction 
percentage did not change significantly. 

Different media were tested to induce plant regeneration 
(Table 1). MSCH media showed significantly higher re-
generation percentage (93.4%) and number of shoots (60.7) 
than MSNKG media (Fig. 5). Callus derived from the 
immature embryos when transferred on to MSCH showed 
plant regeneration with the appearance of small green spots 
(shoot primordia) in a week (Fig. 6A-B). These greenish 
regions readily developed further into cluster of shoots and 
roots (Fig. 6C-F). Individual shoots were separated and 
inoculated in liquid medium containing MS basal medium 
without any hormones until roots were properly developed 
(Fig. 6G). These plants when transferred to soil showed 
about 20% survival but, grew better when they were al-
lowed to acclimatize in a mixture of soil to Soilrite in the 
proportion of 4:1 for about 15 days before transfer to pots in 
the field (Fig. 6H, 6I). The survival rate of regenerated 
plants increased to ~70% when they were allowed to ac-
climatize prior to soil transfer (data not shown). 

The regenerated plants were grown to full maturity (Fig. 
6J) and agronomic parameters such as plant height, culm 
length, spike length, spikelet number per spike and number 
of seeds per spike were measured. The data on the ten best 
plants shown as a representative of the population showed 
that the coefficient of variation for all the above parameters 
was below 15% (Table 3). 

 
DISCUSSION 
 
In recent years, plant tissue culture has emerged as one of 
the tools which complements other crop breeding methods. 
It allows propagation and genetic manipulation of crop 
plants (Datta 2007). The new tools offer the prospect of 
generating the genetic variability for use in wheat breeding 
programs and also a resource for genetic manipulation (Li 
et al. 2012). 

In wheat, type of explants (Keresa et al. 2004), the 
genotype of cultivar used (Özgen et al. 1998; Raziuddin et 
al. 2010), environmental conditions of donor plants (Dodig 
et al. 2010) and tissue culture media composition (Mirosh-
nichenko et al. 2009; Ren et al. 2010) are important factors 
affecting in vitro tissue culture response. Vasil (1987) sug-
gested that the relationship of genotype to morphogenetic 
competence in vitro is complex. It is suggested that this 
relationship is influenced by physiological and environmen-
tal factors and has a strong effect on the synthesis, transport 
and the availability of plant growth regulators. It should 
thus be possible that if appropriate explants are excised 
from plants and cultured under optimal conditions with 
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Fig. 3 (A) Callus induction in different wheat species. Callus from ME of 
T. aestivum (Unnath C306, HD2189, Kalyan Sona), T. dicoccum (NP200, 
DDK1029), and T. durum (MACS2846, MACS1967 and PDW291) on 18 
μM 2,4-D. (B) Effect of genotype on callus growth. Callus was induced 
from ME of T. aestivum Unnath C306 (tall), T. aestivum HD2189 (Rhtb1-b 
semi-dwarf), T. aestivum Kalyan Sona (Rhtb1-b semi-dwarf), T. dicoccum 
NP200 (tall), T. dicoccum DDK1029 (Rhtb1-b semi-dwarf), and Sphaero-
coccum- type (cross between T. sphaerococcum and Kalyan Sona) on 18 
μM 2,4-D and area (mm2) of each callus was measured using the software 
image J. 
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Fig. 4 (A) Effect of sowing date on the percentage of callus induction 
from IE. Callus was induced from IE of T. aestivum Unnath C306 on 18 
μM 2,4-D. Early sowing: late October, Late sowing: Mid December. (B) 
Effect of the stage of IE on the percentage of callus induction. Callus was 
induced from IE of T. aestivum Unnath C306 on 18 μM 2,4-D. Days post 
anthesis (DPA) – day 10: milky stage, day 20: dough stage, day 30 
onwards hardening and drying of seed. 
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Fig. 5 Comparison of MSCH and MSNKG for plant regeneration 
from IE-derived callus cultures in T. aestivum Unnath C306. 

59



In vitro cultures of Triticum. Chang et al. 

 

appropriate amount of plant growth regulators, plants or 
genotypes can be induced for morphogenesis (Vasil 1987). 
A highly efficient and reproducible in vitro regeneration 
system is an absolute prerequisite to produce transgenic 
plants (Li et al. 2012). 

Although immature embryos, immature inflorescences 
and mature embryos are the most widely used explants, 
immature embryos are the most suitable explants to regene-
rate wheat plants (Haliloglu et al. 2005). Donor plants 
grown under drought condition, as compared to favourable 
conditions, resulted in an increased variability and a 
decreased percentage of callus formation and regeneration 
frequency and the number of plants regenerated per embryo 
(Miti� et al. 2009). Dodig et al. (2008) reported significant 
association between agronomic traits, and tissue culture 

response. 
In the present study, different wheat species were grown 

at different times and tested for their ability for callus in-
duction and plant regeneration. Among T. aestivum (Unnath 
C306, HD2189 and Kalyan Sona), T. dicoccum (NP200 and 
DDK1029), T. durum and a genotype which was selected 
for sphaerococcum type, T. aestivum genotypes (especially 
Unnath C306) and durum wheats showed better response. 
On the other hand, the genotype with sphaerococcum trait 
showed significantly lower callus size compared to the tall 
genotypes and also Kalyan Sona which was the recurrent 
parent. Genotype often plays a significant role, therefore, 
for a given cultivar, the culture response cannot be assumed 
and hence, knowledge on environmental influence, tissue 
culture responses of explants to growth regulators and 
growth additives needs to be generated. Many factors are 
known to affect tissue culture responses of wheat which 
include explant tissue (Vasil 1994), culture medium and its 
supplements (Mathias and Simpson 1986), and donor plant 
growth conditions (Hess and Carman 1988). In wheat and 
other cereals, immature embryos have been shown to be the 
most responsive explants in tissue culture followed by other 
explants such as mature embryos, immature in�orescences, 
anthers and microspores or tissues from seedlings grown in 
vitro (Bhaskaran and Smith 1990; Chauhan et al. 2007; Yu 
et al. 2008). 

In this study, wheat genotypes, Unnath C306 and 
NP200 showed better growth of IE derived callus as com-
pared to the semi-dwarfs (containing the Rht genes) – 
HD2189, Kalyan Sona and DDK1029 (Fig. 3). The semi-
dwarfs contain the dwarfing gene Rht-B1b which is known 
to have altered DELLA proteins involved in gibberellic acid 
(GA) action (Peng et al. 1999). The callus induction and 
growth could also be influenced by the mutation affecting 
GA action. The genotype carrying sphaerococcum trait 
showed significantly lower callus growth as compared to 
other the genotypes. Since this genotype also carries the 
Rht-B1b and the Sphaerococcum gene, the significant 
reduction could be due to Sphaerococcum gene alone or due 
to the interaction between the two dwarfing genes. 

Environmental conditions experienced by wheat plants 
during growth play an important role in callus induction and 
proliferation especially when using immature explants. 
Wheat being a winter crop has less heat tolerance and hence, 
late sowing (sowing after the recommended date of sowing 
has passed) could result in increased heat stress on the 
plants during the grain maturity period. When isolated 
embryo explants of Unnath C306 plants that were sown late 
(mid-December) were used, lower callus induction was 
observed as compared to explants derived from plants sown 
in October (Fig. 4A). The callus induction rate was more 
sensitive to temperature based factors than the regeneration 
capacity. Weather conditions between flowering and the 
medium milk stage were most important for callus forma-
tion, while regenerating calli and number of plants per em-
bryo were not particularly related to climatic factors in any 
period (Dodig et al. 2008). In barely, Sharma et al. (2005b) 
observed seasonal in�uence of harvesting time on tissue 
culture response of immature embryos. Although callus in-
duction was not much affected, increased frequencies of 
plant regeneration was observed from January to March, 
followed by a continuous and strong decrease from May to 
December. In our study, the stage of the immature seed 
development also showed a significant influence on callus 
induction. IE 10 DPA (days post anthesis) showed lower % 
callus induction as compared to 40 DPA and above (Fig. 
4B). Callus induction was the highest (80%) when the im-
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Fig. 6 Steps in plant regeneration from callus cultures obtained from 
IE explants. (A) green spots on callus obtained from IE on MS media 
containing 18 μM 2,4-D and 200 mg/L casein hydrolysate, (B-F) different 
stages of regeneration from green spot on MS media containing 200 mg/L 
casein hydrolysate (G) regenerated plants transferred to liquid media 
containing MS and 200 mg/L casein hydrolysate (H) regenerated plants 
transferred to a mixture of soil and ‘Soil Rite’ in the ratio of 4:1 (I) 
regenerated plants transferred to soil and grown in field (J) fully grown, 
mature regenerated plants with spikes. 

Table 3 Phenotypic parameters of regenerated plants of T. aestivum cv. Unnath C306. 
 Plant height (cm) Culm length (cm) Spike length (cm) No. of spikelets per spike No. of seeds per spike 

82.4 72.9 9.5 18.6 48.9 Mean ± SE 
0.51 0.52 0.09 0.25 0.86 

CoV (%) 4.2 4.9 6.2 8.9 11.8 
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mature seeds were past the dough stage (40-45 DPA). In T. 
aestivum and T. durum, Sharma et al. (1995a) observed that 
immature inflorescences at four different developmental 
stages (0.5, 1.0, 1.5, 2.0 cm in length) showed a marked 
variation in callusing response; embryogenic callus for-
mation was observed from entire surface of very young 
inflorescences (0.5 and 1.0 cm long) while 1.5 and 2.0 cm 
long inflorescences formed embryogenic callus from the 
basal spikelets and rachis. 

The present study demonstrates that varieties across dif-
ferent Triticum species can be induced into callus formation 
which could be used for plant regeneration. The study of the 
interaction between different factors like seasonal influence, 
presence or absence of dwarfing genes(s) will enable the 
development of genotype-speci�c culture protocols to ex-
ploit regeneration potential of recalcitrant genotypes. Brin-
ging a variety of genotypes under optimized in vitro con-
ditions can enable their use in in vitro mutagenesis and 
genetic transformation for crop improvement. 
 
ACKNOWLEDGEMENTS 
 
The authors are thankful to Dr. S.F. D’Souza and Dr. V.A. Bapat 
for the support and encouragement during the course of this work, 
Mr. Sudhakar Mali for help in the field, Ms Ruchira Bajpai (pro-
ject trainee), Mr. A.N. Pandey and Mr. Rajesh Dudhavadkar for 
their assistance in laboratory work. The authors thank Dr. Jaime A. 
Teixeira da Silva for improving the style. 
 
REFERENCES 
 
Abdul R, Ma Z, Wang H (2010) Genetic transformation of wheat (Triticum 

aestivum L): A review. Triticeae Genomics and Genetics 1 (2), 1-7 
Aguado-Santacruz, GA, Velázquez-Ordinola Á, Moreno-Gómez B, Marina 

Gómez-Torres L, Febronio Díaz-Espino L, Gámez Vázquez FP (2011) 
Development of long-term and reliable in vitro plant regeneration systems for 
elite malting barley varieties: Optimizing media formulation and explant 
selection. African Journal of Biotechnology 10 (84), 19522-19533 

Ahmad A, Zhong H, Wang W, Sticklen MB (2002) Shoot apical meristem: In 
vitro regeneration and morphogenesis is wheat (Triticum aestivum L.). In 
Vitro Cellular and Developmental Biology - Plant 38, 163-167 

Alok V, Jain S, Kathari SL, Varshney A, Jain S (1999) Plant regeneration 
from mature embryos of 20 cultivars of wheat (Triticum aestivum L. and T. 
durum Desf.). Cereal Research Communications 27, 163-170 

Ayes GN, Kenanturgut KF (2006) Callus induction and plant regeneration 
from mature embryos of different wheat genotypes. Pakistan Journal Botany 
38, 637-645 

Bajji M, Bertin P, Lutts S, Kinet JM (2004) Evaluation of drought resistance 
related traits in durum wheat somaclonal lines selected in vitro. Australian 
Journal of Experimental Agriculture 44, 27-35 

Barro F, Martin A, Lazzeri PA, Barcelo P (1999) Medium optimization for 
efficient somatic embryogenesis and plant regeneration from immature in�o-
rescences and immature scutella of elite cultivars of wheat, barley and Tritor-
deum. Euphytica 108, 161-167 

Bhalla PL, Ottenhof HH, Singh MB (2006) Wheat transformation - an update 
of recent progress. Euphytica 149, 353-366 

Bhaskaran S, Smith RH (1990) Regeneration in cereal tissue culture: A 
Review. Crop Science 30, 1328-1336 

Carman JG, Jeferson NE, Campbell WF (1988) Induction of embryogenic 
Triticum aestivum L. calli. Quantification of genotype and culture medium 
effects. Plant Cell, Tissue and Organ Culture 12, 83-95 

Castillo AM, Egana B, Sanz JM, Cistue L (1998) Somatic embryogenesis and 
plant regeneration from barley cultivars grown in Spain. Plant Cell Reports 
17, 902-906 

Chauhan H, Desai SA, Khurana P (2007) Comparative analysis of the dif-
ferential regeneration response of various genotypes of Triticum aestivum, 
Triticum durum and Triticum dicoccum. Plant Cell, Tissue and Organ Culture 
91, 191-199 

Datta SK (2007) Impact of plant biotechnology in agriculture. In: Pua EC, 
Davey MR (Eds) Biotechnology in Agriculture and Forestry (Vol 59) Trans-
genic Crops IV, Springer-Verlag, Berlin, pp 3-31 

Dodig D, Zoric M, Mitic N, Nikolic R, King SR, Lalevic B, Šurlan-Momi-
rovic G (2010) Morphogenetic responses of embryo culture of wheat related 
to environment culture conditions of the explant donor plant. Science Agri-
culture 67 (3), 295-300 

Fazeli-nasab B, Omidi M, Amiritokaldani M (2012) Callus induction and 
plant regeneration of wheat mature embryos under ABA treatment. Inter-
national Journal of Agriculture and Crop Science 4, 17-23 

Fennel S, Bohorova N, Ginkel M, Crossa J, Hoisington DA (1996) Plant 

regeneration from immature embryos of 48 elite CIMMYT bread wheats. 
Theoretical and Applied Genetics 92, 163-169 

Ganeshan S, Baga M, Harvey BL, Rossnagel BG, Scoles GJ, Chibbar RN 
(2003) Production of multiple shoots from thidiazuron treated mature em-
bryos and leaf-base/apical meristems of barley (Hordeum vulgare L.). Plant 
Cell, Tissue and Organ Culture 73, 57-64 

Gawande ND, Mahurkar DG, Rathod TH, Jahagidar SW, Shinde SM 
(2005) In vitro screening of wheat genotypes for drought tolerance. Annals of 
Plant Physiology 19, 162-168 

Haliloglu K, Ozturk A, Tosun M, Bulut S (2005) Relationship between tissue 
culture and agronomic traits of winter wheat. Cereal Research Communica-
tions 33, 469-476 

He Y, Jones HD, Chen S, Chen XM, Wang DW, Li KX, Wang DS, Xia LQ 
(2010) Agrobacterium-mediated transformation of durum wheat (Triticum 
turgidum L. var. durum cv. Stewart) with improved efficiency. Journal of 
Experimental Botany 61 (6), 1567-1581 

Hess JR, Carman JG (1998) Embryogenic competence of immature wheat 
embryos: Genotype, donor plant environment, and endogenous hormone 
levels. Crop Science 38, 249-253 

Islam SMS (2010) Effect of embryoids age, size and shape for improvement of 
regeneration efficiency from microspore-derived embryos in wheat (Triticum 
aestivum L.). Plant Omics Journal 3 (5), 149-153 

Keresa S, Baric M, Sarcevic H, Marchetti S (2004) Callus induction and plant 
regeneration from immature and mature embryos and immature inflorescen-
ces of eight Croatian winter wheat cultivars (Triticum aestivum L.). Boden-
kultur 54 (3), 155-161 

Li J, Ye X, An B, Du L, Xu H (2012) Genetic transformation of wheat: current 
status and future prospects. Plant Biotechnology Reports 3, 183-193 

Li W, Ding C-H, Hu Z, Lu W, Guo G-Q (2003) Relationship between tissue 
culture and agronomic traits of spring wheat. Plant Science 164, 1079-1085 

Luhrs R, Lorz H (1987) Plant regeneration in vitro from embryogenic cultures 
of spring- and winter-type barley (Hordeum vulgare L.) varieties. Theoretical 
and Applied Genetics 75, 16-25 

Mathias RJ, Simpson ES (1986) The interaction of genotype and culture 
medium on the tissue culture responses of wheat (Triticum aestivum L. em. 
thell) callus. Plant Cell, Tissue and Organ Culture 7, 31-37 

Mendoza MG, Kaeppler HF (2002) Auxin and sugar effects on callus induc-
tion and plant regeneration frequencies from mature embryos of wheat (Triti-
cum aestivum L.). In Vitro Cellular Developmental Biology - Plant 38, 39-45 

Miroshnichenko D, Filippov M, Dolgov S (2009) Effects of daminozide on 
somatic embryogenesis from immature and mature embryos of wheat. Aus-
tralian Journal of Crop Science 3 (2), 83-94 

Miti� N, Dodig D, Nikoli� R, Ninkovic S, Vinterhalter D, Vinterhalter B 
(2009) Effects of donor plant environmental conditions on immature embryo 
cultures derived from worldwide origin wheat genotypes. Russian Journal of 
Plant Physiology 56, 540-545 

Munazir M, Qureshi R, Ali G M, Rashid U, Noor S, Mehmood K, Ali S, 
Arshad M (2010) Primary callus induction, somatic embryogenesis and 
regeneration studies in selected elite wheat varieties from Pakistan. Pakistan 
Journal of Botany 42 (6), 3957-3965 

Murashige T, Skoog F (1962) A revised medium for rapid growth and bio-
assays with tobacco tissue cultures. Physiologia Plantarum 15, 473-497 

Nasir IA, Jamal A, Rahman Z, Husnain T (2012) Molecular analyses of Gla-
diolus lines with improved resistance against Fusarium Wilt. Pakistan Jour-
nal of Botany 44 (1), 73-79 

Ozbay A, Özgen M (2010) Is heterosis noticeable in the callus response of 
winter durum wheat F1 hybrids? Biologia Plantarum 54 (4), 769-772 

Özgen M, Turet M, Altynok S, Sancak C (1998) Efficient callus induction and 
plant regeneration from mature embryo culture of winter wheat (Triticum 
aestivum L.) genotypes. Plant Cell Reports 18, 331-335 

Patnaik D, Khurana P (2001) Wheat biotechnology: A minireview. Electronic 
Journal of Biotechnology 4, 74-102 

Peng J, Richards E, Hartley NM, Murphy GP, Devos KM, Flintham JE, 
Beales J, Fish LJ, Worland AJ, Pelica F, Sudhakar D, Christou P, Snape 
JW, Gale MD, Harberd NP (1999) ‘Green revolution’ genes encode mutant 
gibberellin response modulators. Nature 400, 256-261 

Raziuddin BJ, Swati ZA, Shafi M, Ullah F, Akmal M (2010) Effect of cul-
tivars and culture medium on callus formation and plant regeneration from 
mature embryos of wheat (Triticum aestivum L.). Pakistan Journal of Botany 
42 (1), 639-652 

Ren J-P, Wang X-G (2010) Dicamba and sugar effects on callus induction and 
plant regeneration from mature embryo culture of wheat. Agricultural Scien-
ces in China 9 (1), 31-37 

Shan X, Li D, Qu R (2000) Thidiazuron promotes in vitro regeneration of 
wheat and barley. In Vitro Cellular and Developmental Biology - Plant 36, 
207-210 

Sharma VK, Rao A, Varshney A, Kothari SL (1995) Comparison of develop-
mental stages of inflorescence for high frequency plant regeneration in Triti-
cum aestivum L. and Triticum durum L. Desf. Plant Cell Reports 5, 227-231 

Sharma VK, Hansch R, Mendel RR, Schulze J (2004) A highly efficient plant 
regeneration system through multiple shoot differentiation from commercial 
cultivars of barley (Hordeum vulgare L.) using meristematic shoot segments 
excised from germinated mature embryos. Plant Cell Reports 23, 9-16 

61



In vitro cultures of Triticum. Chang et al. 

 

Sharma VK, Hansch R, Mendel RR, Schulze J (2005) Seasonal effect on 
tissue culture response and plant regeneration frequency from non-bombar-
ded and bombarded immature scutella of barley (Hordeum vulgare L.) har-
vested from controlled environment. Plant Cell, Tissue and Organ Culture 81, 
19-26 

Svabova L, Lebeda A (2005) In vitro selection for improved plant Triticum 
aestivum L. Theoretical and Applied Genetics 79, 609-617 

Vasil IK (1987) Developing cell and tissue culture systems for the improvement 
of cereal and grass crops. Journal of Plant Physiology 128, 193-218 

Vasil IK (1994) Molecular improvement of cereals. Plant Molecular Biology 25, 
925-937 

Yadav N, Uppal S, Sehrawat AR, Singh KP (2004) In vitro callus growth, 

selection of NaCl tolerant cell lines and plant regeneration in wheat. National 
Journal of Plant Improvement 6, 130-131 

Yin G-X, Wang Y-LL, She M-Y, Du L-P, Xu H-J, Ma J-X, Ye X-G (2011) 
Establishment of a highly efficient regeneration system for the mature em-
bryo culture of wheat. Agricultural Sciences in China 10 (1), 9-17 

Yu Y, Wang J, Zhu ML, Wei ZM (2008) Optimization of mature embryo-
based high frequency callus induction and plant regeneration from elite 
wheat cultivars grown in China. Plant Breeding 127, 249-255 

Zale JM, Borchardt-Wier H, Kidwell KK, Steber CM (2004) Callus induc-
tion and plant regeneration from mature embryos of a diverse set of wheat 
genotypes. Plant Cell, Tissue and Organ Culture 76, 277-281 

 
 

62


