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Abstract

Anthers of 15 genotypes were cultured on MS medium
having different concentration of auxins and cytokinins to
induce callusing. Of the different media compositions used,
callus induction was observed in eight genotypes on MS
medium supplemented with 2ip (1mg/l) and IAA (2mg/l).
The percent callus formation was maximum in genotype Wild
Texas (88.00) and minimum in TLBNRH-1214(4%). The calli
obtained from the anthers of the eight genotypes were
cultured on different regeneration media. However, the
regeneration was observed only in calli of Wild Texas with
percent regeneration of 0.66 on MS media supplemented
with zeatin (0.5mg/l). After rooting on MS medium containing
IBA (0.1mg/l), plantlets were hardened and transferred to
pots.

Key words: Growth regulators, organogenesis, Solanum
lycopersicum L.

Introduction

Tomato is herbaceous, annual, prostate and sexually
propagated plant. It is grown in almost every country of
the world under open and protected conditions. It belongs
to family solanaceae having chromosome number
2n=2x=24. India is the second largest tomato producer
of the world after China. The area and production of
tomato in India during 2015-16 was about 0.77 million
hectare and 18.2 million MT respectively with an average
productivity of 20.8 metric tonnes per hectare. Odisha
has highest area about 0.070 million hectare, Madhya
Pradesh has highest production about 2.17 million MT
and Himachal Pradesh has highest productivity about
41.7 metric tonnes per hectare. Tomato is universally
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treated as ‘Protective Food’ since it is rich of minerals,
vitamins (A, B and C) antioxidants and organic acids
(Tigchelaar 1986). It contains approximately 20.50mg
of lycopene per 100g of fruit weight (Kalloo 1991). At
present, tomatoes are consumed at a higher rate in
developed countries than in developing countries and
hence it may be referred to as a ‘luxury crop’(Sakthivel
and Manigandan 2011).Tomato cultivar development may
last several years because self-pollinated crops require
at least 5–7 generations of selfing (Ellialtiogluet al. 2001).
But plant tissue culture techniques are useful instruments
in crop improvement. Among these techniques, in vitro
anther culture is a powerful tool when integrated into
breeding programme (Hu and Zeng 1984). Anther culture
provides the homozygous double haploid plants within a
comparatively short time (Nurhidayah et al. 1996). It
can be a powerful shortcut leading to the production of
homozygous doubled haploid pure lines in just one in
vitro generation. It saves time and costs that make this
method adaptable in those species where efficient
androgenic protocols are well established. Haploids
become 100% homozygous after doubling of the
chromosome number and can be used as parental lines
directly in the production of F1 lines. Experimental
induction of androgenesis was first attempted in tomato
(Sharp et al. 1971; Gresshoff and Doy 1972). Sharp et
al. (1971) were the first to report obtaining callus and
roots but no shoots in tomato anther cultures because
of increased level of sucrose. In some studies non-haploid
plants of high ploidy level are developed such as 2n, 4n
because the plants are originated from the somatic tissue
of the anthers (Ancora et al. 1977). Zagorska et al.
(1998) tested the androgenetic ability of 85 tomato
cultivars, of which 53 were responsive and produced
calli and a smaller number of cultivars developed
regenerants. Zamir et al. (1980) compared the androgenic
responses of 15 recessive mutants (male sterile) and
showed that only ms1035 mutant was able to produce
callus.
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Materials and Methods

The list of genotypes used in the experiment is given in
the table 1.For conducting the experiment, floral buds
of different sizes (2mm to 8mm) were collected from
Vegetable Research Farm, Punjab Agricultural University,
Ludhiana and analysed under microscope for the size
and meiotic stage of pollen mother cells as described
by Segui-Simarro and Nuez (2007).Generally, the
anthers containing the late uninucleate to early binucleate
stage were cultured. Collected buds were surface
sterilized by washing with tap water and then immersing
in 0.1 percent mercuric chloride for three to five minutes
followed by three washing with autoclaved distilled
water. Sterilized buds were placed at different
temperatures to enhance androgenesis. Surface sterilized
buds were given a low temperature treatment (placed
on moistened filter papers) at 4°C and 7°C for duration
of 2, 4, 6, 7, 8, and 9 days.Properly dried buds were
dissected with the help of forecep and scalpel blade in
autoclaved petri plate to remove the sepals, petals and
gynoecium. While dissecting there was no damage to
the anthers. Anthers were cultured on basal MS media
having different combinations of growth hormones
(Table 2) and the experiment was replicated thrice. After
culturing, the petri plates were covered with parafilm
and the cultures were incubated under complete dark
for callus induction. Once the callus got induced, it was
subcultured for 2-3 times on same media that was used
for callus induction. After 2-3 subculturings the callus
was cultured on different regeneration media having
different combinations of growth hormones (Table 2).
The well-developed shoots were transferred to rooting
medium (half strength MS medium containing 0.1mg/l
IBA). After sufficient development of shoot and root
systems, the small plantlets were taken out from the
culture vessels and washed to remove excess of agar
around the roots. The plantlets were transferred to plastic
cups containing MS basal medium having half strength
and were covered with polyethylene to maintain a
condition of high humidity (85% RH). Hardening was
done at 25 ± 2°C under 16/8 h photoperiod and grown
for 2 weeks before planting to the greenhouse. After
the development of new leaves, the covers were
removed, and hardened plants were transferred to earthen
pots filled with soil mix (peat, perlite, and vermiculite in
equal proportions: 1:1:1, v/v/v) and grown to maturity.

Results and Discussion

Standardization of size of bud and anther: Previously
it has been reported that the microspore development
stage from metaphase I to telophase II was the optimal
stage for callus induction (Segui-Simarro and Nuez

2005). The bud size was correlated with the microspores
at late uninucleate to early binucleate stage of
development (Fig. 1 and 2). But there was poor
correlation between bud length and stage of microspore
development. Earlier reports also differ on size of bud
which contains microsporesat an early stage of meiosis
(Gresshoff and Doy 1972; Sharp et al. 1972). Therefore,
anther length was used as a criterion to select the
microspores at appropriate stage of development.
Summers et al. (1992) also observed that anther length
is the better predictor of callus induction and growth.
Anthers of different lengths covering the different stages
of microsporogenesis were cultured. However, anther
lengths in the range of 2mm to 5mm confirmed the
presence of dividing meiocytes in the anther locules and
produced callus in the responding genotypes which was
similar to as described for haploid production in tomato
by Segui-Simarro and Nuez (2007).

Fig. 1: Bud sizes ranged from 2mm to 8mm

Fig. 2: Late uninucleate to early binucleate stage of mi-
crospores

Effect of media composition on callus induction:
After 20-25 days of culturing white friable callus masses
could be observed to emerge from the locule of swollen
anthers (Fig. 3) on callus induction media.It has been
observed that a balance between auxin and cytokinin in
artificial medium determines the callogenesis. Therefore,
MS media supplemented with different concentrations
of auxins and cytokinins were used for callus induction.
Of the different media compositions used, callus
induction in all the responding genotypes was observed
only in MS media supplemented with 2ip (1mg/l) and
IAA (2mg/l). Earlier also, MS media having different
concentrations of combination of 2ip and IAA growth
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regulators was found favourable for callogenesis in
tomato anthers (Shtereva et al. 1998; Segui-Simarro and
Nuez 2007). Other media compositions showed no
response for callus formation in all the genotypes.In
the present study, highest per cent callus formation
(88.0) was obtained in genotype Wild Texas (Fig. 7).

Effect of genotype on callus induction: Of the total
31 genotypes assessed for anther culture, callus
induction was observed in eight genotypes viz. Wild
Texas, Punjab Red Cherry, Punjab Ratta, Roma, Punjab
Chhuhara, Punjab Sartaj, TLBNRH-1014 and TLBNRH-
1214.Tomato is well known for its recalcitrant nature
to androgenesis (Segui-Simarro et al. 2011; Zagorska
et al. 2004). In the present study, among the genotypes,
the percent callus formation was maximum in Wild Texas
(88.00) followed by Punjab Red Cherry (72.00), Punjab

Ratta (47.33) and Roma (22.00). Callus induction was
minimum (4%) in TLBNRH-1214 (Table 1). Statistically
significant differences in per cent callus induction were
observed among all the genotypes, except between
genotype Punjab Sartaj and Punjab Chhuhara which do
not differ significantly from each other. Genotypes
TLBNRH-1014 and TLBNRH-1214 were at par for
callus induction. Hence, the genotype effect was
observed for callus induction. Previously also, it was
observed that the responsiveness of the cultured anther
to meiocyte callogenesis and organogenesis induction
depends upon the donor genotype.

Punjab Ratta  Punjab Red Cherry
Fig. 3: Callus induction from anthers in different tomato
genotypes

Wild Texas     Roma

Punjab Chhuhara Punjab Sartaj

TLBNRH-1014 TLBNRH-1214
Fig. 3: Callus induction from anthers in different tomato
genotypes

Table 1: The list of genotypes used in the experiment
Cultivated species Varieties/Lines/Hybrids 
Solanum esculentum var 
esculentum 
 

Varieties: Roma and Punjab Ratta  
Hybrids: TH-1,TLBNRH-1214, 
TLBNRH-1014 

Solanum esculentum var 
cerasiforme 

Punjab Red Cherry, Punjab Kesar 
Cherry and Punjab Sona Cherry 

Solanum esculentum var 
pyriforme 

Punjab Chhuhara 

Solanum esculentum var 
grandifolium 

EC 971784 

Solanum esculentum var validium Punjab Gaurav, Punjab Sartaj 
Wild species 
Solanum pimpinellifolium TL 2213 
Solanum peruvianum Wild Texas and EC 717323 

 

After three weeks      After four weeks      After six weeks
Fig. 4: Greening of callus and shoot regeneration from an-
ther calli in Wild Texas

Regeneration of shoots from callus: The regeneration
was observed only in MS media supplemented with
zeatin (0.5mg/l). The cultures were incubated in light
for regeneration of shoots from calli. On exposure to
light, after 3 weeks of incubation, green regions appeared
on the surface of calli from Wild Texas and after 6 weeks
shoots were regenerated from these viable calli (Fig.
4). While in genotypes: Punjab Sartaj, Roma and Punjab
Ratta the calli on regeneration medium, continued to
proliferate into undifferentiated growth without the
induction of any shoot bud and finally died. Whereas in
genotypes: Punjab Red Cherry, Punjab Chhuhara,
TLBNRH-1014, TLBNRH-1214 calli did not grow,
became brown and died (Fig. 5). Therefore, of the eight
genotypes which responded to callogenesis, regeneration
was observed only in calli of Wild Texas with percent
regeneration of 0.66. Hence, the genotype has marked
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effect on plant regeneration from tomato anther calli.
Although four studies (Gresshoff and Doy 1972; Ziv et
al. 1984; Zagorska et al. 2004; Segui-Simarro and Nuez
2005) have reported plant regeneration from androgenic
calli of tomato anthers but in the present study it worked
only in one genotype. Thus, it seems clear that tomato
is strongly recalcitrant to anther and microspore culture
for the production of haploid and doubled haploid plants.

Rooting and Hardening: Segui-Simarro and Nuez
2007 reported spontaneous induction of roots in some
genotypes while in others rooting is induced by
transferring regenerated shoots in rooting medium. In

the present study, roots were not induced spontaneously
in the regeneration medium, thus for rooting, the
elongated shoots were transferred to half strength of
MS basal medium containing IBA (0.1mg/l). The rooted
plants were gently removed from the tubes, adhered
agar medium was removed by washing with distilled
water to avoid contamination. The hardening of the plants
was done for two weeks in MS medium having half
strength at 25 ± 2°C. The hardened plants were then
transferred to plastic cups containing a sterile soil, sand
and vermiculite mixture (1:1:1, v/v/v), and after 2 weeks,
they were transferred to pots (Fig. 6).Fig. 5: Browning of anther calli which is not regenerated

into plants

Fig. 6: Hardening of anther derived plants

Table 2: List of different culture media used
Type of medium Composition of media  
Callus Induction medium MS + IAA (2mg/l) + 2ip (1mg/l) 

MS + NAA (2mg/l) + Kin (1mg/l) + 2,4-
D(2mg/l) 
MS + NAA (2mg/l) + Kin (1mg/l) 
NLN + BAP (0.5mg/l) + NAA (0.5mg/l) 
MS + NAA (2.5mg/l) + Kin (0.5mg/l) 

Regeneration medium MS +BAP (2.0mg/l) + NAA(0.2mg/l) 
MS + Zeatin (0.5mg/l) 
MS + BAP (1.5mg/l) 
MS + GA3(1mg/l) + BAP(0.05mg/l) + 
NAA(0.1mg/l) 

 
Table 3: Response of different genotypes for percent callus
induction in tomato
Genotype Number of 

anther cultured 
Number of calli 

obtained 
Percent callus 

induction ± 
S.E 

Media: 2ip (1mg/l) + IAA (2mg/l) 
Wild Texas 150 132 88.00 ± 0.94 
Punjab Red 
Cherry 

150 108 72.00 ± 1.88 

Punjab Ratta 150 71 47.33 ± 1.44 
Roma 150 33 22.00 ± 0.94 
Punjab Sartaj 150 25 16.66 ± 1.08 
Punjab 
Chhuhara 

150 22 14.66 ± 1.44 

TLBNRH-1014 150 9 6.00 ± 1.62 
TLBNRH-1214 150 6 4.00 ± 0.94 

CD at 5%                                                                                   4.58 

 

Fig. 7: Effect of different genotypes for callus induction
(%) in tomato

Conclusion

This study concluded that bud sizes ranged from 2mm
to 5mm having late uninucleate to early binucleate stage
were more responsive to callus induction and the
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genotype Wild Texas showed the maximum callus
induction percentage and also the plant regeneration.
Other genotypes were not responded to plant
regeneration. The protocol thus developed in the present
investigation may significantly contribute to genetic
improvement of tomato.

lkjka'k

VekVj ds 15 izHksnksa ds ijkxdks”kksa dks ,e,e ek/;e ij vkfDtu
,oa lkbVksdkbfUkUl ds fofo/k lkUnzrk ls dSyl cuus gsrq mRizsfjr
fd;k x;kA ijh{k.k fd;s x;s fofo/k ek/;e la;kstuksa esa vkB izHksnksa
dk ,e,e ek/;e ftuesa 2 vkbZih ¼1 fexzk-@yh-½ rFkk vkbZ,, ¼2
fexzk-@yhVj½ ds Á;¨x ls dSyl mRizsfjr gq,A vf/kdre dSyl
cuus dh izòfÙk izHksn okbYM VsDlkl ¼88-00½ rFkk lcls de
Vh,ych,uvkj,p&1214 ¼4-0 izfr”kr½ ik;k x;kA vkB izHksnksa ds
ijkxdks”kksa ls izkIr dSyl dk iqu% lathfor fofHkUu ek/;eksa ij
mRiUu fd;k x;k tcfd iqu% lathou dSyl dsoy okbYM
VsDlkl 0-66 ds ,e,l ek/;e ftuesa ft;kfVu ¼0-5 fexzk-
@yhVj½ Fkk] ij ik;k x;kA ,e,e ek/;e ftuesa vkbch, ¼0-1
fexzk-@yhVj½] ds mi;ksx ls tM+ fodkl ds mijkUr dÙkksZardksa dks
dBksjhd̀r dj xeys esa LFkkukUrfjr fd;k x;kA
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