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Improvement of indica rice lines is a challenging task through application of anther
culture as they are recalcitrant to culture distinctive to japonica rices. Current
investigation aimed to verify the effect of cold pretreatment and phytohormones on the
anther culture response of 6 crosses. Cold pretreatment for 7-10 days at 100C was
found to have profound effect on callus induction frequency irrespective of the media
employed and the prolonged treatment over the optimum showed to be inhibitory. Of
the different auxins (2,4-D, NAA) and cytokinins (Kinetin, BAP)and their
combinations studied, a ratio of 1:4 for 2,4-D and NAA and 1:3:1 ratio of Kinetin:
BAP: NAA ratio proved to be optimal for callus induction and green plant
regeneration respectively. This information suggests the opportunity of exploiting
hybrid vigor in indica rice cultivars for the development of doubled haploids with
more yield and yield attributes from elite hybrid crosses.

Introduction
Emergence of anther culture technique for
rice production revolutionized the field of rice
breeding in the last few decades. Amongst the
in-vitro culture methods, anther culture
proved to be an efficient technique to crop

breeding providing rapid production of
doubled haploids (DHs) (Naik et al., 2017).
Development of DHs through anther culture
aids in rapid fixation of homozygous lines
compared to conventional approaches that
requires 6-7 generations of self-pollination.
Double haploidy not only successfully
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reduces the breeding cycle for varietal
improvement but also allow better
discrimination between genotypes (Marassi et
al., 2006). The recessive trait fixation in DH
lines simplifies conductance of genetic
studies. Many new cultivars and improved
parental lines have been produced through
androgenesis mostly in japonica hybrids,
however indica rice is mostly recalcitrant to
anther culture owing to poor calli induction,
subsequent green plant regeneration and high
albino plant regeneration, restraining the
production of homozygous lines (Dewi et al.,
2009; Rukmini et al., 2013; Naik et al., 2017).
In order to achieve higher callus induction
levels and plant regeneration potential,
various factors that govern the anther culture
response of indica lines under in vitro
condition need to be optimized.
Although hybrid rice has gained significant
importance after the green revolution with
rice reaching a yield plateau, however, high
seed costs and poor quality of produce have
limited their use in farmer community. As
rice hybrid production demands three lines
system (A, B and R lines) in India, nonsynchronization of male and female lines also
limits hybrid rice seed production.
Development of fertile, stable doubled
haploids from rice hybrids through
androgenesis has been suggested as a feasible
option, capable of generating high yielding
homozygous lines in a single generation
(Forster and Thomas, 2005). Thus, basic
research on anther culture of indica lines
assumes great implication.
Cold pre-treatment or low temperature shock
has been reported to initiate sporophytic
growth in several species including rice (Silva
and Ratnayke, 2009; Gueye and Nidr, 2010;
Sen et al., 2011; Mishra et al., 2013; Mishra
et al., 2015). Cold treatment stops formation
of gametes, in turn has a positive effect on the
formation of callus. Cold shock causes

delayed anther wall senescence, increased
symmetric divisions of pollen grains and
release of various compounds such as amino
acids and shock-thermic proteins that aid in
androgenesis (Kiviharju and Pehu, 1998;
Mishra et al., 2013; Tripathi et al., 2019).
Phytohormones, mainly the auxins and
cytokinins regulate dedifferentiation and
differentiation processes in in vitro cultures of
crop plants. Varying the tissue culture media
composition, mainly by improving plant
growth regulators can enhance the rate of
success of anther culture (Mandal and Gupta,
1995). Among the auxins, 2, 4-D and NAA
have been most frequently used for callus
induction in rice because auxins play the most
essential role in induction of callus from
anthers of cereal crops (Zhu et al., 1998,
Rukmini et al., 2013, Mukherjee et al., 2015).
Better callus induction from anthers of F1
plants derived from four crosses of aromatic
and improved rice cultivars cultured in N6 and
MS media supplemented with 2,4-D (0.5 mg
L-1) + NAA (1.0 mg L-1) + BAP (0.5 mg L-1)
was reported by Thuan et al., (2001).
Therefore, we in the present communication
evaluated the efficiency of anthers from
indica rice hybrids with cold pretreatment and
culture media containing plant growth
hormones on both callus induction and green
plant regeneration and to ascertain the best
rice hybrid suited for androgenesis.
Materials and Methods
The experimental materials were K343 x
RML22, K343 x DHMAS, K39 x RML22,
K39 x DHMAS, K448 x RML22 and K448 x
DHMAS that were developed at the
Experimental
Farm
of
School
of
Biotechnology, Faculty of Agriculture,
SKUAST-J, Chatha, Jammu. The boots were
pulled out of the tillers in the morning hours
from a healthy crop of the hybrids. The boots
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were wiped clean 2-3 times, with a clean
muslin cloth moistened with with 70%
alcohol. The boots were then wrapped and
placed in an incubator that was maintained at
100 C for 8-10 days for cold pretreatment. On
the day of culture, selected spikelets were first
washed thoroughly with Tween-20 (liquid
detergent) for 15 minutes and then given a dip
in 70% ethanol for 2 minutes. They were then
treated with 0.1% freshly prepared HgCl2
solution for 10 minutes in tissue culture
bottles. The HgCl2 was drained off and the
panicles were washed four times with doubledistilled water. Before culturing of anthers
from a hybrid, cytological examination of
microspore stages in the stages was conducted
and 20-25 anthers with microspores at midnucleate to early bi-nucleate stages were
uniformly dusted over the media surface.
For callus induction, N6 media (Chu 1978)
supplemented with 2,4-D (1 mg/l), Kinetin
(0.5 mg/l) and maltose 3% was used. The pH
of the medium was adjusted at 5.8 using 0.1N
NaOH or HCl and volume made up to 1 liter.
Semisolid medium, prepared by adding agar
@ 8 g l-1, was autoclaved at 1210C
temperature and 15 psi pressure for 20
minutes. For callus regeneration, MS medium
(Murashige and Skoog, 1962) in readymade
form, without sugar and agar, was procured
from Hi-Media Laboratories. Composition of
basal MS medium.. For every one litre of
medium, 4.41 g medium and 30 g sucrose
were added to the distilled water. Different
concentrations
of
phytohormons
i.e.
cytokinins (BAP 1.0 to 2.5 mg l-1 and Kinetin
0.5 mg l-1) and auxins (NAA 0.5 mg l-1) were
used to prepare different media combinations
and assigned codes.. The pH of the medium
was adjusted at 5.8 using 0.1N NaOH or HCl
and then volume made to one liter. Agar (8 g
l-1) was used as gelling agent to prepare
semisolid medium. The medium was
autoclaved at 1200C temperature and 15 psi
pressure for 20 minutes. The pollen

embryoids/calli from the anthers responding
to callus induction medium were transferred
onto the regeneration medium and the
artificial light (2500 lux) was used to incubate
the cultures for 16/8 h, respectively, at 25 +
20C.
The green plantlets of around 1 cm in length
were transferred to rooting medium for proper
development of roots. For root formation in
the plantlets generated from the calli, MS
media augmented with NAA (0.5mg/l),
Kinetin (0.5mg/l), maltose (5%) and agar
(1%) was used for solidification. The fully
formed plantlets were taken out from culture
vessels. The agar was removed from the roots
and plantlets shifted to liquid ½ MS basal
medium in larger size test tubes (30 x 200
mm) for proper development of roots and
shoots; and incubated for 15 days under
light/dark period of 16/8 h, respectively, at
25+ 20C. After 15 days, the cotton plugs were
removed and the culture vessels were left
open under same culture conditions inside the
culture room for another 15 days. The culture
solution was changed regularly at seven days
interval. The plants with fully developed roots
were transferred to pots in green house.
Results and Discussion
Influence of cold pretreatment
Of the pretreatment periods evaluated after
(0-11 days), both regeneration of callus and
green plant regeneration were observed to be
significantly higher than the control (0 day
treatment) when the anthers were pretreated at
100C for 7-11days in all the genotypes (Table
1) (Figure 1). On N6media, both callus
induction (6.36%) and regeneration (22.10%)
were higher after 7 days cold pretreatment.
The data showed that the critical pretreatment
period was for 7-10 days and extending the
treatment beyond 10 days showed to be
inhibitory in the media used. Similar trend
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was followed for regeneration and green plant
regeneration frequencies also.
Effect of different
phytohormones

combinations

of

The experiments on callus regeneration that
were conducted with callus generated on N6
induction media using different combinations
of phytohormones revealed that addition of
auxin: cytokinin (NAA: Kn: BAP) in the ratio
of 5:1:5 (2.5: 0.5:2.5)had stimulated highest
regeneration (20-22%) in all the genotypes

(Table 2) (Figure 2). The positive influence of
the same ratio was marked even when the
hormonal
concentration
was
doubled
(2.5:0.5:2.5 mg/l) but in the same proportion.
Similar trend was observed in case of green
plant regeneration (32-36%) in all the 6
genotypes when supplemented with growth
regulators in the ratio of 1:1:3. While the
incidence of albinos was also higher in both
the genotypes in the media containing
(Kn:2,4-D:BAP) in the ratio of 1:3:1. Callus
regenerated on hormone free media had
shown very less regeneration frequency.

Fig.1 (A) Callus induction (B) Callus regeneration (C) Rooting (D) Albino plant regeneration

(A)

(B)

(C)

(D)
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Table.1 Effect of duration of cold pretreatment on callusing and green plant regeneration of
indica (Oryza sativa L.) rice
Genotype
K343 x RML22
K343 x RML22
K343 x RML22
K343 x RML22
K343 x RML22
K343 x RML22
K343 x DHMAS
K343 x DHMAS
K343 x DHMAS
K343 x DHMAS
K343 x DHMAS
K343 x DHMAS
K39 x RML22
K39 x RML22
K39 x RML22
K39 x RML22
K39 x RML22
K39 x RML22
K39 x DHMAS
K39 x DHMAS
K39 x DHMAS
K39 x DHMAS
K39 x DHMAS
K39 x DHMAS
K448 x RML22
K448 x RML22
K448 x RML22
K448 x RML22
K448 x RML22
K448 x RML22
K448 x DHMAS
K448 x DHMAS
K448 x DHMAS
K448 x DHMAS
K448 x DHMAS
K448 x DHMAS

Media
(N6)
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6
N6

Days
0
4
5
7
9
11
0
4
5
7
9
11
0
4
5
7
9
11
0
4
5
7
9
11
0
4
5
7
9
11
0
4
5
7
9
11

Callus
Induction (%)
0
1.53
3.33
6.36
8.88
4.2
0
1.33
2
2.66
3.57
1.97
0
0
0.66
3.33
4.66
1.76
0
0
0
1.6
3.33
0.97
0
0.86
1.42
2
2.66
1.79
0
0
2.5
3.33
3.84
2.67
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Regeneration
%
0
3
4.44
5.88
6.34
5
0
2.88
3.1
3.7
5.35
3.43
0
1.53
1.81
2.22
2.98
2
0
0
1.3
2.08
3.2
1.97
0
0
0
2.85
3.44
2
0
0
0
2.98
3.37
1.43

Green plant
reg %
10.16
14.6
18.14
22.1
16.05
20
9.1
13.41
19.12
20.14
18.14
18
8.1
9.16
13.1
18.16
12.09
10
8
9.17
11.24
17.56
20.1
13.2
9
9.14
9.22
12.97
16.28
9.63
8.66
9.31
10.09
14.97
12,32
11

Albino
plant reg
7.13
5.03
7.42
12.76
10.23
10.05
9.18
9.48
10.87
13.43
11.07
10
6.23
10.54
10.98
14.78
12
10.56
6
7.23
7.56
9.51
8
7.88
5.1
6
7.23
12.24
10
7.98
5
6.57
10
13.55
10.52
10
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Table.2 Effect of culture media on improving anther culture
response of indica (Oryza sativa L.) rice
Genotype

K343 x RML22
K343 x RML22
K343 x RML22
K343 x RML22
K343 x RML22
K343 x DHMAS
K343 x DHMAS
K343 x DHMAS
K343 x DHMAS
K343 x DHMAS
K39 x RML22
K39 x RML22
K39 x RML22
K39 x RML22
K39 x RML22
K39 x DHMAS
K39 x DHMAS
K39 x DHMAS
K39 x DHMAS
K39 x DHMAS
K343 x RML22
K448 x RML22
K448 x RML22
K448 x RML22
K448 x RML22
K448 x DHMAS
K448 x DHMAS
K448 x DHMAS
K448 x DHMAS
K448 x DHMAS

Combinations
(Kn:2,4-D:BAP) (all
in mg-1)
0:0+0+maltose
1.0:0.5+1.0+maltose
1.5:0.5+1.5+maltose
2.0:0.5+2.0+maltose
2.5:0.5+2.5+maltose
0:0+0+maltose
1.0:0.5+1.0+maltose
1.5:0.5+1.5+maltose
2.0:0.5+2.0+maltose
2.5:0.5+2.5+maltose
0:0+0+maltose
1.0:0.5+1.0+maltose
1.5:0.5+1.5+maltose
2.0:0.5+2.0+maltose
2.5:0.5+2.5+maltose
0:0+0+maltose
1.0:0.5+1.0+maltose
1.5:0.5+1.5+maltose
2.0:0.5+2.0+maltose
2.5:0.5+2.5+maltose
0:0+0+maltose
1.0:0.5+1.0+maltose
1.5:0.5+1.5+maltose
2.0:0.5+2.0+maltose
2.5:0.5+2.5+maltose
0:0+0+maltose
1.0:0.5+1.0+maltose
1.5:0.5+1.5+maltose
2.0:0.5+2.0+maltose
2.5:0.5+2.5+maltose

Calli
plated

Calli
regenerated

Regeneration
%

Green plant
reg (%)

Albino
reg. (%)

110
90
100
105
125
100
100
110
105
90
105
105
110
100
100
90
100
70
120
110
125
120
110
100
115
100
95
100
110
100

12
35
29
26
18
10
7
13
19
12
16
14
10
24
20
7
14
10
12
24
12
17
19
23
28
7
12
15
20
13

10.9
38.8
29
24.63
14.4
10
7
11.81
18.09
13.4
15.23
13.4
9.09
24
20
7.8
14
14.28
10
21.81
9.6
14.17
17.27
23
24.34
7
12.63
15
18.18
13

6.9
23.12
17.3
15.32
8.5
5.6
5.2
8.61
12.09
10.4
8.73
9.7
5.9
15.09
12
4.9
9.61
8.5
6.3
14.5
5.9
8.2
9.8
14.56
13.2
4.2
7.8
9.1
10
7.6

4
15.68
11.7
9.31
5.9
4.4
1.8
3.2
6
3
6.5
3.7
3.19
8.91
8
2.9
4.39
5.78
3.7
7.31
3.7
5.97
7.47
8.44
10.14
2.8
4.83
5.9
8.18
5.4
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Fig.2 Effect of different combinations of phytohormones on callusing and green plant
regeneration of indica (Oryza sativa L.) rice

The results suggest that the cold pretreatment
was found to have a positive influence on the
callus induction frequency irrespective of the
media employed and a 7-11 day period of
cold shock at 100C was found to be optimal
for all the genotypes tested and any extended
treatment over the optimum proved to be
inhibitory. The treatment resulted in 2-4 fold
increase in callus induction but also resulted
in early (~10-12d) callus induction. Our
results were similar to previous findings
(Lenka and Reddy, 1993: Rukmini et al.,
2013) which also described the inhibitory
effect of prolonged period of pretreatment.
The positive effect of cold shock was also
reported in other crop species such as flax
(Orbert et al., 2005) and rye (Roininen et al.,
2005). Although, Xie et al., (1995)
recommended a cold pretreatment (4-130C)
for 7-28 days to induce callus, various results
including the present one do not support such
a view.
Albino plant production is one of the main
problems in rice anther culture (Khatun et al.,
2012; Rukmini et al., 2013). Though the
albino formation did not follow any pattern in

relation to the cold shock duration in the
present study, reports indicate that prolonged
pretreatment has adverse effect on green plant
formation and significant increase in albino
production (Gupta and Borthakur, 1987).
Cold shock is stated to enhance the stoppage
of the gametophytic development of
microspores during cold shock pretreatment
and help in continuous division of
microspores into forming callus/embryo
(Touraev et al., 1996: Rukmini et al., 2013)
and this shift from gametophytic mode may
cause instability and the loss of chlorophyll is
a manifestation of that shift.
The most important constituents in the rice
anther culture medium were auxins and
cytokinins. Auxins have been essential plant
growth regulators for the callus induction
from anthers of cereals (Zhu et al., 1998) and
the type and level of the auxin present in
culture medium regulates the callus
formation. Of the several phytohormonal
combinations evaluated in the induction
media, a ratio of 1:4 for Kn: 2,4-D was
proved to be beneficial for androgenesis while
the phytohormonal combination of Kn: 2,4-D:
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BAP in the ratio of 1:3:1 (0.25:0.75:0.25
mg/l)has proved to be optimal for obtaining
high green plant regeneration. The current
communication supports the opinion of Raina
and Iyer (1974) that ideal phytohormonal
combination
was
needed
for
ideal
regeneration of 2,4-D induced calli. TrejoTapia et al., (2002) reported auxins were
essential for the callus induction from anthers
and suggested that the type and concentration
of auxins have influence on the induction of
calli.
In conclusion as several physical and
chemical factors influence the genotype
response to culture, the investigation studied
two major factors: cold pretreatment to the
anthers prior to their culture and the plant
growth regulator combinations in culture
media. The study determines that cold shock
has advantageous effects on the callus
induction and a pretreatment for 7-11 days at
100C showed a positive influence. The results
showed the negative influence on callus
induction frequency irrespective of the media
employed and prolonged cold treatments
above the optimum. A combination of auxins
and cytokinins (Kn: 2,4-D: BAP) in the
regeneration medium have a profound
positive influence on the regeneration.
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