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Abstract
The present study was aimed to optimize conditions of anther culture and production of doubled haploids of 
a popular rice hybrid, KRH-2. Immature panicles collected from field grown donor plants were pre-treated 
at 8°C for eight days and plated on four different basic media for callus induction with different hormonal 
concentrations and supplements. N6 media with maltose as the carbon source, supplemented with 2 mg L-1 
of 2,4-dichlorophenoxyacetic acid (2,4-D), 0.5 mg L-1 of kinetin and 10 mg L-1 of silver nitrate (designated 
as N6-4 medium) was found to give the highest callus induction (22.4%). The compact calli, which were 
transferred to MS regeneration medium supplemented with 2.5 mg L-1 of benzyl amino purine (BAP), 0.5 
mg L-1 of kinetin and 1.5 mg L-1 of naphthalene acetic acid (NAA) recorded a good regeneration (25.4%).  A 
total of 125 stable, doubled haploid lines (DHLs) were produced through spontaneous doubling of KRH-2 
microspores. The lines showed significant variability with respect to key agro-morphological traits. 

Keywords-Rice androgenesis; Callus induction; Green plant regeneration; KRH-2; morpho-agronomic evaluation

Introduction
Among the various alternatives available for 
increasing rice productivity, adoption of hybrid 
rice technology is one of the most feasible options 
(Yuan 1994). Since early 1990s hybrid rice has been 
cultivated in many Asian countries including India. 	
Presently, China has the maximum area under hybrid 
rice and the technology is one of the key components 
of food security in China. Despite, the tremendous 
potential of hybrid rice technology in improving 
rice production and productivity, the adoption of 
hybrid rice technology has not been satisfactory in 
India. Presently, it is estimated that out of 44.5 Mha 
of cultivated rice, only 3 Mha is under hybrid rice. 
Higher seed cost, poor seed-set, low to moderate 
levels of heterosis and poor grain and cooking quality 
of rice are the major reasons for limited adoption of 

the technology(Mishra et al. 2013). Among these, in 
particular, the moderate levels of heterosis is one of 
the main reasons for its lower adoption in the intensive 
rice cultivation areas of India and a need has been felt 
to enhance the genetic diversity among the parental 
lines to increase the heterosis levels.

In recent years, rapidly changing climatic conditions 
coupled with increased incidence of biotic and abiotic 
stresses have posed severe challenges for increasing 
rice production which has already witnessed a 
scenario of yield stagnation. One of the feasible 
options available to enhance the rice production in the 
short and medium term is through adoption of hybrid 
rice, which has been proved to have considerable 
yield advantage over the inbred lines (Yuan 1994). 
Though many commercially released varieties of 
Indian hybrid rice have shown higher productivity 
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and production per unit area, adoption of the latter 
by Indian farmers has not been very encouraging, 
primarily due to higher seed costs and poor cooking 
quality (Mishra et al. 2013). 

Among the various methods available for breeding 
and improving the parental lines used for hybrid 
development, conventional breeding approach is the 
most commonly deployed one. However, it involves 
several cycles of breeding-selection and is cost, 
resource intensive. This necessitates development 
of other viable options that could surpass these 
breeding limitations. Through conventional breeding, 
it takes a minimum of 6-8 years for development 
of desirable lines and there is a need to shorten the 
process of development of homozygous lines (Snape 
1989; Raina & Zapata 1997; Baenziger et al. 2006). 
One such viable and feasible option for developing 
homozygous lines in a single generation is through 
adoption of doubled haploid (DH) breeding strategy 
(Hu. 1985; Baenziger et al. 1989; Wu et al. 2012). 

Different fixed (i.e. non-segregating) populations 
namely the recombinant inbred lines (RIL), doubled 
haploid lines (DHLs), near isogenic lines (NILs) 
etc., are considered as valuable tools for use in 
tagging and mapping of novel traits/genes and also 
as a population improvement strategy, besides being 
useful in functional genomics studies (Paterson 1996; 
Collard et al. 2005; Forster & Thomas 2005). Among 
these populations, DHLs are unique in the sense that 
their development and fixation takes the shortest 
possible time (i.e. within one-two breeding seasons). 
DHLs are considered as valuable tools for identifying 
gene blocks associated with important quantitative 
traits such as yield, biotic and abiotic stress tolerance 
and heterosis (Tinker et al. 1996; Wang et al. 2001; 
Senadhira et al. 2002; Suriyan et al. 2009). Even 
though there are several reports of development 
and utilization of DHLs for varietal development/
improvement (Han and Huang 1987), their utilization 
in molecular mapping of heterotic loci/QTL is limited.

Even though protocols for anther culture and doubled 
haploid production have proved to be quite simple 

in japonica rice, success rate in indica rice has been 
limited (Zapata and Arias, 2003; Bagheri and Jelodar, 
2008). Though many attempts were made to produce 
the fertile DH plants by manipulating the factors 
that govern androgenesis in indica rice, the success 
of optimized anther culture conditions have been 
fairly unsatisfactory (Ratheika and Silva, 2007). The 
reasons identified for the limited success of indica 
rice is principally due to the recalcitrant nature as a 
result of early anther necrosis, inherently diminished 
competence to form callus, higher frequency of 
albino plant regeneration and lower frequency of 
green plant regeneration (Balachandran et al. 1999; 
Grewal et al. 2009).  As limited reports are available 
on the production of DH lines of indica rice (Mishra 
et al. 2015; Naik et al. 2016) this study outlines the 
optimized culture conditions for an elite Indian rice 
hybrid, KRH-2 and evaluation of the DH lines.

Materials and Methods
Plant material: A medium duration rice hybrid, 
Karnataka Rice Hybrid-2 (KRH-2 derived from the 
cross IR58025A × KMR-3R), with long and bold grain 
type, developed by Regional Agricultural Research 
Station (RARS), Mandya, Karnataka was used as 
the experimental material, along with the parents, 
IR58025B (recurrent parent) and KMR-3R (donor 
parent). The parental seed material along with the 
seeds of varietal checks was obtained from the Hybrid 
Rice Section, ICAR-Indian Institute of Rice Research, 
Rajendranagar, Hyderabad, India. For evaluation of 
the developed DH population, Akshayadhan (AKD) 
and Varadhan (VRD) were used as varietal checks.

Heterozygosity assessment of KRH-2 hybrid: 
Purity assessment of parents and F1 seeds of the hybrid 
KRH-2 was done before every batch of KRH-2 hybrid 
anthers were plated on callus induction medium. This 
was conducted with a simple sequence repeat (SSR) 
marker RM19660 located on chromosome 6 that 
exhibited amplification of unique alleles in KRH-2 as 
per the procedure described in Yashitola et al. (2002) 
and Sundaram et al. (2008).
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Anther culture and double haploid production in 
KRH-2: Genetically pure seeds of parents and the elite 
rice hybrid KRH-2 (derived by crossing IR58025A 
with KMR-3R) obtained from the Hybrid Rice Section, 
ICAR-Indian Rice Research Institute, Rajendranagar, 
Hyderabad, India, were grown during Kharif 2015 and 
the recommended package of practices were adopted 
for raising the crop. Immature panicles of KRH-2 
were collected from the field grown plants at booting 
stage in the morning between 8-9 AM as described by 
Balachandran et al. (1999). The panicles were packed 
in wet cloth wrapped in aluminum foil and subjectedto 
a cold shock pre-treatment at 8°C for a period of eight 
days in a cold chamber. After, cold shock treatment, 
spikelets which were in late uni-nucleate to early 
bi-nucleate stage (determined through microscopy, 
described by Jahne and Lorz, 1995) were chosen for 
plating of the anthers. For checking the pollen fertility, 
excised spikelets were fixed in formaldehyde, acetic 
acid and 70% alcohol solution (1:1:18). They were 
then gently macerated on a slide with an autoclaved 
surgical blade and stained with 1% potassium iodide 
solution (1% IKI) for observation under bright field 
microscope for pollen fertility estimation (Mishra et 
al. 2015). Fertile anthers were then aseptically plated 
on four callus induction medium viz., N6 (Chu et al. 
1975), B5 (Gamborg et al. 1968), MS (Murashige and 
Skoog 1962) and He2 (Huang et al. 1978) following 
the protocol standardized by Balachandran et al. 
(1999) in 25 batches but with slight modifications. 
The plated anthers were incubated in dark for 45 days 
at 25°±1°C. The cultures were examined periodically 
for contaminations and the development of callus 
formation was closely monitored. 

Compact, pale yellow colored calli measuring 2-3 
mm in diameter were transferred to MS regeneration 
medium (Cho and Zapata, 1988; Balachandran et al. 
1999) and incubated under illuminated conditions with 
16/8 hours’ light and dark regime. The regenerated 
green shoots were transferred to hormone free ½ MS 
medium (rooting medium) and were maintained under 

illumination. Well-developed plants with profuse 
roots were transferred to Yoshida’s solution for 
hardening for two weeks, later they were transferred 
to green house and maintained till maturity. The 
response of the anthers for callus induction and green 
plant regeneration was recorded 40 days after plating.

Optimization studies for callus induction were 
carried out with four different media namely, N6, B5, 
MS and He2 with 3% maltose as the carbon source 
supplemented with additives 0.5 g L-1 of casein 
hydrolysate, 0.1 g L-1 of myo-Inositol, 10 mg L-1 of 
silver nitrate and five different hormonal concentrations 
viz. 0.5 mg L-1, 1.0 mg L-1, 1.5 mg L-1, 2.0 mg L-1, 2.5 
mg L-1 of 2,4-D (2, 4-Dichloro phenoxy acetic acid) 
+ 0.5 mg L-1 of Kinetin) and plated in 0.4 % phytagel. 
Similarly, for green plant regeneration phase, the 
optimization studies were carried out using the MS 
medium 3% sucrose as carbon source supplemented 
with five different hormonal concentrations viz., 0.5 
mg L-1 of 6-Benzyl Amino Purine (BAP), 1.0 mg L-1, 
1.5 mg L-1, 2.0 mg L-1 and 2.5 mg L-1; 0.5 mg L-1 of 
Kinetin and 1.5 mg L-1 of Napthalene Acetic Acid 
(NAA) (Table 1). , The in-vitro androgenesis of the 
hybrid, KRH-2 and its parents was carried out during 
both Kharif 2015 and  Rabi (2015-2016).

The regenerated plants at the end of the Kharif 
2015 (D0) were grown under greenhouse conditions 
in earthen pots and upon acclimatization, were 
maintained till maturity in net-house conditions. 
These plants were agro-morphologically assessed for 
the determination of ploidy levels. Total number of 
regenerated plants, total number of survived plants, 
total number of sterile (n), diploid (2n) and polyploid 
plants were recorded. The seeds (D0 generation) of 
those plants which were observed to be putative fertile 
doubled haploids (DHLs) were carefully collected. 
Only the confirmed and true DHLs were advanced to 
further generations. Similarly, plants obtained during 
the Rabi (2015-2016), were established and ploidy 
determination and true-fertile DHL advancement was 
followed.
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Figure 1: KRH-2 (F1) purity assessment with RM 19660 (SSR 
marker); L-100 bp ladder, A-IR58025A (Parent 1), R-KMR-
3R (Parent 2), 1-15 KRH-2; F1 samples

Duncan’s Multiple Range Test (DMRT) was done 
using SAS version 9.2 (SAS Institute Inc., Cary, 
NC, USA) to assess the effect of different media 
compositions on callus induction and green plant 
regeneration. Microsoft excel package was used for 
the analysis of standard error (SE), standard deviation 
(SD), coefficient of variation in percentage (CV%) 
and mean.

Identification of true doubled haploids using 
hyper-variable SSR marker: At the end of Kharif 
2015 and Rabi (2015-2016), in order to determine the 
origin of putative fertile doubled haploid (2n) anther 
culture derived plants (across two seasons)  from 
microspores and to ensure thatthey have not originated 
from the somatic anther wall tissue, genomic DNA 
was extracted from fresh and healthy leaves of 10-
20 randomly selected putative doubled haploid (2n) 
plants by following the protocol of Dellaporta et 
al. (1983) and amplified using set of eight highly 
polymorphic SSR markers namely RM15326 (chr. 3), 
RM15679 (chr. 3), RM19410 (chr. 6), RM21539 (chr. 
7), RM22554 (chr. 8), RM22837 (chr. 8), RM6925 
(chr.  8), RM23958 (chr. 9) and as described by 
Yashitola et al. (2002), Sundaram et al. (2008) and 
Jaikishan et al. (2009) .

Agro-morphological evaluation of developed 
DHLs: A total of 125 regenerated true DHLs (D0) 
were advanced from D1 to D3 generation were 
grown for three consecutive seasons (Rabi (2016-
2017), D1 generation; Kharif 2017, D2 generation; 
Rabi (2017-2018), D3 generation) for analyzing their 
stability, uniformity and for their agro-morphological 
performance. Seven most crucial yield related agro-
morphological characters were recorded from five 
plants per each entry at suitable stage of the rice plant 
as per the standard evaluation system recommended 
by IRRI (IRRI, 2002) in the main field of IIRR, 
Rajendranagar, Hyderabad, India. For phenotyping 
of the DHL population, randomized complete block 
design (RCBD), in two replications, was used. In 
each replication, five middle plants of each DHL entry 

were considered for phenotyping. At appropriate 
growth stage of experimental material, seven traits 
namely, days to fifty percent flowering (DFF), total 
grain yield per plant (YLD), total number of grains 
per panicle (GP), test (1,000) grain weight (TGW), 
number of productive tillers (PT) and biomass (BM) 
were recorded from five healthy plants of middle row 
of each line (in each replication), as per the standard 
evaluation system recommended by IRRI (IRRI, 
2002) and the collected mean data were considered 
for further analysis. 

Results
The true F1s obtained after crossing IR58025A with its 
restorer line, KMR-3R, were identified with the help 
of a parental polymorphic SSR marker RM19660. 
PCR analysis showed amplification of 250 bp specific 
to IR58025A and 400 bp band specific to KMR-3R 
among most of the F1s (Figure 1) and the true F1s 
were then subjected for anther culture to produce 
doubled haploids.

Anther culture of KRH-2

Only those panicles in which the microspores were 
in late uni-nucleate (Figure 2a) or early bi-nucleate 
stage (Figure 2b) were chosen for anther plating 
as microspores in these two stages are known to be 
highly responsive for callus induction. The highest 
androgenic response was observed in the hybrid when 
panicles were pre-treated at 8°C for a period of eight 
days (Table 5). 

Among the various media used for callus induction, 
N6 medium was identified to be the best (Table 



Journal of Rice Research 2020, Vol 13, No. 1  H  37

Figure 2: Anthers in late uni-nucleate/early bi-nucleate stage 
used for callus induction (nucleus indicated with arrows) (a) 
Microspore in late uni-nucleate stage after staining with 2% 
acetocarmine solution (b) Microspore in early bi-nucleate stage 
showing generative nucleus (small) and vegetative nucleus (big) 
also after staining with 2% acetocarmine solution

1). Irrespective of media, among the five different 
combinations of hormones used for callus induction, a 
combination of 2 mg L-1 2,4-D and 0.5 mg L-1 kinetin 
elicited the highest callus induction frequency (16.7%-
22.4%).  Based on the results obtained, N6-4 medium 
(with 2 mg L-1 of 2,4-D and 0.5 mg L-1 of kinetin) 
was identified to be the best for callus induction in 
KRH-2 and its parents, followed by B5-4, MS-4 and 
He2-4 (Table 1, Figure 3a, Figure 3b). The highest 
percent of albino plants (25.9%) was observed in 
parent IR58025B whose calli were induced on He2-4 
medium (Table 1). 

Table 1:  Response of different media & hormone concentrations on callus induction* and green plant 
regeneration# in KRH-2 (hybrid) and its parents

Culture 
Medium

Genotype
No. of 

anthers 
plated

No. of 
calli 

induced

% callus 
induction 
±SE (%)a

No. of 
calli 

inoculated

No. of calli 
producing 

plants

%Green 
plant regen-
eration± SEa

% Albino 
plant 

regenera-
tion±SEa

N6-4
IR58025B 7,500 1,260 16.7±0.56a 223 43 19.1± 0.54b 21.2± 0.68c
KMR-3R 6,852 829 12.1±0.58b 184 29 15.6± 0.51c 17.8± 0.81b
KRH-2 7,236 1,534 22.4±0.64c 280 71 25.4 ± 0.43a 15.4± 0.38a

B5-4
IR58025B 6,500 902 13.8± 0.11b 160 26 16.1± 0.17b 20.7± 0.47b
KMR-3R 6,899 698 10.1±0.66c 123 16 13 ± 0.23c 19.4± 0.68b
KRH-2 7,023 1,336 18.9± 0.82a 177 40 22.4 ± 0.62a 16.4± 0.74a

MS-4
IR58025B 5,678 656 11.5± 0.22b 144 18 12.4± 0.38b 24.8± 0.77c
KMR-3R 6,235 575 9.2±0.12c 85 9 10.5± 0.62c 20.8± 0.33a
KRH-2 7,214 1,090 15.1±0.85a 169 34 20.3 ± 0.67a 18.7± 0.41b

He2-4
IR58025B 7,811 721 9.2 ±0.15b 121 10 8.6± 0.14b 25.9± 0.21c
KMR-3R 6,778 489 7.2 ±0.36c 85 8 9.2± 0.11b 24.6± 0.23a
KRH-2 5,789 644 11.1±0.49a 138 22 16.2 ± 0.46a 21.6± 0.54a

Means with the same letter in a column were not significantly different in Duncan’s multiple comparison range test (p < 0.05); a25 replicates per 
treatment, repeated thrice

*Callus induction media: N6-1, B5-1, MS-1, He2-1 ( 0.5 mg/L of  2,4-D+ 0.5 mg/L of Kinetin) ; N6-2, B5-2, MS-2, He2-2 ( 1.0 mg/L of  2,4-D+ 0.5 
mg/L of Kinetin) ; N6-3, B5-3, MS-3, He2-3 (1.5 mg/L of  2,4-D+ 0.5 mg/L of Kinetin); N6-4, B5-4, MS-4, He2-4 (2.0 mg/L of 2,4-D+ 0.5 mg/L of 
Kinetin); N6-5, B5-5, MS-5, He2-5 (2.5 mg/L of  2,4-D+ 0.5 mg/L of Kinetin); 0.1 g/l of myo-Inositol , 10 mg/L of silver nitrate; 30 g/L of maltose

#Green plant regeneration medium: MS-1 (0.5 mg/L of BAP+ 0.5 mg/L of kinetin +1.5 mg/L of NAA), MS-2 (1.0 mg/L of BAP+ 0.5 mg/L of kinetin 
+1.5 mg/L of NAA), MS-3 (1.5 mg/L of BAP+ 0.5 mg/L of kinetin +1.5 mg/L of NAA), MS-4 (2.0 mg/L of BAP+ 0.5 mg/L of kinetin +1.5 mg/L 
of NAA), MS-5(2.5 mg/L of BAP+ 0.5 mg/L of kinetin +1.5 mg/L of NAA); 30 g/L of sucrose
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Based on the results obtained, N6-4 medium (with 
2 mg L-1 of 2,4-D and 0.5 mg L-1 of kinetin) was 
identified to be the best for callus induction in KRH-
2 and its parents, followed by B5-4, MS-4 and He2-
4 (Table 1, Figure 3a, Figure 3b). Similar to callus 
induction, the highest percentage of green plant 
regeneration (25.4%) on optimized MS medium was 
observed in those calli which were induced from 
anthers pre-treated at 8°C for 8 days (Table 5). Highest 
frequency of green plant regeneration (15.6-25.4%) 
was observed in those calli that were induced on N6-4 

medium (Figure 3c-3d) followed by B5-4, MS-4 and 
He2-4 media. MS-5 medium (concentrations of BAP, 
kinetin and NAA being 2.5 mg L-1, 0.5 mg L-1 and 
1.5 mg L-1, respectively) was identifed to be the best 
medium for green plant regeneration (Table 1, Figure 
3c-Figure 3d).  Besides, green plants, a substantial 
percentage of  albino plants in the range of 15.4% 
to 25.9% was observed. The least percent of albino 
plants was observed in the hybrid KRH-2 whose 
calli were induced on N6-4 medium. The highest 
percent of albino plants (25.9%) was observed in 
parent IR58025B whose calli were induced on He2-4 
medium (Table 1). 

Regenerated shoots with primary  roots were 
transferred to hormone-free ½ MS medium for the 
development of more roots (Figure 3e-3f). The plants 
were then grown  in Yoshida’s solution for hardening 
(Figure 3g-3h). Later, the hardened plants were 
transferred to earthen pots maintained in biosafety 
screen house (Figure 3i) and were maintained till 
maturity in field (Figure 3j-3l). 

The details of number of regenerated plants from 
anther culture of the three genotypes viz., KRH-
2, IR58025B and KMR-3R across two seasons are 
presented in Table 2. Regenerated plants constituted 
fertile doubled haploids, sterile haploid and polyploid 
plants [Figure 3k i-iv]. In Kharif 2015, 270 out of 
381 regenerated plants of the KRH-2 hybrid were 
observed to survive. Among them, 58 were fertile 
double haploids (2n), 140 were sterile haploids (n) 
and 72 were sterile polyploid plants. Similarly, in 
Rabi (2015-2016), among the 193 plants survived, 
67 plants were observed to be fertile diploids (2n), 
56 plants were sterile haploids (n) and 70 were sterile 
polyploids. Similar trend was noticed in case of the 
other two genotypes, IR58025B and KMR-3R as well.

Table 2: Details on the number of regenerated plants along with their ploidy status across two seasons of 
androgenesis in KRH-2 and in its parents

Genotype No. of regenerated
Plants

No. of survived
Plants

No. of fertile 
plants (2n)

No. of sterile
plants (n)

No. of sterile
polyploid plants

Season Kharif 
2015

Rabi 2015-
16

Kharif 
2015

Rabi 
2015-16

Kharif 
2015

Rabi 
2015-16

Kharif 
2015

Rabi 
2015-16

Kharif 
2015

Rabi 
2015-16

KRH-2 381 247 270 193 58 
(21.5)

67 
(34.7)

140 
(51.9)

56 
(29.0)

72 
(26.6)

70 
(36.3)

IR58025B 266 138 242 114 79 
(32.7)

23 
(20.2)

116 
(47.9)

67 
(58.8)

47 
(19.4)

24 
(21.0)

KMR-3R 333 154 266 138 77 
(28.9)

48 
(34.8)

96 
(36.1)

51 
(37.0)

93 
(35.0)

39 
(28.2)

The percentage value of fertile doubled haploid, sterile haploid and sterile polyploid plants is indicated within the parenthesis.
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Figure 3: Various stages of androgenesis in KRH-2 
(a) Plated KRH-2 anthers on callus induction medium (b) Compact calli emerging from anthers of the hybrid 40 days after anther plating. (c-d) 
Emergence of green and albino shoots from compact calli on MS regeneration medium  (RM) after 10 days of transfer of calli on MS RM (e) 
Regeneration of roots  from regenerated shoots in ½ MS medium (hormone free medium) after 10 days of its transfer (f) Root development in half 
(½) MS medium; (g-h) Plants hardening in Yoshida’s nutrient solution (i) Acclimatization of hardened plants in green house (k) Morphological 
evaluation of anther culture derived plants for ploidy determination at maturity (i) putative haploid sterile plant (ii) sterile polyploid plant (iii)-(iv) 
fertile doubled haploid plants (j,l) Field establishment of true KRH-2 derived doubled haploid (DH) population (D4 generation) (a) Seedling stage 
(b) Matured DHLs

a

e g

f h i
(i)

k

l

j

b c d

(ii) (iii) (iv)
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Molecular analysis of hybrids and doubled haploids

The PCR analysis of regenerated fertile doubled 
haploid plantlets with parental polymorphic hyper-
variable SSR markers namely RM15326, RM15679, 
RM19410, RM21539, RM22554, RM22837, 
RM6925 and RM23958 (Table 3, Figure 4a-4b) 

showed amplification identical to either of two parents 
IR58025A or KMR-3R.  Also, 12.67% of induced calli 
were somatic in origin whereas 68.25% were elicited 
from microspores. Most of the true and fertile DHLs 
showed amplification identical to parent KMR-3R. 

Table 3: Details of SSR markers used in the study

S. No
SSR/EST- 
marker name

Chr 
No.

Physical 
position 

(Mb)
Forward Primer’s Sequence

Reverse Primer’s Se-
quence

1 RM15326 3 20.6 TGAATCTACCGCTCTACTTGTGG AAACAGTG-
CATCCTTCTTGTGG

2 JGT03-26.8 3 26.80 GAGCGTTTGTAGTAAGTTTCATGGAC GGCCCAACCCAAACA-
CAAAT

3 RM15679 3 26.87 TAGATGTATGAGTCGGAATGGAGTCG CAGACGCAGTGTGTG-
TATGAAGTTCC

4 RM21539 7 16.44 GCCCAACTACTTCGACAGCTTCC CAATGACCTGAGTAG-
CATCCAAGG

5 RM6925 8 0.64 GAATGAGAGGACGCTTGAAGAGG GCATTCAGTC-
CCAGCTTGTATCG

6 RM22554 8 5.58 TTGTCAAGATCATCCTCGTAGC GTCATTCTGCAACCT-
GAGATCC

7 RM22837 8 12.36 ACCTGGGTCAGATGTCTGTTTGG GGTAGAGCTCCATC-
CATCTTAGTGC

8 RM23958 9 7.94 CTACCACTGTTTCATTGTGTCTCG GAATTGAAGGAGAAG-
CAGGAAGC

Morpho-agronomic performance evaluation in 
doubled haploids 

Doubled haploids produced in different seasons were 
evaluated for the following yield and yield related 
traits: i) days to 50% flowering (DFF), ii) total grain 
yield per plant (YLD), iii) total number of grains per 
panicle (GP), iv) test (1,000) grain weight (TGW), 
v) number of productive tillers (PT) and vi) biomass 
(BM). Varieties, Akshayadhan (AKD), Varadhan 
(VRD) and the hybrid KRH-2 were used as checks 
for comparing the performance of DH population  
(Table 4).  

Flowering duration ranged between 91 days (SMB-7) 
and 129 days (Akshayadhan, AKD). The mean value 
of DFF for parents, varietal-hybrid checks along 
with the DHLs was observed to be 101 days. All 
better performing DHLs were observed to be early 
flowering compared with varietal checks and KMR-
3R. The total number of grains (GP) varied between 
211 (SMB-10) and 364 (SMB-1 (RP6301-189-17-2) 
with mean value of 310 (Figure 5). Only one DHL, 
namely, SMB-1, was observed to have more number 
of grains than the varietal-hybrid checks. The range of 
TGW trait value was observed to be between 14.6 g 
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Figure 4a-4b: Determination of true doubled haploid lines (DHLs) with hyper variable SSR markers; L-100 bp ladder, 
A-IR58025A (Parent 1), R-KMR-3R (Parent 2), Sample no. 51 to Sample no. 75 are the randomly selected DHLs chosen for 
confirmation.
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(IR58025B) and 23.68 g (SMB-1) with a mean value 
of 18.79 g. Number of productive tillers ranged from 
8 (SMB-8) to 14 (KMR-3R) with a mean value of 
10. No DHL was observed to have more number of 
productive tillers than KRH-2. For the trait biomass 
(BM), the range varied from 47.98 g (IR58025B) 
to 59.98 g (SMB-1) with a mean value of 55.07 g. 

Among all the DHLs, SMB-1 showed the highest 
biomass. For grain yield (YLD), the range of values 
were observed between 18.79 g (IR58025B) and 
33.42 g (SMB-1) with a mean value of 24.45 g. Three 
DHLs namely, SMB-1, SMB-2 (RP6300-188-23-5) 
and SMB-3 (RP6301-189-27-3-2) were observed to 
be higher yielding than KRH-2. 

Table 4: Performance of doubled haploid (DH) lines derived from the hybrid IR58025A × KMR-3R 

  DFF±SE GP±SE TGW±SE PT±SE BM±SE YLD±SE
IR58025B 102±0.23 289±0.96 14.6±0.98 10±0.36 47.98±0.13 18.79±0.11
KMR-3R 110±0.15 320±0.34 18.01±0.77 14±0.37 52.36±0.11 24.23±0.74
KRH-2 106±0.36 358±0.85 22.15±0.32 9±0.33 58.68±0.59 27.94±0.31
AKD 129±0.12 335±0.30 20.05±0.15 11±0.25 51.23±0.45 20.08±0.42
VRD 112±0.15 327±0.12 22.03±0.11 12±0.45 53.69±0.23 22.03±0.13
SMB-1 98±1.20 364±0.36 23.68±0.33 12±0.67 59.98±0.71 33.42±0.26
SMB-2 92±0.88 350±0.18 20.78±0.29 9±0.88 58.99±0.69 30.84±0.43
SMB-3 104±0.88 322±0.08 20.14±0.33 11±0.58 57.66±0.62 29.97±0.33
SMB-4 93±0.33 286±0.61 19.21±0.29 9±0.88 56.55±0.50 25.77±0.43
SMB-5 97±0.88 294±0.12 19.07±0.58 10±1.20 50.38±0.58 25.38±0.35
SMB-6 92±0.58 322±0.41 18.04±0.58 10±0.76 55.45±0.62 23.44±0.58
SMB-7 91±0.88 310±0.21 16.22±0.67 11±0.88 56.45±0.51 22.78±0.29
SMB-8 99±1.20 289±0.70 17.44±0.58 8±0.45 58.44±0.28 21.48±0.21
SMB-9 93±1.20 277±0.52 15.11±0.33 9±0.89 54.77±0.39 19.44±0.08
SMB-10 101±0.67 211±0.52 15.33±0.58 9±0.84 53.44±0.32 21.22±0.41
Mean 101 310 18.79 10 55.07 24.45
SD 10.14 38.48 2.75 1.58 3.52 4.41
SE 2.62 9.93 0.71 0.41 0.91 1.14
CV(%) 10.01 12.40 14.64 15.39 6.40 18.02

DFF-Days to 50% percent flowering; GP-Total grains/panicle; TGW-Test (1,000) grain weight (g); PH-Plant height (cm); PT-Number of productive 
tillers; BM-Biomass (g); YLD-Total grain yield/plant(g); SD-Standard Deviation, SE-Standard Error, CV%-Coefficient of Variation (CV) in 
percentage; The best performing three DHLs shown in italics and bold, AKD-Akshayadhan, VRD-Varadhan.
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Table 5: Two seasons mean data of cold shock pre-treatment regimes on callus induction on N6 medium 
and on green plant regeneration percentage on MS medium of parents IR58025B, KMR-3R and hybrid 
KRH-2 in Kharif 2015 and Rabi (2015-2016)

Temperature-4°C
S.No Genotype Duration of 

cold shock  (days)
Callus induction (%)

on N6 medium (Mean±SE)
Green plant regeneration 

(%) (Mean±SE) 
1 IR58025B 2 2.17±0.40 4.73±0.94
    4 4.96±0.57 6.04±0.59
    6 7.13±0.71 7.12±0.13
    8 8.56±0.54 9.97±0.64
    10 8.15±0.59 9.92±0.84
2 KMR-3R 2 1.96±0.43 2.7±0.52
    4 4.21±0.78 3.8±0.81
    6 5.96±0.43 4.53±0.32
    8 7.86±0.61 5.78±0.50
    10 5.69±0.59 8.74±0.26
3 KRH-2 2 2.91±0.55 12.26±0.46
    4 5.09±0.73 13.76±0.69
    6 7.62±0.85 19.41±0.06
    8 10.51±1.01 25.67±0.63
    10 5.89±0.76 15.96±0.13

Temperature-8°C
1 IR58025B 2 3.79±0.68 5.73±0.23

4 5.80±0.59 7.30±0.07
    6 6.45±0.47 8.72±0.47
    8 8.60±0.86 10.05±0.80
    10 6.99±0.84 14.53±0.37
2 KMR-3R 2 2.87±0.70 4.18±0.32
    4 4.87±0.55 6.72±0.93
    6 6.16±0.68 7.43±0.60

8 6.88±0.79 8.63±0.66
    10 5.15±0.69 7.60±0.53
3 KRH-2 2 12.77±0.18 12.35±0.21
    4 14.17±0.25 14.81±0.37
    6 14.82±0.22 18.72±0.22
    8 17.59±0.23 26.37±0.02
    10 12.25±0.02 16.61±0.27
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Table 5 (continued)
S.No Genotype Duration of 

cold shock  (days)
Callus induction (%)

on N6 medium (Mean±SE)
Green plant regeneration 

(%) (Mean±SE) 
Temperature-12°C

1 IR58025B 2 4.27±0.87 5.90±0.89
    4 5.36±0.45 8.10±0.25
    6 7.89±1.86 9.63±0.14
    8 9.05±0.83 11.07±0.35
    10 7.89±0.70 9.35±0.38
2 KMR-3R 2 3.26±0.73 4.17±0.17

4 4.78±0.61 9.82±0.27
    6 5.87±0.79 8.56±0.61
    8 6.17±0.86 9.45±0.68
    10 5.24±0.47 6.78±0.17
3 KRH-2 2 8.57±0.94 14.05±0.18
    4 10.10±0.74 17.19±0.25
    6 11.57±1.22 14.82±0.22
    8 14.90±1.02 17.59±0.23
    10 10.88±0.85 12.25±0.02

The highest response for both the stages is indicated in bold

Figure 5:  The best performing DH line (SMB-1) showing 
larger panicles and more number of productive tillers 
and of highly desirable medium slender (MS) grain type.

Discussion
The purpose of the study was to develop the doubled 
haploid (DH) lines from an elite rice hybrid through 
which trait fixation viz., yield/plant (YLD) could be 
possible. The stable, fixed and homozygous DHLs 
were utilized for QTL mapping of yield and its allied 
traits. KRH-2 is one of the elite, stable and widely 
adaptable rice hybrid across the country with higher 
yields and with desirable grain type. Long term goal of 
the study was to develop DHLs from a high yielding 
rice hybrid, KRH-2 and to utilize the developed DHLs 
as pre-breeding material for producing positively 
heterotic novel hybrids than KRH-2. Moreover, the 
successful development of doubled haploids has been 
routinely undertaken from some of the elite hybrids 
in the recent past for improving the yield/plant, grain 
quality and grain type. A similar kind of study was 
done by Mishra et al. (2015) where promising DHLs 
were produced through anther culture of two elite rice 
hybrids.  
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The KRH-2 hybrid was produced in every season 
by undertaking crosses between its parents viz., 
IR58025A and KMR-3R at IIRR. In order to rule 
out the KRH-2 hybrid’s seed production from out-
crossing, the heterozygosity assessment (purity 
assessment) of the KRH-2 hybrid along with its 
parents was undertaken with a hyper-variable SSR 
marker, which amplified specific alleles for both the 
parents. As fresh KRH-2 hybrid seeds were produced 
in every season and which were employed for DHL 
production, therefore, commercial hybrid was not 
used in the study. Checking the pollen fertility of the 
newly developed test-cross derived hybrids is one of 
the routinely followed procedures for checking the 
fertility restoration in novel hybrid. In this study, the 
pollen of freshly produced KRH-2 hybrid is expected 
to be completely fertile as KMR-3R (its donor parent) 
is an elite restorer. To validate the success of crosses 
made in every season and to validate complete fertility 
restoration in fresh KRH-2 hybrid, the pollen fertility 
test was done. We did not have any mechanism to 
avoid the plating of sterile anthers as most of the 
anthers were fully fertile.

As opined by Balachandran et al. (1999), the 
androgenic response was genotype specific, so 
there was a necessity to optimize the anther culture 
conditions for every genotype. Therefore, as a part of 
optimization of the anther culture conditions for the 
hybrid KRH-2 and its parents, many media-hormonal 
combinations were tried. Out of many anther culture 
protocols published by this group, the highest 
androgenic response was observed when protocol 
enlisted in Balachandran et al. (1999) was followed.

Several factors are reported to influence the anther 
culture response in crops. The process of androgenesis 
is genotype specific (Kaushal et al. 2015). Other 
factor that significantly influences the successful 
regeneration of fertile plants through androgenesis is 
the nutrient medium employed for callus induction and 
plant regeneration. Our study clearly demonstrated 
that the anther culture response is significantly 
dependent on the interaction between the genotype 

and media and not a single factor is responsible for 
bringing out the best anther culture response. Similar 
observations have been made in previous studies 
(Chen, 1991; Khalequzzaman et al 2005; Bagheri 
and Jelodhar, 2008). Through the present study, we 
optimized a few components of anther culture media 
and established that N6 medium (Chu et al. 1975) was 
the most suitable for callus induction from anthers of 
KRH-2. This is in congruence with few earlier reports 
(Mishra et al 2011; Mishra et al 2015; Naik et al 
2016). 

The androgenesis of the parents was undertaken in 
order to assess the difference between the parents 
and the hybrid for androgenic response. Further, the 
magnitude of difference between the parents was used 
to gauge KRH-2 hybrid’s anther culture response. As 
opined by Kaushal et al (2014), the utility of parents 
for anther culture along with the hybrid is useful in 
knowing which of the two parent’s gene (s) contribute 
for hybrid’s higher androgenic response. Among the 
two parents, IR58025B showed higher callus induction 
percentage (16.7%) than KMR-3R (12.1%), while the 
callus induction in the hybrid, KRH-2, was observed 
to be 22.4%. The highest green plant regeneration 
percentage in the optimized MS medium (MS-5) was 
observed in IR58025B (19.1%), followed by KMR-
3R (15.6%) while the hybrid showed 25.4%  (Table 
1). The F1 hybrid recorded a higher callus induction 
and green plant regeneration response than both the 
parents. Similar results were reported by Herath and 
Bandara, 2011.

Plant growth regulators have been categorically 
proved to significantly affect the callus induction 
and green plant regeneration phases of anther culture 
(Ball et al 1993). We demonstrated that an optimum 
concentration of 2 mg L-1 of 2,4-D and 0.5 mg L-1 of 
kinetin promoted callus induction efficiency as shown 
earlier by Mishra et al (2015) and Naik et al (2016).  
The same concentration of 2,4-D and kinetin was 
used by Hooghvrost et al (2018) for the development 
of DHLs. 
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In addition to callus induction, regeneration of green 
plants is another vital step in anther culture. In this 
study, the green plant regeneration was carried out 
in MS medium supplemented with BAP, kinetin 
and NAA.  Optimum concentration of BAP, kinetin 
and NAA for successful shoot regeneration in MS-5 

medium was 2.5, 0.5 and 1.5 mg L-1. As observed by 
Naik et al (2016), the increase in the concentration 
of BAP from 1.5 to 2 mg L-1 decreased the rate of 
shoot regeneration from anther calli by 1.5 times. 
Similar observation was reported by Kaushal et al 
(2014) where higher concentration of BAP (2.5 mg 
L-1) decreased the frequency of shoot regeneration. In 
the present study, we observed an increment in rate of 
shoot regeneration by 23% when BAP concentration 
was increased from 2 to 2.5 mg L-1. Similarly, the rate 
of primary root formation in regenerated shoots was 
observed to increase by 17% when the concentration 
of NAA was increased from 1 to 1.5 mg L-1 in our 
study against the earlier reports (Kaushal et al 2014; 
Mishra et al 2015). Thus, based on the results of the 
present study it is clear that N6 medium is the most 
suitable for successful callus induction at optimized 
concentrations of 2,4-D (2 mg L-1), kinetin (0.5 mg 
L-1), maltose (30 g L-1) and silver nitrate (10 mg L-1) 
and for plant regeneration MS medium with 2.5 mg 
L-1, BAP, 0.5 mg L-1 kinetin and 1.5 mg L-1 NAA, 
was confirmed to be optimum. The Duncan’s multiple 
range test (DMRT) showed the significant differences 
among the genotypes under study which was due to 
effect of different media-hormonal compositions on 
callus induction and green plant regeneration phases. 

The initial determination of the ploidy of the 
regenerated plants was determined based on plant 
morphology and its fertility/sterility status.  Later, the 
doubled haploidy of the fertile plants was confirmed 
using a set of hyper-variable SSR markers. A thorough 
analysis of the DHLs for their ploidy status was done by 
employing hyper-variable SSR markers (co-dominant 
in nature, therefore suitable for the analysis). Three 
different categories of the doubled haploids (DH) are 
reported to be regenerated from microspores. Those 

diploid plants which are produced as a result of 
chromosome doubling (normal reduced gametes), the 
second being the somatic cell, particularly anther wall 
induced diploids and the third, are produced from 
unreduced gametes (Chani et al 2000). In 12.67% of 
the calli that were induced, it was observed that they 
showed amplification identical to both the parents 
IR58025A and KMR-3R when assessed with a set of 
hyper-variable SSRs indicating their origin from the 
somatic (2n) anther cell wall whereas 68.25% of the 
induced calli showed allelic amplification of either of 
the two parents (as shown in Figure 4a-4b) indicating 
their origin from microspores (n). Further, the utility of 
the SSR markers for the identification of true doubled 
haploid has been well-documented in rice and in other 
crop systems (Tang et al 2006; Shahid et al 2013; Wu 
et al 2015). The analysis of the DHLs with carefully 
selected hyper-variable SSR markers viz., RM15326 
(chr.3), RM15679 (chr.3), RM19410 (chr.6), 
RM21539 (chr.7), RM22554 (chr.8), RM22837 
(chr.8), RM6925 (chr.8), RM23958 (chr.9) (www.
gramene.org; Jaikishan et al. 2009; Rajendrakumar et 
al. 2009) demonstrated that these markers for multiple 
loci in different DHLs indicating the regenerants 
to be true DHLs. Moreover, these markers showed 
clear amplification and true segregation of alleles of 
both the parents of the hybrids which was sufficient 
to show that doubled haploids were indeed true and 
fertile. Our observations are in accordance with Zhang 
(1989), Olufowote et al (1997) and Tang et al (2006).

Pertaining to the polyploid plants, we observed that 
these plants were unusually tall and more importantly 
were completely sterile. Such plants were discarded 
after their morphological assessment at maturity 
stage. The utility of the SSR markers was done to 
identify/differentiate those doubled haploids which 
were produced as a result of spontaneous chromosome 
doubling. The other two groups of doubled haploids 
viz., those induced from anther cell wall (somatic in 
origin) and those from unreduced gametes were of 
least interest to us. Therefore, as can be inferred from 
Figure 4a-4b, only those doubled haploids which 
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showed an allelic amplification to either of the two 
parents were considered to be true DHLs. Therefore, 
determination of polyploidy using SSR markers was 
not possible and polyploids were discarded based 
on their plant morphology and sterility, upon their 
maturity.

Agro-morphological evaluation of 10 KRH-2 derived 
DHLs showed a range of variation for prominent 
agronomic traits such as DFF, YLD, TGW and 
PT. Negligible variation was observed within the 
population for successive generations indicating a high 
level of uniformity/stability. The agro-morphological 
data of the 10 DHLs along with the parents, hybrid 
KRH-2 and varietal checks presented in Table 4 is 
the three seasons’ mean for all the yield related traits 
when ten plants (replicates) were considered. As the 
standard error (SE) of the mean data of each DHLs 
for yield related traits was observed to be below 1, we 
inferred that there was negligible agro-morphological 
variation within the individuals (replicates) of each 
DHL across three consecutive seasons demonstrating 
the stability of these DHLs.

Iso-cytoplasmic restorer lines are developed as a 
process of selfing the promising hybrids. The process 
of androgenesis or doubled haploidy is akin to selfing 
as the haploid (n) genome of microspores of a hybrid 
undergoes endo-reduplication to produce diploid 
(2n) plants on proper stimulation. The fertile DH 
plants possess genomes from either of parents but not 
from both. Iso-cytoplasmic restorer lines carry male 
sterile cytoplasm which is similar to cytoplasmic 
male sterile (CMS) lines, thus reducing the cyto-
nuclear conflict (Kumar et al. 2017). Moreover, 
similar type of cytoplasm that iso-cytoplasmic lines 
and CMS lines have rules out the necessity of test 
crosses for assessment of restoration potential. The 
genetic relationship among most of the popular Indian 
hybrids is termed as half-sib, having 50 percent in 
commonality, as IR58025A being the common CMS 
line. Therefore, the iso-cytoplasmic restorer lines serve 
as a better tool for restorer line diversification. We did 
not observe any recombinants among the regenerated 
DHLs as no heterozygous loci were amplified with a 

set of eight hyper-variable SSRs indicating that the 
DHLs were regenerated as a result of chromosomal 
doubling of normal reduced gametes.

Evaluation of DHL population for three consecutive 
seasons indicated that the lines, SMB-1, SMB-2 
and SMB-3 showed significantly higher yield levels 
compared to the hybrid and the parental lines. SMB-1 
showed yield increment of 19.6%, followed by SMB-
2 (10.4%) and SMB-3 (7.3%) as compared to KRH-2. 
As the number of productive tillers and biomass in 
these three high yielding DHLs were slightly more 
than KRH-2, the yield increase may be justified. 
Also, slightly more number of GP and higher TGW of 
SMB-1 (RP6301-189-17-2) than KRH-2 might have 
contributed to the latter’s higher percentage of YLD 
heterosis. All the hybrid and varietal checks used 
in this study are of medium duration, high-yielding 
with wide cultivation across the country. These 
commercially released hybrids showed a mean grain 
yield of 5-7 t /ha with an average yield increment of 
15-20% over the checks of the same duration. Our 
results demonstrated that SMB-1, SMB-2 and SMB-3 
showed a positive standard heterosis with respect to 
KRH-2 which is a high yielding and one of the popular 
hybrids in India. Further, SMB-1 showed the highest 
percentage of standard heterosis of 19.61% over KRH-
2 which may be considered for commercialization.

Conclusions
The present study analyzed the effect of four 
different callus induction media and percentage of 
callus induction in the elite rice hybrid, KRH-2 and 
established that N6 medium was the most efficient 
providing for higher green plant regeneration 
(when plant regeneration was carried out in MS 
regeneration medium) and lowest albino frequency. 
Using this optimized protocol, a total of 125 DHLs 
were developed in this study. Three promising DHLs 
(SMB-1 (RP6301-189-17-2), SMB-2 (RP6300-188-
23-5) and SMB-3 (RP RP6301-189-27-3-2) have been 
identified which recorded equivalent or superior yield 
and agro-morphological parameters as compared to 
KRH-2. 
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