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The objective of the present study was to determine the effect of genotype and regeneration media in anther culture of boro rice 
hybrids. Calli derived from the parents and f1 hybrids of boro x high yielding indica rice varieties were transferred to 
regeneration medium MS1 and MS2. MS2 medium supplemented with additional growth regulator and maltose as a carbon 
source was found to be more suitable for green plant regeneration in parents and f1 hybrids studied. The parents Krishna Hansa 
showed maximum green plant regeneration frequency followed by IR64 in MS2 medium. Among the hybrids maximum green 
plant regeneration was observed in Krishna Hansa x MTU 7029 followed by Krishna Hansa x BPT 5204 in MS2 medium. 
Anther culture response is influenced by the genotype and media composition in indica rice hybrids. 
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Boro rice grown during winters in low lying areas is an Agriculture Research Farm, Institute of Agricultural 
ancient system of rice cultivation in eastern India and Sciences, Banaras Hindu University, Varanasi. Boots 
Bangladesh (Thakur et al 2003). Genetic improvement in (Panicles) were collected from the primary tillers of the 
boro rice can be made with the aid of path breaking new selected plants in morning hours (7.00, 8.00 a.m.) when the 
approaches like anther culture in superior hybrids. Anther middle florets of the panicles contain uninucleate 
culture is viewed as an innovative and useful technique in microspores in their anthers. Boots were wrapped in moist 
plant breeding as it provides an unparalleled opportunity to tissue paper covered with aluminum foil and were kept in 
rapidly develop homozygous lines (Kush 1997, Suriyan et al. refrigerator for 8-10 days for cold pretreatment. Sterilization 
2009). Exploitation of anther culture in research is limited of panicles was carried out by dipping intact boots in 70% 
due to recalcitrant genetic background, poor callusing ability, alcohol for 2 min. Panicles were surface sterilized with 0.1% 
limited morphogenetic potential or regeneration ability of the aqueous HgCl solution for 8 min and rinsed several times 2 

induced callus and emergence of genetically aberrant or with distilled water. The outer covering of the panicle was 
albino plants (Bishnoi et al. 2000, Roy and Mandal 2005, removed with sharp scalpel and spikelet was cut at the base to 
Talebi et al. 2007 ) excise the anthers. Anthers from f hybrids were inoculated for 1 

Most of the in vitro morphogenetic responses are callus induction on modified N6 and modified SK media. 
genotype dependent (Bhojwani and Razdan 1996). A number Thirty anthers were inoculated in each culture tube 
of studies have revealed that the composition and containing 10.0 ml medium. There were ten test tubes per 
physiochemical conditions of culture medium also play a replication and three replications were used for a particular 
major role in enhancing androgenic potential and green plant media concentration for a particular hybrid. The cultures 
regeneration. The formulation of basal nutrient media can be were incubated in complete darkness at 25±1°C for 4-5 weeks 
modified by altering the concentration and type of vitamins, for callus induction. The culture tubes were examined 
growth regulators and carbon source (Lentini et al 1995, Raina periodically at weekly intervals to observe the progress in 
and Zapata 1997) respect of callus formation. Data on percentage of callus 

 Therefore, in the present investigation, efforts were made regenerating was recorded (Fig A, B, C).  Calli of at least 2 
to analyze the effect of genotype and different media mm diameter were transferred to culture tubes containing 20 
formulations on plant regeneration of parental cultivars and ml regeneration medium consisting of  MS1 media  ( MS + 
boro rice hybrids in  two different regeneration media MS1 Kin 1mg/l+ NAA 1 mg/l )  and MS2 media supplemented 

-1 -l
-1and MS2  differing in composition of growth regulator and with 2 mg L  BAP, 1 mg L  Kinetin, 1 mg L  NAA and 

carbon source. maltose instead of sucrose as  a  carbon source. The pH of the 
medium was adjusted to 5.8 with 1 N HCl or 1 N NaOH before MATERIALS AND METHODS
adding agar and autoclaving. The culture tubes were plugged 

Hybridization and anther culture experiments were with non-absorbent cotton wrapped in cheese cloth. Cultures 
carried out in parent and  f  hybrids of  boro x high yielding 1 were inoculated for four weeks under 16/8 light/dark at 
varieties. The crossing programme was conducted in 25±2°C.  Appearance of green spots and initiation of green 



Fig. 1. A. Initiation of callus in the anthers; B. Growth of callus; C. Proliferation of callus, D. Initiation of green spots; E. Emergence and initiation of 
green shoots; F. Elongation of green shoots’ G. Elongation of albino shoots; H. Initiation of root formation; I. Hardening

shoots were observed (Fig. D, E). Green and albino plantlet calli cells undergo redifferentiation. Significant variation 
regeneration percentage in MS1 and MS2 were observed was observed for shoot regeneration due to genotype and 
 and recorded (Fig. F, G). The unrooted green shoots of media composition. Regeneration efficacy of the parental 
transferable sizes were transferred into rooting medium (half cultivars and F  hybrids tested on MS1 and MS2 media are 1

-1strength MS medium supplemented with 2 mg L NAA and presented in Table 1. The green shoots elongated and 
-10.1 mg L  kinetin). The cultures were kept in growth chamber formed multiple shoots. Out of five parental genotypes 

1at 4000-lux  cool fluorescent light at 25±1°C for plantlet maximum green shoot regeneration was found in Krishna 
(shoot with root) regeneration (Fig. H, I). Hansa (5.56 % on MS1 and 9.72 % on MS2 medium). This 

was followed by IR 64 (2.83% on MS1 and 6.67% on MS 2 RESULTS
medium) and NDR 359 (2.78% on MS1 and 4.2 % on MS 2 

Calli derived from the anthers of parental genotypes medium).Table 2 depicts the green and albino shoot 
and hybrids were transferred to MS media fortified with two regeneration in hybrids. Among the hybrids maximum 
different combinations and concentration of plant growth green shoot regeneration was observed in Krishna 
regulators (MS1= MS + Kin 1mg/l+ NAA 1 mg/l) and MS2 Hansa x MTU 7029 (8.88% on MS1 media and 12.59 % on 
= (MS +BAP 2mg/l + Kin 1mg/l+ NAA 1 mg/l ) for shoot MS2 medium) followed by Krishna Hansa x BPT 5204 
regeneration. In addition MS2 media was supplemented (5.33% on MS1 and 9.33 % on MS2), Krishna Hansa x 
with maltose instead of sucrose as a carbon source. Anther NDR 359 (3.03% on MS1 media and 8.95% on MS2 
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Vuong (2002) reported a callus induction frequency of 3.53 % medium). The F1 hybrids Gautam X BPT 5204, IR 64 X 
and plant regeneration frequency of 1.12% in anther culture of BPT 5204 and IR 64 X MTU 7029 did not show any green 
rice varieties. It was reported that japonica rice cultivars shoot regeneration from anther callus 
produce more androgenic callus and green plants as compared 
to indica genotypes (Yamagishi et al. 1998). The green shoot 
regeneration potential in the present study seems to be mainly 
affected by the genotype  and growth regulators used in the 
regeneration medium. This finding is in accordance with the 
results of Raina and Zapata 1997, Zhu et al. 1991 and Xie et al. 
1995. Green shoot regeneration ability of all the responsive 
genotypes was much better on MS2 media which was 
supplemented with an additional growth regulator BAP 
(2mg/l) and maltose as a carbon source. Bishnoi et al. (2000) 
reported that medium supplemented with NAA (0.5 mg/l), 
BAP (1mg/l) and Kinetin (1mg/l) adequately supports green 
plant regeneration from sub cultured callus. Similarly 
Rukmini et al. (2013) reported that the regeneration medium 
supplemented with different combinations of auxins and 
cytokinins (NAA, Kinetin, and BAP) stimulated high 
regeneration potential. Shahnewaz et al. (2004) also reported 
that the presence of growth regulators (Kinetin 1mg/l, BAP 1 
mg/l and NAA 1mg/l) in the nutrient media enhanced shoot 
regeneration frequencies. 

Sugars incorporated in the culture media plays a dual role, 
as a carbon source and as an osmotic regulator. The positive 
effect of maltose was also associated with stabilizing the 
osmolarity of the culture medium (Kuhlmann and Fouroughi -
Wehr 1989). The beneficial effect of maltose in anther culture 
efficiency has been further substantiated by various other 
workers (Bishnoi et al. 2000,  Pandey and Bhojwani  1999 and 
Trejo and Tapia et al. 2002 ). Concentration of maltose plays 

Albino shoot regeneration seems to be a common efficient role in regeneration of green plants. High 
phenomenon in rice anther culture. Among the parental concentration of the sugar may lead to more number of albino 
varieties the range of albino shoot regeneration frequency on plants (Seul et al. 2013). 
MS1 medium varied from 2.78% (Krishna hansa) to 11.11 % In the present study a high percentage of albino shoot 
(Jaya) while in MS2 medium maximum albino shoots were regeneration was observed. Albinism is a formidable obstacle 
observed in Gautam (10.67%) and minimum in IR64 (2.83%). encountered in microspore derived plantlets (Babber et al. 
The parental cultivar Krishna Hansa did not show albino shoot 2000). In the present investigation 0- 11.11% plants in parents 
regeneration in MS2 media. For the F  hybrids albino shoot 1 and 0 to 22.67% plants of F hybrids were albinos. Similar 1 

regeneration ranged from 1.33% (Krishna Hansa x BPT 5204)  results were reported by Genovisi and Magil (1979) and Tsay 
to 17.91 % (Krishna Hansa x NDR 359) on MS1 and from et al. (1982). They have observed 10 % to 100 % albino 
1.48% (Krishna hansa x MTU 7029) to 22.67% (Gautam x regeneration of shoot.  Studies on anther culture revealed that 
BPT 5204) on MS2 medium. the regeneration of albino shoots in anther culture of many 

species was controlled by both genetic and environmental DISCUSSION
factors (Babber et al. 2000). Sun et al (1979) reported that the 

Among the parental cultivars green shoot regeneration basic cause of albinism is impairment of DNA in plastids and 
ability was observed only in Krishna Hansa, IR64 and NDR nuclei. While albino plants have been shown to possess 
359 with maximum regeneration ability observed in Krishna proplastids, which are the precursers of chloroplast (Vaughn 
Hansa on both MS1 and MS2 medium. Among the hybrids  et al. 1980) they apparently lack the 23 S and 16 S chloroplast 
green shoot regeneration ability was observed in only four of ribosomal RNA and ribulose biphosphate carboxylase (Sun 
the hybrids viz ., Krishna Hansa x BPT 5204 , Krishna Hansa x et al. 1979). QTLs controlling the albino regeneration 
MTU 7029 , Krishna Hansa x NDR 359 and IR64 x Jaya frequency have been identified on chromosome 9 (He et al. 

Low rate of callus induction or plant regeneration is 1998) and chromosome 10 (Yamagishi et al. 1998). On the 
generally observed in anther culture with indica rice. Tran and other hand Day and Ellis (1985) have reported large scale 

Table 1– Green and albino shoot regeneration from anther derived calli 

of different rice genotypes on MS1 and MS2 media

Genotype             MS1                       MS2 

GREEN ALBINO GREEN ALBINO

Gautam 0 6.67 0 10.67

Krishna Hansa 5.56 2.78 9.72 0

IR64 2.83 3.84 6.67 2.83

Jaya 0 11.11 0 6.67

NDR 359 2.78 9.72 4.2 5.56

Table 2– Green and albino shoot regeneration from anther derived calli 
of different rice hybrids on MS1 and MS2 media 

            MS1           MS2

HYBRIDS GREEN ALBINO GREEN ALBINO

Gautam x BPT 5204 0 14.66 0 22.67

Krishna Hansa x BPT 5204 5.33 1.33 9.33 4

Krishna Hansa X MTU 7029 8.88 3.70 12.59 1.48

Krishna Hansa X NDR 359 3.03 17.91 8.95 16.41

IR64 x BPT 5204 0 0 0 0

IR64 x MTU 7029 0 2.22 0 4.44

IR64 x Jaya 2.94 2.94 5.88 1.96

IR64 x NDR 359 0 8.88 0 11.11
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