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Abstract

The standardization of anther culture mediafor callus induction, and regeneration from anther derived callus of Azucena
and Buddarice varieties. Anthers from paniclesin which the distance between flag leaf and subtending leaf was 11cmin
Azucena and 8 cm in Budda were used for anther culture.At this stage of development, anthers contained uni-nucleate
pollen grains. Panicles were subjected to cold pretreatment of 5°C for 8 days. Callus induction frequency in different
media combination ranged from 0.66% to 6.66% was observed in N6 medium supplemented with 1.0 mg',2,
4-Dichlorophenoxy acetic acid, 2.0 mg' a-Naphthalene acetic acid and 0.5 mg' Kinetin. In Azucena variety, highest
callusinduction (6.66%) while no callusing was found in Budda variety. Highest shoot regeneration (0.33%) from callus
was observed in M'S medium supplemented with 0.5 mg1 6- Benzyl amino purine, 0.5 mgl Kinetin and 80 mgladenine
sulphate.

Highlights
e Azucenaand Buddarice varieties were used for anther culture.
e Azucena was showing response for anther culture but no response in Budda.

e All Regenerated plantletswerealbino
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Rice (Oryza sativa L., 2n=24), a member of the family and successful one being microspore androgenesis.

Poaceae is one of the most important cereal food cropsof ~ Many new rice cultivars have been developed through
the world and feeds over half of the global biotechnological techniques like anther culture, embryo
popul ation(Sasaki, 2005).In direct proportion to the  rescue and somaclonal variation(Brown and Thorpe, 1995;
predicted rise in the world's human population, rice  Zapata et al., 2004).Anther culture is a tissue culture
consumption and demand will increase over the next technique which can be applied in plant breeding to
several decades(Kathuriaet al., 2007). accel erate the process of obtaining purelineswith numerous
advantages. shortening breeding cycle by immediatefixation
of homozygosity in one generation, increased selection
efficiency and allowing early expression of recessive genes.

Haploid plants have the genotypic number of chromosomes
that isasingle set of chromosomesin sporophyte. Haploidy
may beinduced by different techniques, the most promising
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In addition, the screening of haploid cells against cold
tolerance, salinity, pathotoxins and other biotic and abiotic
factors before plant regeneration also becomes possible.
Haploids are also valuable to detect and fix desirable
recessive traits introduced through mutation(Chen et al.,
2001) or hybridization (He et al., 2006).

The technique has been used successfully to produce
homozygous breeding linesin japonicarice (Brar and Kush,
2006). However, the potential for indicarice anther culture
is yet to be fully exploited due to various constraints that
include arecalcitrant genetic background (He et al., 2006)
anditisdifficult to obtain alarge pollen plantlet population
in theindica varieties (Manonmani and Khan, 2004).

The production of haploid rice plants by anther culture
wasfirst reported by Niizeki and Oono (1968). Subsequent
studies have shown that the development of microspores
into fertile plants depends on many factors, any of which
can be limiting. These include plant genotype (Shen
et al.,1982), the developmental stage of the microspore
(Chen 1976), cold pretreatment of the anthers (Chaleff
and Stolarz 1981; Chen et al.,1982; Zapata €t al., 1982),
growth conditions of the donor plants e.g. photoperiod
and light intensity (Lee et al.,1988), the orientation of the
plated anthers (Mercy and Zapata, 1987), and the nitrogen
source of the callus-induction medium (Chen et al., 1982;
Tsay et al., 1982).

The objective of this research was to standardize culture
media for callus induction and regeneration from callus.

Materials and Methods

The present experiment was conducted in 2011-12 at the
Plant Tissue Culture Laboratory, Department of Plant
Biotechnology, University of Agricultural Sciences, GKVK,
Bangalore, India.

Plant material

Rice varieties Azucena (Aromatic with high Fe and Zn
content) and Budda (Drought tolerance) were used as the
source of explants. These varietieswere grown in thefield
till thetime of flowering. Recommended fertilizersand plant
protection measures were adopted to raise healthy plants.

Sage of panicle harvest

Panicles were harvested at the early flowering stage, when
young panicles were still enclosed within the leaf sheath.
Panicles were collected between 8.00 and 9.00 am and
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washed with water and sprayed with 70 % (v/v) ethanol.
Panicleswith amaximum distance between the subtending
leaf and the flag leaf, of 11cm for Azucena and 8 cm for
Budda were selected (Fig 1a). These panicles were kept in
refrigerator for cold pretreatment at 5°C for 8 days. In
order to identify the stage of pollen development, anthers
of Azucena and Budda were stained with 2% (v/v)
acetocarmine and observed under light microscope (Fig
1b). The panicles with uni-nucleate, pollen were used for
anther culture.

Sterilization, preparation of explants for callus
induction

The panicles were surface sterilized by immersionin 70 %
(v/v) ethanol for 20 seconds followed by 0.2% HgCl, for
10 minutes. The treated panicles were washed 3-4 times
with sterile distilled water.Later the anthers were isolated
from spikelet avoiding any mechanical damage, followed
by inoculation in 60 mm x 15 mm petri dishes(Fig 1c),
each containing 10 ml of solidified induction solid
N6émedium containing 5% sucrose and 0.8% agar callus
induction.The medium was supplemented with different
concentrations of phytohormones (2,4-D at 0.5,1.0, 1.5
and 2.0 mg"'; NAA at 1.0 and 2.0 mg| and Kinetin at 0.5
and 1.0 mg"). The cultures were sealed with parafilm and
kept in dark at 23+2°C. The treatments were replicated
thrice. Observation on frequency of callus induction was
recorded 7-8 weeks after inoculation.

Regeneration

The anther derived calli were transferred to 25 mm x150
mm culture tubes (Borosil) containing 15 ml of solidified
regeneration Murashige and Skoog medium consisting with
3% sucrose and 0.8% agar (Fig 1f). The growth regulators
BAP and Kinetin, each at 0.5, 1.0, 2.0 mg’ in combination
with NAA at 0.0 and 0.5 mg" was added to the media. The
treatments werereplicated thrice. The pH of the both media
for callus induction and regeneration was adjusted to 5.8
with 1 N HCIl or 1 N NaOH before adding agar and
autoclaving.The plated calli wereincubated in culture room
at 23+2°C with 16-h of light, at light intensity of about
3000 Lux. Observations on response of callus were
recorded after 15 days of culture.

Results and Discussion
Callus induction

Cultured anthers turned black or brown in both varieties
after two weeks. First indication of callusing was swelling
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of the anther wall. Later callus appeared from the cut ends
after eight weeks (Fig 1d). Thisobservationisin accordance
with the report of Gupta and Borthakar (1987).

The callusing ability of anthers were influenced by the
growth regulator treatment.Percent callus induction due
to growth regulators ranged from 0.66%to 6.66% in
Azucena. Thetreatmentsfailed toinducecallusing in Budda.

Callusinduction frequencieswere variable and ranged from
0.66% to 6.66% (Table 1). Highest frequency of callus
induction(6.66%) was obtained on N6 mediawith 1.0 mg’
2,4-D,2.0mg' NAA, and 0.5 mg" KinetininAzucenavariety
(Fig 1le). These results are consistent with the findings of
Gueye and Ndoye (2010) who observed 4.24% callus
induction in IKP (Japonica) variety on N6 medium
supplemented with 3 mg' 2, 4-D and 1 mg' NAA and
1mg! Kinetin.

Anthers of Budda (Indica) variety did not produce callus.
Similar results were found by Ramkrishnan et al., (2005)
in ADS16 (Indica); Silva and Ratnayake (2009) in
KuruluThuda (Indica) and Shahnewaz and Bari (2004) in

BRRI Dhan 29 (Indica). Similar results were reported on
N6 medium supplemented with 2, 4-D, NAA and Kinetin.
Miah et al., (1985) reported that anther culture response
varied from 41 % for a japonica cultivar to 0 % for an
indica cultivar.

Genotypic variation in androgenic response as observed in
the present study in japonica rice and indica rice has been
demonstrated earlier by many authors (Mandal and
Bonyopadhyay, 1997; Raina and Zapata, 1997). Inrice, it
has been demonstrated that japonica genotypes produce
more androgenic callus and plants than indica genotypes
(Zapata et al., 1990; Yamagishi et al., 1998).

Regeneration

Many factors such as culture medium, growth regulators,
culture environment, explant and genotype of donor are
known to influence regeneration of plants. In regeneration
medium, most of the calli did not respond (Table 2). After
15 days of culture, the callus turned green in colour (Fig.
1g) in mediacontaining 0.5 mg' BAP, 0.5 mgl Kinetin and
80 mg' adenine sulphate and after 2 months of culture it

Tablel: Callusinduction from Azucenarice anthers culture on N6 medium with different concentration of growth regulators

Treatment No. 2,4-D NAA Kinetin Mean no. of Mean no. of % Callus
(mg") (mg") (mg*) anthersinocul ated anthers response induction
T, 0.0 0.0 0.0 50 - 0.0
T, 0.5 0.0 0.0 50 - 0.0
T, 0.5 1.0 0.5 50 - 0.0
T, 0.5 1.0 1.0 333 2 4.0
T, 0.5 2.0 0.5 50 0.33 0.66
T, 0.5 2.0 1.0 333 0.33 0.66
T, 1.0 0.0 0.0 333 - 0.0
T, 1.0 1.0 0.5 333 - 0.0
T, 1.0 1.0 1.0 333 - 0.0
T, 1.0 2.0 0.5 50 3.33 6.66
T 1.0 2.0 1.0 50 0.33 0.66
T, 15 0.0 0.0 16.6 - 0.0
T, 15 1.0 0.5 50 1.33 2.66
T, 15 1.0 1.0 50 - 0.0
T. 15 2.0 0.5 50 - 0.0
T 15 2.0 1.0 50 - 0.0
T 2.0 0.0 0.0 333 - 0.0
T, 2.0 1.0 0.5 333 0.33 0.66
T 2.0 1.0 1.0 333 - 0.0
T 2.0 2.0 0.5 16.6 0.66 0.66
T 2.0 2.0 1.0 333 - 0.0

20

Total number of anthers = 50 in each treatment per replication

*= number of anthers produced callus divided by number of anthers cultured

Significant at P=0.05
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Fig. 1: Anther culturein rice variety Azucena. (@) panicle harvest stage(b) pollen development stage observed under light microscope at 400x
(mid uninucleate) (c) anthersinocul ated on N6 medium (d) callus appeared from cut end of swelled anther wall (8 weeksafter culture) (€) highest
frequency of callusinduction after 10 weeksof culture (f) callustransferred to regeneration medium (g) callusturned in green colour after 15 days

of culture (h) shoot and root formation after 2 months of culture.

showed shoot and root formation (Fig. 1h). Highest
regeneration frequency of (0.33%) was observed in
regeneration mediacontaining 0.5mg* BAPR, 0.5 mg' Kinetin

Table 2: Regeneration from anther derived callus in rice variety
Azucena

’ " . Treatment NAA BAP Kinetin Response

and 80 mg' adenine sulphate in Azucena variety. These No. (mg") (mg") (mg')
resultsare consistent with the findings of Gueye and Ndoye
(2010) who observed 5.75% regeneration frequency from  To 8‘8 8‘8 8'0 Root
callus in IKP (japonica) variety on MS medium L 00 0.0 1:8 i
supplemented with 0.5 mg' NAA and 1.0 mg' BAP. The ° 0.0 0.0 20 Shoot
mean frequency of shoot regeneration was 1.84%. All the Tj 0.0 05 0.0 -
shoots induced from anther derived cali were abinosin T, 0.0 1.0 0.0 Shoot
Azucena. Statistical analysis,randomized completely Ts 0.0 2.0 0.0 Shoot
designwas done, but all thetreatmentswerenot significant, 1+ 0.0 0.5 0.5 Shoot and Root

: T 0.0 05 1.0 -
because most of the treatments were not responding for -~ 00 05 50 )
callus induction and regeneration. The anther culture is  1° 0.0 1.0 05 -
influence by many factors with modification of these we Tij 0.0 1.0 1.0 -
canincreasethe dedifferentiation and differentiationof the T, 0.0 1.0 2.0 -
tissue. T, 0.0 2.0 05 -

Contd.
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TreatmentNo. NAA BAP Kinetin Response
(mg') (mg') (mg"
T 0.0 2.0 1.0 -
T 0.0 2.0 2.0 -
T 0.5 0.5 0.5 -
T, 0.5 0.5 1.0 -
T 0.5 0.5 2.0 -
T 0.5 1.0 0.5 -
T, 0.5 1.0 1.0 -
T, 0.5 1.0 2.0 -
T, 0.5 2.0 0.5 -
T, 0.5 2.0 1.0 -
T 0.5 2.0 2.0 -

24

Legend: T = Treatment, - = No response

Albinos

Albino plant production isone of themain problemsinrice
anther culture(Bishnoi et al., 2000).1n the present study all
the shoots regenerated from callus were abinos. Many
factors have been found to affect the degree of albinism,
such as the genotype and physiological state of the donor
plants(Knudsen et al., 1989). Sun et al.(1979) reported
that the basic cause of abinism in rice is impairment of
DNA either in nuclear genome or cytoplasmic genome.
This might be due to presence of chemicals such as high
level of auxin and cytokinin added to the medium.The
Azucena variety will be used in future for anther culture
studies.
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