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Abstract: Effects of genotype and medium composition on the frequency of callus induction and green plant
regeneration from anther of Nepalese rice were investigated. Cold pretreated anthers from six rice genotypes
at 8£2°C for seven days were cultured on three different callus induction media designated as Callus Tnduction
Medium {CTM 1): N6 mineral salts + N6 vitamins (2 mg I.7" each) + myoimositel (100mg L™+ 2,4-D (2.5 mg L™
+KI(0.5mg L")+ AgNO, (10 mg L™ + maltose (50 g L"), CIM 2: N6 mineral salts + MS organic salts + NAA
(4mg L™") + Kinetin (K1) (2 mg L™") + Silver nitrate (AgNQ,) (5 mg L") and sucrose 60 (g L ™"y and CIM 3: CIM
2 without AgNO,. The callus mduction frequency was sigmficantly affected by rice genotypes and genotype
x medium mteractions. The efficiency of callus mduction (calli/anther) was higher in CIM 1 (14.1%) followed
by CIM 2 (12.54%) and CIM 3 (10.3%). CIM 2 was found to be superior for the recovery of green plants. Among
genotypes, only the calli from Chandanath -3 and Khumal-4 were able to differentiate into green plants. In this
study the calli induced on medium containing 2, 4-Dichloroacetic acid (2, 4-D) had lower regeneration ability
than the medium supplied with ¢-naptthalene acetic acid (NAA). This study also revealed that the temperate

cultivars (hill rice) were more responsive to anther culture than the tropical ones (terai rice).
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INTRODUCTION

Anther culture 15 an important biotechnology
technique for immediate fixation of homozygosity and
compressing the breeding cycle in rice (Oryza sativa 1..).
Rice cultivars developed using anther culture are said to
be possessed traits such as earliness, mcreased grain
vield, resistant to biotic and abiotic stresses and superior
quality (Roy and Mandal, 2005). At present improved rice
varieties and lines derived from anther culture are widely
grown in China, Taiwan, South Korea, Japan, USA, India
and in several other countnies (Gupta, 1999, Nuzeki, 1997).
Although, anther culture has been well integrated mto rice
breeding programs, specially in China, there still remain
problems to exploit its full potential. High frequency of
callus induction and green plant regeneration is a
prerequisite for the successful utilization of indica rice
anther culture in breeding programs. However, most of the
tested indica type cultivars produced very high
proportion of albino plants, which significantly limits the
use of anther culture in rice breeding. In general, indica
cultivars of rice exhibit poorer androgenic response than

the japonica, Tongil rice (japonicaxindica) and javanica
cultivars (Raina, 1997). Beside genotype specificity,
in vitro anther culture of rice also significantly affected by
many factors such as culture medium composition,
panicles pretreatment, anther condition, donor plants
growing conditions and microspores development stage
(Cha-um et al., 2009, Datta, 2005, Afza et al., 2000).
Since, the last four decades, several efforts have
been attempted to improve the overall efficiency of rice
anther culture. These mclude improved method of
pretreatment and culture techmques (Trejo-Tapia ef af.,
2002; Nuzeki, 1997), formulation and use of different media
with varieties of additives (Cha-um et al., 2009,
Thomas, 2008, Grewal e al., 2006; Raina, 1997) and use of
clochicine mn callus induction medium (Datta, 2005). They
reported that their attempts have greatly enhanced the
anther culturabiltiy in indica rice. Moreover, calcium in
the medium is known to stimulate ethylene production in
many plant tissues, which on accumulation in culture
vessels causes inhibitory effect on callus induction and
subsequent regeneration from rice anther culture (Raina,
1997). Some

researchers suggested that the pollen
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callusing could be enhanced with the addition of either
calcium ionophaore (0.5 uM) or AgNO, (10mg L.™") in CTM.
Lentim et al. (1995) reported that with the addition of
AgNO,, the frequency of green plant differentiation was
also doubled.

Among various factors associated with anther
culturability, the most important one 1s the genotypic
difference. Many researchers reported that different rice
species, subspecies, or varieties behaved quite differently
in response to anther culture. Similarly, culture medium,
also strongly influences the anther culture response
(Raina and Zapata, 1997). Several problems are still left
regarding genotype specificity and media composition in
the perspective of rice anther culture. Therefore, this
study was undertaken to evaluate the response of
Nepalese rice genotypes to anther culture and to select
the appropriate medium composition for the enhancement
of anther culturability in rice.

MATERIALS AND METHODS

Six  rice  cultivars, representing japowica
(Chandanath-3, and Chomrong Local) and indica
(Khumal-4, Pravat, Bindeswori, and Hardinath-1) were
selected for this study. Among 6 rice genotypes first 3
genotypes belong to hill rice and rest are the tropical rice.
Thirty day old seedlings from these varieties were
transplanted in the plastic bucket containing well fertilized
sterilized soils. Each variety was planted in six buckets
containing single plant/bucket. Six staggered plantings at
7 day mterval were made to supply the enough amount of
anther. Then plants were grown in glasshouse during
June - November in 2006 at Nepal Agricultural Research
Council (NARC), Lalitpur, Khumaltar, Nepal. Plants were
uniformly fertilized with 90-40-30 kg ha™ NPK in the form
of urea, triple superphosphate and muriate of potash. As
per need various plant protection measures were adopted
to maintain the plants as healthy as possible. At booting,
boots from primary and secondary tillers containing the
anthers with mid to late ummnucleate stages (Fig. 3a-c)
were harvested based on cytological test and anther
position in spikelet. The cytological test was preformed
using wron alum haematoxylin  staiming techmique
(Chang et al., 1978). Boots were then harvested at 7-8 am
when the growth of anthers was reached around one half
to one third of spikelet length. Harvested boots were
cleaned, partly sterilized m alcohol (70%) and cold
pretreated for 7 day at 8+2°C. Pretreated spikelets were
harvested only from middle portion of panicle by
removing 1/3 of each from lower and upper portion of
boot. A cluster of 3-5 spikelets were cut and collected
a beaker for sterilization. Sterilization of spikelet and
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excision and collection of anther was performed as earlier
(Sah and Niroula, 2007).

In each petridish, anthers (90-100) were inoculated
uniformly over the swrface of the medium. After
inoculation, the petridishes were sealed with parafilim and
mncubated 1 dark chamber at 25+1°C with relative
humidity around 60%. For the study of response of anther
to callus induction, the experiment was laid out in
Completely Randomize Design (CRD) with unequal
replications (Gomez and Gomez, 1984). Three different
callus induction media, designated as CIM 1, CIM 2 and
CIM 3, were prepared as described earlier (Niroula ef af.,
2005). CIM 1: N6 mineral salts (Chu, 1978) + N6 vitamins
(2 mg L™ each) 4+ myoinositol (100 mg L™+ 2,4-D
(25mg L™ +KI(0.5mg L™ + AgNO, (10 mg L) +
maltose (50 g 1.7, CTM 2: Né& mineral salts + Murashige
and Skoog (MS3) organic salts (Murashige and Skoog,
1962) + NAA (4 mg L™ + KI (2 mg L™") + AgNO,
{(5mg L7 and sucrose (60 g L™ and CTM 3: CIM2
without AgNO,. Two-three subcultures at 12 days interval
in CIM followed by regeneration was performed in 1/2
strength MS medium supplemented with sucrose
(20 g L™, NAA (1 mg L"), Benzylaminpurinc (BAP)
(2mg L™y and KI (0.5mg L™"). The pH of each medium
was adjusted to 5.8 with NaOH or HC1 (0.1 M) prior to
autoclave and solidified with 0.7% agar.

Embryogemc calli of 2 to 3 mm m size were
transferred to culture tube containing regeneration
medium. Culture was maintained i incubator at 25+£1°C
under 16/8 h hight/dark regime. Well developed plarts with
profuse roots were Thardened as described by
Niroula et al. (2005). The ploidy status of regenerated
plants was confirmed by counting chromosome number in
root tip and in pollen mother cells following usual
acetocarmine staining technique (Khan, 1975). Various
morphological attributes were also used to verify the
ploidy status as suggested by Sah and Niroula (2007).
Observation on response to callus induction was carried
out at 30-60 days after moculation considering that each
callus piece was originated from a single anther. The
frequency of callus mduction and regeneration was
calculated as follows:

No. of anthersproducing calli
No. of anther plated

Callusinduction frequency (%) = %100

No. of plants(green + albino)recov ered
No. of calli cultured

Total regeneration frequency (%) = *100

No. of green or albino plants re cov ered
No. of calli cultured

Green or albino plant frequency (%) = =100

No. of green plantsrecovered

Anther culturability (%) =
No. of anther plated

=100
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Data on callus induction frequency was transformed
by arcsine +x function (Gomez and Gomez, 1984) and
analyzed using MINITAB (version 10) and MSTATC
statistical packages.

RESULTS AND DISCUSSION

In order to increase the efficiency of rice anther
culture, we tested different varieties of Nepalese rice and
three N6 based callus induction media supplemented with
two different auxin sources (NAA and 2, 4-D) and silver
nitrate. All the media across the rice genotypes were
produced culturable calli with a frequency ranged from
1030-14.14 (Fig. 1, 3d, ¢). The lughest frequency of callus
induction was observed in CIM 1 supplemented with 2, 4-
D (2.5mg L™ and AgNO, (10 mg 1.7") followed by CIM 2
and CIM 3. The significant effect of rice genotypes and
genotypexmedium interactions on callus induction was
observed (Table 1). Although, the effect of media
composition for callus production was found non
significant, the effect was apparently seen for green plant
regeneration (Fig 1, Table 1, 2). CIM 2 was found to be
superior for the regeneration of green plants (Fig. 1). The
frequency of albino plants was always high across the
genotypes and media as compared to the frequency of
green plants (Fig. 1, 2, 4b). Among rice genotypes, better
response of anther to callus induction was found in
Japonica variety, Chomrong Local. The percentage of
respensive anther in this genotype was varied from 37.7-
68.7 depending upon the media composition (Table 2).
Only the calli of two rice varieties; Chandanath-3 and
Khumal-4 were regenerated into green plants (Fig. 2). The
higher rate of regeneration was recorded for japonica
variety, Chandnath-3 calli induced in CTM 2 and CTM 3
media (Fig. 3f, 4a, b). The over all anther culturability of
this genotype was 1.2%. Altogether, we successfully
regenerated ten green plants with overall anther culture
efficiency across the media and genotypes was 0.22%, by
culturing 532 calli derive from 4384 anthers from six rice
genotypes (Table 2). No dipleid plants with full fertility
were recorded. All these regenerated plants were haploid
with chromosome constituents 2n = 12. Morphologically
these plants were small in size without auricle and ligules
and were completely sterile as compared to their original
parent (Fig. 4c, d). In general, we found that the japonica
varieties such as Chandanath-3 was more responsive to
anther culture than the rest of the rice varieties.

From the viewpoint of rice breeding through anther
culture (doubled haploid), production of green plants with
high frequency is a prerequisite. Therefore, the priority
should be given to the frequency of green plants
regeneration rather than high frequency of callus
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Fig. 1: Overall efficiency of three different media across
the rice genotypes used for rice anther culture
during experiment
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Fig. 2: Response of Nepalese rice genotypes to different
parameters of anther culture across the media

Table 1: Influence of genotypes and media on callus induction efficiency of
rice anther culture

SOV df Mean square (MS) L3D (0.5)
Callus induction media 2 2.22 4.62
Rice genotypes 5 1819, 59%* 6.54
MediaxGenotypes 10 243,07 10.69
Error 31 41.20

CV = 35.9%. MS followed by ** are significant at 1%

induction. Tt is because of genotype and medium with
high rate of callus induction may not be yielded higher
number of green plants as observed in the present study
for Chomrong Local (Table 2, Fig. 2). Application of
higher dose of auxin source can significantly increase the
callus induction efficiency even in recalcitrant rice
genotypes,
Hence, lugher frequency of calli per se 1s not important in
doubled haploid aided rice breeding programme. Tt has
been well documented that both attributes; embryogenic
calli induction and subsequent green plant regeneration,
are lighly influenced by culture components of medium
and genetic malke up of genotypes (Talebi et al., 2007;
Raina and Zapata, 1997, Lentini et al., 1995).

In the perspective of green plant regeneration, CIM
2 supplemented with NAA (4 mg L") + KI ZmgL™

however, such calli are embryogenicless.
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Table 2: Infhience of genotypes and calhs induchion media on arther oulharab ility of Mepalase rice

GenotypesMeadia

C hard anath-3 Birdeslwron Cheorrrong local
Pararmeters CIM 1 CIM 2 CIM 3 CIM 1 CIM 2 CIM 3 CIM 1 CIM 2 CIM 3
Ha. of anther plated 1830 210 40 3230 2810 1880 1600 1080 1540
Resporsive arther 20 510 1130 30 4.0 20 1100 6.0 580
Resporse [0 49 210 302 09 14 11 a8.7 528 317
Ha. of calli plated 20 470 23.0 30 4.0 20 26.0 430 580
Total regereration 10 an 110 oo 10 on 50 30 &0
Regeneration (%) 125 121 132 [uln} 250 oo 58 0 103
Green plart produced an 0 20 on 0o oo 0o an 0o
Green plard (%4 an 14.9 24 [ul} nao oo 0.0 oo 0.0
Albing plast produced 10 a0 a0 oo 10 nn 50 30 &0
Albing (%4 125 4.3 10.2 0.0 250 0o 58 0 103

GenotypesTadia

Hardinath 1 Pravat Klpamal 4
Pararmeters CIM 1 CIM 2 CIM3 CIM 1 CIM 2 CIM 3 CIM 1 CIM 2 CIM 3 Tiotal
Ha. of anther plated 5220 2730 233.0 184 157 165 320 M0 270 43340
Resporsive ardher 140 15.0 20 5 a o no 10.0 10 5320
Fes porse [ a7 5.9 0z 3 0 o 2135 33 04 121
Ha. of calli plated 140 15.0 1.0 5 a o &20 20 10 4380
Total regereration an 30 oo 1] 0 1] i 0o on 450
Regeneration (%49 an 158 on a a o 13 0.a an 105
Green plard produced oo oo oo a 0 a 10 0o on 100
Green plard (%) an o.n on a a o 15 0o an 23
Albing plart produced oo 30 on a 1] o &l 0o on 360
Albing (%4 0o 15.8 0. 0 0 a a7 n.a on 2.2

Fig 3:(a-c) Pollen stages in relation to androgenic response. a: Mid-uninucleate microspore- alarge vacuole iz formed,
mucleus located at one end of the microspore, with small maclens. b Bicellular microspore, with a large vegetative
and a stnall generative cell. o Late uninucleate mictospore, vacuole has dizappear, nucleus move away from the
end of microspore and nucleolus has enlarged. (d-f) Androgenesis in dce anther culture, & Calli induced from
anther culture on CIV 1 from Khumal-4. e Subculture of induced calli, Chandanath-3. £ Differentiation of green
plant from induced calli, Chandanath-3

+ AgMN0; (5 mg LY was found relatively better, This ability from anther of rice was high in 2, 4-D supplied

study  also  confirmed  the results  suggested by medivm, but the regenemtion ability from these calli was
Chen et @l (1991). They reported that callus forming quite low as compared to  calli formed on medivm

i
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£ d

Fig 4: Differentiation of green plants from rice anther culture. (2) Genermtion of rice plant with well developed root and
shoot resulted fom CINV 2 induced calli in regeneration medium, Chandanath-3. (b} Albing plantlets resulted fom
CIN 2 induced calli in regeneration medium, Chomrong Local. () Fully growm anther culture derived haploid
plants of Chandanath-3 and (d) IWother plant, Chandanath-3. Comparatively anther derived plants were amall,
completely sterile, darke green in color, without auricle and presence of minute ligule than mother plant

supplemented with NAA. However, above conclusion
may not be applicable to all rice cultivars, as genotypic
difference in hormone requirement have been reported
(Liang, 1978y Thus, the ligher rate of callusinduction and
lower rate of regeneration observed inthe CIV 1 rmight be
attibuted to use of relatively higher doses of 2, 4-D uzed
i1 this study (Tahle 23, This suggested that the exact lewel
of 2,40 in the CIN required some degree of comprotmise
between callus induction and regeneration frequency.
These findings were consistent wath the prewious
reports (Lentim et &, 1995; Faina and Zapata, 1997, They
reported that the M witro anther culture in nce was
significantly affected by fice genotypes and culture
medium. Miah ef @l (19857 repotted that anther culture
response varied from 41% for a japonice oaltivar to 0%
for an indica cultivar, Even arnong the indica cultivars a
consderable variation for pollen callusing and plant
regeneration has been noticed. In this study, we
successfully produced calli from all rice genotypes usng
CIN 1 in contrast to the report of Lentind ef o, (1995%
They found that only one owt of 35 indice cultivars
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exthibited pollen callusing on M6 mediwmn. Thiz slight
discrepancy obzerved in this study and of Lentind ef o,
1995y might be due to differences in genetic make up of
genotypes. The rate of callus production in CIM 1 was
varted from 0.9-68 7% (Table 2. Though, the CIM 1 was
promoted the high frequency of callus induction across
the genotypes, the frequency of regeneration was very
poor (0.16%) as compared to 20-70% as reported by
Lasri and Reddy (1997) using the medivm supplemented
with 2, 4D (2 mg L") (Tahle 2, Fig. 1.

Felatively lngher fequency of callus induction and
regeneration was observed in CIW 2 than CIBI 3 also
suggested that AgNO. promotes oot only  callus
induction but also regeneration of green plants (Fig. 1,
Table 23 It was speculated that A g0, had positive effect
o embryogeneds by blocking the inhibitory effect of
endogenously produced ethylene in culture wvessels.
Lasmi and Reddy (1997 and Lentni af of. (1995) reported
that with the addition of AgN 0, (10 mg L in M6 hased
medium the frequency of calluz induction and green plant
differentiation inindice rice was doubled. Similar positive
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effect of AgNO, was reported in anther culture of wheat
and Brassica (Ghameni ef al., 1994, Williams et al., 1990).
The higher rate of albino plant production in this study
might be attributed to higher rate of 2, 4- D in CIM 1 and
long culture duration and genotypes themselves. Tt has
been well documented that such factors favors the
production of albino plants and sometimes the frequency
of albinos production goes upto 100% (Chen et al., 1991).
Indica rice cultivars are more prone to this problem than
Japownica rice. Several factors, including pre-treatment,
culture medium and the protocol, affected the frequency
of albinos. The literature on androgenesis in cereals
suggested that albinism could be considerably reduced
by shortening the culture period (lLe., frequent
subculture). Tn this study we mostly observed that
varieties with cold tolerance gene/s are relatively more
responsive to anther culture than the tropical varieties.
The absolute cause of this phenomenon 1s still unknown.
However, the possible explanation might be that cold
tolerance gene/s either linked with anther culture
enhancing gene/s or have favorable effect during cold
pretreatment. Thus this study indicated that the
possibility of enhancing callus mnduction and green plant
regeneration by exploiting hill varieties of rice and N6
based medium supplemented with AgNO, (5-10 mg L.71).

CONCLUSION

This study revealed that there are possibilities of
enhancing rice anther culturability by mampulating
medium compositions and using responsive genotypes.
Differential response of rice genotypes to callus induction
media was observed in between and within rice
subspecies. Therefore, the quality and frequency of callus
mnduction and subsequent plant regeneration could be
improved by selecting better responsive rice genotypes
like Chandanath-3 and Khumal-4 and medium designated
as CIM 2. The Callus Induction Medium (CIM2) would
offer great promise for the overall enhancement of ability
of anther culture m Nepalese rice. Anther culture
responsive cold tolerant genotypes (hill rice) can be used
n the breeding programime to improve the anther culture
ability of indica rice (tropical rice).
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