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ABSTRACT

Rice is one of the most important cereal cropsha world. Anther culture,
one of double haploid techniques, is simplest amdtnefficient technique for rice
breeding. The present study was carried out touat@lcallus induction ability of
selected rice genotypes on media supplementedtwittdifferent carbon sources and
to investigate suitable BAP concentrations on plageneration of anther derived
callus. The selected 19 rice genotypes (14 indachSatropical japonica) were used in
the experiment. Anthers of each genotype were @dton N6 medium supplemented
with two types of carbon source (4% maltose or 4@6rase), 2mg.lt 2,4-
Dichlorophenoxyacetic acid (2,4-D) and 0.5 nigkinetin for callus induction.
Anther derived callus was transferred to Murashaggel Skoog (MS) medium
supplemented with (0, 0.5, 1) mg.L6-Benzylaminopurine (BAP), 1mgil-
Naphthaleneacetic acid (NAA) and 1md.Lkinetin for regeneration.

Seventeen out of 19 rice genotypes produced calumedia supplemented
with maltose while only 13 genotypes produced satln media supplemented with
sucrose due to genotype dependency. Tropical japowas more responsive to
induce callus from anther than indica among théetegenotypes. Callus induction
varied from 0.44% to 19.22%. Tropical japonica (Paan Taung Pyan Hmwe) has
highest callus induction (19.22%) than the othete® genotypes. Yebaw Sein has
highest callus induction (6.78%) among the testedica rice genotypes. Plant
regeneration from callus varied from 0% to 25.1%fotropical japonica genotypes,
Bay Kyar Taung Pyan was recorded maximum greentplegeneration (25.15%),
while Hnan Kar was (13.33%) among indica genotypeshis experiment, both MS
media supplemented with 0.5mg.BAP and 1mg.! BAP showed maximum green
plants regeneration although maximum green spotdon occurred only on
1mg.L! BAP. Maximum green plant was found in Bay Kyar igiPyan in tropical
japonica and Lat Yone Kyi in indica rice.

Key words; anther culture, rice genotypes, carbon sourcesit growth regulators,
callus
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CHAPTER |
INTRODUCTION

Rice is one of the most important cereal cropshenworld because it has a
more complex nutritional content than other cerealscluding proteins,
carbohydrates, vitamins and minerals. About 85%neftotal world rice production is
produced and consumed in Asian countries. Theraidiabitat of rice is found to be
plains along the Himalayan foot - hills, the cehiMganmar and Thailand. Myanmar
is also recognized as an original habitat of rid©Al 2004).

Being an important crop for many Asian countriese (Oryza sativa L.) is
grown in various ecosystems of all over the counfihe total cultivated area of rice
in Myanmar was 7.17 million hectares of which 6r8lion hectares are monsoon
rice and 1.18 million hectares are summer ricedib422015. The total rice production
was 28.19 million metric tons with the average gief 3.94 Mt h& in Myanmar
(MOAI 2015).

There have been some problems concerned with feaatisy throughout the
world. The global population will be 8.42 billiom iyear 2025. Rice consumers are
increasing at the rate of 1.8% every year. The o&tgrowth in rice production has
slowed down due to environmental degradation. linégessary to increase rice
production (Mishra et al. 2015).

Many plant breeders have been used conventiondlad&tto get elite variety
of rice. In conventional methods, the varietal ioy@ment was done by selecting
individual within a population. It is time consumgi process to produce a new
variety. Advanced technologies to complement cotiveal plant breeding
technigues must be employed to cope with the isangademand to produce high
yield, high protein and disease resistance ricee (B288).Tissue culture techniques
such as anther culture, embryo rescue, somatiddigation and use of somaclonal
variation have contributed to the release of new viariety (Sammour et al. 2015).

Among tissue culture techniques, double haploitirigpie which accelerate
the breeding cycle and allow better discriminatibetween genotype within a
generation became very attractive. Anther cultores of double haploid techniques,
is simplest and most efficient technique for ricedaling. The production of doubled
haploids through anther or isolate microsporesuceln vitro is a rapid approach to

homozygosity that shortens the time required farettgpment of new rice cultivars



through conventional methods, which require attl€ag generations (Gueye and
Ndir 2010).

There are three types of rice, javanica, japon&® indica. Most of rice
varieties grown in Myanmar are indica varieties aumne japonica rice is rarely
grown (Aung et al. 2009). A large numbers of goodldy rice genotypes are being
indigenous to Myanmar. Although some efforts hawerb made for rice anther

culture, it is necessary to improve the researtiities for remaining rice genotypes.

Callus induction of indica cultivars was found t® éxtremely poor compared
to japonica cultivars (Grewal et al. 2011). In ttese of indica rice, early anther
necrosis, poor callus proliferation and albino plaegeneration are currently
recognized as the major problems (Jha 2016). Mesgarchers reported that different
rice species, subspecies or genotypes behavedediffe in response to anther
culture, and genotype is the main important faéborthe success of anther culture
(Niroula and Bimb 2009).

Choice of carbohydrate used as carbon source imidium may play an
important role in callus induction. Sucrose is mosmmonly used carbohydrate
source for all types of tissue cultures. Maltoses H@en known as a better
carbohydrate source in comparison to sucrose forogenesis in many plant species
(Bagheri et al. 2009).The effect of maltose andragee on androgenesis is variety
specific (Swapna 2000).

The success of plantlet regeneration undeiitro culture system depends on
type and dose of different growth regulators esglgcauxin and cytokinin used in
cereal anther culture (Roy and Mandal 2005). A nemdd experiments showed that
using hormone combinations and ratios gained thed gaduction effects. High
concentrations of auxin lower the ability of calliesproduce green plant. High level
of auxin addition with kinetin at low concentrati@mcourages callus induction and
subsequent plantlet regeneration (Herath et al8RCallus formation and plantlet
regeneration were both stimulated with the useioétin. Combination of kinetin,
NAA and IAA obtained a higher rate of regeneratiGhaleff and Stolarz 1982). BAP
was the most effective cytokinin in enhancing plageneration efficiency (Htwe et al.
2011).



In this regard, the experiment was conducted vighfollowing objectives -.
* To evaluate callus induction ability of selectederigenotypes on media
supplemented with two different carbon sources

* To investigate suitable BAP concentrations on ptageneration of anther

derived callus



CHAPTER Il
LITERATURE REVIEW

2.1 Early History of Anther Culture

The existence of only one set of chromosomes iim tiedls is recognized as
haploid plant. In nature, haploids occur as argirtarity when the haploid egg forms
an embryo without fertilization. Chromosomes doodpliare required to produce
fertile plants which are called double haploids hmmozygous diploids because
haploids are sexually sterile (Bhojwani and Dar@a®.

Doubled haploid production is a valuable technologguired for F1 hybrid
breeding. The discovery of doubled haploidy hasi\gkd breeding programs of many
globally important crops and nowadays mainly basethe use of this innovative and
efficient technology (Forster et al. 2007). Over i varieties have been reported
through double haploid approaches in China, Kodepan and USA (Zepata-Arias
2003).

Double haploid plants can be obtained by seveshods including isolated
microspore culture, anther culture, wide hybridmatand ovule culture and choice of
method varies upon crops to develop haploid (ASif32)

Since 1964, the technique of anther culture was fleveloped ifDatura by
Guha and Maheshwari. Anther culture is an innoeatiwethod for hastening the
generation of homozygous double haploid (DH) and lba used to accelerate the
varietal improvement programs (Herawati et al. 301Beveral scientists have
successfully produced callus and haploid plantsuiiin anther culture and isolated
pollen and anther (Bhojwani and Dantu 2010). In5.98ouble haploids have been
produced via anther culture in over 170 speciescc&s of anther culture
methodology has been achieved in crop species asithticale, wheat, rice, barley,
rye, and several others like medicinal, vegetablests, ornamental, and woody
plants (Dunwell 2010).

In 1968, anther culture was applied in rice to pid haploid plants by
Niizeki and Oono. Although anther culture is redagd as a valuable tool in plant
breeding programs, various factors such as higlotgpit dependency and low
frequencies of callus induction and plant regemamatimit its actual application
(Medhabati et al. 2014). Success of anther culilmrace has been influenced by

numerous endogenous and exogenous factors su@nasyges, developmental stage



of microspore, cold treatment of anthers, culturedimm and the choice of plant
growth regulator (Asif 2013b).

2.2 Factors Affecting on Anther Culture
2.2.1 Genotypes

Genotype is the main factor for anthers culturecess. Genotypes of material
used may be the first important factor which aSettte productivity in rice anther
culture (Win 1994). It has been suggested thatm rcallus induction and green plant

regeneration were mainly controlled by additive gjaneffects (Yan et al. 1996).
2.2.1.1 Genotypes effect on callus formation

In most of the species, genotype is a decidingofaas different rice species,
subspecies and varieties behave differently inrthesponse (Ramakrishnan et al.
2005). The callus induction depending on the défifiigenotypes in the same medium
was reported by Mu (1999). The results of Myint@2p pointed that with all other
culture conditions being constant, different gepesy/respond differentially to callus
induction and finally to plant production.

Aung et al. (2009) reported that 43 out of 55 iadrice genotypes were
initiated callus while 12 genotypes did not in tr&udy. Herath and Bandara (2011)
reported that the frequency of anther forming cedliried from 6.07% to 15.58%
depending upon the genotypes used in their study.

Out of 17 tested genotypes evaluated, 12 respoindd@ medium and callus
induction frequency varies from 0.2 to 29.4% (Herat al. 2007). Callus induction
commenced three weeks from culture and the frequehthe anthers forming calli
varied between 4.3% and 78.3% depending upon thetgees (Herath and Bandara
2011).

Kaushal et al. (2014) reported that the genotyfffiergnce for anther culture
response varied from 6.07% to 15.58% was obsemaxhg the tested 13 genotypes.
This indicates that genotype is the deciding fafdoanther culture.

Even among different genotypes of a particular ygm®t indica or japonica,
considerable variation in pollen callusing and grg#ant regeneration has been
observed with the genotypic effect being greateoragrthe indica types (Silva 2010).
Kaushal et al. (2014) reported that anther culresponse varied from 42% for a
japonica cultivar to 0% for an indica cultivar. Tlesponse to anther culture in rice, in

terms of frequency of callus induction and plangemeration, is highest in



japonica/japonica and followed by japonica, indmaénica, indica/indica, indica
respectively (Kaushal et al. 2014).

2.2.1.2 Genotypes effect on plant regeneration

Plantlet regeneration is a genotype specific chara@Abyawickrama and
Anai 2006). Callus induction and plantlet regeneratwere found more in the
japonica varieties than the best indica variefiesquency of green plant regeneration
initiated from calli varied between 2.2 to 69.7 %pdnding upon the genotypes
(Herath and Bandara 2011).

Aung et al. (2015) tested anther culture capacityl® tropical japonica
genotypes. They found that only three of testedotygres produced green plant
although all genotypes induced calli. Ranjana e{18198) observed that green plant
regeneration frequency range from 0 to 26.86%dircancultivars (Basmati 370, Tulsi
and Tetep), depending upon the genotype and thstitents of the media used.
Dewi et al. (2009) reported that plant regenerafrequencies of 10 % from anther
culture are in common in japonica, efficiencie8%§ are considered high for indica.

Several factors, including pre-treatment, culturedmam and the protocol,
affect the frequency of albinos. Albinism may bee af the expressions of genetic
deficiency. Indica rice cultivars are more proneths problem than japonica rice
(Raina et al. 2001).The frequency of albinos mayyvleom 5 % to 100 %
(Talebi et al. 2007).

The literature on androgenesis in cereals suggsts albinism can be
considerably reduced by shortening the cultureopefAsaduzzaman et al. 2003).
Torp and Andersen (2009) founded that combinatibstarvation and cold stresses
applied simultaneously for shorter periods (3—4sjldyave increased microspore
survival and reduced the frequency of albino prdduaccompared to only prolonged

cold pretreatments.
2.2.2 Developmental stage of pollen

The developmental stage of microspore at the tifmanther excision and
plating for in vitro culturing is also an important factor in androgésndgSegui-
Simarro and Nuez 2008). In nearly all responsiwpsyincluding model species such
as rapeseed and tobacco, the inducible stage esvahound the first pollen mitosis,
from vacuolate microspore to early bicellular pol{@ouraev et al. 2001). For species

cultured during the uninucleate stage, the micraspmther undergoes a normal



mitosis and forms a vegetative and a generativieensor divides to form two similar

looking nuclei. In those cases where a vegetatiMkaagenerative nuclei are formed
in culture, or where binucleate microspores areqaanto culture, it is usually the

vegetative nucleus that participates in androgern(&slvia 2010).

The enhancement of anther culture efficiency hasnbeontributed by
correctly identifying the pollen stage of anthargice varieties (Silva and Ratnayake
2009). In rice, anthers in which microspores arthatuninucleate stage are the most
responsive and suitable for culture (Mishra andv@osi 2014). The response of
anthers at the tetrad stage is not good at allitafadls sharply after the first pollen
mitosis. At this stage, starch deposition beging, o sporophytic development and
subsequently no macroscopic structures form imilegospores. However, pollen at
this stage, when cold pre-treated, can deviate frormal developmental programme
and switch to sporophytic growth. Determining tlevelopmental stage of pollen in
the anthers is important to optimize the antheitucel response of a given rice
genotype (Silva 2010).

Genovesi and Magill (1979) stated that uninucleptdlens stage were
effective in culture of rice. About 90% of plantegenerated from uninucleate
microspores were green although binucleate stageosgore produced more albino
plants than uninucleate stage.

If the uninucleate stage was further divided irttceé sub stages, the early-,
mid- and late- uninucleate stages, the peak regpoosurred at the mid-uninucleate
stage. The response declined sharply before or aiftd-uninucleate stage. The
frequency of callus induction of three uninuclestage, are 5.6%, 35.7%, 10.5% In
early, mid- and late-nucleate stage respectivehe(Cet al. 1997). There has been a
general agreement in the literature that the uméate stage of microspore
development is the most desirable for rice anthéure (Win 1994).

Exact determination of pollen stage requires alogioal analysis but for
practical large-scale programme many investigafgefer to rely on a simply
measured, although less reliable, external morgicdbd indicator, such as corolla
length (Dunwell 2010). Bishnoi et al. (2000) reporthat the distance from flag leaf
to penultimate leaf auricle can be a convenientpimalogical marker for estimating
the maturity stage of pollen in different rice \eies. Early anther culture research
papers also indicated that panicle selection fahexnculture could be based on the

extension of flag leaf sheath, determined by maaguhe distance the flag leaf collar



and the collar of the penultimate leaf. Paniclethatbooting stage, 7-10 cm in length,
that were positioned between the subtending ledfthe flag leaf were collected.

During this period, the anther sac frequently depelto the middle and late

uninucleate cell division stage (Afza et al. 2000).

2.2.3 Cold treatment

Various types of pretreatments such as cold anddmeeks, starvations in the
form of nitrogen and carbohydrates, irradiationcbemical treatments were used in
anther culture to induce stresses that can ultisndtelp to switch gametophytic
pathway of microspore to sporophytic developmerdif(013a). Certain treatments
given to the whole spike or to the anther have féeceon the development of the
microspore. The most commonly used in rice antltuie is cold shock treatment
(Kaushal et al. 2014).

Some of the positive effects of cold pretreatmantude delay of anther wall
senescence, increase of symmetric divisions okepdjirains and metabolic changes
necessary for androgenesis (Kaushal et al. 2018jh@result of cold shock, weak or
non viable anthers and microspores are killed, thep become dark brown in color.
Thus, the spikelets are enriched in vigorous asth&t low temperature increased
number of microspore are arrested during the firgbsis, as starch production is
blocked. This increases the possibility of subsatjdevelopment. It is also possible
that the cold treatment retard aging of anther walbwing a higher proportion of
microspores to change their developmental pattem gametophytic to sporophytic
and guide the continuous division of the microsgoréorm callus (Mishra and Rao
2016).

There was no callus development observed in thkeeantwithout cold pre
treatment (Herath et al. 2009). Low temperatureckhenhances the androgenic
response in several species including rice (Sah @011). Cold treatment is essential
for improved anther culture response, and manijmaif pretreatment has the ability
to improve the callus induction and subsequentrgm@ant regeneration (Kaushal
et al. 2014).

Indica and japonica varieties are known to differrequirements for cold
treatment (Kaushal et al. 2014). The temperatudedamation of the cold pretreatment
varies with the genotypes. In rice, different tenaperes associated with incubation

time were found to give better results. It indicatdat, each genotype requires



specific pretreatment temperature and incubatiorogdor optimum callus response
(Kiviharju and Pehu 1998).

In 1989, Pathinayake and Johnsion reported thasailpility of increasing the
callus induction of cultured anthers significanitly a constant temperature treatment
at 12°C for 8 days for both japonica and indicaoggpes.

Kaushal et al. (2014) reported that the best perdmice for callus induction
and plant regeneration was observed when the amthgrcold treated at 12° C for
5 days.

The highest callus induction (88.88%) and effickenof green plant
regeneration (24.25%) of IR 43 were found at 5 dagsibation periods at 4-7°C
(Khatun et al. 2012). Cold pre-treatment at 8°Cl#idays gave the best performance
in callus induction and plant regeneration in sel@dndica and Japonica parents and
their F1 hybrids (Herath et al. 2009).

Pande (1997) observed that cold pre-treatment wsenéal for androgenesis
in anther cultures of the indica cv IR43, and 168€10 days was the most suitable.
Zapata-Arias (2003) reported that temperatures f8otm 10°C for 8 days have been
recommended to be optimal for many varieties @.ric

The time needed for pretreatment depends on thepeterture used
(Win 1994). In general lower the temperature (& &s 3-5°C) the shorter the time is
needed and the higher (as high as 10-15°C) thesfdiMyint 2002). Although a cold
shock for 25 days enhanced the frequency of calusn rice, the plantlets
regenerated from these microspores were mostlgp@iHerath et al. 2009).

Prolonged pretreatment over optimum was provecetmbibitory and has an
adverse effect on green plant formation and sigarfi increase in albino incidence
(Lenka and Reddy 1994). Albino formation also faoléml a pattern in relation to the
duration of cold shock (Kaushal et al. 2014). Co&htment shift from gametophytic
mode of development to sporophytic mode may caaostbility and the loss of
chlorophyll is a manifestation of that shift. Altngh albinism is genetically
determined, manipulation of pretreatment duratian reduce the frequency to some
extent (Rukmini et al. 2013).

2.2.4 Culture medium

Rice anther culture is a two-step process; inifi@elopment of callus and

subsequent regeneration of green plants from emgbryo callus. The nutrient
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requirements of the two processes vary and therefwe facilitated on different
culture media (Silva 2009).

Nutritional requirements for optimal growth of aduein vitro may vary with
the species. The influence of media composition basn one of the most
importances in anther culture. However, there isgeaeral agreement on which
media are superior as variety and medium intenastaoe almost significant. There is
no universal medium, in which anthers from all gtds are capable of high
percentage callus induction. The induction freqyefuc the same genotype varies
greatly with the composition of medium. Thus, thendtion of medium is not
negligible (Win 1994).

The choice of medium has made a difference in @ite of success in callus
induction ability of japonica and indica genotyg&dva 2009). The most widely used
medium for inducing higher anther response in jageocultivars is the N6 medium
although the basal nutrients of this medium are omitmum for anther culture of
indica rice (Lentini et al. 1995).

The He2 medium was recorded to be better than Niumein the study of 8
indica cultivars. He2 medium is derived from N6 riv@d by reducing N to half
strength and MgSOto 1/50" level, and doubling the concentration of ¥,
(Kikubhai 2010) Based on detailed study on the medium requirerottie indica
cultivar IR43 evolved a new medium called M-019 i(Raand Zapata 1997). Oono
(1975) examined several other media and recommeigdmedia as the most
suitable medium for anther culture. Subsequentldpuwgents have focused mostly on
affecting modifications to the two basic media, B6d MS, for improving anther
culture efficiency in indica rice. Several modifiicens to the basal N6 medium have

been tested for their usefulness for anther cutbéiredica rice (Silva 2009).
2.2.4.1 Nitrogen sources

Supply of nitrogen in a specific form plays an intpat role inin vitro culture
of rice explants. Thus it is advisable to suppliragen in the form of ammonium
rather than nitrate. A concentration of 3.4mM ammuonin the culture medium gave
better response for indica rice anther cultureskbkhai 2010). In 1975, Chu
demonstrated that the level of ammonium nitrogetha culture medium is critical
for androgenesis in rice. In tissue culture mediasganic nitrogen is usually supplied

in the form of nitrate and/or ammonium ions (SiR@09).
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Mixture of ammonium and nitrate is the most sugabiorganic nitrogen
source for growing plant cells (Yatazawa and FushhiE968).The development of the
pollen callus require both KNand (NH,).SO, but a high (NH),SO, concentration
would inhibit the formation and growth of pollenlloa(Bishnoi et al. 2000).Nitrogen
supplied only in the form of nitrate or ammoniumsoin the medium was less
beneficial for induction of morphogenic calli fromoultured anthers than a
combination of both at appropriate concentratioRsirfa and Zapata 1997).The
medium containing (NSO, became acidic soon after the culture was incubated
and there was hardly any growth of the callus. VKO3 as nitrogen source, callus
became necrotic at healthy regions of the tisstex about seven days. This adverse
effect was due to the formation of nitrite fromrate during the growth of the callus
(Yatazawa and Furuhash 1968).

The N6 medium contains both KN@28 mM) and (NH),SO, (3.5 mM) as
primary sources of nitrogen and used successfallyaponica varieties. The ratio of
NOs:NH," has been observed to be an important determipatitié success of anther
culture in indica rice (Kaushal et al. 2014). Ogaatal. (1995) studied the effect of
nitrogen source on androgenesis in indica cultiirR#4, using R-2 medium as the
control. R-2 has 40 mM KNQand 2.5 mM (NH),SO,. When 20 mM KNQ was
combined with a small amount of (MHSQO4, glutamine or alanine all treatments
induced pollen callusing but alanine was the beigplement. It not only induced high
frequency androgenesis but also showed maximunmeeggon of green plants

Nitrogen may also be added in an organic form as@mcids. Amino acids
such as glutamine and alanine have proved to daldse callus formation and green
plant regeneration from microspore culture in iadice varieties (Ogawa et al.1995).
Proline and glutamine promoted callus formatiomiicrospore cultures of a japonica
cultivar. These amino acids also induced a higlegree of plant regeneration and
green plant production than the medium containiogamino acid. However, organic
form of nitrogen cannot totally replace inorgarocris (Haque et al. 2015).

Calcium in the medium is known to stimulate ethglggroduction in many
plant tissues. Addition of the calcium ion ophor23A87 (0.5 mM) along with Cagl
(1 mM) enhanced pollen callusing over Ca@lone. Addition of 10 mg T of
AgNO;3, an anti-ethylene compound, to the callus inductreedium enhanced pollen
callusing frequency in indica cultivars from 10.1 t&% 20.6 %. With AgN@® the
frequency of green plant differentiation doublech@Bvani and Dantu 2010). The
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addition of AgNQ to the medium improves callus induction and plageneration in

indica rice (Faruqg et al. 2014).
2.2.4.2 Carbon sources

It has been known that some carbohydrate sourcepse} is most commonly
used for all types of tissue cultures. The kingetyand concentration of carbohydrate
used in the medium for inducing vitro androgenesis varies from species to species
(Mishra and Goswami 2014).

The requirement of sucrose for successful andraiemeas first demonstrated
by Nitsch and Nitsch in 1969 for tobacco and ldtgrSunderland et al. (1974) for
Datura innoxia .In early studies, media designed for rice anthéuei used sucrose
as the standard carbon source (Silva 2009). Tleetedf sucrose on anther culture has
been applied in a number of species. Sucrose ctratien in induction medium has a
major effect on osmosis and the development of gasbis apparently influenced by
osmosis. The normal level of sucrose is 2-4%. Highrose concentration favors
better survival of pollen grains (Mishra and Goswaoi4).

Specific modification of the carbon source includes disaccharide maltose
in species including potato, barley, lupin, pepged oat (Dunwell 2010). Since 1983,
maltose has been shown to be a superior sourcarbbltydrate than sucrose for
androgenesis in several species, including cergadade and Bhojwani 1999). In
anther culture response, media incorporated witferént sugars such as glucose,
fructose, mannitol or a combination of these atcentrations that produce equivalent
osmotic effects in the medium, have proven to behmass effective than maltose
(Bishnoi et al. 2000).

Replacing sucrose (146 mM) with maltose (146 mMjhe callus induction
medium had a significant positive effect on anthesponse in both indica and
japonica types. Maltose enhanced pollen callusiognf6.3 % to 10.1 % and green
plant regeneration from 0.6 % to 1% (Silva 200@\etl et al. (2007) reported that
maltose gave better results than sucrose at thescalduction stage and resulted
maltose effect is greater 1.5 times than sucrosecétlus productivity of tested
cultivars. Maltose has been reported to be a smpsnurce of carbohydrate than
sucrose for androgenesis in several species, imguereals (Sen et al. 2011).

Maltose in the anther culture medium is degradedenstowly than sucrose
and vyields only glucose upon hydrolysis. Sucrosenétabolized very rapidly into
glucose and fructose. Fructose is known to havetanekental effect on embryoid



13

production in wheat anther culture and may alsthbereason why maltose supports
androgenesis better in rice than sucrose (Baghati 2009).

2.2.5 Plant growth regulators

In addition to the nutrients, it is generally todadne or more growth
substances, such as auxins, cytokinins and gibiosteto support good growth of
tissues and organs. The requirement for the sutesavaries considerably with the
tissue (Bhojwani and Razdan 1983). For rice antbiure, auxins and cytokinins are

the only organic growth factors required as groketjulators (Win 1994).
2.2.5.1 Auxin

The auxins commonly used in tissue culture are (BWole-3-butyric acid),
NAA (naphthaleneacetic acid), NOA (napthoxyacetmidg PCPA (parachloro-
phenoxy acetic acid), 2,4-D (dichloro phenoxyacetoed) and 2,4,5-T (trichloro -
phenoxy acetic acid). Auxins were essential foritftkiction of callus, and type and
concentration of auxins also influenced this pred&aushal et al. 2015).

Auxin commonly used in the callus induction medifanrice anther culture is
2,4-dichlorophenoxyacetic acid (2,4-D). Differemncentration of 2,4-D was most
widely used in MS medium for sufficient callus imtion and 2mg.l'was suitable
(Silva 2009).

2, 4-D has proven to be an effective auxin foruslhduction from cultured
anthers. It promotes rapid cell proliferation andhiation of non-embryogenic callus
and has been accepted that the regeneration atfiltgllus induced under high 2,4-D
levels is poor, especially for indica rice, in campon to callus induced on medium
with lower 2,4-D levels (Raina and Zapata 1997).

NAA is also one of the most commonly used auximgired for induction of
callus from anthers of cereals. Calli formed in fhresence of NAA were more
capable of plant regeneration than those initiatedhedia with 2,4-D (Zhu et al.
1998).

2, 4-D inhibits the organogenesis of calli, and Nprdmotes the formation of
roots and sometimes completes plants (Mishra amal Z04.6). Neither 2,4-D nor
NAA can support regeneration, and the use of cwioki like kinetin and benzyl
amino purine are required (Mandal and Gupta 1995).

Increased auxin concentration could be benefi@al dallus induction, but

detrimental for green plant regeneration. Thereeapgr to be a relationship between
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increased albino developments with increase inlleff@auxins. Genotype, Medium,
Auxin and Cytokinin synergistically contribute toheanced callus induction and

regeneration of androgenic plants (Kaushal etGil52
2.2.5.2 Cytokinin

Cytokinins added to the medium used are very ingportiuring tissue culture
of plants because they induce division and orgamegje (Howell et al. 2003) and
affect other physiological and developmental preess(Van Staden et al. 2008).
Cytokinins most often used in tissue cultures ake Bin and 2iP as well as
thidiazuron. The effectiveness of BA to stimulatewgth of axillary shootsn vitro is
well described (Nobre et al. 2000). High concemdratof BA may cause shoots
vitrification (Huang et al. 1998).

Among cytokinins, kinetin, 6-benzylaminopurine (BARNd zeatin (Z) have
been frequently tested both in callus induction eegkneration media (Dubas et al.
2015).

Kim et al. (1992) reported that in the presenc®& AR at low concentration
and 2-10 mg.L* kinetin, green calli were induced from excised gyob. They also
observed that chlorophyll content increased as tikineoncentrations increased

however callus induction decreased.
2.2.5.3 Ratio of auxin and cytokinin

Both auxin and cytokinin are crucial constituents rice anther culture
medium, control the dedifferentiation and dediffér@tion processes in the vitro
cultures (Kaushal et al.2015).

Combination of cytokinin and auxin is recognized pvomote plant
regeneration frequency in some rice cultivar (Reehl. 1994). The combinations of
hormone type and concentration of hormones cartlgratiect the development of
microspores and impact the morphogenetic procesdirlg to the production of the
plants (Trejo-Tapia et al. 2002).

Combination of lower level of 2,4-D (0.5mg.L-1) aNdA (2.5mg.L-1), and
kinetin (0.5mg.L-1) have been used effectivelyiduce callus from several indica
varieties (Shahnewaz and Bari 2004).

Rukmini et al. (2013) reported the different auxi(®% 4-D, NAA) and
cytokinins (Kinetin, BAP) and their combinationsudied. A ratio of 1:4 for 2,4-D
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and NAA and 1:3:1 ratio of Kinetin: BAP: NAA ratioroved to be optimal for callus
induction and green plant regeneration respectively

Growth regulators used in the regeneration medinchtheir effects on green
plant production has been analyzed to a lessemext@n in the case of callus
induction (Silva 2009). Bishnoi et al. (2000) regeor that medium supplemented with
NAA (0.5 mg.LY), BAP (1.0 mg.l}) and kinetin (1.0 mgt) has adequately

supported green plant regeneration from sub-cutoadus.



CHAPTER IlI
MATERIALS AND METHODS

3.1 Materials
3.1.1 Genotypes

Nineteen rice genotypes (Table 3.1) were seleatedlzese were provided by
Seed Bank and Rice Division, Department of Agriadt Research (DAR), Yezin.

Table 3.1 Nineteen selected rice genotypes usedhe experiment

No. Genotypes Types Life Span

1 Yar-8 120-125

2 Thee Htat Yin 115-120

3 Shwe Pyi Htay 127

4 Thee Htat-3 125-130

5 Hmaw Bi 3 125-130

6 Hmaw Bi 2 140-145

7 Sin Thwe Lat . 135

8 Thu Kha Hmwe indica 137

9 Kone Myint 2 140

10  Shwe War Htun 145

11 Lat Yone Kyi Late Nov

12 Hnan Kar Late Oct

13  Yebaw Sein Mid Dec

14  Shwe Ta Soke Early Nov

15 Paw San Hmwe(Acc No. 002500) Late Nov

16 ~ Paw San Taung Pyan Hmwe (Acc No. 002924) Mid De

17 Paw San Bay Kyar (Acc N0.002925) Troplc'al Late Nov
Japonica

18 Bay Kyar Taug Pyan (Acc N0.001208) Mid Dec

19 Nga Kywe Taung Pyan (Acc N0.002054) Mid Dec
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3.1.2 Culture media

Chu (N6) was used as callus induction medium andakhige and Skoog
(MS) was used as regeneration medium. Yoshida'semitsolution was used as
medium for root development.

Chemical components and amounts for each mediune wescribed in

appendix 1 and 2.
3.1.3 Carbon sources and plant growth regulators

Sucrose (40 g.t) and maltose (40 g1) were used as carbon sources in callus
induction stage. 2,4-Dichlorophenoxyacetic acidi{R), and kinetin were used as
plant growth regulators in callus induction staf¢ant growth regulators in plant
regeneration stage were Kinetin, 1-Naphthyl Acetikcid (NAA), and
Benzylaminopurine (BAP).

Carbon sources and plant growth regulators usethenexperiment were

described in appendix 3.

3.2 Materials Preparation

3.2.1 Planting the seeds

Just before planting, seeds of each genotype wexé dnder the sunshine for
24 hours. Then, the seeds were soaked in waté&t4fdrours and incubated at room
temperature for germination. The seeds were sowthentray. Twenty days old
seedlings were transplanted in the field of Deparimof Horticulture and
Agricultural Biotechnology with regular supply ofater and followed recommended
cultural practices. All possible care was appliedptotect plants from pests and

disease infection.
3.2.2 Boots collection

Healthy panicles of each genotype were collectetth@tuninucleate stage of
microspore development in anther. Nuclear stage poflen was examined
cytologically and panicle morphology was examin&cdcording to plant morphology,
uninucleate stage of microspore is that the flag Ibmse distance from the first lower
leaf is 7-10 cm for indica types and 10-15 cm &pgnica types. At least 100 panicles

were collected from each genotype.



18

3.2.3 Cytological examination

Stage of microspore development was determinedSyashing’ the entire
anthers in the solution of ethanol: chloroform:tecacid in the ratio of 6:3:1 and kept
in room temperature for 24 hours. Anthers werensthiwith potassium iodide and
observed under a low power objective of light msoape (Chang et al. 2014). Boots
with anthers that contained mid-uninucleate toyelirucleate stage pollen were used
in the experiment. Boots which contained very yoongery old pollen stages were

discarded.

.]a.;i’"_

&

Plate 1 Cytological examination of anther under mitoscope
3.2.4 Pre-culture treatment or cold treatment

The collected boots were washed thoroughly with wegier and surface
sterilized with 90% ethanol, wrapped with papervered with plastic and kept in
refrigerator at 10°C about 8 t010 days for coldckhibeatment.

3.3 Methods
3.3.1 Callus induction
3.3.1.1 Sterilization of boots

Cold treated boots were surface sterilized with #kanol for 3 minutes and
in sodium hypochloride (2%) solution for 20 minutesd followed by rinsing three
times thoroughly with distilled water. This stexdtion step was done under aseptic

condition.
3.3.1.2 Anther incubation

Anthers with right developmental stage were cutlurgo 25x150 culture test

tube containing 15 ml of callus induction medium.
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3.3.1.3 Culture media

N6 solid media supplemented with 2 md2,4-D, 0.5 mg.[* kinetin and two

types of carbon sources (sucrose, maltose) werkfaseallus induction.
3.3.1.4 Culture condition

The culture test tubes were kept at 25+1°C undeék dandition for callus

induction.
3.3.1.5 Experimental Layout

The experiment was conducted using a two factoctoffi@l arrangement,
Randomized Complete Block (RCB) design with thregications. Factor A was 19

rice genotypes and factor B was two carbon soystesose, maltose).
3.3.1.6 Data collection

Days to induce callus
Callus induction (%)
Callus induction increased by maltose

P w0 NP

Callus induction (%) and callus induction increasby maltose were

calculated by using the following formula-

Calli produced (total no:)?
Anther plated (total no:)

Callus induction(%) =

Callus induction % (Sucrose)

Callus induction increased by maltost'::jd"us induction % (Maltose)
0




Plate 2 Protocol of anther culture : Callus inducton

A.
B.
C.
D.
E.
F.
G.
H.
l.

J.

The 19 selected rice genotypes were grownaerfitid

Boots collection (Sources of explants)

Boots washing with tap water

Boots wrapped with papers

Boots covered with black plastics

Boots in refrigerators (10°C for 8-10 days)

Sterilization of boots under aseptic condition

Anthers inoculation

Cultured anthers on N6 medium

Cultured test tube in dark condition for 13 kew® induce callus
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3.3.2 Plant regeneration

3.3.2.1 Preculture medium

Calli of each genotype (1-2mm) were transferredMhshaped paper bridge
in culture test tube containing 5ml of N6 liquid ditem with 2mg.* 2,4-D and 0.5

mg.L* kinetin for two weeks.
3.3.2.2 Plant regeneration media

After two weeks on “M” shaped filter paper, thelicakre transferred to MS solid
media supplemented with 1 mg.kinetin, 1 mg.[’NAA and (0, 0.5, 1) mg. LBAP,
regeneration media.

In vitro shoots (5cm length) were transferred to basic M@iume for root
regeneration. Well rooted plants were transferedf dshida’s nutrient solution for
two weeks to allow root to develop vigorously. Aftevo weeks, plants were
transferred to small plastic cup for one week dmhttransplanted to pots and grown

to maturity.
3.3.2.3 Culture condition

The test tube containing calli were incubated undentinuous light at
25+1°C.Well rooted plants were acclimatized andagran natural environment until

maturity.
3.3.2.4 Experimental Layout

The experiment followed a two factor factorial amgament, Randomized
Complete Block (RCB) design with three replicatiorfsactor A was 17 rice
genotypes that induce callus and factor B was thliferent BAP concentrations
(0, 0.5, 1) mg.*with 1 mg.L kinetin and 1 mg.EENAA.
3.3.2.5 Data collection
Green spots formation (%)

Green plants regeneration (%)

Number of green plants per culture

Albino plants regeneration

a kr 0N e

Anther culturability
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Green spot formation (%), green plant regenerat{@s), albino plants

regeneration (%) and anther culturability were @lated by using the following

formula-

No.of callus produced green sgot
No.of callus plated

Green spot formatio(®6)=

No.of callus produced green plagts0

Green plant regeneratidfo) = No.of callus plated

No.of callus produced albino plants
No.of callus plated

Albino plant regeneratio(fo) =

3.4 Statistical Analysis

Analysis of variance was performed using Statixrgm 8) software.

Treatment means were compared by LSD at 5% level.
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Plate 3 Protocol for anther culture: Plant regeneréon

A.
B.
C.
D.
E.
F.
G.
H.
l.

21 days old callus on ‘M’ shaped filter papéicallus induction medium
21 days old callus transferred on regenerdfié®) medium

In vitro green spots formation (5 weeks oldus)!

In vitro green shoot formation

In vitro green shoot in 5 cm length

In vitro green shoot on basic MS medium fort regeneration

Green plantlets in Yoshida’'s nutrient solution

Green plant in plastic cup

Green plant in plastic pot



CHAPTER IV
RESULTS AND DISCUSSION

4.1 Callus Induction
4.1.1 General description of callus induction

Most of inoculated anther changed color from yeltowight brown then dark
brown within 1-2 weeks after cultured. It may beeda the transition of anther from
gametophytic phase to sporophytic phddes is similar with the results of Sengsail
et al. (2007) who reported that anther browningh@d surprising because many
researchers also reported this changing of antlerscwhich is possibly due to the
transition of gametophytic phase to sporophyticsghduring androgenesik this
experiment, it was observed that light brownishharg produced callus. Yellow

anther and dark brownish anther did not producéddsca

Plate 4 Callus induction inin vitro anther culture

A. Anthers on callus induction (N6) medium
B. Anther browning (14 days after culture)
C. Callus induction from anthers (28 days aftdtura)

4.1.2 Effect of genotypes and carbon sources on datp induce callus induction

The variation of days to induce callus formationaffected by two different
carbon sources can be observed in table 4.1. It fmasd that there was not
significant different between the two media (mediwith sucrose and medium with
maltose). Sin Thwe Lat produced callus at 26 ddier anoculation on both media
supplemented with sucrose and maltose. It is tmkes@callus producing variety
among the tested genotypes. Two genotypes; ShwHtByiand Thee Htat 3, did not
produce no callus at all till 90 days after ino¢aia on both sucrose and maltose.
However, four genotypes such as Thu Kha Hmwe, Kivyiat 2, Shwe Ta Soke and
Hnan Kar produced callus on maltose at 27, 39, B %0 days after inoculation

respectively although these genotypes did not medallus at all on sucrose till
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90 days after inoculation. It may be due to differéme requirement of genotypes for
callus induction. Present results inline with theding of Hearth and Bandara,
2011.Hearth and Bandara (2011) reported that the tiequirement for the callus
initiation was also genotype dependent and calhakigtion started 3 weeks after
cultured.

According to their callusing response, tested geaotypes can be classified
into four different groups such as high (upper 5bgdium (from1.0% to 5%), low
(lower 1%) and no response groups (Table 4.2). yprs of tropical japonica were
included in high response on both media supplendeni¢h sucrose and maltose.
Thus, it can be said that tropical japonica has higsponse in callus induction of
cultured anthers than indica. Silva and Ratnay2k®9) also reported that japonica
types are known to be more responsive than ingfastin anther culture. There were
six genotypes; Shwe Pyi Htay, Thee Htat 3, Thu Kinawe, Khone Myint 2, Hnan
Kar and Shwe Ta Soke in no response group on nsegliplemented with sucrose.
However, only two genotypes; Shwe Pyi Htay and Thitat 3 involved in no
response group on media supplemented with malthie® sucrose responsive
genotypes such as Thu Kha Hmwe, Hnan Kar and Shavesdke improved to
medium group on media supplemented with maltosesid®@s, one non sucrose
responsive genotype; Khone Myint 2, moved to lowugr on maltose supplemented
media. Moreover, maltose increased callus induatioHmaw Bi 3 and Yebaw Sein
from medium to high group. Thus, maltose can irgeezallusing response of most of
tested indica genotypes. It may be due to poskiffect of maltose on callusing
response of rice genotypes. Khatun et al. (20®)rted that anther culture efficiency
was enhanced in indica rice when sucrose was gplayg maltose.
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Table 4.1 Days to induce callus formation of testedce genotypes as affected

by two different carbon sources

Days to induce callus

No. Genotypes Types
Sucrose Maltose
1. Yar-8 40 40
2. Thee Htat Yin 39 40
3. Shwe Pyi Htay >90 >90
4. Thee Htat -3 >90 >90
5. Hmaw Bi 3 36 32
6. Hmaw Bi 2 64 40
7. Sin Thwe Lat 26 26
Indica
8. Thu Kha Hmwe >90 27
9. Kone Myint 2 >90 39
10. Shwe War Htun 34 34
11. Lat Yone Kyi 52 48
12. Hnan Kar >90 59
13. Yebaw Sein 44 44
14. Shwe Ta Soke >90 43
15. Paw San Hmwe 48 45
16. Paw San Taung Pyan Hmwe 40 40
Tropical
17. Paw San Bay Kyar _ _ 44 38
japonica
18. Bay Kyar Taug Pyan 51 44
19. Nga Kywe Taung Pyan 68 68




Table 4.2 Four different groups of rice genotypeslassified according to their callusing response ianther culture

3

Carbon sources High Medium? Low No response
Paw San Bay Kyar Hmaw Bi 2 Thee Htat Yin Shwe PyyH
Paw San Hmwe Yar 8 Shwe War Htun Thee Htat 3
Paw San Taung Pyan Hmwe Hmaw Bi 3 Thu Kha Hmwe
Sucrose
Nga Kywe Taung Pyan Hmwe Sin Thwe Lat Khone Mgnt
Bay Kyar Taung Pyan Lat Yone Kyi Hnan Kar
Yebaw Sein Shwe Ta Soke
Hmaw Bi 3 Thu Kha Hmwe Thee Htat Yin Shwe Pyi Htay
Yebaw Sein Shwe Ta Soke Khone Myint 2 Thee Htat 3
Nga Kywe Taung Pyan Hmwe Shwe War Htun
Paw San Bay Kyar Hmaw Bi 2
Maltose
Bay Kyar Taung Pyan Yar 8
Paw San Hmwe Sin Thwe Lat
Paw San Taung Pyan Hmwe Lat Yone Kyi
Hnan Kar

1= (upper 5%) = (from 1% to 5%)>= (lower 1%)

LC
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4.1.3 Effects of carbon sources on callus inductiaof tested rice genotypes

The effects of maltose on the callus inductionesitéd rice genotypes were
described in table 4.3. Among the tested genotyBes,Thwe Lat and Bay Kyar
Taung Pyan had better response in callus indutti@ucrose while Thu Kha Hmwe,
Khone Myint 2, Hnan Kar, and Shwe Ta Soke had $ipea@sponse to maltose. It
may be due to different requirement of carbon sateocinduce callus for tested rice
genotypes. Swapna (2000) also reported that thextefif maltose and sucrose on
androgenesis is variety specific. In the experimpraltose increased anther response
in most of tested genotypes (not only in indica lalgo in tropical japonica
genotypes). It may be due to degradation of sucem&k maltose to glucose. This
result agreed with Yi et al. (2003) who found thaltose increased anther response
not only in indica but also in japonica. Sengsaalet(2007) stated that maltose was
found to be a better carbon source for callus itidndn indica and japonica hybrid,
BC1F1 (KDML 105//IRBB5/KDML105) anther culture comaped with sucrose.
Callus induction of Paw San Hmwe on maltose hag #ries than that of sucrose.
Javed et al. (2007) also found that maltose haldsigvalue for callus induction and
the result of maltose was 1.5 times than that ofage. This is because slow rate of
degradation of maltose to glucose as compared toose. $w degradation of
maltose results in stabilization of medium osmojarMoreover fructose from the

cleavage of sucrose inhibits the androgenesis @ragBrettell 1990).
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Table 4.3 Effects of maltose on callus induction imnn vitro anther culture of

different rice genotypes

Callus induction % %
increase
No. Genotypes Types .
Sucrose  Maltose in callus
induction
1. Yar-8 2.11 2.33 1.10
2. Thee Htat Yin 0.44 0.67 1.52
3. Shwe Pyi Htay 0.00 0.00 0.00
4. Thee Htat-3 0.00 0.00 0.00
5. Hmaw Bi 3 2.44 6.56 2.69
6. Hmaw Bi 2 1.11 2.22 2.00
7. Sin Thwe Lat . 2.78 2.67 0.96
Indica
8. Thu Kha Hmwe 0.00 1.78 =)
9. Kone Myint 2 0.00 0.44 )
10. Shwe War Htun 0.44 1.89 4.3
11. Lat Yone Kyi 2.67 2.67 1.00
12. Hnan Kar 0.00 2.44 )
13. Yebaw Sein 2.56 6.78 2.65
14. Shwe Ta Soke 0.00 1.78 =)
15. Paw San Hmwe 6.89 19.11 2.77
16. Paw San Taung Pyan Hmwe 7.89 19.22 2.44
Tropical
17. Paw San Bay Kyar _ ) 6.67 11.78 1.77
japonica
18. Bay Kyar Taug Pyan 10.00 7.44 0.74
19. Nga Kywe Taung Pyan 7.00 7.22 1.03
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4.2 Plant Regeneration

About 7 days old calli (1-2mm) were sub-cultured'M shaped filter paper
in callus induction medium for two weeks and theoved to regeneration medium.
After two weeks of sub-cultured, green spots wenenfl on some calli and some
produced albino plants while others turned to braetor. Callus browning may be
due to non-embryogenic callus or media containmgyase. Darachai et al. (2010)
reported that media containing sucrose promotetimdene production in plant tissue
and ethylene is a plant growth regulator which canse the browning of callus in
tissue culture. The basic cause of albinism inigdenpairment of DNA in plastids or
nuclei or in both of them (Kumari et al, 2009). &nespots formation and green plant
regeneration are important for the successimofvitro anther culture. Most of

differentiated calli produced either green or atbjptants while some produced both.

Plate 5 Shoot regeneration from callus ofn vitro anther culture

A. Albino plant regeneration;
B. Callus browning;

C Green spot formation;

D. Green shoot regeneration;
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4.2.1 Effects of genotypes and BAP concentrations green spot formation

Effects of genotypes and different BAP concentretioon green spot
formation were described in table 4.4. Only 10 ggoes gave callus producing green
spots among 17 tested genotypes. Aung et al. 2Bb5faunded that only three of
12 tested japonica genotypes produced green pldrtugh all genotypes induced
calli. There was significant difference in greerotsjformation among genotypes.
Thus, it was clear that green spot formation vadegending on genotypes. Highest
green spot formation was found in Bay Kyar Taun@rP{28.18%) among tropical
japonica. However, It was not significant differenwith Nga Kywe Taung Pyan
(23.70%). Lat Yone Kyi (17%) gave highest greent$pomation among indica rice.
Green spot formation ranged from 1.48% to 28.15%ragrthe tested rice genotypes.
Kaushal et al. (2014) also proved that green spggnmeration varied with genotypes.
Similar result was found in this experiment.

There was significant difference among BAP coneditns in green spot
formation. Green spot formation varied with BAP centrations. Highest
concentration of BAP (1mg:}) gave maximum percentage of callus producing green
spot than the others. This might be because cytokiauses development of single
pole and formation of meristematic dome from whtieh shoot primordium develops
(Sankepally and Singh 2016).

There was interaction effect between genotypesdiffigirent concentrations
of BAP on green spot formation. Green spot formrmatb rice genotypes varied with
concentration of BAP used. The effects of BAP com@ions on green spot
formation of different rice genotypes were desatibe table 4.5. Green spot
formation of Ye Baw Sein (4.45%) and Shwe Ta Sd&®Q0%) were recorded only
on media supplemented with 0.5 mg.BAP. However, most of tested genotypes

produced maximum green spot formation on 1 idBIAP.
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Table 4.4 Effects of genotypes and BAP concentratis on green spot

formation, green plant regeneration and number of geen plants per

culture
No. of
Green spot Green plant
_ _ green
No. Genotypes Types formation regeneration
plants per
% %
culture
1. Yar8 6.67 C 2.22 fg 0.45 de
2.  HmawBi 3 4.45cd 0.00 0.00
3. HmawBi2 5.93 cd 0.00 0.00
4. Lat Yone Kyi Indica 17.00b 11.11 cd 3.22a
5.  Hnan Kar 1555 b 13.33 ¢ 1.00 cde
6. Yebaw Sein 1.48d 0.74 ¢ 0.1le
7. Shwe Ta Soke 6.67 Cc 5.93 ef 1.22 bcd
8. Paw San Bay Kyar 8.89c¢c 7.41 de 211b
Tropical
9. Bay Kyar Taung Pyan ] 28.18 a 25.15a 211b
Japonica
10. Nga Kywe Taung Pyan 23.70 a 20.00 b 1.67 bc
LSD (0.05) 4.55 4.75 0.64
BAP concentrations (mg1)
0 7.11c 511b 1.36 ab
0.5 12.89 b 10.00 a 1.96 a
1 15.56 a 10.67 a 1.13b
LSD(0.05) 2.49 2.60 1.05
Pr>F Genotypes 0.0001 0.0001 0.0001
PGRs 0.0001 0.0001 0.0357
Genotypes*PGR 0.0001 0.0005 0.0500

CV % 40.71 52.55 74.45
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Table 4.5 Effects of BAP concentrations on green ep formation of different

rice genotypes

Green spot formation (%)

No. Genotypes Types BAP concentrations (mg:Y
0 0.5 1
1. Yar 8 0.00 6.67 13.33
2. Hmaw Bi 3 0.00 4.45 8.89
3. Hmaw Bi 2 8.89 0.00 8.89
4. Lat Yone Kyi Indica 11.11 20.00 20.00
5. Hnan Kar 13.33 13.33 20.00
6. Yebaw Sein 0.00 4.45 0.00
7. Shwe Ta Soke 0.00 20.00 0.00
8. Paw San Bay Kyar 6.67 4.45 15.56
Tropical
9. Bay Kyar Taung Pyan _ 13.33 35.55 35.55
Japonica
10. Nga Kywe Taung Pyan 17.78 20.00 33.33
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4.2.2 Effects of genotypes and BAP concentrations green plant regeneration

The effects of genotypes and BAP concentrationgreen plant regeneration
were presented in table 4.4. Only 8 genotypes medigreen plants among the tested
genotypes. There was significant difference amoegotypes. One of tropical
japonica genotypes in green plants regeneratioy, Bar Taung Pyan (25.15%)
gave highest green plant regeneration among thedtegenotypes and Hnan Kar
(13.33%) produced maximum green plant regeneratiandica genotypes. Thus, it
can be said that green plant regeneration was g@moiependent character. This was
also reported by many researchers who studied ganezation of cereal anther
culture.

There was significant different among BAP concdidrs in green plant
regeneration (Table 4.4). In this experiment, grgl@nt regeneration was highest in 1
mg.L'BAP (10.67%) and it was not significant differerwith the result 0f0.5 mg.L
'BAP (10.00%). Thus, addition of BAP to the mediurithvother hormones is more
suitable for percentage of callus producing grelamtp than without BAP. Similar
result was reported by Rout et al. (2016) that éigtoncentration of BAP along with
low concentration of kinetin was found effectiver fshoot regeneration of anther
culture.

There was significant interaction effect betweennagjgpes and BAP
concentrations on green plant regeneration (Tallg &Green plant regeneration of
rice genotypes was different depending on conceoraBAP used. Green plant
regeneration varied from 0 to 25.15 % among thieedesce genotypes (Table 4.4).
Ranjana et al. 1998 found that plant regeneratiequiency varied from 0 to 26.86%
depending upon the genotypes and the constituénke onedia used. The effects of
BAP concentrations on green plant regeneration ifiérdnt rice genotypes were
presented in table 4.6. Maximum green plant regeiter was found in 1 mg1BAP
for most of tested genotypes. However, green ptageneration of Yebaw Sein
(2.22%) and Shwe Ta Soke (17.78%) were recordedam0.5 mg.L* BAP.
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Table 4.6 Effects of BAP concentrations on green a@ht regeneration of

different rice genotypes

Green plant regeneration (%)

No. Genotypes Types BAP concentrations (mg)
0 0.5 1
1. Yar 8 0.00 2.22 4.44
2. Lat Yone Kyi 6.67 13.33 13.33
3. Hnan Kar Indica 11.11 11.11 17.78
4. Yebaw Sein 0.00 2.22 0.00
5. Shwe Ta Soke 0.00 17.78 0.00
6. Paw San Bay Kyar 4.45 4.45 13.33
Tropical
7. Bay Kyar Taung Pyan _ 11.11 31.11 33.33
Japonica
8. Nga Kywe Taung Pyan 18.78 17.78 24.44
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4.2.3 Effects of genotypes and BAP concentrationsr mumber of green plants

per culture

Effect of different genotypes and BAP concentrati@ms number of green
plants per culture were presented in table 4.4r&h@s significant difference among
genotypes in number of green plants per cultureognthe tested genotypes, Lat
Yone Kyi gave maximum number of green plants péiuoel (3.22) and followed by
Bay Kyar Taung Pyan (2.11) and Paw San Bay Kydrl{2 Number of green plant in
regeneration is genotype dependent character. Masesignificant different among
BAP concentrations in number of green plants pdtiul In the number of green
plants per culture, (1.96) was highest in 0.5 rig.BAP than other BAP
concentration in the experiment. However, there wiggificant interaction effect
between genotypes and BAP concentrations on nuoflgreen plants per culture. It
means that the significant effect of genotypes aepend on the effect of BAP
concentration.

The effects of BAP concentrations on number of grekants per culture of
different rice genotypes were described in table Higher number of green plant per
culture for most of tested genotypes was found adian supplemented with 0.5
mg.L* BAP. However, higher number of green plants pétuoel of Lat Yone Kyi
(4.33) was recorded on media supplemented with IL@AP than other BAP
concentrations while Bay Kyar Taung Pyan (2.33) media supplemented with
0 mg.L. This clearly shown that there was the differdmémponse of different rice
genotypes to BAP concentrations. However, numbegreén plants per culture of
Hnan Kar, Bay Kyar Taung Pyan and Nga Kywe TaungnPare non-responsive to
BAP concentrations used in the experiment.
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Table 4.7 Effects of BAP concentrations on numberfgreen plants per culture

of different rice genotypes

No. of green plants per culture

No. Genotypes Types BAP concentrations (mg)
0 0.5 1
1. Yar 8 0.00 0.67 0.67
2. Lat Yone Kyi 2.33 3.00 4.33
3. Hnan Kar Indica 1.00 1.00 1.00
4. Yebaw Sein 0.00 0.33 0.00
5. Shwe Ta Soke 0.00 3.67 0.00
6. Paw San Bay Kyar 1.67 3.33 1.33
Tropical
7. Bay Kyar Taung Pyan _ 2.33 2.00 2.00
Japonica
8. Nga Kywe Taung Pyan 1.67 1.67 1.67
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4.2.4 Effects of different rice genotypes and BAPooicentrations on albino plant

regeneration

The effects of genotypes and BAP concentrationalloimo plant regeneration
were described in table 4.8. There was signifigadtfferent among genotypes on
albino plant regeneration. Thu Kha Hmwe (26.67%)pced maximum albino plants
among indica and Nga Kywe Taung Pyan (24.44%) bégieest albino plants among
tropical japonica. Albino plant regeneration randgesh 8.89 to 26.67 % among the
tested rice genotypes.

There was no statistically significant differenceaang BAP concentrations on
albino plant regeneration. However, 0.5 myBAP gave maximum albino plants
formation (15.56%) in most of tested genotypes.

There was significantly different interaction beémegenotypes and BAP
concentrations in albino plant regeneration. It nsethat albino plant regeneration of
tested genotypes varied with BAP concentrations.use

The effects of BAP concentrations on callus prodgcalbino plants of
genotypes were presented in table 4.9. Albino plagéneration of tested genotypes
varied from 4.44% to 40% depending on BAP concéotta used. Talebi et al.
(2007) stated that albino plant were morphologstaiilar to the green plant except in
chlorophyll deficiency and 5-100% albinos found rice anther culture of their

experiment.
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Table 4.8 Effects of genotypes and BAP concentratis on albino plant

regeneration

No. Genotypes Types Albino pl-ant
regeneration %
1. Thee Htat Yin 16.30 bc
2. Hmaw Bi 3 8.89d
3. Hmaw Bi 2 12.59 cd
4.  Sin Thwe Lat 16.30 bc
5. Thu Kha Hmwe Indica 26.67 a
6.  Shwe War Htun 1111 cd
7. Latt Yone Kyi 9.63 cd
8. Hnan Kar 10.37 cd
9.  Yebaw Sein 7.41d
10. Paw San Hmwe 20.74 ab
11. Paw San Taung Pyan Hmwe 11.85 cd
12. Paw San Bay Kyar Tropical japonica 11.85cd
13. Bay Kyar Taung Pyan 9.63 cd
14. Nga Kywe Taung Pyan 24.44 a
LSD(0.05) 7.38
BAP concentrations (mg1)
0 14.44
0.5 15.56
1 12.38
LSD 341
Pr>F Genotypes 0.0001
PGR 0.1780
Genotypes*PGR 0.0008

CV% 105.3400




40

Table 4.9 Effects of BAP concentrations on albinolant regeneration of tested

rice genotypes

Albino plant regeneration (%)

No. Genotypes Types BAP concentrations (mg1)

0 0.5 1
1. Thee Htat Yin 33.33 8.89 6.67
2. Hmaw Bi 3 8.89 11.11 6.67
3. Hmaw Bi 2 11.11 17.78 8.89
4. Sin Thwe Lat 15.56 17.78 15.56
5. Thu Kha Hmwe Indica 20.00 40.00 20.00
6. Shwe War Htun 16.33 15.56 4.44
7. Lat Yone Kyi 8.89 15.56 4.44
8. Hnan Kar 6.67 11.11 13.33
9. Yebaw Sein 11.11 6.67 4.44
10. Paw San Hmwe 33.33 17.78 11.11
11. Paw San Taung Pyan Hmwe 6.67 11.11 17.78
12. Paw San Bay Kyar Tropical 8.89 13.33 13.33

Japonica

13. Bay Kyar Taung Pyan 4.45 11.11 13.33
14. Nga Kywe Taung Pyan 20.00 20.00 33.33
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4.2.4 Anther culturability of tested rice genotypes

The anther culturability of tested rice genotypesavshown in table 11. Bay
Kyar Taung Pyan showed highest anther culturabfli§7%) among all tested rice
genotypes. Among indica, Lat Yone Kyi had highesthar culturability (118%)
although Hnan Kar gave maximum green plant regéiner&l3.33 % in Table 4.4).
This is because number of green plants per cutitileat Yone Kyi (3.22 in Table
4.4) was higher than that of Hnan Kar (1.00 in €abl4) although green plant
regeneration of Lat Yone Kyi (11.11% in Table 4vgs lower than that of Hnan Kar
(13.33% in Table 4.4). Bay Kyar Taung Pyan produttedhighest number of green
plants in this experiment. Anther culturability sat from 2 % to 197 % among the
tested rice genotypes. Ouimio and Zapata also teghdhat anther culturability was
found to be controlled by additive gene effectesih990.Similar result was found in
this experiment. Thus, anther culturability was sidared as a genetically controlled
character.

Anther derived fertile plants regenerated from edjfferent rice genotypes
can be observed in appendix 4.
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Table 4.10 Anther culturability of tested rice gentypes

Total no. of No. of

green plants anthers Anther
No. Genotypes Types . .
grownin  plated test culturability
pot tube
1 Yar 8 5 61 8
2 Lat Yone Kyi 47 40 118
3 Hnan Kar Indica 8 34 24
4 Yebaw Sein 1 50 2
5 Shwe Ta Soke 9 51 18
6 Paw San Bay Kyar 22 47 47
Tropical
7 Bay Kyar Taung Pyan _ 55 28 197
Japonica
8 Nga Kywe Taung Pyan 42 43 98




CHAPTER V
CONCLUSION

According to the results of this study, tropicgbgaica genotypes produced
more callus than indica. Paw San Taung Pyan Hmwe tha highest (19.22%)
among tropical japonica and Yebaw Sein (6.78%) thashighest among indica in
callus induction. Maltose has superior effect tthusainduction in most of the tested
rice genotypes than sucrose. There was interaeftect between genotypes and
carbon sources in callus induction. Therefore, ah de said that the effects of
different carbon sources depend on different reeogypes.

In regeneration, Bay Kyar Taung Pyan showed thédsg(25.15%) among
tropical japonica and Hnan Kar (13.33%) gave tlghést among indica. In the case
of BAP concentrations, combination of 0.5 migBAP with 1 mg.L* kinetin and 1
mg.L* NAA, gave better results for most of the teste@ genotypes for green plant
regeneration and number of green plants per culaliftough combination of 1 mg.L
! BAP with 1 mg.L* kinetin and 1 mg.. NAA was effective for green spot
formation. An interaction effect was found betwéka effect of genotypes and BAP
concentrations for green spot formation, greentplegeneration and number of green
plants per culture. In anther culturability, thglnest response was found in Bay Kyar

Taung Pyan among tropical japonica and in Lat Yidpieamong indica.



REFERENCES

Abyawickrama, A. S. M. T. and T. Anai. 2006 Comparism of regeneration
efficiency of different genotypes of indica riceltotars. Bulletin
Faculity of Agriculture, Saga University. 92: 17:23

Afza, R., M. Shen, F. J. Zapata-Arias, J. Xie, H. K Fundi, K. S. Lee, E.
Bobadilla-Mucino and A. Kodym.2000.Effect of spikelet position on
rice anther culture efficiency. Plant Sciences.: 155%-159.

Asaduzzaman, M., M.A. Bari, M. H. Raham, N. Khatun,M. A. Islam and M.
Raham. 2003 In vitro plant regeneration through anther cudtaf five
rice varieties. Journal of Biological Sciences.)3(57-171.

Asif, M. 2013a History, production methods, and types of hagpld: Progress and
opportunities of doubled haploid production. 1-6.

Asif, M. 2013hb. Androgenesis: A fascinating double haploid praaucprocess. In:
Progress and opportunities of doubled haploid pcodn. 7-32.

Aung, T. D., P. S. Thant, M. K. T. Khine, T. T. Oo,T. Yi and K. Soe. 2009
Anther culture response of indica rig@ryza sativa L.). Biotechnology
Section. DAR, Yezin.

Aung, T.D., T. T. Aye and T. Yi. 2015Anther culture response of Myanmar quality
rice genotypes (Qryza sativa L.).Myanmar Agricultural Research
Journal, 1: 95-101.

Bagheri, N., N. B. Jelodar and A. Ghanbari. 2009Evaluation of Effective Factors
in Anther Culture of Iranian Ricéfyza sativa L.) Cultivars. Biharean
Biologist. 3(2): 119-124.

Bhojwani, S. S. and M. K. Razdan. 1983Cell culture. In: Development in crop
sciences, plant tissue culture: Theory and Pradic25-42.

Bhojwani, S. S. and P. K. Dantu. 2010Haploid plants. In: Davey, M. R. and P.
Anthony (eds) Plant cell culture essential meth@gs.61-75.Cho, M.
S. and F. J. Zapata. 1988. Callus formation andtpkegeneration in
isolated pollen culture of ric©ryza sativa L. cv. Tipei 309. Plant
Sciences 58: 239-244.

Bishnoi, U., R. K. Jain, J. S. Rohilla, V. K. Chowtury, K. R. Gupta and J. B.
Chowdhury.200Q Anther culture of recalcitrant indicax Basmadteri
hybrids. 114: 93-101.



45

Chaleff, R. S. and A. Stolarz. 1982The development of anther culture as a system
for in vitro mutant selection. In: Rice tissue cué planning
conference. International Rice Research Institubs. Banos, Laguna,
Philippines.63-74.

Chang F., Z. Zhang, Y. Jin and H. Ma. 2014Cell Biological analyses of anther
morphogenesis and pollen viability iarabidopsis and rice. In:
Riechmann J. and F. Wellmer. (eds) Flower Develogmdethods in
Molecular Biology (Methods and Protocols), volunid10. Humana
Press, New York, NY.

Chen, X., S. Temnykh, Y. Xue, Y. G. Cho and S. R. & Couch. 1997.
Development of a microsatellite framework map pdowj genome-
wide coverage in riceQryza sativa L.). Theoretical and Applied
Genetics. 95: 553-567.

Darachai, P., S. Chutipaijit and K. Sompornpailin. 201Q Carbon sources and
supporting materials in callus induction: Effect oegeneration of
indica rice Qryza sativa L. cv. RD6 and RD15). In: The™s
international symposium on biocontrol and biotedbgy, Thailand.
266-272.

Dewi, I, B. S. Purwoko, H. Aswidinnoor, I. H. Somatri, and M.A. Chozin. 2009
plant regeneration from anther cultures of sevgeslotypes of indica
rice tolerant to aluminum toxicity. Indonian Jourrd Agriculture.
2(1): 1-5.

Dubas, E., I. Zur, M. Krzewska and F. Janowlak. 20%. Current insights into
hormonal regulation of microspore embryogenesisnfier in Plant
Sciences.6: 424.

Dunwell, J. M. 2010 Haploids in flowering plants: origin and explaita. Plant
Biotechnology Journal. 8:377-424.

Faruq, G., F. Shamsuddin, A. Jenifer, S. H. JusohA. Nezhadahmadi and N.
Khalid. 2014. Optimization of media and cold pre-treatment fothar
culture using japonica/indica and indica/indica tig® and their callus
induction comparisons in different rice crosseddidn Journal of
Sciences and Technology, 7(11): 1861-1870.

Forster, B. P., E. Heberle-Bors, K. J. Kasha and ATouraev. 2007.The resurgence
of haploids in higher plants. Trends in Plant Scésn 12: 368—-375.



46

Genovesi, A. D. and C. W. Magill. 1979Improved rate of callus and green plant
production from rice anther culture following cadock. Crop Science
19: 662-664.

Grewal, D., C. Manito and V. Bartolome. 2011Double haploids generated through
anther culture from crosses of elite and cultivams/or lines of rice:
large-scale production, agronomic performance, amdlecular
characterization. Crop Sciences. 51(6): 2544-2553.

Gueye, T. and K. N. Ndir. 201dn vitro production of double haploid plants from
two rice speciesdryza sativa L. andOryza glaberrima Steudt.) for the
rapid development of new breeding material. SdienResearch and
Essays. 5(7): 709-713.

Guha, S. and S. R. Maheshwari. 1964n vitro production of embryos from anthers
of Datura. Nature 204-209.

Haque, M., A. B. Siddique and S. M. Shahinul Islam2015 Effect of silver nitrate
and amino acids on high frequency plants regemerain barley
(Hordeumvulgare 1.). Plant Tissue Culture and Biotechnology. 25(1):
35-50.

Herath, H. M. I., D. C. Bandara and P. K. Samarajewa. 2007 Effect of culture
media for anther culture of indica rice varietiexl anybrid of indica
and japonica. Tropical Agricultural Research anteBsion: 10.

Herath, H. M. I., D. C. Bandara, P. K. Samarajeewaand D. S. A. Wijesundara.
2008.The effect of plant growth regulators on anthdturae response
and plant regeneration in selected Siri Lankancadice varieties,
japonica varieties and their inter-sub specific rigd Tropical
Agricultural Research. 20: 243-250.

Herath, H. M. I., D. C. Bandara, P. K. Samarajeewaand D. S. A. Wijesundara.
2009 Effect of low temperature treatment on antheturalin selected
indica, japonica, rice varieties and their sub #mechybrids.
Biological Sciences. 38(1): 11-26

Herath, H. M. I. and D. C. Bandara. 2011 Anther culture performance in selected
high yielding indica (of Sri Lanka) and japonicaerivarieties and their
inter sub-specific hybrids. Journal of National éwes Foundation of
Sri Lanka. 39(2): 149-154.



a7

Herawati, R., B. S. Purwoko and I. S. Dewi. 2010Characterization of doubled
haploid derived from anther culture for new typdang rice. Indian
Journal of Agronomy, 38(3): 170-176.

Howell, S. H., S. Lall and P. Che. 200ytokinins and shoot development. Trends
Plant Sciences 8:453—-459.

Htwe, N. N., M. Maziah, H.C. Ling, F. Q. Zaman andA. M. Zain. 2011
Responses of some selected Malaysian rice genotjpesallus
induction under In vitro salt stress. African Jalrof Biotechnology.
11: 350-362.

Huang, H. J., Q. S. Lin, D. X. Huang and J. B. Chen1998 Factors influencing
anther culture of indica rice. Guangdong Agricludtusciences. 1:2-5.

Javed, M.A., T. Ishii, O. Kamijima and S. Misoo. 207. The role of alternating
temperatures and maltose in enhancing anther euttificiency of salt
tolerant indica rice Qryza sativa L.) cultivars, Pikkali and Nona
Bokra. Plant Biotechnology. 24: 283-287.

Jha, D.K.2016 Androgenesis for production of double haploid yapon in rice
(Oryza sativa L). M.Sc Thesis. College of Agriculture Raipur, BHg
Agriculture, Indira Gandhi Krishi Vishwavidyalayaaiur.

Kaushal, L., R. Sharma, S. M. Balachandran, K. Ulagnathan and V. Shenoy.
2014 Effect of cold pretreatment on improving anthelture response
of rice (Oryza sativa L.). Journal of Experimental Biology and
Agricultural Sciences. 2(2): 2320-8694.

Kaushal, L., S. M. Balachandran, K. Ulaganathan, AK. Singh. R. Priyadarshi
and V. Shenoy. 2015Auxin to improve green plant regeneration of
rice anther culture. International Journal of Aghliare and Crop
Sciences. 8 (1): 15-26.

Khatun, R., S. M. Shahinul Islam, I. Ara, T. Tutejaand M. A. Bari. 2012. Effect
of cold treatment and different media in improviagther culture
response in rice. sativa L.) in Bangladish. Indian Journal of
Biotechnology. 11: 458-463.

Kikubhai, P. J. 2010. Studies on production of doubled haploids in riCeyza
sativa) through anther culture. Ph.D Thesis. Anand Adtical
University,Gujarat (India).



48

Kim, D., T.G. Brock and P.B. Kaufman. 1992.Green and non-green callus
induction from excised rice Qfyza sativa) embryos: Effect of
exogenous plant growth regulators: Plant GrowthuRegr. Society of
America, 20(4): 189-199.

Kiviharju, E. and E. Pehu. 1998 The effect of cold and heat pre treatments on
anther culture response @fvena sativa and A. sterilis. Plant Cell
Tissue and Organ Culture. 54:97-104.

Kumari M, H. J. Clarke, I. Small and K. H. M. Siddique. 2009.Albinism in
plants: A major bottleneck in wide hybridizatiomdaogenesis and
doubled haploid culture. Critical Review in Plamieéhces, 28(6): 393—
4009.

Last, D. I. and R. I. S. Brettell. 1990 Embryo yield in wheat anther culture is
influenced by the choice of sugar in the culturedimm. Plant Cell
Reports 9:14-16.

Lenka, N. and G. M. Reddy. 1994.Role of media, plant growth regulators in
callusing and plant regeneration from anthers oflicen rice.
Proceedings of the Indian National Academy of Smesn60: 87-92.

Lentini, Z., P. Reyes, C. P. Marinez and W. M. Rocal995 Androgenesis of
highly recalcitrant rice genotypes with maltose ander nitrate. Plant
Sciences, 110:127-138.

Mandal, N. and S. Gupta. 1995Effects of culture medium on androgenesis callus
formation and green plant regeneration in indica.rindian Journal of
experimental Biology. 33: 761-765.

Medhabati, K., K. R. Das, C. Henary, T.D. Singh andH. Sunitibala. 2014.
Androgenic Callus Induction of the Indica Rice Hygbof Chakhao
Amubi and Basmati 370. International Research JwhBiological
Sciences. 3(4): 73-79.

Mishra, R. and G. J. N. Rao, 2016In-vitro androgenesis in rice: advantages,
constraints and future prospects. Rice Sciencé€2)237-68.

Mishra, V. K. and R. Goswami. 2014Haploid production in higher plant. In: IJCBS
review paper. 1(1):2349-2724.

Mishra, R., G. J. N. Rao, R. N. Rao, P. Kaushal. 26. Development and
characterization of elite double haploid lines framo indica rice
hybrids. Rice Sciences, 22(6): 290-299.



49

MOAI, Ministry of Agriculture and Irrigation (2004 ) Rice Varieties in
Myanmar.In Commemoration of the International YegRice.

MOAI, Ministry of Agriculture and Irrigation (2015) Myanmar Agriculture in
Brief.

Mu. T. T. 1999 The effect of abscisic acid on green plant regeian in anther
culture of rice. M.Sc Thesis.YAU, Yezin.

Murashige, T. and F. Skoog. 1962A revised medium for rapid growth and
bioassays with tobacco tissue cultures. Physi@dnt@tum 15: 473-
497.

Myint, T. D. 2002Genetic analysis of callus induction and plant negation in
anther culture of rice. M.Sc Thesis. YAU, Yezin.

Niizeki, H. and K. Oono.1968Introduction of haploid rice plant from anther cué.
Proceedings of Japan Academy. 44: 554-557.

Niroula, R. K. and H. P. Bimb. 2009 Effect of genotypes and callus induction on
green plant regeneration from anther of Nepalese qultivars. Asian
Journal of Plant Science. 8(5): 368-374.

Nitsch, J. P. and C. Nitsch. 196%aploid plants from pollen grains. Science 163:85
87.

Nobre, J., C. Santos and A. Romano. 200Micropropagation of the Mediterranean
speciesviburnum tinus. Plant Cell Tissue and Organ Culture. 60: 75—
78.

Ogawa, T., H. Fukuwa and Y. Ohakawa. 1995Plant regeneration through direct
culture of isolated pollen grains in rice. Breed#gence. 44: 301-307.

Oono, K. 1975 Production of haploid plant ric€©(yza sativa L.) by anther culture
and their use for breeding. Bulletin National Ihge of Agricultural
Sciences, 26: 139-222.

Pande, H.1997Androgenesis in anther culture of an indica cuttivhOryza sativa.
Ph.D Thesis. Delhi University, Delhi.

Pande, H. and S. S. Bhojwani. 199%®romotion of androgenesis in rice anther
cultures by substitution of sucrose with maltose amannitol. Plant
Biology 42:125-128.

Pathinayake, B. D. and D. L. Johnson.198Hffect of culture media and temperature
treatments on callus formation in anther culturditierent rice Qryza
sativa L.) genotypes. 10: 107-109.



50

Raina, A., H. Pande and S. Bhojwani. 2001Factors affecting androgenesis in
indica rice.

Raina, S. K. and F. J. Zapata. 1997Enhanced anther culture efficiency in indica
rice Oryza sativa L.) through modification of the culture media. Rlan
Breeding 116(4): 305-315.

Ramakrishnan, S. H., S. Saravanan, C. R. Anandakumand J. R. Kannanbapu.
2005 Invitro androgenesis in ricéfyza sativa L.). Asian Journal of
Plant Sciences. 4: 600—-602.

Ranjana, S., D. K. Sharma and G. Chandal. 1998Anther culture response of
indica rice Qryza sativa L.). 35(2):117-119.

Rout, P. N., Naik, U. Ngangkham, R.L. Verma, J. L Ktara, O. N. Singh and S.
Samantaray. 2016 Doubled haploids generated through anther culture
from an elite long duration rice hybrid, CRHR32: thied optimization
and molecular characterization. In: Generation olullled Haploids
from rice hybrid. The Japanese Society for Plant @& Molecular
Biology. 33:177-186.

Roy, B. and A. B. Mandal. 2005 Anther culture response in indica rice and
variations in major agronomic characters amongatidroclones of
a scented cultivar Karnal local. African JournalBibtechnology.
4(3): 235-240.

Rueb, S., M. Leneman and R. A. Schilperoort. 1994fficient plant regeneration
through somatic embryogenesis from callus inducedature rice
embryos QOryza sativa L.). J. Plant Cell Tissue and Organ Culture. 36:
259-264.

Rukmini, M., G. J. N. Rao and R. N. Rao. 2013Effect of cold pretreatment and
phytohormones on anther culture efficiency of twdica rice Qryza
sativa L.) hyrids- Ajay and Rajlaxmi. Journal of Experinmtal Biology
and Agricultural Sciences. 1:69-76.

Sammour, R. H., A. E. S. Draz and R. S. M. Nofal. ®@5. Improvement oryza
sativa L. production using anther culture and makec markers.
Research and Reviews in Biological Sciences. 10¢3;194.

Sankepally, S. S. R and B. Singh. 2018 ptimization of regeneration using
differential growth regulators in indica rice culrs. Institute of

Biotechnology, Amity University Rajasthan, Jaipundia. 6:19.



51

Segui-Simarro, J. M. and F. Nuez. 2008 Pathways to doubled haploidy:
chromosome doubling during androgenesis. Cytogeretd Genome
Research. 120: 358-369.

Sen, C., R. P. Sigh, M. K. Sigh and H. B. Sigh. 2D1Effect of cold pre treatment on
anther culture of Boro rice hybrids. The InternatibJournal of Plant
Reproductive Biology.3:69-73.

Sengsai, S., S. Peyachoknagul, P. Sripichitt, A. ®hgpan and P. Pongtongkam.
2007.Anther culture of BgF; (KDML105//IRBB5/KDML105) hybrid
to produce bacterial blight resistance doubled didptice. Kasetsart
Journal- Natural Sciences.41 : 251 — 261.

Shahnewaz, S. and M. A. Bari. 2004Effect of concentration of sucrose on the
frequency of callus induction and plant regeneratio anther culture
of rice Oryza sativa L.). Plant Tissue Culture, 14(1):37-43.

Silva, T. D. 2009.Indica rice anther culture: can the impasse bpassed. Plant Cell
Tissue and Organ Culture DOI 10.1007/s11240-00%361

Silva, T. D. and W. J. Ratnayake. 2009 Anther culture potential indica rice
varieties, Kurulu thuda and Bg 250. Tropical Aghliatal Research
and Extension 12(2): 53-56.

Silva, T. D. 2010 Indica rice anther culture: can the impasse Ipeassed? Plant Cell
Tissue and Organ Culture 100:1-11.

Soe, K. 1988he effect of culture media on callus induction @taht regeneration in
anther culture of some rice varieties. M.Sc Thedisiversity of The
Philippies, Los Banos.

Sunderland, N., G. B. Collins and J. M. Dunwell. 184. The role of nuclear fusion
in pollen embryogenesis &fatura innoxia Mill. Planta. 117: 227-41.

Swapna, T. S. 200@Generation of variability for salt tolerance ingicsing tissue
culture techniques. Ph.D Thesis. Cochin UniversityScience and
Technology, Cochin.

Talebi, R., M. R. Rahemi, H. Arefi, M. Nourozi and N. Bagheri. 2007 In vitro
plant regeneration through anther culture of soraeidn local rice
(Oryza sativa L.) cultivars. Pakistan Journal of Biological Swes.
10(12): 2056-2060.

Torp, A. M. and S. B. Andersen. 2009Albinism in microspore culture. In: Touraev,
A., B. P. Forster, S. M. Jain (Eds) Advances inltidpproduction in
higher plants. The Netherlands.155-160.



52

Touraev, A., M. Pfosser and E. Heberle-Bors. 200IThe microspore: a haploid
multipurpose cell. Advances in Botanical ReseaB&h,53-109.

Trejo-Tapia, G., U. M. Amaya, G. S. Morales, A. DJ. Sanchez, B. M. Bonfil, M.
Rodriguez-Monroy and A. Jimenez-Aparicio. 2002.The effects of
cold pre treatment, auxins and carbon source dmeasulture of rice.
Plant Cell Tissue and Organ Culture. 71: 41-46.

Van Staden, J., E. Zazimalova and E. F. George. 280Plant growth regulators Il
Cytokinins, their analogues and antagonists. IorGe, E. F., M. A.
Hall and G. J. De Klerk. (eds) Plant propagatiortibgue culture, 3rd
edn. pp. 205-226.

Win, K. 1994 Effect of genotypes and edia o callus induction plaaht regeneration
in anther culture of ricedryza sativa L.).M.Sc Thesis. YAU, Yezin.

Yan, J., Q. Xue and J. Zhu. 1996Genetic studies of anther culture ability in rice
(Oryza sativa). Plant Cell Tissue and Organ Culture 45: 253-258.

Yatazawa, M. and K. Furuhash. 1968 Nitrogen sources for the growth of rice
callus tissue. Soil Sciences and Plant Nutritigi{2} 73-79.

Yi, G. H., M. H. Nam, B. G. Oh and H. Y. Kim. 2003 Effect of maltose on anther
culture of Tongil and indica rice. In: Advancesrioce genetics. 508-
5009.

Zepata-Arias, F. J. 2003.aboatory protocol for anther culture techniqueiae. In:
Maluszynski, M., K. J. Kasha, B. P. Forster andStarejko. (eds)
double haploid production in crops palnts, a markiiwer Academic
Publisher, 109-116.



APPENDICES

Appendix 1 Amount of different chemical componentsin stock solution for

callus induction medium and plant regeneration medim

Concentration in medium ( mg-).

Components Callus Induction Plant )
Medium (N6 ) Regeneration
Medium (MS)

NH4NO3 - 1650

KNO3 2830 190
CaCbh.2H,O 166 440
MgSO,.7H20 185 370
KH2PO, 400 170
(NH9)SO 463 -

FeSQ.7H,O 27.85 27.88
NaoEDTA 37.25 37.3
HsBOs 1.6 6.2

MnSQO,.4H,0 4.4 22.3
ZnSQ.4H,0 15 8.6
Kl 0.8 0.83

NagM00O,.2H,0 - 0.25

CuSQ.5H,0 - 0.025
CoCl.6HO - 0.025
Nicotinic acid 0.5 0.5
Pyridoxin HCL 0.5 0.5
Thiamine HCL 1 0.1
Glycine 2 2.0

| -inositol 27.8 100
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Appendix 2 Amount of chemical component s for stoclsolution of Yoshida’s

nutrient solution

Stock
No. Chemical Amount (g or ml)/ 5 liters
1. NH;NO3 457.000
2. NaHPOH,0 201.500
3. KoSOy 357.000
4. CaC} 443.000
5. MgSQ7H,O 1,620.000
MnCl,4H,O 7.500
(NH4)sM070,44H,0 0.370
H3BO3 4.670
ZnSQ, 7H,0O 0.175
> CuSQ 5H,0 0.155
FeCk 6H,O 38.500
CeHgO7H0 59.500

1M H,SO (ml) 250
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Appendix 3 Carbon sources, Agar, plant growth regutors used in the

experiment

Maltose Sucrose

Kinetin

1-Naphthyl Acetic Acid

Benzylaminopurine
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Appendix 4 Fertile plants derived from in vitro anther culture of eight rice

genotypes

Yebaw Sein Shwe Ta Soke Paw San Bay

Nga Kywe
Taung Pyan




