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ABSTRACT

This experiment was carried out to evaluate théusialg ability and green
plant formation of selected indica rice genotypes & progenies after crossing
selected genotypes. Shwe Man-1, Sin Akari-3, Siwéllhatt, Thee Htat Yin and
Yar-8 genotypes were selected as parental linesdbas callusing ability of anther
culture. Five crosses (Shwe Man-1 x Thee Htat Yime Htat Yin x Sin Thwe Latt,
Sin Thwe Latt x Sin Akari-3, Yar-8 x Thee Htat Yamd Sin Thwe Latt x Yar-8) were
obtained by crossing the selected indica rice ggmst Anthers of selected indica
rice genotypes and;Fhybrids were cultured on s\Nmedium with supplemented 2
mg-L* 2,4-D and 0.5 mg-tkinetin for callus induction. Calli were transfedrento
MS medium with 1 mg-E 1AA, 1 mg-L* NAA, 1 mg-L* BAP and 2 mg-L kinetin.

All tested genotypes showed callus formation exoegt cross (Sin Thwe Latt
x Sin Akari-3) that showed no response on anthiuie Callus induction percentage
of responsive genotypes varied from 0.1-2.6%. Grplmt formation from the
regenerated calli varied from 6.3-37.0%. Among pteYar-8 and Shwe Man-1
gave the highest callus induction and green plamhétion. Cross involving Yar-8 as
female parent, Yar-8 x Thee Htat Yin increasedusatiy and green plant formation
ability. These three genotypes (Yar-8, Shwe Mamd eross of Yar-8 x Thee Htat
Yin) produced green plants. The anther-derivedtplah these three genotypes were
haploid and double haploid. According to the resuitar-8 genotype has the potential

for double haploid production through anther c@tur rice breeding program.
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CHAPTER |
INTRODUCTION

Rice Oryza sativa L.) is one of the most important cereal cropsicated in
the world. It provides food for more than half bétworld population (Sasaki, 2005).
In particularly, nearly 90 % of the world’s ricepsoduced in Asia. In Myanmar, rice
is the most important dominating crop and is extamg grown throughout the
country. Therefore, increasing rice productionupport food security has been given
a first priority in agricultural development in Myaar. Indica rice varieties are
mainly grown but some japonica rice varieties aely cultivated. The total rice
growing area was 7.28 million hectares with an ageryield of 3.84 MT/ha (MOAI,
2015). Country was benefited by earning foreignhexge by production and export
of rice. However, there are some limitations fonfars to cultivate good quality rice.
It needs to develop high yielding varieties witlsided characters in rice production

Nowadays, there have been many problems facedfaoth shortage all over
the world. Causes of decreasing food productionimecesasing global population,
environmental degradation and climate change. Thixrescientists are interested in
these challenges and have been tried to upgradkigion technologies. For rice
growing countries, technologies in rice productionst be promoted to supply the
needs of population.

Plant breeders used conventional methods such lagdization, selection,
mutation, etc, to produce new rice varieties. Toveventional plant breeding methods
can be achieved by combining the desired traitsutyin crossing with another desired
characters. However, rice yields are affected kptibiand abiotic stresses. They
attempt to improve rice by using biotechnology. fEfere, plant tissue culture has
become an important tool for breeding improvemanide (Geet al., 2006). Various
tissue culture technigues such as anther cultumtogpast fusion, leaf culture, root
culture and dehusked seed culture are being apigliedirietal development of cereal
crops including rice in different countries (Domae, 1996). Among these
techniques, anther culture is the simplest and nedfieient method (Niizeki and
Oono, 1968).

The important role of anther culture in breedinggoam is to provide plants
with special agronomic characters; developmentaolireess, increased grain weight,

superior grain quality, pest and disease resistdbang, 1984). Recently, anther



culture technigue has been widely used in breepingram of many crops. It can be
used as an effective and time saving for obtairiognozygous lines in varietal
improvement (Chu, 2002). It has become a powedl tor the rapid production of
haploid and inbred lines used to obtain hybrid icais. Production of double
haploids through anther culture is a rapid apprdadiomozygosity that shortens the
time required for the development of new rice ealts as compared to conventional
methods, which require at least 6-7 generationsnvev¥er, the usefulness of this
technique is limited because some genotypes regpomdly to anther culture (Sopory
and Munshi, 1996). Anther culture involves two stegallus induction from
microspores and green plants regeneration from talihe case oindica rice, major
problems are early anther necrosis, poor calludifpration and albino plant
regeneration (Cheet al., 1991).

Callus induction and green plant regeneration psearequisite for utilization
of anther culture in breeding programs. Unfortulyatew percentages of both callus
induction and plant regeneration are the princigabstraints in successful anther
culture in some rice varieties especiallyingica rice since these critical culturing
responses are genotype dependent (Roy and Man@ddg).2The anther culture
response depends on many factors such as varimamtyges, physiological age of
donor plant and culture medium (Torbettal., 1998). Breeders can overcome the
barrier due to genotypes by crossing highly respen® non responsive genotypes in
rice breeding. To obtain good combinations withhhegllus induction and green plant
regeneration, suitable parents could be selecteuyfwridization (Heet al., 2006).

Therefore, the objectives of this study were

(1) To evaluate the callusing ability of selected iadigce genotypes and; F
progenies after crossing of selected genotypes

(2) To examine the green plant formation of selecietica rice genotypes and
their i hybrids



CHAPTER Il
LITERATURE REVIEW

2.1 Anther Culture

Anther culture is a way of producing haploid plar{te’ chromosome
number). The haploid productions in plant breedismg conventional method have
been realized for long time. The conventional metteguires at least 6-7 generations
to get homozygous line. Hu and Zeng (1984) sugdetitat the double haploid
techniqgue can induce homozygous lines in fewer @dioas by doubling
chromosome through inhibiting their anaphase.

Method of haploid production was rapidly expandsihg tobaccoNicotiana
tabacum) which become the model species for anther culaxgeriments (Reed,
1966). This method has been applied to economioitapt crops such as potato and
chilli (Wang et al., 1973), and wheat (Ouyare al., 1973). Exploitation of anther
culture technique is limited due to low regeneratioequency of anthers in rice,
particularly in indica rice (Balachandrahal., 1999). Success of haploid induction
depends on many factors; genotype, microspore dpwedntal stage, cultivated
conditions of plants, components of culture medipamicle treatments (Shigh-Wei
and Zhi-Hong, 1991; Balachandranal., 1999; Wanget al., 2000; Datta, 2005 and
Cha-et al., 2009).

2.2 Application of Anther Culture Technique to RiceBreeding

Since the first haploid plants were regeneratechfrace anther in 1968 by
Niizeki and Oono, anther culture technique has bieéegrated in rice breeding
programs. A large number of rice varieties has lmeloped through anther culture
and released for cultivation over several thousa@ctares in China (Chen, 1986).
Rice anther culture offers homozygous lines frortelezygous breeding lines. This
method allows for selection efficiency due to betliscrimination between genotypes
within any generation and efficient retention okidable alleles in later generation
(Croughan and Chu, 1995).

The application of rice anther culture was become af the alternative ways
in breeding programs. This technique shortensithe tequired for the development
of new varieties compared to conventional breedaghods (Gioi and Tuan, 2004).

Many varieties of rice produced by anther culturehnique andn vitro selection



have improved some characteristics such as pastamese (Suret al., 1992); disease
resistance (Bumbarg al., 2010); grain quality (Thanh, 2011).

Plant breeders need to adapt speed and efficiencievtelop new varieties,
which is important for breeding program (Tuvessanal., 2007). Breeders have
produced many double haploid (DH) lines which hasugoerior grain quality
characteristics (Patdt al., 1997), resistance to blast, bacterial blighte(éteal ., 1989;
Pauket al., 2009), resistance to brown plant hopper and sterar (Chung, 1987),
resistance to salt tolerance and drought toleré®eradhirat al., 2002).

Recently, Thomsoret al., (2010) developed DH lines from the crosses
involving salt tolerant rice lines for saline ar@a®8angladesh. Rice anther culture has
been used to produce DH lines with multiple stredsrances. Dewet al., (2009)
reported that the anther culture ability of indi@@ genotypes used for development
of new rice varieties tolerant to aluminium toxyciSimilarly, Purwokoet al., (2010)
also reported that DH lines tolerant to aluminiuness were produced through anther

culture in upland rice genotypes.

2.3 Sucrose Concentration

Plant cells and tissues in the culture medium aterbtrophic and therefore,
are dependent on the external carbon for energgarSunave two roles in culture
medium, both as carbon source and as osmotic pesssgulator, which are both
important for callus induction (Bishnet al. 2000). The most commonly used sugar
in plant tissue culture is sucrose (Reed, 1966).

Sucrose level of 2 % - 5 % was appropriate for aigther culture (Reinert and
Bajaj, 1977). Sucrose concentration above 6 % m itiduction medium often
increases the proportion of the albino plants (Weaingl., 1977). Similarly, Chen
(1978) reported that 6 % and 9 % sucrose enhanabdtie formation of callus and
the organogenesis of early uninucleate microsptmgsmost of the plantlets cultured
in 9 % sucrose were albino.

It is suggested that sucrose can be used for léo#@ pegeneration because of
lower price than maltose and in an amount of 3%uture medium. Although it is
inclined to use sucrose in culture medium, regardime time interval of callus
induction in rice androgenesis which is 3-4 weekgshidaet al., 1995) and in this
time interval when sucrose is decomposed in cultoeslium (Last and Brettell,

1990), it is suggested to use more amount of se@0gy_ " for androgenesis.



2.4 Plant Growth Regulators

Plant growth regulators are important in plant uessculture since they
promote growth, differentiation and organogenedigplant tissues in cultures. In
addition to nutrients, the growth regulators sushaaxin, cytokinin, abscisic acid,
gibbrellins are mainly added to support growthiséue. The success of tissue culture
can be enhanced by improving the composition ofucellmedium by manipulating

the growth regulators (Mandal and Gupta, 1995).

2.4.1 Auxin

Auxin is one of the most significant regulators differentiation in most
monocot plants (Nishet al., 1968). The auxin most commonly used in plant &ssu
culture are 2,4-D (2,4- Dichloro phenoxyacetic 3cMAA (Naphthaleneacetic acid),
IAA (Indole 3-acetic acid), IBA (Inole 3-butyric &lh). Among the auxin, 2,4-D and
NAA are the most widely used growth regulators ifatuction of callus from rice
anthers (Tapiat al., 2002). Monirulet al., (2004) observed that addition of 1 iy
2,4-D to callus induction medium improved the calinduction and regeneration
potential of the responsive hybrid rice line IR-806 Skideret al., (2006) reported
that 2-3 mgd-" 2,4-D was suitable for callus induction in aroroatce. Sripichitt and
Cheewasestatham (1994) also reported that thesdaltmation of Khao Dawk Mail
rice was optimum (96.3%) when cultured on MS medsupplemented with 2 mg*
2,4-D. Ns medium supplemented with 2 rhg 2,4-D was found to be suitable for
callus induction for Basmati rice cultivars (Nagval., 2005).

Xa and Lang (2011) demonstrated thatmédium with 2 md.™ 2,4-D and 2
mgL™ NAA was used as callus induction medium for callguction in indica x
indica crosses hybrid, which gave 5.13-9.27% calalsiction and 6.17-14% green
plant regeneration when transferred on MS mediuth wimgL™ BA and 2md.™
Kinetin. Concerning the genotypes and culture mmdeffects on anther culture
response, Mandel and Gupta (1995) expressed thaD 2or NAA 2 mgL™
concentration is effective in callus induction aradli which were induced in culture
medium containing NAA had more green plant regararafrequency than calli
which were induced in culture medium containingR,4

MS medium supplemented with 0.5-2 i 2,4-D was suitable for callus
formation in embryos of Australian rice varietidsz(ia and Bhalla, 2000). IAA and
NAA may induce direct androgenesis while 2,4-D potes rapid cell proliferation



and formation of nonembryogenic callus (Betllal., 1993). Moreover, 2,4-D results
in high callus induction and the 2,4-D induced igatbduce higher green plant than
the NAA induced calli. Moreover, 2,4-D inhibits tleganogenesis of calli and NAA
promotes the formation of roots and sometimes cetaplplants (Martiet al., 1982).

In tissue culture, auxin is usually used to stirteilzallus production and cell growth,
to initiate shoots and rooting, to induce somatitbe/ogenesis, to stimulate growth

from shoot apices and shoot stem culture.

2.4.2 Ratio of auxin and cytokinin

The relative concentrations of the growth factaasely auxin and cytokinin
are crucial for the morphogenesis of culture systeWhen the ratio of auxins to
cytokinins is high, embryogenesis, callus initiatiand root initiation occur. On the
other hand, for axillary and shoot proliferatiohetratio of auxins to cytokinins is
low. For all practical purposes, it is consideredttthe formation and maintenance of
callus culture requires both auxin and cytokinihjlesauxin is needed for root culture
and cytokinin for shoot culture. The actual concaiins of the growth regulators in
culture media are variable depending on explams &nd the plant species.

The combinations of hormone type and concentraifdrormones can greatly
affect the development of microspores and impaentlorphogenetic proceed leading
to the production of the plants (Trejo-Tapteaal., 2002). Ballket al., (1993) stated that
the type and concentration of growth regulators lvarthe deciding factor for pollen
embryogenesis. Both auxin and cytokinin are crucinhstituents in rice anther
culture medium, control the differentiation and ifkedentiation processes im vitro
culture. 2,4-D as only hormone for in vitro devetggnt of rice microspores and
hence it was included in the culture medium eitbiegly or in combination with
cytokinin with other auxins (lyer and Raina, 1972).

Among the synthetic auxins sources 2,4-D and NAAewsommonly used for
callus induction from rice anthers and auxins heerhost essential growth regulators
required for induction of callus from anthers ofemds (Zhuet al., 1998). Chert al .,
(1991) reported that callus forming ability fromtlaers of rice was high in medium
supplemented with 2,4-D, but the regeneration tgbflom these calli was low as
compared to calli formed on medium supplementet WAA.

MS medium with 2 mg *BAP, 1 mgL™ kinetin and 1 m¢;™* NAA gave the

maximum green plant regeneration (8.95%) in Borbriayrice (Seret al., 2011). In



addition, Shahnewaa al., (2003) also observed that MS medium supplemétht v
mgL™ Kinetin, 1 mg.™ NAA and 1 mg_" BAP gave the green plant regeneration in
haploid rice plant.

The best shoot responses on MS medium supplemerited. mgL™ NAA
and 1 md-" BA (Marasiet al., 1996). Pandesgt al., (1994) found that 2 and 3 rhgd
IAA and Kinetin produced the most shoots in ricghan culture. Recent studies
observed that the highest green shoot regenerationcallus of anther was fromgN
medium supplemented with 1 rhg NAA and 2 mgL™'BAP. The anther derived
callus were cultured on MS supplemented with 0.3.th@NAA, 0.25 mgL™ I1AA, 1
mgL™ Kinetin and 0.5 mg™ BAP for plant regeneration in indica rice genoty/gki
etal., 2011).

Many reports have been described on the successjeheration of anther
derived callus from medium supplemented with 2,4ADxin in high concentrations
will prevent green plant regeneration (Mandal angp@, 1995). Raina and Zapata
(1997) reported that 2,4-D has proven to be a patexins for callus induction from
cultured anthers, but the regeneration abilityalfus induced under high 2,4-D levels
is poor, especially for indica rice, in comparigoncallus induced on medium with
lower 2,4-D levels. Sah (2008) reported that higtaee of albino plant production
might be attributed to higher rates of 2,4-D in mhedia.

2.5 Factors Affecting on Success of Anther Culture
2.5.1 Genotype

The selection of plant material for an anther geltiechnique is important. In
particular, genotype plays an important role ined@ining the success or failure of
thein vitro androgenesis. Genotype is one of the decidingfa¢or anther response.
Anther culture of rice is influenced by the genayf the explants (Li, 1991) and
general trend has been reported as follows: japoxiwaxy > japonica X japonica >
japonica > indica x japonica > indica x indica.

Most of the in vitro morphogenesis responses are genotype dependent
(Bhojwani and Razdan, 1996). In general, indicaivais of rice exhibit poorer
androgenic response than the japonica cultivars {985 and Raina, 1997). Meet
al., (1987) demonstrated that anther culture respwased from 41% for japonica

cultivar to 0 % for indica cultivar.



Many researcher had observed that the variability ainther culture
performance among parents and their hybrids pldntanet al., (2001) observed that
anthers forming callus was the highest in Khao Hauphanburi x DS15 cross. The
callus formation revealed that anthers from OM5892M4900 cross produced the
highest number of calli (9.27%) and the lowest nemtif calli inducted OM3536 x
OM4900 (5.13%) by Xat al., (2011). There are strong genotypic effects dluga
induction and green plant regeneration rates vavidd genotypes. Gioi (2004) found
that anther culture of ;Fplants from crosses between IR64 and new plargstyp
cultivars reached the highest green plant regeinar&t72%.

Anther of R hybrid is an excellent material to produce hagoid crop
improvement of breeding program. Previous studiagehshowed that the anther
ability of F, hybrids and Fplants were better than parents. Androgenesisditax
Basmati rice hybrids, high plant regeneration fesguies were observed from
microspore derived calli of some of Rybrids and F plants as compared to their
actual parents (Bishnet al., 2000).

Genotype affected callus induction, green plantenegation and culture
efficiency. For its effective utilization in breewj program, the haploid production
technique should allow genotype-independent praoiicbf large numbers of
haploids. Moreover, Chest al., (1991) also reported that frequency of anthers
producing callus, capacity of callus to differetgiplants and chromosome number of

regenerated plants are related to the genotygeegdlant providing the anthers.

2.5.2 Physiological condition of donor plants

The physiological state of donor plant is affectsdseveral factors on the
androgenic response of microspores. In most spabiedest response usually comes
from the anthers obtained from the first flushlofMers produced by a plant.

The growth conditions of the donor plants hagmisicant effect on the yield
of androgenic pollen in rice. The plants of IR4attheached the panicle emergence
stage under long days (>12 h), high solar radiad8Mj m-2) and sunshine (>8 h)
and day/night temperature (34°C/24°C) showed higimrether culture response. They
also observed that the plants grown in the fieldewsegnificantly superior than those
grown in the glasshouse or in pots near the fi8laperiority of field grown plants
over glasshouse-grown plants has also been repéotedther cereals, including
maize (Petolino and Thompson, 1987) and wheat (iduLai, 1991).



Various environmental factors exposed to the dgslants may also effect
haploid plant production. These factors have beemd to influence the number of
plants produced from anther culture. Alternatianghie physiology of the donor plant
by other treatments such as additional salts (tmbamicrospore) or 2-chloroethyl
phosponic acid for 48 h at 10°C (rice inflorescg¢noave been shown to affect
androgenesis (Heberle and Reinert, 1979 and Waalg 1973).

2.5.3 Duration of pre-treatment on explant

Application of stresses on explant, such as tentperareatment, osmotic
shock and sugar starvation during the developmgetabd of pollen grains is known
to be essential for the induction of androgeneasisdaveral plants, including cereals
(Bhojwani and Razdan, 1996). Low temperature shakbeen reported to enhance
the androgenic response in several species inguiie (Ogaweet al., 1995, Gueye
and Nidr, 2010 and Seet al., 2011). However, the type, duration and the tohe
application of these pre-treatments may vary with $pecies or even variety (Datta,
2001).

The most widely used pre-treatment for androgerissibe low temperature
shock. In rice androgenesis, panicles were givenola pre-treatment but the
temperature and duration varied. Ogasval., (1995) observed that 28 days of pre-
treatment at 1% was optimum for indica. Gupta and Borthakur ()%83lected pre-
treatment at 13T for 11days for anther culture response of the&adultivar.

Although the frequency of callusing after cold-treant (25 days) was fairly
high, most of the plants regenerated from the edtiér long cold pre-treatment were
albinos. Pande (1999) observed that cold pre-treattrtGC for 10 days was most
suitable for anther cultures of the indica rice ggpe, IR43 and pre-treatments
longer than 11 days resulted in albino producti®eddyet al., (1985) reported that a
brief (10 min) exposure to high temperature°@sbefore cold-treatment was better

for pollen callusing but it adversely affected grgdant production.

2.5.4 Stage of microspore development

The most critical factor affecting haploid prodoctifrom anther culture is the
stage of microspore development. In general, optintesponse was obtained in
tobacco from anther cultured during uninucleateady binucleate microspore (Reed,
1966). Niizeki and Oono (1971) first reported icerithat a specific developing stage

or the stage if uninucleate pollens was effectiveulture. Chen (1977) also found
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that callus initiation occurred with highest frequg in anthers containing mid-
uninucleate microspores. The callus derived fromious stages of microspore

development differed in the potential to differaigi into plants.

2.5.5 Composition of culture medium

Culture media plays an important role in succesantifier culture inn vitro.
Many culture media were widely used for plant tesstulture. Among them, ¢\
medium has been most widely used for rice anthkureu(Raina, 1997). Reddyt
al., (1985) studied that 8 indica cultivars found,Heedium to be better thangN
medium. SK medium was half as effective ag Medium so far as the frequency of
pollen callusing is concerned but the calli forneedthis medium produced twice as
many green plants as those ory Medium.In addition, Herathet al., (2007)
demonstrated that the highest callus induction phybrids was observed ingN
medium. N medium used mainly for japonica rice and for idite is not suitable
(Gosalet al., 1997). Callus formation medium had also a mlelant regeneration,
each callus culture medium will have the best ieactwith a specific regeneration

medium.

2.5.6 Culture condition

Temperature is one of the important factors of agenesis that influence the
induction of pollen and callus development. Antbelture is usually incubated at 25
+1°C. Dunwell (1983) reported that there are sdwexplanations on the success of
androgenesis related to temperature. In rice arth#ure, high temperature may
disrupt the normal development of somatic anttesui, synchronize the microspore
population, and increase the total number of spatdhe stage of cell cycles that is
susceptible to induction. Additionally, the highmigerature may result in increased
growth rate of haploid embryos when compared tohaptoids in rice (Jairet al.,
1996). Some species respond best when exposeitioating light and dark periods.



CHAPTER 1lI
MATERIALS AND METHODS

3.1 Experimental Site and Duration

The experiment was carried out at Field and Plasgue Culture Laboratory,
Department of Horticulture and Agricultural Biotexhogy, Yezin Agricultural
University, Yezin, Nay Pyi Taw, from January 2005Qctober 2016. Hybridization
program was done from April to November 2015. Théher culture of parents and

their Rhybrids was done from March to June 2016.

3.2 Materials

Five indica rice genotypes were selected as pdrénes for hybridization
based on callusing ability of anther culture, whighre provided by Seed Bank,
Department of Agricultural Research (DAR), YezinayNPyi Taw. Five selected

indica rice genotypes and theiygfogenies were used for anther culture.
No. Genotypes

1 Shwe Man -1

2 Sin Thwe Latt

3 Sin Akari-3

4 Thee Htat Yin

5 Yar-8

3.3 Methods
3.3.1 Hybridization

Crossing among the selected rice genotypes wasuctedi during March to
May 2015. Five Fhybrids were produced; Rybrid seeds were harvested in 30 days

after pollination and were stored in glassine dagfere germination.
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No. Crosses

1 Shwe Man-1 x Thee Htat Yin
2 Thee Htat Yin x Sin Thwe Latt
3 Sin Thwe Latt x Sin Akari -3

4 Yar 8 x Thee Htat Yin

5 Sin Thwe Latt x Yar-8

3.3.2 Planting Seeds

For parental lines, about 150 seeds of each pageatype were germinated
in trays. The twenty days old seedlings were treemstl to field. For Fhybrids, seeds
of the each cross were treated in benomyl fungisioletion for 6 hours and then
transferred wash with water and soak until the sea@ germinated. Fhybrid
seedlings were transferred into plastic pots. Afferweeks, these plants were
transferred to the field. They were provided withreular supply of water and

recommended cultural practices under intensive @agdemanagement.

3.3.3 Steps for rice anther culture
(a) Panicles collection

Panicles were collected from the healthy plantthefparents and;Fybrids
during 8:00-10:00 a.m when the distance betweenl8af and penultimate leaf was
5-12 cm depending on genotypes. Leaf blades ofaHected panicles were removed

from the stem with scissors.

(b) Panicles sterilization

After collecting the panicles, they were sterilizedth standard sterilization
protocol for rice panicles. Firstly, the selectethigles were washed thoroughly with
sterilized water. Secondly, they were sterilizethvi5% ethanol for 30 seconds. And
then, these panicles were wrapped in aluminiumdond covered with black plastic
sheet. Finally, they were kept in low temperatumeubator at 10°C for 8-10 days for

cold treatment.
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(c) Cytological examination

The anthers were squeezed out in petridish witlnéhe of the forceps and the
stage of pollen grains was examined using micrascdjpe extracted anther were
mixed in Acetic acid: Chloroform: Ethanol (1:6:19lgtion for 24 hours. The early
uninucleate microspore is lightly staining with entrally located nucleus .As the
nucleate microscope develops, a large central Vacmas formed .As the binucleate
microscope stages, the intensity of the stainiege@ases and starch granules begin to

accumulate.

(d) Anther inoculation

Before inoculating the anthers, the cold treatedigb@s were sterilized in
Clorox (20%) for 25 minutes, followed by rinsingdle times thoroughly with double
distilled water and then decant the water. Theddptk in which anthers developed at
early uninucleate to early binucleate stage wereptazlly excised in petridish
containing sterilized water to prevent desiccatibne anthers were squeezed out in
test tube using forceps. About 120 anthers werki@d in each test tube containing
about 10 ml culture media. The cultured test tulese covered with aluminum foil

and labeled.

3.3.4 Culture media
(a) Callus induction medium

Five selected indica rice genotypes were testeddtus induction medium to
know their ability to produce callus by using Witchs’) medium (Chu, 1975) with 2
mg.L" 2,4-D and 0.5 mg.L Kinetin. The medium was adjusted to pH 5.8. Acouyd

to the preliminary experiment, N6 medium was usedtie respective;fhybrids.

(b) Plant regeneration medium

Calli (1-3 mm) of each genotype were preculturedMnshaped- filter paper
bridges with MS (Murashige and Skoog, 1962) liqmiddium with 2 mg.* 2,4-D
and 0.5 mg.[' Kinetin. After 2 weeks, the calli from the liquithedium were
transferred onto the MS medium with supplementedglL™! NAA, 1 mg.L! I1AA, 1
mg.L! BAP and 2 mg.L kinetin. The pH of medium was adjusted to 5.7.
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3.3.5 Culture condition

Cultured anthers were incubated in dark conditiorR%® + 2°C till callus
induction. Anther culture response was observedcétius formation for 3 months.
The regenerated calli were observed till greentdiamation under 16/8 light/ dark
hours at 25 + 2°C.

3.3.6 Acclimatization of anther-derived rice plants

The completely regenerated plants were transfaemedoshida solution for
stronger root formation for 2 weeks. After 2 weekeell rooted plants were
acclimatized to sterile paddy soil in plastic cap 2 weeks before growing in field
condition. The anther-derived rice plants were gromdividually in each plastic pot

under open condition.

3.4 Data Collection
The following data were collected during the depedent of callus induction

and plant regeneration.

(1) Number of days to induce callus (day)
Day to induce callus formation was counted firsy da form callus from

anther of each genotype after inoculation.

(2) Number of callus
The number of callus was recorded by counting thiéug producing from

each genotype.

Total number of calli produced

(3) Callus induction (%) = x 100
Total number ofanther plated

(4) Callus type
Calli which have compact and friable type were rded before transfer to

regeneration medium.

(5) Callus color
Calli which have white, brown and light yellow colwere recorded before

transfer to regeneration medium.
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(6) Days to form green spot
The days to form green spot from regenerated calére counted.

(7) Green plant formation (%)

Total number of calli production green calli

Green plant formation % = 100
Total number of calli plated

(8) Albino plant formation (%)

Total number of calli production albino
calli

Albino plant formation % =

(9) Number of green plant
The number of green plant was counted the greantplinducing of green

points from callus of each genotype.

(20) Survival (%)
Survival rate of anther-derived plants was recomi@ihg adaptation period.

(11) Panicle status
The panicle of the anther-derived plants which hsteeility or fertility status

was recorded.

3.5 Data Analysis

The data for callus induction and green plant regation were collected and
computed to find out callus induction and greempl@&generation percentage. The
Completely Randomized Design (CRD) was used fotissitzal analysis of both
variations. Mean value of callus induction and gregglant regeneration ware

calculated using Microsoft Excel (2010).
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CHAPTER IV
RESULTS AND DISCUSSION

4.1 General Description of Callus Induction and Plat Regeneration

Anthers of all genotypes changed color from yellmabrown and then into
dark brown within 1-4 weeks after inoculation (Figut.1.a). The change into dark
color may be due to the accumulation of toxic pmiguresulting from phenolic
oxidation. Blackening occurred through the actidncopper-containing oxidase
enzymes such as polyphenoloxidases and tyrasindsehwoxidized phenols to
guinonse (Manacet al., 1979). Therefore, the dark brown color formatiorcallus
may be due to these quinones. The responsive arghewed slight swelling around
it and subsequently induced callus (Figure 4.ITbe anthers of the parental indica
rice and I hybrids genotypes produced callus within two mordfter inoculation
(Figure 4.1.c). Calli derived from all genotypes ravdransferred to regeneration
medium for green plant regeneration. Green spqisaed from the regenerated calli
within 4-10 days (Figure 4.1.d). Although some ggpes started shoot development
earlier than root development, some produced auyst Protocol for androgenesis of

rice was shown in Figure 4.7.

4.2 Callus Induction
4.2.1 Number of days to induce callus

Most anthers of selected indica rice andhlgbrids genotypes formed callus
induction within 4-8 weeks in Table 4.1. The anshef five selected indica rice and
five Fp hybrid combinations were inoculated org Medium for callus induction.
Anthers of all parental indica rice genotypes eitbib callus within 5 weeks after
inoculation. The earliest day (28 days) to induadlus was found in Sin Akari-3
among parents. Shwe Man-1, Sin Thwe Latt and YgeBotypes produced callus
within 5 weeks and Thee Htat Yin gave the callukiation approximately 6 weeks.

Anthers of four Ik hybrid crosses produced calli within 5-8 weeksemaft
inoculation, the remaining one showed no respomsecallus induction. Among
crosses, Shwe Man-1 x Thee Htat Yin, Yar-8 x Théat Min and Sin Thwe Latt x
Yar-8 produced callus within 4 weeks. The daysrduce callus of these three
crosses were nearly the same. The longest daygltwe callus was found in Thee
Htat Yin x Sin Thwe Latt. However, Sin Thwe LattSin Akari-3 did not produced

callus after 3 months culture.
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It was observed that the days to induce calluswaaigd with the genotype
These results contradict the report of Wet al., (2011) who reported that the calli
indica x indica hybrids were formed within 6 weelter incubation. Thefore, this
variation may be due to the genotypes used. Ret al., (1985) and Abe (199.
suggested that the callus forming abilities frooeranther culture and time requi
for callus induction depend on genoty] Moreover, Herath et al., (2007)

documented that the time requirement for callus indiatvas genotype depende

Figure 4.1Callus induction and plant regeneration (a) anthetbrowning, (b) callus
initiation from responsive anther (c callus formation, and (d) green

spot formation from regenerated calli
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Table 4.1 Days to induce callus for five selecteddica and F hybrids rice
genotypes after 3 months inoculation

No. Genotypes Days to induce callus

1 Shwe Man-1 34

2 Sin Akari-3 28

3 Sin Thwe Latt 39

4 Thee Htat Yin 43

5 Yar-8 36

6 Shwe Man-1x Thee Htat Yin 32

7 Thee Htat Yin x Sin Thwe Latt 55

8 Sin Thwe Latt x Sin Akari-3 No response

9 Yar-8 x Thee Htat Yin 30

10 Sin Thwe Latt x Yar-8 34
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4.2.2 Callus type

Anther-derived calli of all genotypes were comparciriable (Table 4.2). The
development of callus was shown in Figure 4.2. fEx¢éure of anther-derived calli of
Shwe Man-1 and Yar-8 genotypes were friable cadlijpe among parents. The calli
texture of Sin Akari-3, Sin Thwe Latt and Thee HYah genotypes were compact.
The calli of three crosses; Shwe Man-1 x Thee Mtaf Yar-8 x Thee Htat Yin and
Sin Thwe Latt x Yar-8 were friable type, the calfiThee Htat Yin x Sin Thwe Latt
were compact. In this observation, it was notideat tsome genotypes with friable
calli could produce green plant regeneration.

This finding was the same with the finding of Thaethal., (2011) who
observed that the callus with friable and lightlyel color gave the green plant
regenerationThere were two types of calli to regenerate grglant depend on light
condition in rice anther culture. Calli formed undeght condition were mostly
embryogenic which have creamy, dry and compact appee, while
nonembryogenic calli with white, wet and friable achcters were found
predominantly under dark condition. Therefore, tta@li from the anther culture
maintained under dark condition were nonembryogedmwvever, Siriwardana and
Nabors (1983) documented that embryogenic callsplayed higher frequency of
plant regeneration than the non-embryogenic. Thiuscacultured under light
condition showed higher proliferation and plantenregration because light induces
morphogenesis process and green spot formationalddisc(Janet and Seabrook,
1980).

4.2.3 Callus color

Calli which have 1-3 mm size were transferred tguid MS medium. After 2
weeks, all calli were transferred onto solid MS med During this period, some calli
responded to brown, white and light yellow coloig(ffe 4.3). The response calli with
light yellow or white color turned to green colohieh can produce green shoots or
albino shoots at 3-4 weeks after transferring @etmisolid MS medium. It was noted
that all green calli could not produce green sho®&emvaranoret al., (2011)
reported that only light green color gave the grglamt regeneration in anther culture
of indica hybrids rice genotypes. However, Skigeal., (2006) observed that the
color of call us was whitish which can produce gretant in japonica type, aromatic

rice.
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Table 4.2 Callus type and callus color of callusingesponsive genotypes

No. Genotypes Callus type Callus color
1 Shwe Man-1 Friable White

2 Sin Akari-3 Compact White

3 Sin Thwe Latt Compact Brown

4 Thee Htat Yin Compact White

5 Yar-8 Friable Light yellow

6 Shwe Man-1x Thee Htat Yin Friable White

7 Thee Htat Yin x Sin Thwe Latt Compact Brown

8 Yar-8 x Thee Htat Yin Friable White

9 Sin Thwe Latt x Yar-8 Friable White

Figure 4.3 Callus color (a) brown, (b) white, andd) light yellow
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4.2.4 Callus induction percentage

Callus induction started within 2 months of cultared was observed in both
selected indica rice genotypes andirids. The callus induction percent of selected
indica rice and Fhybrids are showed in Table 4.3. The percentagaltfs induction
varied from 0.1-2.6% among genotypes. Among paéat;8 genotype produced the
maximum callus induction (2.6%), followed by Shweamdl (1.5%), Sin Akari-3
(0.8%), Sin Thwe Latt and Thee Htat Yin (0.5%) be same medium. It was found
that callus induction of anthers varied with thffedent genotypes. Therefore, this
finding agrees with those of Medhabati (2014) whsayved that the callus induction

varied with the different genotypes on the sameiomed

The callus induction of Fhybrids was 0-1.8%. Yar-8 x Thee Htat Yin gave
the highest callus induction (1.8%), followed byw&hMan-1 x Thee Htat Yin
(0.9%), Sin Thwe Latt x Yar-8 (0.7%) and Thee Hfat x Sin Thwe Latt (0.1%).
However, Sin Thwe Latt x Sin Akari-3 showed no gslinduction. Cross of Yar-8 x
Thee Htat Yin showed the best callus induction agnorosses. In this case, the
genotypes as female parents (Yar-8 and Shwe Mamdywed the best response on
callus induction, but Thee Htat Yin showed the lstveallus induction among
parents.

In this experiment, it was observed among indica genotypes that the less
response genotypes can increase callusing abflignther culture by crossing with
the high response genotypes. The selection of gpestfor callus induction in rice
anther culture is very important. Narasimman anddaaamy (1993) stated that both
callus induction and green plant regeneration heareed depending on the specific
genotypes used to construct the hybrids. In additimutaet al., (1991) reported that
callus induction ability of anther culture variedhvdifferent varieties. In the present
study, similar results were observed that rice ggres showed differently to produce

calli on the same callus induction medium.
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Table 4.3 Callus induction of selected indica and;Fhybrids rice genotypes

No. Genotypes No. of callus callus induction %
1 Shwe Man-1 26 15
2 Sin Akari-3 9 0.8
3 Sin Thwe Latt 14 0.5
4 Thee Htat Yin 8 0.5
5 Yar-8 46 2.6
6 Shwe Man-1x Thee Htat Yin 16 0.9
7 Thee Htat Yin x Sin Thwe Latt 2 0.1
8 Sin Thwe Latt x Sin Akari-3 0 0.0
9 Yar-8 x Thee Htat Yin 32 1.8
10 Sin Thwe Latt x Yar-8 13 0.7
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4.3 Plant Formation
4.3.1 Number of days to form green spot

Calli with friable and compact type were regenatateMS medium for plant
formation under light condition. Some calli diffateated only into green plant
formation or albino plant formation. Table 4.4 sisotivat the days to form green spot
from regenerated calli of callusing response ggreRy It can see clearly that only
four genotypes of all genotypes induced green re¢goeen spot) within 2-4 weeks
after transferring of callus. The earliest daydoi green spot was observed in Yar-8,
followed by Shwe Man-1 genotype. The calli gfffybrids (Shwe Man-1 x Thee Htat
Yin and Yar-8 x Thee Htat Yin) exhibited green sfrotn the regenerated calli within
2 weeks. Other genotypes were cultured on regeaerratedium for inducing green
spot untill 4 weeks after transferring of calluoweéver, it was observed no response
on green spot formation. Some researchers fourtdhiieagreen spot formation from
regenerated calli of indica rice genotypes occumgtiin 1-3 weeks (Thanlet al.,
2006 and Medhabatet al., 2014).Therefore, the formation of green spotmfro
regenerated calli was mainly depend on age ofalhd fresh of callus. Warmgal.,
(1977) and Cheret al., (1986) also reported that the green plant reg¢ioa is
greatly influenced by age and size of callus.

4.3.2 Green plant formation

Green plant formation from regenerated calli oflusahg response rice
genotypes was shown in Table 4.5. Out of five patesnly two genotypes gave the
green plants. Yar-8 genotype gave the maximum gpdemt formation (37%). The
remaining three genotypes did not produce greent@laAmong crosses, only two
crosses, Yar-8 x Thee Htat Yin and Shwe Man-1 xeTH&t Yin, exhibited 9.4 %
and 6.3% green plant formation. Although callusuicttbn was found in almost tested
genotypes, green plant formation was found in éoly genotypes. It was found that
there were strong genotypic effects in green iambation. Although Thee Htat Yin
did not induce green plants, crosses of Shwe Manfthee Htat Yin and Yar-8 x
Thee Htat Yin can produce green plants. It meaas tiie green plant formation
ability was dependent on their corresponding pateggnotypes. Moreover, Sree
al., (1992) also reported that green plant formatioramther culture varied greatly

with genotypes.
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Table 4.4 Days to form green spot from regeneratechlli of responsive genotypes

No. Genotypes Days to induce green spot
1 Shwe Man-1 11
2 Sin Akari-3 No response
3 Sin Thwe Latt No response
4 Thee Htat Yin No response
5 Yar-8 8
6 Shwe Man-1x Thee Htat Yin 15
7 Thee Htat Yin x Sin Thwe Latt No response
8 Yar-8 x Thee Htat Yin 14
9 Sin Thwe Latt x Yar-8 No response

Table 4.5 Green plant formation from regenerated cldi of responsive genotypes

No. Genotypes No. of green calli Green plant forama(%o)
1 Shwe Man-1 5 19.2
2 Sin Akari-3 0 0.0
3 Sin Thwe Latt 0 0.0
4 Thee Htat Yin 0 0.0
5 Yar-8 17 37
6 Shwe Man-1x Thee Htat Yin 1 6.3
7  Thee Htat Yin x Sin Thwe Latt 0 0.0
8 Yar-8 x Thee Htat Yin 3 9.4
9 Sin Thwe Latt x Yar-8 0 0.0




26

4.3.3 Albino plant formation

Table 4.6 shows that albino plant formation fromeneerated calli of callusing
response genotypes. Six genotypes produced thmadalli and albino plants among
the tested genotypes. In all genotypes, Thee Hiat XY Sin Thwe Latt (50%)
produced the largest amount of albino plant fororatiThe albino plant formation
was found in Shwe Man-1 (15.4%), Sin Akari-3 (14)3%nd Yar-8 (10.9%)
respectively in parents. However, calli of Sin Thinat and Thee Htat Yin could not
induce albino plant. Sin Thwe Latt x Yar-8 and Y8ax-Thee Htat Yin gave 7.7% and
3.1% albino plants formation. Calli of Shwe Man-Tkee Htat Yin did not produce
albino plant regeneration. In this result, it wated that Yar-8 and cross of Yar-8 x
Thee Htat Yin genotypes produced low amount ofrallplant formation. Formation
of albino plants is a major problem in rice antkatture especially in indica rice.
According to Roy and Mandal (2005), green plantsnfition from androgenic calli is
very low and high percent of albino plant formatiare the principle constraints in
successful anther culture in rice. Moreover, thginal formation depended on the

varieties used to construct hybrids and anthergamahent temperature.

Table 4.6 Albino plant formation from regenerated @lli of responsive rice

genotypes
No. Genotypes No. of albino calli Albino plant formation (%)
1 Shwe Man-1 4 15.4
2 Sin Akari-3 2 14.3
3 Sin Thwe Latt 0 0.0
4 Thee Htat Yin 0 0.0
5 Yar-8 5 10.9
6 Shwe Man-1x Thee Htat Yin 0 0.0
7  Thee Htat Yin x Sin Thwe Latt 1 50.0
8 Yar-8 x Thee Htat Yin 1 3.1

9 Sin Thwe Latt x Yar-8 1 7.7
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4.3.4 Green plant production

Only three genotypes produced green plant amontetited genotypes. Most
of the green regions developed multiple green sh@st shown in Figure 4.4.
Therefore, shoot clusters were subcultured fortimes. In this observation, most of
genotypes produced shoot formation earlier thart foomation. Some genotypes
produced only root formation. This observation nb@ydue to hormone application
for regeneration medium and delay transferring aflus from callus induction

medium to green plant regeneration medium.

Table 4.7 shows the green plant production of nesp@enotypes. Yar-8 and
Shwe Man-1 genotypes can produce green plant arparents. The highest green
plant production was observed in Yar-8 genotype oAgicrosses, only the cross of
Yar-8 x Thee Htat Yin genotype showed green plaatpction. This result pointed

out that different genotypes respond differenti&dl\green plant production.

4.3.5 Survival rate of transplanted anther-derivedplants

Anther-derived plantlets were individually transést into the plastic pots. It
was shown in Table 4.8 that all transplanted ardleeived plants had 100 % survival
rate. This finding was a little variation with othre@search findings. A survival rate of
anther derived plant was reported 50-75 % and §Aétathet al., 2007 and Wanet
al., 2011). In plant tissue culture, adaptation proegss very important faim vitro-
derived plants to survive before transfer to ndtarevironment. Therefore, it can be
assumed that this variation may be due to adaptgiiocess. In this study, the

adaptation process was done well (Figure 4.5).
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Table 4.7 Green plant production of response rice genotypesftar 2 times

subculture
No. of green plant from No. of green lant
Genotypes _
regenerated calli Subculiure 1 Subculture 2
Shwe Man -1 3 5 6
Yar-8 x Thee Htat Yin 8 13 14

Figure 4.4 Green plant production (a) green region of regenerad callus, (b)
green shoot formation, (c) green plant, and (d) aibo plant
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Table 4.8 Survival rate of transplanted anther-derved plants

Transplanting survival

Genotypes
Plant transferred Plant survived survival %
Shwe Man -1 6 6 100
Yar-8 40 40 100
Yar-8 x Thee Htat Yin 14 14 100

Figure 4.5 Adaptation process anther-derived plantga) Yoshida solution for 2
weeks, (b) well rooted plants in paddy soil, and Jcplants under
natural environment
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4.3.6 Characterization of anther-derived plants bypanicle status

Several methods are available for determining tba&lyp level of regenerated
anther-derived plants. According to (Mishea al., 2015), ploidy levels based on
morphological characteristics of the anther-deripdghts, revealed that the haploid
plants were fully sterile and double haploid plantere fully fertile. In this
observation, the plants derived from anther maydy@oid or double haploid plants.
All panicles of Yar-8 anther-derived plants wererig¢ (Figure 4.6. c). Although
some panicles of Shwe Man-1 and cross of Yar-8 &eTHtat Yin anther-derived
plants were fertile (Figure 4.6. a and b), somdgbes were sterile.

It can be clearly seen in Table 4.9 that Yar-8hfgamay be assumed as
haploid plants due to fully sterile panicles anthemf Shwe Man-1 and Yar-8 x Thee
Htat Yin genotypes plant were probably double happsants. Hence, identification
of haploid plants is needed for double haploid prtihn. Chromosome complement
is therefore necessary. The most frequently useglicagion is treating with
colchicines (Jakest al., 2003). The haploid plants can be treated witltlgoines
solution by doubling chromosome to get double hidplo

The finding of this experiment is in the aggremehtMishra et al., (2013)
who reported that rice is a uniqgue material in Whacound 30-40 % of the anther-
derived plants are double haploids due to the spewus doubling of the haploids.
Therefore, further experiment is needed to addtessonfirmation of double haploid
lines of the anther-derived plants with fertile jém by cytological examination and
molecular marker technology. Haploid plants of Bagenotype have the potential to

produce double haploid lines by treating with calotes solution.
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Table 4.9 Characterization of ploidy levels for arfter-derived plants by panicle

status
Genotypes No. of anther- Ploidy level of
derived plants anther-derived plants
Haploid Double haploid
Shwe Man-1 6 2 4
Yar-8 40 40 0
Yar-8 x Thee Htat Yin 14 4 10

Figure 4.6 Panicle status of anther-derived plantga) Fertile panicle of Shwe
Man-1, (b) Fertile panicle of Yar-8 x Thee Htat Yin and (c) Sterile

panicle of Yar-8
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CHAPTER V
CONCLUSION

In this study, almost tested genotypes produceldic@&xcept one genotype
(Sin Thwe Latt x Sin Akari-3) which showed no calinduction. The callus induction
varied from 0.1-2.6 % depending on genotypes. Thergplant regeneration depends
on genotypes ranging from 6.3-37%.

There was strong genotypic effect on callus inducind plant regeneration.
Among parents, the highest callus induction waspfesl in Yar-8, and Thee Htet
Yin and Sin Thwe Latt were the lowest callus induet Yar-8 and Shwe Man-1
showed the best callus induction and green plageneration, and the crosses
involving these genotypes as femal parents were mesponsive than others in callus
induction. The cross containing Yar-8 as femalehwihee Htat Yin, produced the
highest green plant regeneration among crossesgiges plant production was also
found in Shwe Man-1, Yar-8 and Yar-8 x Thee Htat Yenotypes.

The anther-derived plants of these three genotywsse haploid and double
haploid plants by panicle performance. Haploid fdaran be treated with colchicines
solution to obtain homozygous double haploid linBserefore, Yar-8 genotype has
the potential to produce double haploid lines andhiould be selected a suitable

genotype for double haploid production in rice llieg program in Myanmar.
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APPENDICES

Appendix-1 Selected Indica Rice Genotypes

No.  Genotypes Callusing Response Characteristics lpénS
1 Shwe Man -1 High Drought Tolerance 125 -130
2  Sin Thwe Latt Medium Salt tolerance 135 -140
3 Sin Akari-3 No Response High yield 130 -135
4  Thee Htat Yin High Quality rice 115 -120
5 Yar-8 Medium Drought tolerance 120 -130
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Appendix-2

Plate 1. Steps for Hybridization
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Appendix-3 Chemical composition of §and MS media

Constituents (mg/l) N MS
Macronutrients
KNOs3 2830 1900
KH2PO, 400 170
(NHy4)2 SOy 463 1650
MgSQ,.7H,O 185 370
CaCh.2H,0O 166 440
NH4NO3 - 1650

Micronutrients

KI 0.8 0.83
H3BOs 1.6 6.2
MnSQO,.4H,0 4.4 16.9
ZnSQ.7H,O 1.5 8.6
NaM00O,.2H,O - 0.25
CuSQ.5H,0 - 0.025
CoCb.6H,O - 0.025
FeSQ.7H,0 27.8 27.84
NaEDTA.2H,O 37.3 37.24
Vitamins
Nicotinic acid 0.5 0.5
Pyridoxine HCI 0.5 0.5
Thiamine HCI 1.0 0.5

Glycine - 2.0
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Appendex-4Chemical composition of Nutrient Yoshida Solution

Constituents Amount (g/L)
NH, NOs 91.4
NaH,PO,H,0 40.3
KoSOy 71.4
CaCl, 88.6
MgSQO,.7H,O 324
MnCL,.4H,O 15
(NH4)s M07024.4H,0 0.07
H3BO3 0.9
ZnSQ.. 7H,0O 0.04
CuSQ.5H,0 0.03
FeCL.6H,O 7.7
CeHsO7. H0 11.9

1IMH,S0O, 50
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Appendix-5
Early uninucleate Mid uninucleate Late uninucleate
Early binucleate Mid binucleate Late binucleate

Plate 2 Gametophytic pathway of microspore



