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APPENDIX A

Appendix A Glossary

Abscisic acid : Abbreviated by ABA, plant hormone that plays a role in dormancy

and senescence.

Adventitious : Developing from unusual points of origin, such as shoot or root

tissues, from callus or embryos, from sources other than zygotes.

Androgenesis : Male parthenogenesis. The development of a haploid individual from

a pollen grain.

Aneuploid : A cell in which the number of chromosomes deviates from x (the haploid

number) or multiple of x.

Antisepsis : Process or principles using antiseptics.

Aseptic : Free of microorganisms.



Aseptic Technique : Procedures used to prevent the introduction of fungi, bacteria,

viruses, mycoplasma or other microorganisms into cultures.

Auxin : A group of plant growth regulators that promotes callus growth, cell division,
cell enlargement, adventitious buds, and lateral rooting. Endogenous auxins are
auxins that occur naturally. Indole-3-acetic (IAA) is a naturally occurring auxin.
Exogenous auxins are auxins that are man-made or synthetic. Examples of exogenous
auxins included 2,4-Dichlorophenoxyacetic acid (2,4-D), Indole-3-Butyric acid

(IBA), a-Naphthaleneacetic acid (NAA), and 4-Chlorophenoxyacetic acid (CPA).

Callus : An unorganized, proliferate mass of differentiated plant cells, a wound

response.

Cell culture : The growing of cell in vitro.

Chimera : A plant which contains groups (layers) of cells which are genetically

dissimilar.

Clonal Propagation : Asexual reproduction of plants that are considered to be

genetically uniform and originated from a single individual or explant.

Contamination : Being infested with unwanted microorganisms such as bacteria or

fungi.
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Culture : A plant growing in vitro.

Cytokinin : A group of plant growth regulators that regulate growth and
morphogenesis and stimulate cell division. Endogenous cytokinins, cytokinins that
occur naturally, include zeatin and 6-y,y-dimethylallylaminopurine (2iP). Exogenous
cytokinins, cytokinins that are man-made or synthetic, include 6-furfurylaminopurine

(kinetin) and 6-benzylaminopurine (BA or BAP).

Dedifferentiation of cells : Reversion of differentiated to non-differentiated cells

(meristematic).

Differentiated : Cells that maintain, in culture, all or much of the specialized

structure and function typical of the cell type in vivo. Modifications of new cells to

form tissues or organs with a specific function.

Dihaploid : This is an individual (denoted by 2n=2x) which arises from a tetraploid

(2n=4x)

Diploid : A nucleus is diploid if it contains twice the base number (x) of

chromosomes. The genome formula is 2n=2x.

Embryo abortion : Death of an embryo.
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Embryogenesis : Process by which an embryo develops from a fertilized egg cell or

asexually from a (group of) cell(s).

Embryoid : Plantlet, embryo-like in structure, produced by somatic cells in vitro;

also adventitious embryo developing in vitro by vegetative means.

Explant : Tissue taken from its original site and transferred to an artificial medium

for growth or maintenance.

Epigenetic variation : Non-hereditory variation which is at the same time reversible;

often the result of a changed gene expression.

Gibberellins : A plant growth regulator that influences cell enlargement. Endogenous

growth forms of gibberellin include Gibberellic Acid (GA,).

Horizontal laminar flow unit : An enclosed work area that has sterile air moving
across it. The air moves with uniform velocity along parallel flow lines. Room air is
pulled into the unit and forced through a HEPA (High Energy Particulate Air) filter,

which removes particles 0.3 um and larger.

Hormones : Growth regulators, generally synthetic in occurrence, that strongly

affects growth (i.e. cytokinins, auxins, and gibberellins).

Inoculate : Place in or on a nutrient medium.
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Internode : The space between two nodes on a stem

In vitro : To be grown in glass (Latin). Propagation of plants in a controlled, artificial

environment using plastic or glass culture vessels, aseptic techniques, and a defined

growing medium.

In vivo : To be grown naturally (Latin)

Media : Plural of medium

Medium : A nutritive solution, solid or liquid, for culturing cells.

Micropropagation : In vitro Clonal propagation of plants from shoot tips or nodal

explants, usually with an accelerated proliferation of shoots during subcultures.

Node : A part of the plant stem from which a leaf, shoot or flower originates.

Passage : The transfer or transplantation of cells or tissues with or without dilution or

division, form one culture vessel to another.

Passage Number : The number of times the cells or tissues in culture have been

subcultured or passaged.

Pathogen : A disease-causing organism.
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Pathogenic : Capable of causing a disease.

Plant Tissue Culture : The growth or maintenance of plant cells, tissues, organs or

whole plants in vitro.

Regeneration : In plant cultures, a morphogenetic response to a stimulus that results

in the products of organs, embryos, or whole plants.

Shoot Apical Meristem : Undifferentiated tissue, located within the shoot tip,
generally appearing as a shiny dome-like structure, distal to the youngest leaf

primordium and measuring less that 0.1 mm in length when excised.

Somaclonal Variation : Phenotypic variation, either genetic or epigenetic in origin,

displayed among somaclones.

Somaclones : Plants derived from any form of cell culture involving the use of

somatic plant cells.

Stage | : A step in in vitro propagation characterized by the establishment of an

aseptic tissue culture of a plant.

Stage Il : A step in in vitro propagation characterized by the rapid numerical increase

of organs or other structures.
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Stage 111 : A step in in Vvitro propagation characterized by preparation of propagules
for successful transfer to soil, a process involving rooting of shoot cuttings, hardening

of plants, and initiating the change from the heterotrophic to the autotropic state.

Stage 1V : A step in in vitro plant propagation characterized by the establishment in
soil of a tissue culture derived plant, either after undergoing a Stage III pretransplant
treatment, or in certain species, after the direct transfer of plants from Stage II into

soil.

Sterile : (A) Without life. (B) Inability of an organism to produce functional gametes.

(C) A culture that is free of viable microorganisms.

Sterile Techniques : The practice of working with cultures in an environment free

from microorganisms.

Subculture : See “Passage”. With plant cultures, this is the process by which the

tissue or explant is first subdivide, then transferred into fresh culture medium.

Subculture number : The number of times cells, etc. have been subcultured i.e.

transplanted from one culture vessel to another.

Tissue Culture : The maintenance or growth of tissue, in vitro, in a way that may

allow differentiation and preservation of their function.



113

Totipotency : A cell characteristic in which the potential for forming all the cell types

in the adult organism are retained.

Undifferentiated : With plant cells, existing in a state of cell development
characterized by isodiametric cell shape, very little or no vacuole, a large nucleus, and

exemplified by cells comprising an apical meristem or embryo.



Appendix B Composition of nutrient media after Murashige and Skoog (MS),
and Linsmaier and Skoog (LS).

Components Concentration (mg/L)
MS LS
Macronutrients
KNO; 1900 1900
CaCl,.2H,0 440 440
MgS04.7H,O 370 370
(NH4),SO4 - -
NaH2PO4.H20 - -
NH;NO; 1650 1650
KH,;PO4 170 170
K,SO0y4 - -
Ca(NO3)2.4H20 - 3
Micronutrients
KI 0.83 0.83
H;BO; 6.2 6.2
MnS0O4.4H,0O 22.3 22.3
ZnS04.7H,0 8.6 8.6
Na,Mo004.2H,0 0.25 0.25
CuS04.5H,0 0.025 0.025
CoCl,.6H,0 0.025 0.025
FeS04.7H,0 27.85 27.8
Na,EDTA 37.25 37.3
Amino acid/Vitamins/sugar
Glycine 2.0 2.0
Nicotinic acid 0.5 0.5
Pyridoxine HCl 0.5 0.5
Thiamine HCI 0.1 0.4
Inositol 100 100
Sucrose 30000 30000

pH 5.8 5.8




Appendix C Reagents and solutions

Acetic Orcein Stain

e Add 1g of Orcein to 45 ml of glacial acetic acid
e Heat solution from step 1 to dissolve
e Slowly add solution from step 2 into 55ml of distilled water

e Allow to cool and store

Fixation

e FEtOH 95% 75 ml

e acetic acid 25 ml

HCI Stock 1 N

e HCI 3.65¢

e Distilled water 100 ml

KOH Stock 1N

e KOH 5611¢g

e Distilled water 100 ml
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70 % Ethanol

e FEtOH 95% 715 ml

e Distilled water 285 ml
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Influence of Some Compenents in Tissue Culture Media on Caulogenesis
I nducement in Local Thai Rice Genotypes
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Abstract

In rice tissue culture, many different Gssue mediom have been applied for different
varieties because cach variety needed a specilic for some components in media. Therefore in
sludying many varieties, different preparation many lissue media should be evaluated 1o induce
callus, This mesearch demonstrates the influence of some components in tissue culiure media
which affecls caulogenesis inducement by using indirect somalic embryogenesis method of
malure zveolic embryo explants. The 4 varieties of rice seeds: BRI 6, KDBLL 105, SPR | and CNT
1 which replesent of indica rice (have different tissoe media need ) wenrs cultured in developed
WS and LS medium whose macro nuirient concentration (KNOs, NMHaNOs), growth regulators
(24-13, MAA) and other organic compounds (eocemul milk and activated charceal) were modified
in order for high embryogenic frequence which transformed o best embryo-like structure. The
ellects of different component concentrations were found necessary for the development of callus.
From the research results, it was Tound that the use of 1S media supplemented with 10 (B KMNO,
+ 005 p 24D+ 442 oM MAA+ 15% Coconut milk + 0.5 med activated charcoal could
induce high embryogenic frequent callus which was 1- 2.5 cm Jong in 4-6 weeks bul not having
plantlets regeneration belore caulogenesis. Cnlikely, using standard MS and 1.8 media ook 8-10
weeks o induce callus becanse of having plantlets regeneration before caulogenesis. The resuls
revealed the influence of some components in lissue culture media which had effect on callus
form, type, size and canlogenesis lime. Some components could promote caulogenesis and inhibit
plantlet regencration which was advaniageous 1o reduce lime 10 produce cell suspension and
synthetic seed production. Moreover, can be applied this knowledge in other monocoty] plants in
order to inerease chance 1o produce more plantlets within shorter period of time.
Keywords : callus, embryogenesis, caulopenesis, lissue culture media, rice seeds

Materials and methods:
Flant matens);

Four rice varieties: RD6, CWTL SPR1L and KDMLLIDS were used in this study. Mature
rice seeds were manually dehusked and washed with sterilized water and then the seeds were
transferred Lo the laminar airflow cabinel,  The surface of mature dehulled seeds of these
genotypes were sterilived by soaking in 70 S(wiv) ethanol solution for 3 min and rinsing with
distilled water before sterilizing with 15%(v/v) Clorox For 20 min by continual shaking. Treated
=seeds were rinsed three limes with sterile distilled water.

Cauoganesis indicemant

For Further study, the surface sterilized seeds were cultured in a 5x8 cm sterile glass
bottle, 5 seeds wene inoculaled and 60 seeds were cultured in each treatment which contained 25
ml callus inducing BMS and LS mediom whese macro notrient concentration (KNOs, NHiNOz)
aarowth regulators (2,4-, NAA) and other organic compounds ( coconul milk and activated
charcoal ) were modified in order for high embryogenic frequence which transfommed 1o the best
embryo-like stucture. Tn MS and 1.8 media ten formulees: 1) 2 mg 1 of 2410 (control), 2) 2 mg
I-1af 24-0 + 2 mg ' of NAA, 3) 2 mg Mol 24-D42 mg I of K1, 4) 2 mg M of 240 +2 mg I

393
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of K1+ 2mg I ol NAA, 51 10 M ENO: +2mg " of  24-D+2mg " ol NAA, &) LOuM
MILGNDG + 2 mg ot 2 4D+ 2mg I ol NAA, T-‘J 2mg Mol 24D+ 2mg Lof MAA + 15%
i'm:-:-nul milk. 8] 2meg M of 24-10 42 mg " of NAA + 15% Coconut milk, ‘J] 103 KN‘EJ-. +2
rnl-J of 24-D+ 2 mg I of MAA + 15% Coconut 111|||c and 107 10 .M KNOs + 2 mg af 24D

2mg I of NaA + 15% Coconut milk + 3 mg I'" af Activated Charcoal) were .1|:-p||-_rJ The pH
of every formular was adjusted 1o 5.8 before autoclaving at 115-C for 15 min. The coltures were
kept at 2542 «C under continual illumination from white fluorescent lamps (3,000 Lox under 16
hour's photoperiods).

Results and discussion:

The ¢.mhr'fc:n;.|11L calli induction was most efficient in L5 media su pplu_mu_nlu.:l with
10 M KNO, + 2 mg I af 240+ 2 mg I af MAA + 15% Coconut milk + 3 m\:_u] ol activated
charcoal because it could produce high-guality calli formation with high regeneralion capacity
(Fig. 1ia)) after the culture period of 4 weeks. This result suppons Visarada et al. (2002)°s
finding= which showed that the calli regenerafion response was also determined by the induction
medium. On the ather hand, M5 media supplemented with 2 mg ' of 2.4-10 + 2 mg I af KI +2
mg " of MAA promoted organcgenesis (Fig. 20b1). Embryogenic callus formation and plant
regeneration from mature seeds are shown in Fig.1. The optimal concentration of component [or
the highest embryogenic calli frequency was different among the variclies tested (Table 1 and
Table 2). Khatum and Menita (2005) reported that varation between callus induction media and
genolype x callus induction media was non-significant. Optimization of the condition for an
efficient induction of embryogenic calli and regeneration of plants from mature seeds of indica
rice varielics was attempted. The number, colour, size, shape and appearance time of the induced
embryogenic calli depends on the type of basal medium (M5, 1.5). In this swody, the high-quality
calli was green or dark green in colour, recaleitrant and friable. Moreover, it ook short
inducement pericd. The media have several dilTerences in composition, one important Factor is
the ratio of MOy w0 NHs which affects somatic embryogenesis greatly in monocots (Visarada e
al. 2002). CGrrowth negulator concentrtions in culture medivm are critical o control the growth
and morphogenesis. Generally, high concentration of auxing and low cyiokining in the medium
promotes abundant cell proliferation with the Formation of callus. Shoot regeneration is beller on
hormone- free medium or that containing 2412 at low concentration than on mediom
supplemented with NAA and KL Al-Khayri et al. (1992) also reported that the addition of 15%
coconut milk improved callus colture and shoot regeneration of Spinacia oleracea 1. (spinach),
relevant to the result in Table | and Table 2. Addition ol activated charcoal can promote callus
forming and growth becavse it promotes pH balance, adsorption of the inhibitors and growth
preventers (Wang et Hong, 1976 ."..nu&-mukiﬁ, 1574,
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Fig. 1. The difference of callus induction in matre rice sead on LS media g and M5 media (b)
supplementad with 10 M KN, +2 mg T of 24-042 mg I of MAA + 15% Coconut milk+3 mg 17
of activated charcoal afler 4 weeks of culture,

Fig. 2. The dilference of oot and shool formation in mature rice seed on LS media ia) and M5 media (b)
supplemented 2 mg 1 of 24-0+ 2 mg I of K1+ 2 mg I of MAA after 4 weeks of culiure.

385
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Conclusions

Generally, standard MS and .S media ook 8-10 weeks [or callus inducement because
of plantlets regeneration before caulogenesis. Therefore, this swdy provided more
advantageous resulis. 18 medium adding 10 M KNOs + 2 mg I"of 241 +2 mg [ of NAA
+ 15% Coconut milk + 3 mg I of Activated Charcoal is considered as a medium suitable for
caulogenesi= inducement in all rice varieties. Since it could induce high embryogenic Frequent
callus which was 1-2.5 cm long in 4-6 weeks without plantlets regeneration during
cawlogenesis. This was beneficial 1o embryogenesis inducing because it could shorten the
culture period and increase the chance for ransfomed 1o best embryo-like strucore afler
culturing in suspension media. The potential of the embryogenic callus o produce somatic
cmbryos and their conversion into plants provides the best and accessible efficiency.
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In vitro studies to produce double haploid in Indica hybrid rice
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Abstract: The aim of this imvestigation was to improve @ @im the techndgque of prodoction of double haploid in fndica
hybiric riee by combining anther culture, honmone shock and doabling chromosome. [t was discussed how toavoid somaclonal
variation during cultnring and to reduce the tiue of this proces. The anthers of KOML 105 = 8PE L [ Indica = Indica) were
cultured in Limsmaicr and Skoog (LE) medium, which comtamesd uwtrients, growth regulators [|2,4,-dichkrophenogy acetic
acid (2.4-12) and naphthalens acetic ackd (8AA)] and organic componnds, and then sobowlbured by indocing embryclike
structure (ELS] LS media. During 4 weeks gsesd LS media supplernenied with 10 phd KNG + 2 mg/L 24-00 4 2 ma/L
NAA + 20% cocomut water 4 L omgfL of activated charcoal had nduced high embmmogenic Fegquent callus with ength of
A4-5 mm. The supplementation of 0.2 g/T. colchicine and 100 whd 2,400 wos the most eficient in LS media, Cwver 70% of
viahle double haplkad ELS were produoced in 2 weeks and suboaltured cnly twice compared with comventional anther which
takes mome (han 12 weeks. This new iechmigque can therefore be applied to rice in order in shorten time to prodoce higher

number of doubile haploid plantlsts.

Bey words: hormone shock in wbm; canlogenesis; anther culiure; double haplod.

Abbreviakions:
plants; LS. Linsr

Introduction

It has been indicated that improving of the cooking and
eating quality of grain has always been an imperiant
consideration in most tice bresding programs |Lapitan
et al. 20094 Also this investigation was planned for the
same ain. Hu ke Teng (1951 suggested that the doabled
haplods technique wath homezygous diplod could he
;”dur!d il'l r\':m' cht‘.r-‘l.l.im‘ln })}' [I.C‘u.l:lli'l'lH :']Irt:l111|:|:iﬂ1tl!:‘1.
through inhibiting their anaphase movemnent, The ap-
plication of rice anther culture may be one aof the alter-
natives in rice breeding program. Praduction of doubled
haploids through anther culture s a rapd approach to
homosygosity, 1b sheatens the period af time regquired
r'::ﬂ' I‘.I‘I-:' dﬂﬂﬂrmlml I:lf nea ricr" l:lJI.ti'\'-'ll'H: Ih!! carnven-
ticnal methods require at least 6-7 generations.
Developments of the ir el bechnigues offer possi-
hilities of introducing into plants varability that could
be otilized for crop mmproveanent. Haploids with ther
unigue genoric constibution have potential e acceler-

* Carresponding author

12011 Institute af Malecular Biskogy, Slovak Academy of Sciences

1-10, 2 A-elichloraphemaxy acetic acid; ELS, smbryoclike stroctors; KDAL, Thai rice varisty of demor
and Skoog NAA, naphthalne acet acid.

ating the praduction of homozygows new varieties, The
production of rice haploids and subsequent hoanozygons
diploid plants by i wira anther culture has drnati-
cally advanced in the Last 15 years. The application of
thi= technique o improvement of rice vanetioes has still
heen hindered by the difficulty of inducing mer phegen-
e'_'..i:.: either rlirtst'l'J_l-' from the cultured anthers or indi-
'|'ErH._'-' rT':nrl r:“l].“ (]m;'\'mi rT'::ﬂrl n‘;:r(ﬂpum. Jtls'::l Ihl"
callus produced Fequently loses. The plant regeneration
ahbility with time in colture malkes studies on selection
af eallus mutants difienlt when longer periods of the
in wilre culture are required. Another dificulty arises
when during culturing in vitre all rice varieties do not
respond equally in producing callus and in regenerating
'|'.||.:|nl_~|.. This could he due bo gtvnﬂ.ir or environmental
characteristios of different varieties [Ozawa et al. 2003).

There are several factors, such as genotype, phyes
iclogical state of the domor plant, physiological stage
af the microspores, culbure medinm, growth regulators,
siuercse and shock pre-treatments that aflect the e

@ Springer
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sponse of anther culbwre for producing andragenic callus
and plant regeneration. Among the external hetors Che
exogenously applied hormones, mainly aoxins, such as
2 d.~dichlorophenoxy acetic acd (2.4-1), play a critr
cal role in the reactivation of the cell eyele and in the
mitiatiom of the embryo kamation. Applieation of high
concentrations of 2,4-10 in the ewlture mediom sts=lf i=
a stress signal since embryagenic indockion requives the
wser al physiclogical auxin concentrations thal inhikit
the callus growth [Dudits ef al. 19691,

It was shown that anther culbure of 1 hybeids
leads b fxation of gene combinations, Otherwise, it
wenld he impessible fo isolabe from o segregaling pop-
uwlaticm for developing homozygons lines as well as het-
eratic 1 hybrids [Hu & Feng 18517,

There are some reports that wse of anther culbure
technique in rice leads bo increase the number of vari-
eties and hybwids in rice where androgenesis s possibile,
It also increases the efficiency through technigue mar
nipulation {Chen & Lin 1976; Tsai & Lin 1977; Chaleff
1978; Miah et al. 1985). Earlier, it was reported that
anthem from rice Juponica type only were capahle of re-
generating sufficient number of doubled haploids noan-
ther culture, o which selection can be predicted [Kim
et al, 1991, Presently, it is possible to induee high re-
generation efficiency also in rice Indica type (Marasim-
man & Rangasamy 1993). However, anther culbure tech-
nicque has sorme limitabions: {a) lacking development of
techniques for quick production of Targe nomber af don-
hled hapleads; (b high cost of oblaming haploids and
dauhled haploids: (o] doubling of chromesome nomber
al the haploids s bme-consuming and may nob always
resule o the production of a homesygote; and (d] the
risk of somaclonal variation and high frequency of mu-
tation during the tissue culture,

Segui-Simarro & Nuex (2008] suggested that pro-
duction of doubled haploid plants throngh androgenesis
mduction is a promising and convenient allermative to
comventional lechnigues for the generation ol pore lines
for breeding programs, Ales Silva (2010) has pointed
cul that during the past fwo decodes numerons papers
lave: been published on anther eulbure of ree. These
studies clearly indicate that anther coltore s a tech-
nigque: that can be adopted for breeding of rice,

Arrchow, the answers for all linit actions are still
for Purther investigations. Therelore, in this in vitre
study we tried bo salve some of these hmitatioms by
combaning the anther culbure technique and hormone
shock o doubled haploids production. The terminal-
oy of hormone shock was used because calll were cul-
tured in various high comeenirations of 2,4-D (50, 100
150 anel 200 uhl) Lin=maier and Skoog (L8] media for
G h and then subculbured to LS media without sop-
plemented. 2.4-10. Thus, the ohjectives of this study
wore as follows: [a) to investigabe fndica rice responses
to anther culbure process for callus and plantlets pro-
dluction: and (b)] to improve fndice rice doubled hap-
loid praduction technique for higher surviwal mte as
well as reducing both the bime and the cost of produe-
tion.

F. PREMvARANDN et al.

Material and methods

Fland materinl

Danor plants (KDL 105 = SPR 1 seerls| were groemn in
field o produce F1anther, Flants are usmally resdy for an-
ther culture from 60 to %0 davs after planting. The KDL
105 = 8FLR | {(Mmdica » fadico) anthers were meed for this
study. Btews comlaining, paniclss with pollen at this stage
were dentified n riee by the elative positions of the Oag
leaf and penultimate leal collars. Anthers froan the distanoce
4-8 em between the base of the fag and aorick af the Last
leal which were o the middle to late uninucleate stage of
dervelopment before pollen mitcsis were collected, The an-
thers were stored in the datk for 14 days al 45 in a cold
rocm before being cultured, wrapped in aluminium foil aocl
placesd in plastic boxes. F1 hybrid panicks from KDL 105
= SPR | were brought in the laminar air Aow and sur-
face sterilizerd for 810 min by soaking them i 10% (v /v)
soclinn hypochloride soluticn and then by rinsing 51 tirnes
with sterile distilled water.

Caulagenesis moucement

10 formulas of LE mesdiom wepe gsed: (1) 2 myg/L ol 2.4-
[ (contrad]; (20 2 mg/L of 24-10 + 2 gL of naphthalenes
acetic ackd [NAA]; () 2mg/L of 2,4-D 4+ 2 mg/L of kinetin;
(4} 2mg/L of 24-D - 2 mg/L of kinetin + 2mg/L of NAA;
(5010 pW KNOs 4 2 g/ Lood 20-10 4 2 gy Loof MAA; (6)
10 pb NHGNC + 2mg/Lof2.4-D + 2 mg/Lof NANA; (7] 2
mg/Loof 24-I0 + 2mg/L of KAA 155% eocart waler; [B]
2 meL of 24-0 + 2 me/L of NAA 4 205 mconut water;
(9 10 uhd KNGy + 2 mg/L of 24D 2 mg/L of NAA
F 20% caconut water; and (10} 10 pid KNOs + 2 mg/L of
240+ & mg/L of NAA + 20° coconut water + 1 mg)/L of
activated charepal]. Macronubrenl concentrations KNy,
NHaNOq ), growth regulators (2,4-100 NAA) and oiher or-
ganic compounds [coconut water and activated charcoal)
wera micdifierd and apphed in crder [or embryogenic callus
o be transformed to the smbryo-like strocture [ELS ) The
pH of mach compesition was adjusted to 5.8 before aoto-
claving at 1150 for 15 min. The anthers were cultured inoa
Axf om sterile glass bottle, 1D anthers were inoculated and
4 replicas (100 anthers per replica) were cultured in each
treatment which contained 25 ml. callus-inducing mediom,
The cultures were kepl ab 25 £ 2°C under comtinual illu-
mination from white fluorecent lamps (5000 Lux under
16 h photoperiods |, Callus was Grmed during -6 weeks.
Adter producing doubled baploid plantlet fom embryogen-
esis in next experiment, the same procedure was wsed again
with doublerdl haplsid anther (H1 anther) to coanpare the
tesporeses bo anther culture prooess for callus and plantlets.

Hermone sfeock and embrgogeness iducemend

L8 meldia supplementes] with various comcemirations of
colchicines and 2.4-D (Tables 1 and 2] were wsed for em-
bryoids inducement. The 2 mg calli was transferred to LE
lignid media in which 2 mg/L NAN, 1 mg/L kinotin, 1 g/L
socdinm salt of 2-(N-morphalinoj-ethanesalfonic acid, g/l
casein hydrolyzate, 50 g/L sucroae, S0 gL sorbitol and 0,
0.1, 0.2, 0§, 04 and 0.5 g/L colchicines were added. The
comparison was done with hormone shock by culturing in
varions high comcentrations of 2,4-13 (50, 100 150 and 200
pidy LS mexdia. The treatments took 6 hours and then those
calli were subcultured o L3 media without supplemented
2400 m a 250 ml Erlenmayer flask and placed on a rotary
shaker ab 10D rprn at 25 £ 50 pnder continaal illumina-
tion froan white flworescent lamps (3,000 Lux under 10 b
photopericds) . Subculture of cell suspesion mito induced
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Table 1. Iafluence of various LS medin formubas oo the antber coltore resporse of FL bybrid rien.®

[ PR —

Caulagenesis

Ferrnuln Bt Heet Shewt - et Frinhle Carnpart
Mmem LN ER Memry En, Mpnn 5.1 Iilemn E.D: Muear 100,

1 neg ¥ rep

1 ney 450 =g

] 15.00 a.61 .00 reg

4 ST 15z 1G.67 reg

G nig ney

L] neg Ay

T neg g

L] ney ring

g ney rng rew
10 neg rng rey

Tk culurisk signifier the sgnificantly highsset mlue (ol <0005 menn diference wis fested by Kruskal Wallie iest. The “rey”

means thob the Farmotion of arguncgenesis or coulogerssis wos b Fund,

Tabkle 2. Influence of varius LS medin Iormulas oo the antber culiue responee of H1 hybrid rice.

Clrgnnegamivsis Caulcgenssis
Farenuln Shesl Howd Shoot - R Frinhle Com pact
Iilenn =1 Iilemri 50, Ilanry 1. Menn SR B lilenn 50,
1 nug 4333 ricg, 26,00 173
] LT i b rig, .21 14,03 221
a 42,67 B0 L&.00 g 21.23 4.03
4 LE.33 153 40.00 ang ERLI] ner,
] muy 1G.00 . LL&T .00 neg
G e 17.00 ot 61l .00 -
T g 1500 mm 00 .06 neg
L] neg nng neg
a ang feg .0 A6t
1 nug ring fny .56 i, i i g

* The nsterisk signifive thee signifieantly bighest vnlue |

moans thol the formation of orgenogenpsis

ELS mexliz formula was carried out for every 8 to  wesks
m order o induce ELSs. Analyaesd metaphass chrormnoscane
of ELSs after treating with colchicines and 2,4-1 by aceboe
arcein squash method was done acoording to Gird & Giri
{3007Y. Anihers were fized from 4 to 24 hoin ethanal: acetic
acid (8:1). After remnoving the embryoid from the dfixative,
it was hydrolyeed with 1L ¥ HCl for 4 min at 607, Then
HCI was remeved ane replaced with aceto-oreein at 9070
for 1-2 min. ELSs were squashed and cbaerves] ploidy by
mictosope, This experiment was dome o 3 replicates with
100 cells per treatment.

Statislical malgais

The cauksgenesis and crganogenesis percentages wens shown
according to LS media rmulas. Kruskal Wallis test wos
wserd Lo determine canlogenests and orgarcgenesis Fequency
differentintion among varous LE media formulas,

Hesults and discussion

Canlogenesis inducenend

The embryagenic calli induction was the most efficient
m LS media 51|.F:r|:||-:'rr|<:nlrt|. with 10 uhl KNO5 | 2
mg/Loof 24-0 + 2 mg/L of NAA + 20% coconub wa
ter + 1 mg/L of activated chareoal. It showed a ligh-
quality calli formation with high regeneration capacity

<01 |z weenn difference was besbed by Kroakal Wallis best. The “neg”

caulogereain was ok i

(Fig. 1a,b) after 1 wesks of the cultured period hoth
im F1 and H1 anther. This resuli supports Andings of
Visarada et al. (20021, who showed that the calli resen-
eration response was also determmed by the mduetion
medium. On the ather hand, LS media supplemented
with 2 mg/L of 24-10 4 2 mg/L of kinetin + 2 mg/L
of MAA promotes organogenssis m H1 anther culture
{Fig. 1ci. The LS media supplemented with 2 mg /L of
240 + 2 megfL of kinetin + 2 mg/L. of NAA pro-
moted organcgenesis in F1 anther culiure [Fig. 1d).
FEmbryogenic callus formation and plant regeneration
fromn anther are shown in Figure le b Morecver. H1 an-
thers response on modified LS media was better than
that of F1 anthers since thear farming ealli resulted n
a shorter period. The optimal concentration of media
camponent for the highest embryogenic calli frequency
was significantly differeml among the anther response
pested (Takles 1 and 2).

Khatum & Nenita (2005) reported that variation
between callus induction media and genotype was non-
sgmificant. Similatly, the callus frming abilities from
rice anther culture and time required for callus indue-
tion depend on genolype [Reddy et al. 1985; Abe 1002).
Kim et al. [1991) reported thai the best bype response
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Fig. 1. The difieren,
fermuln Moo 10 after 4 weeles of culbure in FL hybrid anbher [a)
wnd HI mnther ik). 7
antker culbure an 1

formation in
i crganay
ulbure [d) nfier
mic callus foemedicn (o) and plant
regenierabian [F] fromm ambhier culbhors after 3 weehs of culbure,

The differeren of cegaroge
medin fremula Mo, 4 pre

meis in L anther
4 wemles ol culbure,

was from Japonica ¥ Japenica hybrids folloowed by fa-
dica ¥ Joponica and then by fndica ¥ Indica crosses,
Several other vesearchers have also noticed a decline in
androgenesis in the following order: Japorica = Japon-
ira ¥ Indica = Indica (Chen & Lin 1976; Tsai & Lin
1877; Chaledl 1978; Mliah et al. 1885, Both callus indue-
tion and green plant reg
erably depending on the spealic cultivars wsed o con-
struckt the hybrids (Narasimman & Rangasamy 199.3).

Optirmzation of the comdition for an efficent -

enietalion have varied comsid-

F. PREMVARAHOM et al.

(Jlu'li(:ﬂ'l Ur ("'mh'r}'(x_:,('n;(' ('ﬂ]l; :‘rl(i rl"'].'_,('rl('ruli(ﬂ'| nr r_'ll;l'“l'_‘\-
Fr“::ﬂrl ant h('r C:lr I:rll'!l.l'ﬂ ri':‘:"' \':‘.T-“" if‘.“- h'r'“‘ I:'N:rl i'|r|'|:rm":'f|..
.I.Ih':'. I.'|:I-'L1'.-'Ir:'|.<"riri|.i-.' i.'|r|':] APpPearance Ii'|:|c \'.'Fr Ijlt‘ i'r".'l“md
embiryopenic calli depend on the type of basal mediom.
Production of embryogenic calli with high regeneration
capacily was a prereguisite for highly efficient transfor-
matiem of rice.

In this study the high-gquality calli were green or
light greem colour, recaleitrant, b

able and it toeak shart
i:|||:|||.|.'-:‘r||l."'||.| rK‘T;nI’l [III.'l.hl\]l" 3:' II]l'."' rrlﬂ!;ﬂ ||i-'“|. Eil"'l'\ﬂrﬂl
differences in composition. Ones important fcior is the
ratio of MO - NHY which greatly aflects somatic em-
bryogenesis m omonocots (Visarada e al. 2002), De-
creasing of MOS (formulas 5, 9 and 10) could induce
friahle callus in F1 and H1 anther, but decreasing of
MH; (formula G) did not show an effect on caulogene
si5. Growth regulalor concentrations in culture mesliom
were \'.'ril |':a'|.| bes r-::ﬂllT-::] Ill':" H'“::ﬂ\'llll 'l'||'|':] rll(:’rr:’ll(:’aﬂﬂl('ﬁlﬁ.
Generally, high comeentration of auxins and low conoen-
tration of cytokining in the medivm promoted abundant
cell proliferation with the formation of eallus, Rootb re-
generation was bebter on hormone-free medinm or on
thal romtaining 2.4-13 at low comcentration [formulas 1
and 2) than on medinm supplenented wath NAA and
kinetin (formulas 3 and 1) which induweed hath shoot
and roob regenerations [Tahles 1and 2) In most eases,
2,4-10 as a shong syothebic anxin was safficient to ini-
tiater and to sustain enbryogenic callus grown o rice
and has been used as the only growth regulator neal
lus induction media [Khanma el al. 1998; Lee ot al
202 ; Dawaed al, 2003; Lin & Fhang 2005 ), There were
also a few reporks thal the wse of 2,4-1 alone only pro-
duced a non-embryvopgenic one [Fan et al, 2002; Wa et
al. 2002 Wang et al. 2004), Al-Khayr et al. (1992 alss
reported that the addition of coconut water [Tormlas
& 9 and 10) improvesd caolopenesis and shoot regen-
eration of Spirecia olermeen (spinach). The fact that
anxin and cybokinin are essential for callus induction
was fully appreciated after the discovery of the pres-
ences ol cytakinin in coconut water, This is relevant and
corresponds with the obiamed data (Table 1], Addition
al activated charcoal (formula 10) could promote callus
feaming and gromih becanse of pH balance, adsorption
al the mhbibitors and growth preventers ( Anagostaks
1974]. Similar results were fund by Khanna & Raina
(1008). Bormatic embryogenesis was a suecessive devel-
apmental process that involves multiple phases (Arnlod
et al. 2002},

Embrgyogenesis inducement and dontding chromaseme
Combination in edfro technigues  between  hornnone
shock For imduced embryogene development and dou-
hling chroneosome to produce double haploed were the
mest efficient n LS media supplemented with 0.2 g/L
calchicine and 100 whl 2.4-13 (Fig. 3a). It could induce
I'Ii!.';h rile '::III'\';;JE:II':! II.C:IIJIIIG h;.'l[:ll'::‘;d. l."rll|:lryl:ﬁl:|. over ?'(ﬁ irl
2al,
in -:'urn'prlri:v:m with the conventional anther cultured

i welos (Table 4) and suboultured only bwrice (1

method, which takes more than 12 weeks and suboulk
turedd more than 1 tmes (o produced double haplod
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Tabkle 3 Influence of varius LS medin formulas on the coulogenesis of F1 ond HL antker hybeed rice.®

Canlogpresia
Forenuln  Anther typs Callus byps Clallus formiog periced. Collus sise ofter 4 weoles Ol ealour
—_— . [claye] [enen]
Irinkle  Campach
1 F1 ¥ m 2 Light yellom
H1 1 i} 25 Dark el low
1 Fl 1 1z 1 Tiark yellom
H1 4 + Y 2 ek yellom
a F1 4 LS 16 Ciray
11 } 1= 2 Light yullom
4 FL + i 15 Clray
H1 4 24 2 Diarle yollom
] F1 F4+ g z Light green
H1 + 24 4 Light green
[ F1 1 8 2 Light yellome
11 + 19 4 Light groen
T Fl b+ + m 4 Light groen
H1 4+ 13 45 Light gresn
] F1 At T 3 Light green
H1 4+ 17 45 Clreen
a ¥l b4 4 72 2 Light green
11 ++ 4 19 o Clresn
3] Fl 4+ 1ii 4 Light groen
H1 4 4 16 a e

% Abbroviations: +, law) 4+, optimal; 44+, szenllent; F1, anbher from F 1 hphrid; HL anther from F1oanther culiuee,

ACICN L

Fig 2. Diferentistion of embrycids after culiure calli in LS medin supplemented with 0.2 gL colchicire and 100 08 2,4-12 (o) in
comparison with cormentional aoiber cultune mebhied (5] after 8 woeks:

Fig 3. Annlyzed metophos: chromoscme of ELSs after breatment with 02 gL ealchicine and 100 Pl 2,4-13 {a) arcl treatmoeod with
ever 0.3% eslchicices |dennbured chromaasmes) jib]).
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Tabls 4. Inflismce of LS Tiquid media supplemecded with diffent
corcoribration of michicioe nnd 24-1 an the eenbryogersain of F1
kiybricl ricw?

Ferconlagn of srnhryogenesis after 6 wosles

F. PREMVARAHOM et al.

Tahle . Efrct of diferent calchicine and 2,4-1) concentbratbions an

chroenarne doubling in F1 hybrid ricw anther culbure.”

Frrcurtage af colls dhowing
chrornisarnnl coanplemmint

Colchicine  2,4-D1 Cakhiring
[e/L) (RIS Glckulnr Henrk Tarpedo (ESL) n In Sn dn
o ] L] 16 o a5 1m -
1] 15 an - =] a7 a
100 ] a6 a3 100 s 2
1n 15 6o =5 15 100
feii] ar 54 [ ] ar a
ol = 1 1 5 a.l 25 42 a8
=] 11 i1 bl =] a ]
100 4 B T2 100 ar ]
] o ar G 10 eE ]
2 25 au = ] a =]
0.z = 7 12 10 oz a6 11 51 -
5 T 1] o ] 14 51 5
10 13 71 100 11 L] 4
15 1 4 150 b 57 ]
] E] o5 ] 11 71 ]
0.3 ] 16 11 a3 25 3 CH] 11 4
50 a4 &l =] T 71 15 T
103 17 e 10 11 =] 18 1
150 11 ] 1501 i =] 2 1
2w A a3 ] 18 T4 1 1
a i

U This sxperiment ohseroed Fam 3 repdicatns with 100 cells per

Erentrnent.

embryoad (Fig, 2k Applied 20010 conld ke demtified
as omes af the key nducers of embryogenic developrment
n somatic plant cells cultured én witro, Only a fraction
af the cells appears to be capable of an embryogenic re-
sponse, Differences in awxin sensibivity ol the cells conld
he slu:_gcnl.-:d as a |ir|1i|.in|;I factor in the r|:|1|:|'|'.||-:“9c imikest-
:b:tlc:m .Ill"l'“".":'rl :CIIH u"':l. .'i}"rll.h'::ti':' h(:’mlurlﬂﬁ. J‘1I|'::"|'|H
thes escternial Factors, the exogenously applied hormones,
mainly awxins such as 2,4-1, pliay a eritical role in the
reactivation of the cell eycle and the inibiation of the
embryo formation. Application of high concentrations
af 20-10in the culture medinn ib=ell s a stress signal,
since ernbryogenic nduction requites the wse of a phys
iological auxin comeentration that inhibited the callus
gromth (Sroath 1990: Bidhan & Asit 2004 ).

Inelewsd, the detailed comparisem between embryo-
genic and non-embryogenic clomes from the same geno-
trpe of alfalla (Medicago varia cv. Ranbler) has e
vealed considerably increased sensibivily o 2.0-10
protoplast-derived cells or rool explants of the embryor
genic genotype (Bogre et al. 1990}, The mductive effect
'::lr il Hhc:’r" ;1|.|.xi1'| Shhﬂ':'k [=he) ':'IJ:“rI._'{' hﬂ :I.Q'er':mﬁl.rﬂ lﬂl W;th
I.JI.(' hC'I'F ur r”i:T(x'ﬂ”l]ﬁ bl]ﬁrﬂ"ﬂl;u“:\ rT(:ﬂ” .‘I.”-‘I..lrﬂ LMP'T‘I'
irago safisa). Treatment of dediferentiated cells grown
i the presence of weak anan MAS wath 100 phd 2,4-1
fer o few mimotbes up bo 2 Few hours = sufficent to -

duce embryo formation of embryogenic somatic cells, In
addition, the use of this culture allows the exact timing
af the inductive phase. In conbrast, the proembeogenic
nabure '::lr carrol hu.‘i'|:ll:"|1:iic:-rl ':'u]l.l.“'v."_’v- rllﬂkm ||. I:I.l”i.ru.ll

to determine the time of commitment of somatic oell
towards embryogenesis. Differences betwesn canot and

allalfa embryogenc culture systems are summarized by

This experimnrt cheermd from 3 replicates with 100 cells par

trieakenmck.

Dudits et al. { 1991), Embryogenesis ocourms i lissoes or
colomes gromm in the presence of 2,0-00 al concentra-
tions that already mhibib the growth of callus ssoes,
The minimum concentration or the doration of 2.4-D
treatment required for inductive effect differed 0 var-
i'::ﬂlh H,ﬂ"'::ll.}'[!‘ﬁ :lnl:l. Hr:lﬂ'if'ﬁ. ]“Ilu('l icm '::lr I:\'.'“ l.'li'\'i.':;l:lrl
asa 2.0-10 response could result in unorganized callus
growth cr well-coordinated pattern-forming polarized
growth of embryo development. Some of the factors are
exbremely eribical bor the sucees of anther culture, The
factors, such as the genobype of the plant as a source
af anthers, developmmental stage of the pollen, and oom-
pesition of the nutrient media and pre-treatment aof the
anthers prior bo da eifre culture, are inportant.
Subsepuently, promotional effect of colchicine on
andropenesis bas alse been observed in Triticem aes-
tavern [Swakacs & Barnabas 1995), Orpza selive [Sle
manme & Guiderdom 1994) and Faa reags (Barmnabas of
al. 1991). Calchicine probably disropts the microtubu-
lar extoskeleton, which is responsible for pesitioning the

miclens om one side b maintan asymmetric div
Comsequently, the nuc

A
us mionves Lo cenlral position

fallowed by equal division of the microspore [Zala &
Dhekinson 1990). Similar observation for Triticem was
reported by Szakacs & Barnabas [1995), Both, the con-
centration and the durabion of calchicine treatrments
are important fr promoting androgenesis and dowbling
chromesome. According to Zaki L& Didanson (1991),
tremtment with 25 mg /L oclehicime For 12 b was aptimal
fear b cultivars of Bressica napus. 1t cansed 51 fold
i1|rTn1.1:‘ i]'l -11'||:|.1V.‘.|5c'rli-:' TempoOnse. JQT Lll(: S=1TTE .'l[-'!'.'l:'i'.'b:
lghalet al. (1994 founed that 100 mg, T ealchicine treat-
ment for 240 h gives the best results. Although colehicine
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significantly promotes androgenesis, very few of the em-
biryos attain full development [ Zaki & Dickinson 1995].
For calchicine ireatment in high concentration (more
than 0.3% ), somaclanal variation in high rate [ Table 5)
and denaturation of chromosome (Fig, 3h) would oceur,
which caused the death of cells. Redha of al. {1998) re
ported that the wse of colchicines in concentration over
0.2% caused the reduction of embryogenesis and lead
to chimera of polyplads cells in wheat .

Daubling haploid tedimigques could alsa be used to-
gether with obther biotechnalogical tocls. The applica-
tion of mutagenic agents to single haploid cells offers
the poesibihity of sereening recessive mutants in the Arst
generation, avoading chimerism and rapid fixng the se-
lected genotype [Maluszynshi ef al. 19696). In barley,
a protocal has been reported for efficient production of
mutants from anthers and isolated microspores cultured
in vl {C".::Li”c:- et oal, 2001). When a selective agent
s aviilahle, the probability of identifying the beneficial
mubants from a large microspore population increnses,

In conclusion, our presented in v bechnigque
applied for doubled haploid prodoction by combining
an anther culture, doubling chromoesames and hormone
shock 15 very effective since b improves viakality e,
reduces ploidy chimera, time and cost produoction.
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