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ABSTRACT

Carbon sources in tissue culture system function as a source of plant energy,
supporting materials. Moreover, they also affect on plant growth and development.
Different types and concentrations of ‘energy sources (sucrose and maltose) and
supporting materials (agar, PhytagelTM and rice starch) were added into callus
induction media. Mature seeds of Thaiindica rices cv. RD6 and RD15 were used as an
explant for callus induction. Plant regeneration efficiency of calli from each
treatment was examined in regeneration media containing two different energy
sources. RD6 calli derived from the M2 medium (30 gL"1 maltose and 2 gL"1 agar + 4
oL " Phytagel’) and RD15 derived from the M3 medium (30 gL”" maltose and 8 gL
agar + 10 gL’1 rice starch) showed relative high frequencies for green spots and shoot
regenerations among treatments. The percentages of green spot in RD6 and RD15
calli were 95.83 and 100, respectively. These RD6 and RD15 calli also showed
maximum percentage of plant regenerations (68.75% in RM medium and 74.72% in
RS medium, respectively). RD15 ‘calli S2 and M2 media containing the same
supporting materials (2 gL'l agar + 4 gL’1 Phytagelw) also gave high yield of plant
regeneration. Thus these callus induction media with these supporting materials were
added rice starch powder at various concentrations (0, 2.5, 5 and 10 gLfl). Calli from
media containing starch powder slightly increased percentage of plant regeneration
efficiency with non-statistic difference. However, starch containing media induced an
increase of shoot development into a mature plant. A suitable regenerating condition
of RD6 calli were used for trial of Agrobacterium mediated transformation. Plantlets
resisted to 40 mgL'1 hygromycin were derived but genetic transformation was not
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$1aiug nv6 (RD6) wdadidnwauzitudnamilen (Uil 1) Iinanasufuussaneiug
dravnamenuzd 105 TnsansenelfSdunsuiiimududy 20 flausn udansnatsiuives
1M dnwasvewiudiinye gunssiutridunenszaedntos dfuuduss dudiasianiugs
Uszanm 154 wuiwng luiidnvazenididondy wiaemideadadiidantiina Wiuandn

WAy 670 nusels

JUT 2.1 uansdnuavosdadniug nue

e - http://www.quinl.com/international/Thai+Glutinous+Rice+RD6+rice+16811.html
http://vwww.ricethailand.go.th/brrd/tech/RD6.htm
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Fraug 15 RD15) wisildnwasduthid (Ui 2) lsnanmsufulseneiuging
gnmenuzd 105 Ingn1sanefedunsuiniinududu 15 Alause awAnnsnaneus dnvuea
sunayluidilengeu dnvasluazenireudisuay waadnwdondve Wnandndel 560
Alansusials

3UN 2.2 uansdnwazvosudad nv1s

Fan: http//www kasetloongkim.com/modules.php?name=Forums&file=viewtopic&t=1991&view=next

http://kkn-rscricethailand.go.th/rice/pedigree/01/RD15.html
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Tushunsiaumaialuniseeneiuguuuln Mhilafiedulul S1uuunn egressamiilunm
& W Y = 4 A Y a ¢
ndunazfinnuanvusATe Iy dntu @rzwed 2541)

& & A -
2.2.1 3MWITNISLALNLUDLEDNY

g1A8InN3

swpmsiulflunismnzidsadededy fegiefumaesiniuegfumumnzay
sousiaitinneides wozdudinratiy mmsﬁﬁwﬂ%’mwmgadLﬁagﬁ‘jaﬁ%ﬂaﬂﬁaﬂqm
onsilldulszneuessgennie lndidssiunudssnisuessaduiadaBofivluanw
sssumAnfivdesns emnsdansizilnevialussnaudiesines 2 ngu Ao 5198 wsVAN

Wa¥519DIMN3T89 (Sean e N8y 2540) lokn

smevan tulasiau (N) weaveda (P) Inunadeu (K) waadeu (Ca) wouluiiloy
(NH,) wuadifos (Mg) luiasn (NO,) (Hudu

51913589 Lasnila (Mn), dangd (Zn) lavead (Co) neswms (Cu) luseu (B)
\Dusiu

asdaaunsIgaule (wsdu nganily uazadulalaslavwn)

o ¥ =

asduatumsigiulanquidiAgynensniaAulavesiglann Twsdu ngandiu way

I oy 2 | ar X 14 1 oA s
Lﬂ"ﬁ‘ﬂ.ﬁiﬂ‘iiﬁﬁﬁﬂ ﬂiﬂé]BEJIULU‘NLLWﬁ\‘IVlW‘fIE‘ﬂN'ﬁﬂﬂQLﬂ'ﬁ’]Sﬁ‘ﬂu‘lﬂL’eN LLGIE]']‘-DIQJLWENW?]HU‘FYJ’]%J

e

L ] -l:ll = =1 A&} d 1 1 = o
feensvesiaiRIglussuuimizideailods a1swmaridielunisduaiunszuiunisiine
reuuslelniuda vwemsuis Sualunisusuauneeealufin Wsedunaluwad) luenmsiiidiu
voslgiounasliniludulsyneu (Gupta wazany 1995)

fatimsmarifafidutedastunafiusuuuesdalinnty WANTLAUNTEUIUNS
wuvslowudalinareduenvilowiauaada (Al-Khayri uag Bahrany 2002) wagdsilnaluns
fredudanisiindiinia (browning) astUSNaAILTiLARdadURafUaIMITI AN TINNZIEES
iadefudunamld (AU wasaaz 2004)



LUEIWNE 99TUVDINY

filimdaunnundsansveutegluommamedsadedaiio vildansaiauuag
Widulald udsnnsusumdnildlvndsnuiuiie Ao ull wazihaia vdatdiaasiuunay
Tnssaradiu 2 vl e thmaluanatieusziialuanas tnaluanafiemieluluuenn
156 19u nglaa (glucose) Muanlaa (galactose) uazngalag (fructose) dimaluianaguie
awgaanlsd ianninnnmsrsdiureshmalianaifien 2 luana Wy wealna (maltose)

#lAsd (sucrose) Uay waAlad (Lactose) Mvaassilltinia 2 vila lown

waglasa (Sucrose)

v
o

thaaglasaviotnmanse Sgaslaseadavashuana CiHp0n (U 2.3) dhna
glasavielangnnilsdiiusznoudatimianglee 1 Tuana kezmangelna 1 Tuiana wn
Feusterudeiusy wearh 1, 2 lnaladan (O, 2 elycosidic bond) wazsiuselalasiau (H) Ry
aunsadaathmaglasaldyamsinliivamsninimalUldlfgtu (zaida wagans 1995)
adutuiigeasinaelasaiinaduiinnfsuaeiniuaadavesiv (Al waamy 2000)
dlesnnanududureniimadinasenisifausssueaalufinnelueadiiv (Alkhayr way
Al-Bahrany 2002)

JUN 2.3 Tassaisvesthanaglasa

fa: http://www.foodnetworksolution.com/wiki/word/0978/sucrose
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Yenauealng (Maltose)

thanausalna fignslassa¥iatu CuHpuO:, Huthmaiisznaudietinaa nglaa 2
Tuana indeusiafushewuszuean 1, 4 lnalad@dn (a1, 4 glycosidic bond) 584y -OH
TuAguauiunUed 1 masﬁwmaﬁnmaﬁ’wyj OH fianfusudunied ¢ vasthaasiaes
(g‘d‘ﬁ 2.4) uiilaannisgevaasveunds (starch) Aensa (acid) w5e wulesl (enzyme) 1wy
weulesierluaa (amylase) Maduoalnadsfidumislfsrznamaimsifinunadauasnisiinge
Fenduas (Zaidi wavamy 2006) warddlnasenisiudusssussalunfivunigluraseadie
(Zaida wazmady 1995)

CH,OH CH,OH
H

H

OH
H

H

TU% 2.4 lassassveshmaaalng

fiu: http://www.nmt.acth/home/chemistry/pic/maltose.qif

{ o at
arsiirbilduamsiauds
3 o o v g s & v 2 Vo g wd |
aAUsEnavYBsasITdue M shawdsdglisnuesiganizuwas i i udiuves
wrauadlluamsinsides arsiinaeani@nelviiawandudy audanuviindeudiags e
Iifuanufeunasyiliiduasnareduemsuds Tuianavesasilassasradudnwaznidie
v i o g o ot v ™ a1 | o o v
Tiun asfivhlndusmnsfieuds Ju Phytagel " wazudsrdasnee wu udednnlne uladrady
o W P = 8 v o a o
Juwiu wladlegnuasluemsuasdimslinnufouiveims wwifnniswdsuulasnigluves
Tuanavesans msznsluutsznauludmeadoutanslufioudeUszneumeaslndugan-
136 (Polysaccharide) vaseglulag (amylose) wazerlulaiwnfu (amylopectin) Tianaves
azlulaauazuazerlulawmniuazsenumewussuean 1-4 lnaladdn (@ 1-4 slycosidic bond )
(Miles wazanuz 1985) azlulaunafuunnsnainezlulaa nsefiozlulawnafiuaziifsinuues

Wannnaanunanaeldandn wazdunvanslgiimamenuse Wuszwean 1-6 lnladaa
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(d 1-6, glycosidic bond) (Chetham 1998) (3Ui1 2.5) Balaseainaviaaesvandeinalunisiiy

auvidaluemsiisiudadudiunaney anudeuhaeiusslslasimunsluluanavedauts

mliiinmsnesiuazaanefeendwaliiiannunidafivasuediwolios gunglinaiuisa

ilaudeiinnisvasusivuayniiniiania gelatinization temperature ¥3e pasting

temperature Fausngnisaliifenisgnueddutisgamgiivutiagaiienninmsliauiauly
= [ |

nsiiudududiusenay

CH,OH CH,OH CH,OH CHyoH 2
0 )—o 0 G
OH OH OH OH b
0 0 0 0
OH OH OH
CH,0OH CH50H
6‘—0 0
H H b.
Q
OH HO
CHEDH CHEQH CH,OH
0
OH
O_
OH

U7 2.5 Tnseasnsveserliilad (@) uaveslulaunniiu (b)

an: http://www.chemsoc.org/networks/learnnet/cfb/images/amylopectin.gif

2.2.2 @13AIUANNITRTYLAULA (WSiny 2529)

ﬁ’]iﬂ‘]‘Uﬂ}Jﬂ’ﬁLlﬁﬁiyta‘iﬂﬂLﬂﬂﬂ’]‘iﬂ“l&lﬂﬁ‘ﬁﬁﬂﬁ’mﬁﬁﬁﬁyiMﬂ’]‘iﬂ'JUﬂllLﬁ)‘%ﬁytauiﬁmﬂﬂﬁ’lﬂu
usiazdau 1wy a41e e Tu wazsin Yegtuansmruaunisaiyiuladiviesdafinedunis
Wiiuln wavdudnseiadvln aﬂiﬂ'mﬂum‘sL%%@,Lauimﬁwu’luﬂwﬁ’uﬁa 2aNTU (Auxin)
lolnlaflu (Cytokinins) Julualsadu (Gibberellins) NsAwBUBAA (Abscisic Acid, ABA) way
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aa =2 = & o =1 a a &
L@n3iu (Ethylene) ailanmilufineg uanainllansaavaunisiasyivlaluemisimisides
& A A ) v o g va & Y o 2 v oA ¢ e
\aibeiy fimwddglunistnihiialuiesdawssianlududuiiauysal a1saivauiifden
14 Aeanslundu sendu uazlelnlafly arseenduifiaududugeezduaiunisiinsniie Tu
= o a o ¥ s -] Voa 12 LY L2
wuzifgrfumsldlelalaiuninnudutugastniiiiaeen nisldszduanududures
= @ o

pantuwazlalalafulusns Ainewmunziuriavesiy axdninlvduduvesivimundunnada
soifluduseu (embryo) 16

28NTUY (Auxins)

Junguuasensiinthilifiendesiumavetsruiavesiead (cell enlargement) 978154
nskuwhvasaatia vinlmAsnssiasgiula daelunisiiaTin venevunnvesna Fedesiu
manaessvesly nen wa saudedaelunssudinisuanmdig aaﬁuunﬁuﬁ%ﬁmﬁﬁmmmm
a¥1atuiasld W nsedulnedfn (indoacetic acid: 1AA) wudnAvsaENlasve sanLaE
1 werUihniiiledoinsy (meristematic tissue) Viinaigesluu 1AA ngluiiie dofivusiaz
dauflinnifesunnsiraiuly Tasaywueguinludiuiidnadgivle aududuvesoondud
wammwiamm%m@uimmLﬁaL?jawﬁaawaﬁwaiuﬂﬂié’uE“J';am'im%zmﬁuimamﬁaL?ja%ﬁﬂgu‘lﬁ
(Unwea 2536) é’qguﬂﬁ%’ﬂmssﬁuﬂ%mmaaﬂﬁum&ﬂ,uLﬁa@iaﬁﬁqﬂmuauiﬂﬂizwm'sa%’wLLa::
nsanewiaugiuly L‘ifaL?i@ﬁflﬂ’]‘iﬁﬂlﬁ']L%%@Laﬂimﬁwﬁﬂﬁﬂ%’lﬁaaﬂ%utu’lﬂﬂ‘]"}miﬁ’la’]ﬂ IGE
Tunansstutha Tudeifefifiongazdinmhasnnniinisassanseondy a1sdunseiegngy
aondu fideldtuninlinn nsmueaniuinesuasdan (O- Naphthaleneacetic acid, NAA)
nsndulaD#3n (Indobutaric acid, IBA) nsAraslsiuendaszddn (4 Chlorophenoxy acetic
acid, 4-CPA) 2,4-D (2,4-Dichlorophenoxyacetic acid, 2, 4-D)

lalwladiu (Cytokinins)

sosluunguiitaslufemwemsuuvaduosity TEADNTUAYTINALNTFAUNTUANAITIY
sfamsifagen nunnluuinadeideisiy ludway (embryo) wazsin (Auygy 2544)
lalnladusinsdudesléites willauauiRfiddyfetelunsisasermeineg uduvdadis
gosluulglnlafuavausy (cytokinin induced  translocation) aaﬂuuﬂﬁuﬁﬁwﬂuﬁ‘ﬁlﬁuﬁ

Hlofu (Zeatin) druansduasiginiaglunqulelalafiu  1éun 6-Benzylaminopurine (BAP)

law@u (Kinetin, Kn)
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g 1 = i -] ¥ &l {
2.2.3 JUAIUYDINYNUINNIZLRLUDLED

Fudwildlunsmgdoaiodeiednareanudisalunmameidos Instudauansnsa
sannludusuiivldduegiueny wevriafiihudes Woidefviitemiunld Wudiduusle
Uanewen agam snine Tuseu Wusu nnidenvlinveuidaidemadenlimuingUsvasdnis
NAGDY

2.2.4 anEmsinzgeaiiodefiv

fivamsadunrvitamaeSydulnuan ediuunvay Jadeddglunisnsdes
ety Alnasenistanneeuiede iddy e was gaumnil nisliiuasuazgamgiduegi
finvosfiviithunmsdes izamaﬂum'ﬂﬁ,mwammzagjﬁﬂismm 12-16 $1lus Aty
uas 7 1,000- 3,000 Lux wargmumad Ussand 25 + 2 ssAoaildyd

2.3 msenglovduidnging

n1stneleugumusauuRlaviansds wu n1sdwedulasnss wagnsdsniedulagld
acda 1 = o @ ) I =) o 1Y
wivig TondlenldlunisarslentunazUszaumaudiiaegraunlunisaeloududigie was
£ = s s ! = 1 U = L% g =l oA
Tinanlun1smuandnuagnwugnIsuediy As nsdindulaalddesslnsuuafiiey
(Agrobacterium tumefaciens) \Wuwve erdenalanisdvianeivusnauiaunea lavaiuise
! ' =] v 1 & (] ey = s 1 P ! o .
detnefduegad iy liinialsawansdneuzduuu M3eni cown gall wanadia Ti
vaaoozlnsiuaiiBauiinisawineTudiures T-DNA (Transferred DNA) il luunsnlueaaiie
wanadla Ti iwuil 2 wila fig eanlnlu (Octopine) n3aluuhdu (Nopaline) wanaiia Ti axiingy
984 Virulence (Vir) gene 7191alunnstniiFudau T-DNA Thnluluiwadfiv (Rossi wavmaly
1998) il

2/
v

VirA - yihmaedanslunguuesansitusinifiwaieluvagldsuuinuns wasnivau
NSuanIBaNveIBu Vir G

Virg  tglunisdsse T-DNA gneden

VirC  ynvnisinuseans nnlunisdunsngst T-DNA @efien
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Vir D vimtihilunisedaeuledilddawuseealnlaleamnes (phosphodiester
bond) NvpUANIIAIUEIEUETYIIVRS T-DNA wasdededduanIutesiteuuiiodony

ihwaea (nuclear pore)

VirE  yiwihnedu T-DNA anede uartesiunisgndessaiiindied (nuclease)
wazyi W T-DNA anaiigndianuasialuseninenisasinu uasndinisasansdu

VirG - vihntunsnseduliiianisaenswavesdudug lungy

T-DNA fleglunanadinveteslnsuvafifey flashiluuwmilouvoiy wrBuwaniazlaldl
nsuansoenluiwadves erlnsuuaiifeu usidls T-ONA gwadiatumaniazuansoonud
1#5unsanelon T-ONA TaeluBuwmaiiflaziluslumes (promoten uaz wesfiumes
(terminator) ¥oafty (JUT 2.6) msiidisaylnsuueiiFendiinanasin Ti Wudadiedngu ¥ild
TneduvesBuiviliaalsreen wasunuiisheduiiaminnisine devimsdedindude
WWeerlnsuunitifen T-DNA spdluguodiimilifauansdnuneduiilal fuvy 35n15tvilélne
thiteeslnsuuaiiGennidessniutuduvesiio wu lu upads Wudy Adanievldiuieuma

(g5uns Yawlyaanna. 2545)

A Prantcet
'
N “ T 4. Transport of T-DNA /
," Agrobactarium | and vir faiors by T4SS #
= g | VirE2  virE2
3 g 5. Nuelear import
X,‘ 2 VIrE2 T‘E! virD2 NUSear 'mport |
3.T-DNA synthesis | _\—)
gimnsodilifnes, ] '
N e _VirB1.11 1
™ -l 6.T-DNA
e g < 5 - Iregreticn.
A8 -:IJ-/ -
Y -
- =
| 2 VG actvation [N
_____________ -
1. Plant signals ..J Wound ‘

JUT 2.6 uasnalnnisdesng T-DNA annadeslnsuuafiiendguadieg

a: http//uvmge.wikia.com/wiki/Agrobacterium_tumefaciens
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Anwazyilreadsarlnswuniisay

arlnsuuafiien v3e Agrobacterium tumefaciens AneglunsNa Rhizobiaceae
Usgnaume 2 ana e Agrobacterium wag Rhizobium WuuuafiFaunsuay enduaglumie
lufu ansrsardeudldlaanislduraniaaa (flagella) laifin1snisadeaas (spore) lalanunsa
aselulasiauainenald JUsdnvazvesdsvnduviounss uazidlolondyuuemisndl

3y & E 24 =] = :’é’ & as = 4&) = as
aslulawsaluasdusenevazairadionudeny Yuseus waa anvuelaladvente danwuy
AInFey Tfid veanewuglaladiifinuesy Sanwsiesniseandiaulunsiadyiivls aamgii
Woaunsniaaiyiulnlaneglugig 25-30 esrgades danulunmsaiunsadiyngnuas
anefivlinieuiaune iWuavmuedsaiiy fnavihliwadunaivediludulinswigdivle
a o 1 & i v oa & w ! v o a & = a &

wazliindnuiruegiesansa nelvimbudnvardudtadraduninidadesenisunuinaiin
crown gall dnwagdulnilaninsanialiegwnndilaghifitedia Saitdeiliniseiyves

& ¢ ¢ - =1 | o v Ayoa o w P
L?jafﬂausﬂU?JSQﬂ@iLwﬂsﬁ (cortex Ce[l) LNAYUBEINTIALTT WUlﬂL?JE]HlﬂUEL’JNE’]ﬂLtaza’lﬁlwﬂﬂ\‘]?‘l‘d

2.4 uAeNNe1909

i slagiuiisnATunatsnuiingivesiun1susuljauasimuiugieaie3sns
Wnsideaialteny

Usznagnsiing (2537) levitnstninudalninduiradasinudadiniugaeen-
uzd 105 Taeldanmsans Ms Adiugesluy 2,4-D fimanndudu 2 fadnfusiodns Srufuindu-
lelaslaim fimnuidudu 300 fadnsusdedng frluamnsgasiamnsodniliaunadaligean
96.3 Wosldud Tnsflvuiaunadaiadeagd 9.4 fadwns ntuueadaasgniniheoninivad
Teemsinueadalilusmufiifindaduian 7 fuilsasuivuaueadagniioundesuy
0113 U weadaiumsiniheenannsadmunudusealflusasiiganiiuaadailails
AunsAsinean maveaesinuingase T sinyvausensinthiuaadaianswauwasy
wigiduiilvallfafigarosimis Ms Hifn 1AA aududu 1 dadnfudedng waz BA A
udu 4 fedinSudedns Ganunsadmiliuradaimunluduengan 45.8 Wedidud veninde
wARzUARRE 7.9 von

Masayoshi uazagiy (1996) ladnwiladenfinadenmsvmuinisiasydudulutiainnis
wnzidsndafiafivwuuwaduyivasy Inevinn1sAnwAUdud UYL naIAs UauTIND v ia

] '3 | ' aa | v o § ¥a @ &
'T]aﬁLLWﬁQﬂTﬁUE]ULLﬁSaQUUﬁxﬂ'E]'Uﬂ'N‘] 1“@7“’]3%@3 N6 V\ﬁJNaf’Tﬂﬂ']iﬁﬂu’ﬂﬂlﬂﬂﬂqiwmu’ﬂ:ULﬂu
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fulund nuinfaududulazyinvasuvasarsuauiinasaniswau LU udulnisiud

a15UsznaumduLazUsunnsuase I siltinananIsaasuniIswalundusudy

Kyungsoon wagane (2002) Anwmandmiinzaulunisiiduszdnsanvesuaadadn
Tunsiunluiduduiianysel lnefinwgasemsivuzaulunistmihiinauaadaaineims

3 an3 (LS MS wagN6) Tun1sidosing 3 a1eMug (Dong-Jin Hwa-Chung Lag Nak-Dong) lun1s

s o [

dninufadnliifiaduweadadmennududu 2,4-D 3 fafnfusedasuazdinaglase 30

o Ioa

nfusiedns WMuszansnnlumstnmihiinueradalanfianluevisgas N6 (73 Wasidud)

°

v £ 7S 1

PMNLUINTANIANUTLTUTBIVRIRAIAITUBLLALYI AT SERIN e TInE N Tl daeTla
SuiusEnineeendu (NAA) wazlelnlafiu (BA nialaiudu) lunistnilvifasu Usingln
thenaslasaaududu 30 n¥usedns Wiussansrwmaiisasulvsladuinaneiug Nak-Dong
(a1 wWofifus) uelludrBnassaneiug (Dong-Jin uaz Hwa-Chung) thamaglasa 50 n3usiadns
ThseBvBammsiAndugan enudadusesansimiliiduemnsiudsd 1.6 nfudedns dua
onsiinEengetgaliud 3 mewus I luwsissiugiinisldnuiduduresse fluuiunndis
Auiulugaug Dongjin ALt U EasluuTiiNILdal 989 Done-Jin, Hwa-Chune wa

Nak-Dong Ao NAA 2 fadnsumedas 1t5unulawdu 2 1 uay 4 Hadnsusredns auaiau

FnS wyna uazamy (2000) WhmsAnwgersemsfivangaudenismizidsamdn
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Ali wazAniz (2004) ¥nsAnwmaiinseavsamnsdmiliiindulminnueadadng
2 gewug Av Xiushi 11 waz XC 95 wui1 Anududuaes Phytagel fdurelunsianundu
dulniivesunads ludrianewug Xiushi 11 Wuszdndamnisiaundudulndgeiian
(41.3Wedidud) Tue1ms Phytagel Aududu 0.5 % drunnadadiraenug XC 95 1

UsganSamnsimundusiuluigega (36.3 wWesidus) luenmsiidl Phytagel mamidiudu 0.6 %
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Khirod wagag (2011) Anwimswmuinsiiuussaniamnisiesyduduliindanig
fgloudusaetoezinsuuaiiSeunuin Anududuves agarose 1 nSufedns lue1wsnd

U1eauealang 30 ﬂ%'uﬁiaémﬂ‘f}udauﬂ'iznau’l,ﬁﬂ‘izﬁw%mmmﬁﬂﬁuqa 84-92 \Wasidus

NMIINBUVBIAUE Zhao Lazanz 2011 lvinisAnwaisloudiusieessing-
wuAfilen a@ewug AGL1 wanadin pCAMBIA1381 mumaliamsiwzideailebeny Tuiiane
Wu§ Handao 297 wausngiremisilvusednamlunistnihiviiaunadagege As a1mns
gns N6 MdNansAIuAun1sIgiule 2,4-D Anududu 4 dadnsudedng uag TDZ 0.5
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3.3 gunsal

1, \3esdsBidnnsdia (HR-200; AND®, Japan)

2| ﬁ:f‘LJaaﬂL%."a (Laminar air flow BC-01E; Jeio Tech®, Korea)

3. ipseatsuArauns A (PL-600; Ezdo”, Taiwan.)

a. nifeilseintornusiilet (TOMY EX-315; TOMY®, Japan)

5. lulasnn (Microwave oven EM-T856¢; Sanyo®, Thailand)

6. 138408 (Shaker, Biosan', Germany)

7. 1nesTnApanauLeas (Analytik Jena AG; SPEKOL 1500°, Germany)
8.\n309Bidnlnsln3Ta (Electrophoresis; Lab Net®, USA)

9. Lﬂ%dﬁ’]ﬂgﬂma (DI-01; MS Major Science”, USA)

10. viesmuANguMAl 25+2 asrwailea Tiikas 16 $alussdedu fin 8 Hilussatu waz

11. idestiumisauumunuguundl (TOMY MX-305; TOMY®, Japan)
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12. Water Bath (LCB 0725; LAUDA®, Germany)
13. \3aafiuy3unnia1s DNA (Master cycler; Mondo Tech®, Thailand)

14. 157 uargunsaldus wu dedndn wisddauas Uindu Jnined Tuun waen
VABBY PTUWIZITONTTUBNAN VIALMIUTITDMNIVUIN 4 Uae 8 saudniaurUn vingusuy

YUIA 250 NaAART ALINEILDANa8Da LAy NS1NEY
3.4 g15.ad

1 a'ﬁmﬁﬂ%’Lumimfi’ﬂummimwLé’ﬂal,ﬂa@'agmi N6 basalt medium wag Indu B5
(Li wazAy 1993) Usuauliunsn-a14v8981915Me Potassium  hydroxide (KOH) wag
Hydrochloric acid (HCL)

2. a1aniildlunisinivuainisgns Amino Acid Medium : AAM (Toriyama and
Hinata 1985) U5UA71utTunsA-A1998987915028 Sodium hydroxide (NAOH) wa
Hydrochloric acid (HCL)

3, aﬁmﬁﬁi%‘l,uﬂﬁm’?ﬂmmmiﬁjm Luria Broth : LB (Sambrook wa% Russel, 2001)

USuanudiunsa-ansresenmnsme sodium hydroxide (NaOH) wag hydrochloric acid (HCU
4. @3AIUANNITASYWUL A kinetin IAA BA way 2,4-D
5. sUftaugniundiodu lelnsdeBu wasdlwunndy

6. @15ALNkEAs19As e DNA TaenSuenyuia DNA Tumasznnlsanieldnszualuiii

(agarose gel electrophoresis)
7. answniliildlunsain Genomic DNA aqndia

8. esiadl 3,5 Dimethoxy-4-hydroxyacetophenon (az@lale3alnu)
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3.5 35n15A U
3.5.1 NISLATINLUEAR

1 dll) [ o =4 v = oa ar L3 = [
mswenseidna Widat1I8uRn1anewug nu6 waz NY15 wunvidenesen (s
athliayndrimgeeen) Mntduhnsdnwdaiifinlsauaziudafiniydlivufionn waafiu
@ A o & da v ¢ ¢ d & & = ¥ s =

MsAndenIune e nRiuenineltkoanosed 70 Weasitus Wunan 2-3 Uil 3ntuwan
1langtanielawes ALty 5 Wasidus NansanLsaman) tween-80 31UIU 2-3 BE9
thluwegnanus5oU 250 sausauniiiiuaan 40 w1l vinnisWenawiednAsInAI Uty
30 Weasiudvadlawes weifinnmsisau 250 saunatidunan 30 wd dwdadienunisaeln

WaUE19EUNNAUY 4-5 ASITUNAA LA ULUATEA N TS
g i o d 1 =y 1
3.5.2 MSANEINATIUIAIARAZANTNYN I ULamsnaudsdan st dudulna

tipdndadldrnnswisnmdeundsuueims NB (naanwn n) Miiunganiu
(glutamine) 500 fidnsunaans nsdu (proline) 500 Aadniusedns wiulslnslawy (Casein
hydrolysate) 300 fiagn3usading 2,4-D (2,4-Dichlorophenoxyacetic acid) 2 Hadniunodng
wag laufu (Kinetin) 0.3 fiadinsusadns lavownsluusiazgasazdseneulddmsvinauazaiy

uduveaumasniueuinnetu saufunisliansBanmessviaiu fedl
S1 fle Ju 8 n3usedns uaztaaylasa 30 nfudedng
52 f9 Ju 2 nfuseAns Phytagel " 4 nfuredns LLaxﬁ'lmaﬁgTﬂﬁa 30 niusedns
53 i fu 8 n3urpdns wil 10 n3usiedns uastnmaglaa 30 niusodns
sa fie fu 8 n¥usioAns ulls 10 n¥usiofmns uaztimaginsa 20 n¥usedng
M1 Al fu 8 nSusiedng wazthmauealed 30 nfudedng
M2 fie Ju 2 n¥usiedns Phytagel” 4 nfusiodns wazthanauealag 30 nSusedns
M3 fio §u 8 n¥uredng uil 10 n3usedns uavthmavealaa 30 nfusiodns

M4 A8 Ju 8 nFusiedng wilv 10 niusiedns uaztimavealng 20 nFusedng



22

PMNUUEITIRBITNSAINaNEeeluanMzie Wunal 4 dUav Funensildeundag
YDILARRALAYUUNINHA BNWAULNISEMNISAIVDILAREE hazAYDIARAAIUATTNAADIUITILNY

WUy Completely Randomized Design ¥iI1N15MAa8diauna 3 41 9 ag 20 10

Yueasafilianemnsng 8 gns 31NN1TMARBIN 3.5.2 1RnUuNIEA1ENIasinisly
& A o s & o & a o U = ) 2/ '
numnzislufiiaitung 7 9w anduhufesuuewnstnihlninnseseduiuln 2 aas
fadl

Regeneration in-Sucrose (RS) A9 811115gM3 NB Fifis 1A 1 GadnTusiodng BAP 2

Hadniunadng Kinetin 2 dadniunades LLﬁ%‘lJWI’]a“gIﬂ‘iﬂ 30 NSUFDENS

Regeneration in Maltose (RM) fia 81119gns NB iy 1A 1 fladnSuredns BAP 2

Hadniuneans Kinetin 2 Tadnsunadns tazuinianoalng 30 NSusedns

nniudsdaenmshivantuna 16 Hlunasiia 8 9alus Wuna 4 ddansi Juiinua
IuLAadaieadier S1usen Wesiduinsifingmdess wWedldurnisiaunlusen
AR89 ANOVA 9RANIULANANUBIYANAREILGEIIA T 1ERATTULANFANTENTYANARalaeIS

Duncan’s new multiple-range test (DMRT)

3.5.3 fAnwnavaInNiuturawsnanistnilvnadula

amsgasiminzadlunm wadgduiulminnnsmeaed 3.5.2 ilddusmsgns
wugruluns@nwmanuduiuvendwereiavesmafivnzausanisinii iAo uaads

Vo

warmaaigluviulnivesiniug nuéway nu15 Tneuuimvaassnuaeiuguosdaléied
3.5.3.1 417a8Wus N 6

o [ d' 1 1 &'A’ v qy d' - = = a s 1

WdafikuNIweng o wdiesune1msgns NB fliunganiiu 500 fadniusie
ans Insdiu 500 adnFuredng wdulalaslawn 300 Sadnsusdadng 2,4-D 2 fiadnsunedng
waz lAwdu 0.3 fadnSusedns iusznavlumemiududurasidaiassinuaainaianuaneig

AU A9t

b7 s 1 - TM % 1 = ‘O’ at 1 L=
Sa Ao U 2 NUFRAMST Phytagel 4 nN3UMBaNT u'lﬂ'laﬁiﬂ‘iﬂ 30 NIUFBDARNT
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= v ar I a ™ s 1 a ot I a gs‘
Sb A Ju 2 n3unednT Phytagel 4 nfudefing uds 2.5 nfusedns Wmaglasa 30

ASUARANS

=4 v Lo ' a TM s ! = s 1_a g
Sc fim YU 2 nuredns Phytagel 4 nfuseding uth 5.0 niusedins Uenazlasa 30
NINARERT

1 9 at 1 = TM o 1 = fd I a ’D’
Sd Ap Ju 2 niurieding Phytagel -~ 4 nfusiedns uils 10.0 nSusiodns Wnaglasa 30

ASUADERNT
a v w 1 oa ™ @ 1A 5 v 1 oa
Ma A8 U 2 n3usadng Phytagel 4 N3usadng uimauaalad 30 n3udedng

v s 1 - TM s 1 b= U 1 -y !6)
Mb fig Ju 2 n¥usadns Phytagel 4 niusaans wile 2.5 nfusadns thaauealaa 30

NSURDANS

A ) ™ v o1 a w1 a E
Mc #ie Ju 2 n3usedns Phytagel " 4 n3usedns uils 5.0 niudofing Umauealna 30

ASUGDANT

2/ aJ LY TM o) 1 = ot 1 = %}
Md fia qu 2 nusiadns Phytagel 4 nsusades utle 10.0 nsunedns dimauealnd
30 NSUADARS

Mntuthwaeemnsdsnanuiasstuaniziin Wuna 4 §ani dusadeilduninuy
nsgmunsasimslunundeluiiafiunm 7 U nnduhundssusenstnilfinnd
Tmigmsfiangaludaeiug nve annmeaesit 533 Tuaudung 16 Haluuaziln 8
Hilue Wunan 4. At Tudinua Snuueedafiingmder Suiueen Wefdudnmaide
Wden Wesiudmaiaunibusen Tiasisd ANOVA gauuansiavesgavaaeitay sy
ANULANATNTENINYANAGENLAE IS Duncan’s new multiple-range test (DMRT) ¥inn15vaaeq

YUUA 3 91 9 8z 20 1A
3.5.3.2 41eewus nv15

o a2 d' 1 1 d’l‘ V¥ a’l’ ﬂi' = =1 =Y a s 1

didineunsensdiiiouds 1idesuueIMsgas NB Aliungaiiiu 500 dadniuse
ams nsdu 500 Sadnsuredns wdulalaslawyn 300 fadnuredng 2,4-D 2 TadnSudedng
way AR 0.3 Tadnsusedns MusznaulusmeanuudurantuazydnvosuInIanuane1g

o o &
AU PNU

= LY s Ioa ™ L 1A %’ ot I a
Sa A U 2 NIUADANT Phytagel 4 NSUMDENST mma?ﬂmﬂ 20 NIURNDART
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24 at 1 =Y TM Q U =Y s 1 = ’UJ
Sb fig Ju 2 n3usiedns Phytagel 4 nfusedns utls 2.5 nSudedng Umaglasa 20
ASUGBARNS

2 o ! a TM a 1 = al ! = sﬂ'
Sc fia Ju 2 nfusiedns Phytagel - 4 nusiedns uils 5.0 nSusiadas Uraaglasa 20

NSUNDERNT

b % L2 I = T s I = s = !II
Sd e u 2 n3usieding Phytagel” 4 nSusiadns udls 10.0 nfusedns Yimaglasa 20

ASUABARNS
U L 1 - TM s L = g LY 1] =Y
Se fia Ju 2 nusiAns Phytagel 4 nSuraans wwnaglasa 30 niusiedns

= b4 o [ TM o I a ot 1 a %’
Sf Ao U 2 NaumDans Phytagel " 4 niusedns wls 2.5 nFuredns Winiaglasa 30

ASUADENT

o v o 1 a ™M N ] v 1A H
Sg fie Ju 2 n¥uriedinT Phytagel 4 niusiadns uth 5.0 nfusiedns Winaglasa 30

ASUGDARNS

v L7 1 = TM at 1 o at 1 =y RD’
Sh fin Ju 2 nsusedns Phytagel 4 nsumeans uds 10.0 nfusedng Wmaglasa 30

ASUADERS
w [ 1 - TM at 1 =y go‘ s 1 o
Ma fig Ju 2 nusadns Phytagel - 4 nusodns thatauealna 20 nfusedng

U L2 1 = TM s 1 - s 1 _= iol
Mb fi8 T4 2 nFusieans Phytagel 4 nSusedans ul 2.5 nfuredng thanavealna 20

nSuADdng

= a2/ s 1 = ™ O I a s oA %’
Mc fB U 2 N3uFBERS Phytagel — 4 ndusiadny wU1 5.0 nsuApdns imavealng 20

ASUFDENS

A v v 1 a ™ @ 1A v 1 a H
Md fia Ju 2 nfusiedng Phytagel 4 n3usedns udls 10.0 nfusedns Wrnausalna

20 NSUADARS
o [ 1 = TM s 1 = %’ at 1 e
Me fia Ju 2 nSusiodns Phytagel 4 nSusedns dimavealag 30 ndusedns

= 2/ s I e ™ s & ot 1A gn’
Mf A8 U 2 NTUABANS Phytagel 4 n3udedns wls 2.5 nsusedng dimauealng 30

ASUGDANS

& v v 1 a ™ v 1A o 1 a 3
Mg #a Ju 2 niusedins Phytagel 4 nSusedns uils 5.0 nfusedns trsmavealna 30

ASUGIDENS
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& v v 1 a ™ v 1 & v a ¥
Mh A8 Ju 2 nfuredns Phytagel = 4 nJusiadns wils 10.0 nusadng Urnausalnd

30 ASURBENT

Mnduthmeemnsfanaridsduaniisiin Wunm 4 &ank dusadafilduninuy
nsganunsasindunumsdeluiifiaduna 7 Yu mnduiundssuue s ldiady
nmignsinfigelutiaeiug nus annimmeaesd 5.3.3 Tiuaadune 16 Faluuasiln 8
Flus Wunan 4 Fat Fufinua S1ununeadaiiingaifer S1uusen Weddudnisiinge
Be9 wWeddudniaimunfusiulud Jiasied ANOVA garuuanssresganaasInaziasIz
AULANFITENI19YANARDILALTS Duncan’s new. multiple-range test (DMRT) N15MAa84

Y4VUA 3 91 9 8z 15 179

3.5.4 MmIAnwsEansnmmsselausiduedduaadavasdrdeiuginelaely

&
weazlnsuuafiFeaudunme
' = v 1 ar g
3.5.4.1 madhelauAdueidiguaadadilasididoasinswuaiS e duniue

msdgtieesinsuunfiiesamenug LBAG404 Nlnaraiin pCAMBIAL301 (MANLAN

%) lua1nsuda LB (n1awwan n) MdsensufTaugnmundedu 100 fiadnsusednsilunan 2 Yu

]
=

figamall 28 pervades thinladifeiveudoorinsuuniiGounldludowisluamsivagns
Weniuu3unng 3 Taddnsiven 250 seureutingnvgil 28 sswwwadeaduna 2 Tu 9ndu
18w IUARYR YN TLUATISEL 1 Nadans aslue1s AAM (Toriyama Wwag Hinata 1985)
Aduezdlale3alnu (acetosyringone) Aadudu 100 lulasluans edluaniizivegfiaiusa
59U 250 5eURRINTl IVHiAIMIRANTukaTiAaIMeNIAAY 600 tlULATMIAY 0.5 diuradadn
g M v = = o ol P — v w
WIELlasalUMISRIINNITNAGRA 3.5.4 wiluatsasaneinazlnuuailisouiivs oal idediu
Wuaan 20 wil 3ntiuthuaadaeuunulmfidnssaenseafedudediuiuesn Wwisuauy
wzieniinszatunsemiauemsgasiniiuaada (FAINANgaa1NN1TRae 3.5.4) Mifx
avdlaleSalnuanududu 100 Wlasluans leeldemsusunns 1 Hadans “enAaIuUNITEAY
ATRINUUUILARAFINNAIVUNTLAENT Y WALINZIREILAaddT N UpazlnsuuaTIS aulun
=1 4' = =l [ s at 3} o 1 s’i’ = o 3/
Tafigaumadl 25 + 2 s wales [Wuna 3 U wdintduinsditesylnsuuafisaulneld
enURTWLTINUNNB (cefotaxime) NAsdudY 250 fiadnsurodns 1uian 30 undl duin

AUAUENINBYILARSELNNNUUNTEANENTDY NnuAadauunTeamensadduia 7 Tu udeann



26

ﬁ'?ué"lHLLﬂaé’aawummiqm‘E’nﬁﬁlﬁLﬁmﬂuﬁu’Lwﬂa’mmwﬂam'ﬁ 3.5.4 MAneU Tuy
Fiumndu eandudu 250 fadndusodng insmnsidsdaeliuasadng 16 Fluwazludiile
8 $alus Wuszernan 2-4 dUai danenduduiieadesgasdnildiiadusulviannms
nnaeadl 3.5.4 MAneUfTurlelnadsfuanududu 40 Sadnsusedns dunanisiUdountas

LaZINNSUUTNKG

d s 1 =) b7 =Y .
3.5.4.2 as3vdaudanldsunisateloudduielneldinaiia polymerase chain

reation : PCR

afaRSuwend1ld medsnng il dntudrnluvasinaluaniwlasadelyiithniin
Uszana 50-100 fiadnsy (dluvaanassuin 1.5 dadans) undudaululiaziden vinnisiax
ansafnAduLazansnan phenol/chloroform/iscamyle agnsay 450 lulasans nanswduiile
ety MntudusissinnniEaseu 10000 39udamﬁﬁqquﬁ 4 pamgaldualuian 10
wit gransavanedaulasuuuilanasslyal :nduku levsauea 99 Wesiudusinmas 900
lulnsans ndunaenliainyssuna 1 unddluduniesdfiaanuiaseu 10000 seusaud 4
gyl 4 asenwaldsaiuiag 10 Wil vindumaisazaredidlaidneneudiduede
levs1uea 70 Wedlduduiuns 450 lulasans wmansavareaaula ALl annduazany
nenaufduefiléluarsazate TE buffer 50 lulasans vane RNA Tnenasisisulesl RNase
20 lulasAng Und 37 samwaidua 30 w1l way 60 ssrgadea 10 Uil asaeasulaeld

wAata PCR

ihilduedanaldaindm 1 lulasansiiu 10x Tag buffer U3unns 5 lulasans 10
mMdNTP U311a7 1 lulasdas Tolnswes 1 fifiarnusimagiulusluimed camvass
Ao Iwsiuesdrunediisa TGCGAAGGATAGTGGGATTGTGE wazlnsiuoidiusiisa
GGATTGATGTGAACATGGTGGAG dnfutfindiuiusudiuvesiid o usnaluslumes 355
Ysumsegeae 1 lulasdns 3 mM MgClL, U3unns 5 lulasdns teulwsl Tag DNA polymerase

Usu1m5 0.3 lulasans waviduinlvasy 50 lulasdns drluiiavsinudiontesfidgens
(EPPENDORF §u MASTER CYCLER EP GRADIENTS) Tneelusunsasies
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Predenaturation 7 94 DIANYARYAUIU 5 W

3 step cycling

Denaturation 7 95 e waldeauIy 30 Jundl

Annealing 7l 62 psrwadeauty 1und 35 98U
Extension i 72 ssmwaidea ury 1und

Final extension #i 72 s wadeauiu 2 wdl

psIvdauNangals Nlalaevindidalasiwidauusrnlsaninududy 1.0% 19

nszual 100 Taad Wuim 30 wiwisudeuiviibuenasgi
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H d o gvd g & . o Y a w '
4.1 ﬂqiﬁﬂmﬂa'ﬂaﬂuqﬂqaLLaxﬁqﬁ“V]qTﬂLﬂua"“qiﬂﬂLLﬂQﬂaﬂqiwmqu“Lﬂﬂﬂu'hﬂﬁ]

wiadm nu6 war nvls fiunisvensidietinidssutermsgradniliiaunada
$1-52 uay M1-Md fifimsiivanseuRunsisiaaule 2,4-0 anududu 2 fadniusedng uay
Tafufinnududy 0.3 fadndudeans vnsidoaduszezngd o fUand (gﬂ'ﬁ 4.1 uaz 4.2)
wuidnwasdveunasavdumiziasslue s 8 g9 unagd ¥e4919n16 Lasnls lugns
81915 S2 wae M2 Tiumadalisnemeiin Hv1nsy uANA9AINLASSETUERTEIMIT S1 uay M1
Tdnuwardveweadadudinions wariivisdursuadadudimauinelndgfudwuiian
fue1mIs qmmmiﬁﬁmuﬁuuﬂuﬂueﬁquﬂisﬂau S3 uaY M3 LAT S4 way M4 wAadaTLAd
dnvaludindsndu duvesunadafifatuemisesiifinaduinlrennsasasnas uing
dhmannansiluedafiuradandneann

WARREYBITNI NU6 LAz NY15 0y 4 dUa Aldannsvaaes 3.5.2 u1wnlilu
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sllval 2 grsndluvasansuauuansieiy (hanaglnsauaziiniauealed) nuinfisvezia 2
dUaviuaadaiiudyadlisniatu nUuiinisidewmssuasUiIuasEezIan 4 §Uad
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U7 4.1 Snvnruradavesiniameniug nue 9mnmisdminlustmsi 8 gas Aflansivilmdu
o1nshudaazadiniimantaiu s = dimaglasa M = tharauealaa 1. CRVREHTEURC
nfudedns 2. 213NETN 2 n¥urednd phytagel 4 nfudedns 3. anvisiiiliinna 30
nfusiedns fu 8 nfusadns uds 10 n¥usedns 4. eamsisiinnia 20 nfusedns fu 8

ASUADART wile 10 NSudadns

wpadatn N6 ﬁw'1L?a"’m’lua"mWiQWSﬁﬂﬁwiﬁLﬁﬂﬁuiwﬁﬁﬁﬁﬂmaiﬂﬂia 30 NSufadns
(RS) Wudnszaeu Ihesidudnisiidus Ussavsamlunsiiaduiulnduas Suiueen
wRAuAaunadagegaluamITgns Ma Aaidu 41.67 Wesus uasliven 261 verdounada
(m15719i1 4.1) Was@udniswamniuduiildanuaadaluemsgns 152 53 54 wasm2 1
Weildudnsiinduil 30.8131.25 31.25 31.25 uay 30.69 WeTdudnuadu waadaiiums

09 va w o a3 o a a o 2w Mo 1 )
dnihlitiaduuuemsidninaglasaliuss@nsammswaun U dudulndldupnsraiuma

AL

o\l

dletunada nus InIEnmeaengg udniliAsdulnlue i siifugiaie
wealad 30 nSuseding (RM) WiedidusinsiaunduiuiigeninomstninliAaduiléinna
glasalussivanududuvindy uradaninemisgas M2 TiusyanSanwlunswaundudulvl
geigaAndu 68.75 Weddud unnsefumaiafuisnismaassdug Weifisufuuaadasn
o1nsgasduitiasdluewnsimivliAndulmiviaden iy
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FUT 4.2 dnvasuaadavesdiiaeiug nuls annistniiluaimsiia 8 aas Alansivinlmidu

asisuwdeuaziiathatadieiu S = thanaglesa M = Yannauealaa 1. 0 ws#ifu 8

' o
ar a == o

nfudefing 2. 9IM1sNATU 2 nSudedas phytagel - 4 n3umedns 3. 9 m1sAiluANa 30

8
s I = 25 @

ASUADARNT 11 8 ASUABART w4 10 NSUFRERS 4. 9 1%1S5NTUTM1a 20 NSuFRDAnS U 8

5 (]

ASuAeans kU1 10 NSUADARS

s9ANABLARGAINDMIEAS ST ey S2 TiWesidudnisifinau 564.17 uay 51.39
muEdiy WAadEeINeIMIT S1 waw S2 Tussansammstaundulwlliusndnafiuneada we
FrihliAadulnduueomsgas RM (1151991 4.2) unadadildainomsgns 53 S4 uasm3 T
Uszansamlunsianndudulusususn 43.06 41.67 wazd1.67 Wesidudnudiu) unada
1 a6 Anihldanamsnges Wiinusenrewaada luenstmiliAndulvlifiiihana
glasauaruealaaliunniisfuneada (el 4.1uas 4.2) unmslithmavealraluamsdn

b 4

° ¥ a @ a o o = A o 1 a ' a
iliiAnunadauazarsivinlfiduemnsiuds Ao Ju 2 nfuredng s2ufu phytagel 4

9
d

ASuARARS warn1stnthlmAedulinullol lisannavu
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u

JUT 4.3 galiguazdunlannmaiiunadadiianeiug nus Mnsglugasemisiuansneiuy

I o
a0

(51-54) lupmstnihliAssuifitsatlasd (RS : weuw) wio wealna (RM : wanans)

JUM 4.4 aifisanavduiildannsiunadadmanewug nue Masglugnsomisiwansneiu

(M1-M4) TuewnsdmiliAsduiifiiianaglasa (RS : unauw) wie wealna (RM : ua1any)
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e s

= a ' ¢ v % o g v e 2 & da ' o o qYa v
Ss_m.._.a.nx_ 4.1 dﬂﬂémarrnswa@demﬁqum_\uJEr&P_éﬁé@amgmﬁ‘s\_ﬁﬁFiﬁws_ﬁgmzawrdaﬁu._zmE@DJM&D&JASSErrﬁ_mmmrrmuj\_mﬁﬁ_ﬁ;rﬂ_ﬂsﬂ

v H

Tnsivasvastiniug nus Tuemwsdnmiliiiaduiifiuaiaglase (RS)

grsemnstnin | a.uunads | a.uueadan | Weddudnis | auueads | wWeddudns | dwoudu | e.ueeade

WiRaueada” | vouwn | Aegadien | Aegadien \indu \inei wABAE
51 23.00 23.00 100.00 7.17 30.81+2.8" 13.33 1.74+0.59°
52 24.00 24.00 100.00 7.50 31.25+2.0° 13.33 2.39+0.57°
S3 24.00 22.00 91.67 7.50 31.25+6.2° 13.33 2.10+0..23°
54 24.00 21.00 90.20 7.50 31.25+10.4° 10.00 1.71+0.67°
M1 24.00 20.33 91.67 8.00 33.33+8.3" 10.33 1.56+0.51"
M2 24.00 22.00 91.67 7.36 30.69+2.3" 13.00 1.7640.16"
M3 24.00 20.00 83.33 8.67 36.11+16.8° 17.00 1.98+0.34°
Ma 24.00 22.00 91.6 10,00 | 41.67+8.0° 22.33 2.61+0.85"

o

1/ 51-54 = onsidiuenaglasa wag M1-M4 = enmsiiduinaueales Tnep9sUseNauYaIIMIIMINAITNAADIN 3.5.2
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el 4.2 vavesuvisiniveuuazaaudutuvasasivildduemsiuddifinadentsinir ldiounadsuasmswanndudu

Insivasdaniug nue Tuownstnilhinduiifivanauealag (RM)

gnsemnstni | s.uueadd | A.uunadan | Wedsidudns | suueads | Weddudns | dwoudu | au.vends

Whfoueada’ | vowa | degader | Begades \iadiy iAndy WAREH

S1 24.00 23.00 95.83 13.00 mPHNHPH@u 21.33 1.88+0.74
s2 24.00 21.67 90.28 12.33 51.39+24.33" 27.33 2.68+0.70°
S3 24.00 22.67 94.44 10.33 pw.omHHm.omc& 23.67 2.17+1.22°
S4 22.67 21.33 94.44 9483 Dp.m.\,%:.omvna 15.67 1.82+0.37°
M1 24.00 22.33 93.05 A wm.NMHPm‘._a 16.33 2.07+0.53°
M2 24.00 23.00 95.83 16.5 68.75+2.08" 31.00 2.09+0.84°
M3 24.00 22.00 01.67 10.00 pH.o.\HPHocna 20.33 2.07+0.57°
M4 24.00 23..33 97.92 9.50 wm.moﬁm.bwna 20.67 2.25+1.00°

w»
o

v
°

Ao |
1/ 51-54 = snmsfitihanaglasa uas ML-Md = arnsiitiimanealng Tngasdi szneutesennsmumsmaassil 3.5.2
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U7 4.5 9adieuazduiiliainnmsiiunadadniaenug nvls finiglugnsenmsiuansiatu

(51-54) luermstnihlvilAaduiiidinagiasa (RS : wauu) se woalna RM : waians)

YW 4.6 gauuazdunildnnminiunadatiaetug nuls insylugesomnsiuandisiu

(M1-M4) °1uaw”|ﬁ%‘ﬂﬂﬂﬁLﬁﬂﬁuﬁﬁﬁwmaﬁg‘lma (RS : kaUL) ¥30 wealsad (RM : ua1ans)
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wamsdniliAnduresueadadmaeiug nuts luhmaglasauszuoalna Tuduaid
2 wnadglin1aingaideluuiuiags @199 4.3 was 4.9) wradaiiliine msgns M3 Ald
thanaglasa (30n3usiedns) Wuunasanueu Wussanamlunsimundudulmigegn 74.72
Wesidud auunndrsesnadifeddynieada deweutuussdniammaiaundudulntils
NnuasdaluaMsgnIdu sesaunAaunadaaingns 52 uas ¢ Tiusyansamniswannud
vl 63.89 uay 63.75 Weddudmuandiu (3edl 4.3) wradainemsgns S2 Wdwauwen
seunadageandl 3.14 son madnilfiAsduluemsiléiiaauealas (30 niusedng) u
duuszneu uradavesdiaeiug nv15 ana1msges Sa Tiszavdnmniswaundudulmi
gegn 54.17 Waildud setasnfneImsgns M3 uwaz M4 Widseansamnisiinsiu 50 uag
46.53 Wasldudmuddiu (ns1eil 4.9)

waadafilaaneImisgns S2 uax M2 il Ju 2 niusednsuas phytagel 4 niusiedns I
v g 1y & W 1l v o guva w dald & i ¢
wwlduliniswaunlusiulvaad luermsthdilmissuniuiaiaglasaluungniiveu
wenanduaadailaanesnsifinsiduutududiuuszneu Tuemisgns 53 S4 uasM3 &
wwaldlinm swmundufiuiigs (ms197 4.3) uradasndraeiug nuls e stniiliin
suniienaglasa (30 niusieding) WWudiudszney iesidudnisifasungeniinisdnual
WinAuluthniavealeg (30 nSudeding)

mslfhmavealnatiedaasuszansamlunsiaunidusilmigaininslédma
#lasa (Park wavAmy 2013 : Zaidi WagAny 2006) dosnthaasealnaiidiutisduaiu
Usgansanlunstndaliiiaduuileddaunada (RK. Jain LazAny 1997 : Bidhan Roy uay
Mandal 2005) stilugmariiuuseansamlumsiinseniigeiu Tudniaeiusduininsld
donaueslnaduwvasanueulilsednsanlumsiaunseaiitniinisliinaglasa Tuvae
fimaeiusaludnuvdsaiveufiimuinganfoimagiasa usnanthinauealnads
daaraussfusealuAnvesfivuorfunsiiuarsivilidusmsiauds Gain wazaue
1997) eradululiinusesusealuinvesermseglussiuimnzean udwmaiensgndusn
ownslulivasiwiliiianswamndusiulvifia (Kiebert wagvan Der Plas 1985: Amador
way Stewart 1987) nsifiu Ju phytagel ™ wazndsadluluenms treduaduliifanisniydu
unadauazimundudulnlditu Ssaiusnusendeunadaligeiy nufinisiasind
Wiy (Lentini wazAy 1995 : ALl uazAng 2004)
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) o o v aa ' W va & v 1
4.2 Nﬂ“llaﬂﬁ’ﬂqilL“USJ‘U‘L!‘U?JQLLﬂﬁiuaqﬁﬁiﬁﬂuﬁlLﬂﬁﬁﬁﬂﬁJNﬁﬂ'ﬂﬂ']i‘wwu‘ﬂ‘wLﬂWL‘L]‘IJﬂ‘IJSL‘UISJ

uwPaRAYBIf1I 2 aneus N6 uag nU15 INAIWIRINMISERT M2 Aiflnnadn Ju 2
n3usedns uay phytagel 4 niusadng Wsedniamnmaiedulnigimgaluemstnilviie
Y = W N = <, | = ) W & ¥ oA A
fu Turasiupasavestmiaiyanewnsiiudaludulseneviivunlduniswamnduduiesd
anysal AlulumaasediiRdldfnwenududuveslsimanzanlusmstnbuesdanidisiu

2 nfusiading way phytagel 4 nfuredns uaznwnanmsnaududulndvesiiy
4.2.1 F1788Wug nvé

whadaRLLIa nnsEsuudadlusmsidlaududure wdanndnstuludisa
seezan 4 dUn9 tueadadand nuawnuunseaenseadunan 1 dUanv anirinnnséne
wAadaaslu1stnilmAndu 91nR15UAaeINYIN PnTNTuresLtldluamisndnlmAs
upadaT ALY Twuilidulunstnihliuradaasguasiaundusulvllaf Laadaaine g
gns Md (utl 10 nSuredns) Wisedvsnmmaiindu 66.87 Weidud uaslisendeunadaoy
i 2.58 von grsorwsiniiliiAaunedanliuseavs nmlunsifiadugesuiuast Ao uradaen
21M15gn3 Mc (uils 5 nfudedng) liusedvsamlunisiiniu 58.34 wWesidus uazlviven 1.99
Bon (191471 4.5) arududure wildiiutuludimenastmiueada Tuadomswauuasng
Bnevasdudis Wedsusuwaadaluemisildiinisiiuuds (819gA5 Sa uar Ma)
faguil 4.7

UM 4.7 navesanudutuvestsiunndnsiuluansgrstmi iAauweadadniug nues iy

ihenaglasa (Sa-Sd) w3e Wimnauealna (Ma-Md) den1stnihiifadulvduueinisgns RM
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L4 o s

nu. =Y 1 i o hm nz_nu 1 af (-] =
A15197 4.3 Yfiavasunasasuauazaududurasansivinliidusmishndeidinadanisdnih iiauaadauwasnswandudu

Tnslvasvasdraiug nv15 luemsdnihlmiinduifiunanaglasa (RS)

gnsenmnsimit | a.uueads | auueadsi | wWedidudnis | auueadd | wWedidudns | dwawdu | s.weeade

WiRouaada’ | viovua | degaden | deqaidien Ay ‘iR uAadd
51 24.00 24.00 100 1433 mH.moHPmHU 25.33 2.37+0.78"
52 24.00 24.00 100 15.33 63.89+17.34 47.67 3.14+0.33"
53 20.00 20.00 100 933 mPHNHHM.mO_o 22.33 2.23+0.54°
sS4 22.67 20T 100 14.43 mw.ﬂmHH.Nmmc 30.00 2.10+0.89°
M1 24.00 24.00 100 13.67 mo.wpﬁpm.wmmv 25.67 2.24+0.58"
M2 24.00 24.00 100 15.00 am.mo..l.ﬂ.mo% 34.67 2.32+0.36"
M3 20.00 20.00 100 1513 | 74.72+459° 3533 | 2.49+0.70°
M4 24.00 24.00 100 11.67 Pm.mn_wm.m.\c 34.00 2.98+0.72°

v o
a o

= =l < =
1/ 51-54 = pwnsiflianaglasa ez M1-M4 = omnshiihmanealaa [agasdusenaureIe 1M InINnITnaesi 3.5.2
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P~ a ' a o = i [ a/ o = Y s
A15199 4.4 YiavaaunasprsuauLazautudurasasivinliiduemsiudifinasonsdnih iifawaasawazn1snandusu

24
o

Tnsivastnaiug nv15 luewnsdmhlifaduiifivinmavealag (RM)

gnsewmnsdnit | auueadd | uueaden | wedidudng | suneadd | wesidudnis | Swoudu 2.1.80000

ThAauaads ravn gy | ifagaldied \AasL tAndu IGELE
51 24.00 23.67 98.61 9.50 39.58+6.25" 17.67 1.92+1.20°
S2 20.00 20.00 100 B.67 43.06+14.63" 23.00 2.8340.55°
S3 24.00 24.00 100 933 38.89+12.73° 21.33 2.30+0.54°
sS4 16.00 16.00 100 T1.67 54.17+23.20° 19.00 2.57+1.38"
M1 16.00 16.00 100 8.00 54.17+16.63 11.67 2.03+1.06°
M2 24.00 24.00 100 930 38.89+10.48° 20.67 2.22+0.60°
M3 22.67 22.67 100 11.00 50.00+21.65" 28.00 2.65+0.51°
M4 21.33 21433 100 9.67 46.53+15.07 23.00 2.40+0.14°

w o
°

a3 P - =
1/ 51-54 = pwnsiihihnnaglasa wag M1I-M4 = o1 sidiamanaalag needusznaureeIM IR sMnaei 3.5.2
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M3 4.5 uaasarududuvesndaiifinadentsdnirlhifanaadawaznisiadadudulmsivesdraiug nus dnirliReduluammis

v

fifhiaauealng
gasewnsdnid | suueeds | auueadai | Wefidudnis | auueadd | Wehidudms | dowoudu | auvensie
ThAnuaada” Viavaln Wyl | iagallien findy \ndu IGELE
Sa 30.67 30.00 T2 11.83 38.91+8.50° 15,33 1.25+0.37°
Sb 30.67 30.33 98.81 10.50 30.38+8.27° 19.00 1.80+0.00™
Sc 29873 29.33 100.00 12.73 43.68+11.204° 2361 1.85+0.46"
5d 32.00 32.00 100.00 15.00 pm.m.\HHo.mwan 3533 2.400.45"
Ma 29.83 2935 100.00 14.33 55.21+6.51" 28.00 2.00+0.47"
Mb 32.00 32.00 100.00 1723 54.17+10.97" 38.33 2.26+0.37"
Mc 32.00 32.00 100.00 18.67 mm,wnHS.mwmc 33:61F 1.99+0.24”
Md 29.33 29.33 100.00 18.50 66.87+13.01° 48.67 2.58+0.45"

v w
a e

=
1/ Sa-5d = ewnsfifhinaglesa war Ma-Md = ewnsitiithaiaueales Tesasduseneurasemsaniinisvmaasdil 3.5.3.1
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4.2.2 g1aewug nu1s

wnadaimunnnawdndnidsduiifiaduna 4 fUai luewnsiliseansamlu
msaigdusulnifffignannnisvaaesneud 3.5.2 vasdnaewus nu15 eupadarnuy
nszansed Wunan 1 &Uai mnudreuesdaatermstniliAndulveifitviauasany
uduvsuvasnnfusuumnansiu Gnaglasa 20 wew 30 niuredns uaz Yinavealaa 20
uaz 30 nSusiedng) nausingdh ursdane M IgRTTRI M aLeaTnaT eI EnlEAR
wnaada Wivszavsnmlumsfaundudiulmigindy Wewisuduunadaluemnsgasildiiana
glesaduuvdsaniveu Ussdnsnmlunmsitanueedauduganlasuanemsgns Mf (uas
s 2.5 nfureding) liUseAnsamluniswaundudiulmias 84.33 Wesidud 1vueadaunada
2.83 o 5191 4.7 unadanvuszavsamlunafadugadudvans Ae WARGEIINDIMNTEAT
Me (uoalna 30 nFusedng) Wiussandnmniswaiuniludu 81.43 Wesiwus uazlvidiuiugen
deuAada 3.18 won luniswsudefinaududusing (0 2.5 5 wes10 nfuradns) luriswesnns
Wuuiinuaada dwasenisimundudulnilis Weisuiuunadanngasonmisilaiinisda
uila (§U1 4.8 4.9)

JUT 4.8 navasmnuidutuvesidaiupninsiuluensgasdnihiinueadadmiug nu1s 9

wiuhmnaglasa (Sa-Sh) AonstnirviAnduluiuuenmsgns RS
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JUR 4.9 navesanududuvesudsiumndrsiulusmnsgastnilifeunadadnwug nu1s 4

wnihaauealna (Ma-Mh) senstniilvifiasulmivuemsgas RS

wandad1ug nu6 uay nv1s fildinensgnsitiuutslidnuassiuiia aonndesfiu
A15MAaB4Y8Y Henderson Waw Kinnersley (1988) lunslaudadudrulsenovluanms vinld
awnsidnwuzdufeuds (Zimmerman wazamy 1995 ; Malliro way Lameck 2004) n154i
uwilsasluluommsiianudululdnfvannseldduwdmginudrses wasluatislsznaudae
theangleasiuiunn waedsilmuananseluniaidushgaeldfantsimuaesity viilihe
W lufusenuasTdsususenaidindy (Huane uag Liu 2002)
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n.... L i af o =Y s o ] of f ] = i
M99 4.6 Anududuvadsifinadansiniliifausadauasnsiadydudulndvasdraiug nvis dniiliRaduluamisns

anaglase

gasewnstmh | uueads | duueadan | Wehidudnig | suueedd | wedidudnis | dwoudu | sueende

WiAnuaads avian Wingmden | iagaden \indu indy wARSH
Sa 2533 2533 100.00 14.00 54.29+14.86" 32.67 2.410.72°
Sb 25.33 24.67 97.62 11.33 46.19+16.05" 34.33 3.03£0.05"
Sc 25.33 25.00 98.81 15.67 62.62+14.04° 42.33 2.58+0.75"
sd 25.33 25.33 100.00 12.00 49.52+17.73" 30.33 2.49+.041°
Se 25.33 24.33 95.48 14.00 55.24+1.80° 30.33 2.14+0.1°
Sf 24.00 24.00 100.00 14.00 57.50+18.87" 34.33 2.38+0.33°
Sg 25.33 25.33 100.00 15.00 58.81+7.87° 35.67 2.3140.52°
Sh 25.33 25.00 98.33 11.00 43.10+9.32" 34.33 3.20+1.14°

da ¥ o
1/ Sa-Sh = ewnsniiiwmaglasa lnyesdusznautesomsnnviaaad 3.5.3.2
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=

i ot ' o o a o ' Y o o a ol et
aseh 4.7 anaduduvewdanifinadonisdniliifauaadauwaznisiasgdusivlusivesdoiug nv1s dnildidedulueiwisidl

o
innaglase

gasamnstni | suueada | suueadan | Wefldudms | auueedd | wWedidudnis | Swoudu | ausenda

Whdeunada” | souua | egaifien | fieqaides \indiy LAfG wAad
Ma 26.67 26.00 97.62 20.67 r\,\.wmmﬂbwmc 78.00 3.59+1.89°
Mb 26.67 26.67 100 21.33 qo.ﬂmHm.@mmc 83.33 3.83+0.82°
Mc 24.00 23\83 96.94 18.00 .\PNMHPmomc 56.00 3.00+0.59°
Md 25.33 25.33 100 1800 | 71.23+6.89" 58.00 3.20+0.39°
Me 25.3% 2533 100 20.67 mH.awHw..ﬁwc 67.33 3.18+0.69"
Mf 22.67 22héin 97.92 19.00 84.33+2.81° 51.33 2.83+1.20°
Mg 24.00 24.00 100 16.00 oﬂmmHHm.pmc 61.00 3.88+0.46°
Mh 22.67 22.00 97.42 16.67 .G.noHHo.mmmu 44.00 2.55+0.91°

ar
o

- =
1/ Ma-Mh = amsidimauealsg IngeeAUsznauteienysaun1saanad 3.5,
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4.3 wan1sAnwinsieleuduidnguaadadilaeldiessinsuuaiieulunne

unadariliiuaInemnIgns Mc was Md 91nn1svnaesdi 4.2.1 Whseansnnlunisida
dulmivesiny nue liunnsinafu Feldtinermavis 2 gus wwvhnisveaesntsareloudu ua
Usangd Tugasermsivuuds 10 n3udedns (Md) Tuszansamlunisifndud 66.67
wesidud uarlivensiounadangi 2.85 son drnluomsiiinutlanududu 5 nudedns W
Ussdnsamnsiinduil 58 Wediduduaznisiingensounadangii 1.62 von dnwvarduiidann
9113 Mc ssuduldegnadanuiiowIouifisuiuiilugasems Guild.10) Susimanvas
9IMN3gRs Mc (78 ) uwazemnsgns Md (674w gnéeaduaimsdaidenitevhnsdndendy

= o | o o o o o e I as
nansadtunusesuitauslalnstedu vinmsfmdenidunan 10 fu

JUT 4.10 dnwasduiildmendimafenadasuiudoszinsuuafiGanvesinmiug nus nds
TupwstniiAeduiduhaneauealng
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U5 suiiliiumue§ingluesifndes aniulvasdsuludieauas
muadluiign uididduiiamnsadunueufnelilnedusinandd@delftueglutud 10
wdsumsidedlueufue dagui 4.11

JUT 4.11 anwauzvesdiud1iug avs Wmnainueadaildannonms 2 ges Ninnududunds
wansneiy Mc = uts 5 nfuriefing Md = uls 10 nfusiedns luomsdmdeniifienuiiiug
lalnsfefuaududu 40 nSuseding Wussesinan 10 Ju
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|

sufilesunisaneloudundeiiunisAndenlusuiToue lelnsdedu fimududy 40
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Solution ASUNDANS
NB stock solution |
KNO; 141.50
(NH4)SO, 23.15
NB stock solution (L
CaCl,.2H,0 8.30
NB stock solution LU
MgS0,4.7TH,O 9.25
KH,PO, 23.00
NB stock solution IV
Kl 0.75
HsBO- 3.00
CoCl,.6H,0 0.025
MnSQ,4.7H20 10.00
ZnS0,.7H,O 2.00
NazMOq.?Hzo 0.25
CuSQO,4.5H,0 0.025
NB stock solution V
FeSO,.7TH,O 2.78
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Na;EDTA.2H,0 378
Solution ASURHDENST

NB stock vitamin
Inosital 4.00
Nicotinic acid 0.04
Pyridoxine HCl 0.04
Thaimine HCl 0.40
Sucrose

30.00
Maltose

30.00
Agar 8.00
Rice Starch
USuiauduy 5.6-5.8
2115gns NB (@mstndriiauaads)
2,4-D 2 Taanusedns
Kinetin 0.3  Hadnsusaans
21M15gn5 NB (@1nstniuaadaliiingiu)
IAA 1 JaaN5unDaEnS
BA 2 Naansunedans
Kinetin 2 Uaansusadans
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2MMTLa8YagAT LB (Luria-Bertani)

Bacto tryptone 10 niumeans
Bacto yeast extract 5 N3UMDENT
NaCl 10 nfuseding
Agar 15 NSUADARNT

Usufitondu 7.2

21913g9n5 AAM(Toriyama and Hinata, 1985)

Solution Nadnsusoans

AA macronutrients

Na,HPO,.2H,0 169.60
MgSO,.7H;0 500.00
KCl 150.00
CaCl,.2H,0 150.00

AA macronutrients

MnSO¢.4H,0 10.00
Na,MoQO4.2H,0 o2k
H3BO, 3.00
ZnS0,.TH,0 2.00
CuSO4.5H,0 0.0387
CoCl,.6H,0 0.025
K 0.75
AA iron

FeS04.7H20 28.00
MS vitamin

Inositol 100.00
Nicotinic acid 0.50
Pyridoxine HCl 0.50

Thaiamine HCL 0.50
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Solution Jadnsumnedns
AA amino acid
Glycine 7.50
Arginine 174.00
Glutamine 876.00
Casamino acid 500.00
Sucrose 68500.00
Glucrose 35000.00

USuiiionillu 5.2

s

asielinldamsuanaadunniy

A15azaNLANARDUBAITNTY 2 1917

0.6 M
0.1 M
40 mM
1%

NaCl

Tris-HCL (pH 7.5)
EDTA (pH 8.0)
SDS

o = & W 1
A13ENAALBULBAINULTNAY 1 LV

A15aLanaANARBULAINLTUTY 2 191

5M
10 mM

5% (V/V)

Urea
mercaptoethanal

Phenal

Y$uusumsidu 2 wih

dgsasanenad Phenal/chloroform/isoamylalcohol (25 : 24 : 1)
ansagany TE (10 mM Tris-HCL pH 8.0, mM EDTA)

RNase A (20 pg/ml)
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S T(11074)
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A1519MARLINT 1 Asesevinaasiduanswau L duduanueadadng nve lu
swmsthibilAnduiltihaaglasaduuvasrnsuou

Df SS MS F Sig.
Between Groups 7 310.501 44.357 0.604 0.745
(Combined)
Linear term Contrast 1 181.116 181.116 2.465 0.136
Deviation 6 129.385 21.564 0.293 0.931
16 1175.840 73.490
Total 23 1486.341

P> a & ¢ &8 'y & v [
ATINATARNUINT 2 ANSAAI RN ALUBILEURNSWAIURTUALIINLARTAT? NU6 1
a1stndalAnaultinnrausalnaduurasrsuau

Df SS MS F Sig.
Between Groups 7 2496.98 356.685 8.087 0.00
(Combined)
Linear term Contrast 1 130.286 130.286 2.954 0.105
Deviation 6 2366.512 394.173 8.943 0.00
16 705.690 44.106
Total 23 3202.488
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Df SS MS F Sig.
Between Groups 7 1492.034 213,148 1.940 0.129
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Linear term Contrast 1 49.965 49.965 0.455 0.510
Deviation 6 1442.069 240.345 2.187 0.99
16 1758.210 109.88
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Linear term Contrast 1 124.107 124.104 0.505 0.488
Deviation 6 755.079 129,180 0:525 0.781
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Carbon Sources and Supporting Materials in Callus Induction
Effects on Regeneration of Indica Rice (Oryza sativa L. cv. RD6
and RD15)
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'College of Nanotechnology, King Mongkut's Institute of Technology Ladkrabang,
Bangkok, 10520, THAILAND
*Thailand Center of Excellence in Physics, CHE, Ministry of Education,
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Abstract

The effect of carbon source and supporting material compositions on callus induction and plant
regeneration from mature seeds of two indica rice varicties (RD6 and RD15) was studied in the
present investigation. NBS1 medium was used for callus induction from the sterilized seeds. And
then, three-week-old calli were transferred to four media (NBS1, NBS 2, NBM1 and NBM2)
which were different in carbon sources and supporting materials for 3 weeks. Calli of RD6 and
RDI5 varieties derived from the NBM2 medium (30 g L maltose as a carbon source and 2 g L™
agar + 4 g L' Phytagel™ as a supporting material) showed the higher frequency for green spots
and shoot regenerations when compared to the others. Green spot frequency was 91.67% and
83.33% in RD6 and RD15 varieties, respectively. Moreover, calli obtained from the same medium
also showed maximum shoot regenerations in RD6 and RD15 varieties (75.00% and 66.67%,
respectively). Well-developed plantlets were hardened and transferred to the soil.

Keywords: callus induction, maltose, RD6, RD15, regeneration

1. Introduction

Rice is the most important food crop and a primary food source [1]. Moreover, rice is a model
monocot plant for genetically modified plant and functional genomic studies [2]. In Asia, rice
consists of two main subspecies, including indica (Oryza sativa ssp. indica) and japonica (Oryza
sativa ssp. japonica) subspecies. The indica subspecies is the most widely cultivated rice in South-
East Asia countries [3]. Every year, rice consumers are increasing at the rate of 1.8%, whereas rice
production has a fewer increasing rate [4]. The development of plant transformation techniques are
a one method which it possible to improve crop plants. However, the transformation systems of
indica rice remains difficulty and a few studies [5]. Tissue culture has become basic techniques
that are used for the rice transformation [6]. Production frequencies of callus and plant
regeneration are the primary steps for transformation systems. Callus induction and plant
regeneration in rice tissue culture depended on a several factors, such as the genotype, the type and
physiological explants, the composition and concentration of the medium, organic components,

*Corresponding author. Tel: +(66)2329-8000 ext. 3139 Fax: +(66)2329-8265
E-mail: kskanokp@kmitl.ac.th
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and plant growth regulator in the tissue culture medium [7]. Genotype and explants sources are the
main factors in the success of rice regeneration. Japonica rice genotypes have been possible to
obtain high frequency of plant regeneration, while indica rice genotypes have been limiting [8].
Among the various explants, mature seed culture has been identifying suitable explants to produce
embryogenic callus under callus induction medium for the maximum callus yield and high plant
regeneration [9].

Objectives this study, the efforts have been made to identify and to optimize the physio-
chemical substrates in calli that derived from mature seeds of two indica rice varieties (RD6 and
RD15). Therefore, this study presents a suitable medium for maximum callus induction and high
frequency plant regeneration which can be used in genetic transformation and in related works.

2. Materials and Methods

2.1 Callus induction

Mature sceds of two rice varieties RD6 and RD15 (Orpza sativa L. cv. RD6 and RD15) were
dehusked by hand and sterilized surface by 70% ethanol for 3 min, fallowed by 5% (v/v)
commercial bleach (5.25% sodium hypochlorite) for 40 min, and 30% (v/v) commercial bleach for
30 min. And then, the seeds were thoroughly rinsed 4-5 times in sterile-distilled water.

The sterilized seeds were transferred to callus induction medium, the NB medium [10]
supplemented with 30 g L' sucrose, 0.3 mg L™ kinetin, 2 mg L 2,4-D and solidified with 8 g B
agar (NBS1). Mature seeds were cultured in vitro under condition of 25+2 °C air temperature in
dark condition for 3 weeks. After 3 weeks, the induced calli were transferred to NBS1, NBS2,
NBMI1 and NBM2 media (Table 1) and then cultured under the same condition for 3 weeks.

2.2 Plant regeneration

Six-week-old calli were desiccated by placed on sterilized Whatman No.1 filter papers and
cultured under the same condition for 1 week. And then, calli were transferred to the regeneration
medium, the NB medium supplemented with 30 g L' sucrose, 1 mgL! TAA, 2 mgL!BA, 2mgL
! kinetin and solidified with 5 g L Phytagel™. The calli were cultured at 2542 °C, 16 h
photoperiod and 1000 lux light intensity for 4 weeks.

2.3 Data and statistic analysis
All experiments were designed in Completely Randomized Design (CRD) with five replications.

Table 1. Composition of callus induction medium for RD6 and RD15 varieties

Media Basal media Carbon sources Supporting materials

NBS1 | NB medium + 0.3 mg L™ kinetin, | 30 g L7 sucrose | 8 gL agar
2mgL'2,4D

NBS2 | NB medium + 0.3 mg L™ kinetin, [ 30 gL sucrose |2 g LT agar + 4 g L'
2mgL'24D Phytagel™

NBMI | NB medium + 0.3 mg L™ kinetin, | 30 g L maltose | 8 g LT agar
2mgL'24D

NBM2 | NB medium + 0.3 mg L™ kinetin, | 30 gL maltose |2 g L' agar + 4 g L'
2mg L' 2,4-D Phytagel™

3. Results and Discussion
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Calli derived from mature seeds cultured in NBS1 medium for 3 weeks were compacting. These
calli colors were yellowish or brownish (Figure 1A and B). At 3 weeks, the results of callus
induction frequency showed 75 and 82% in seeds of RD6 and RD15 varieties, respectively (Figure
2). Three-week-old calli of both varieties were sub-cultured on 4 different callus induction media
in order to test the various compositions of carbon sources (30 gL” sucrose and maltose) and
supporting materials (8 g L agar and combination of 2 g L' agar +4 g L Phytagel™) for 3
weeks. These compositions may have effects on calli characteristics. Embryogenic calli from
proper callus induction medium will be suitable for high plant regeneration frequency. Six-week-
old calli derived from 4 callus induction media (NBS1, NBS2, NBM1 and NBM2 media) were
desiccated in sterilized Whatman No.1 filter papers for 1 week and transferred to regeneration
medium. Green spots appeared on calli within 2-3 weeks and developed into shoot buds within 3-4
weeks. These shoot buds were sub-cultured on a NB medium for developing into plantlets (Figure
1C and D).

In 4 weeks of regeneration culture, the percentages of green spots were 77.78, 66.67,
78.57 and 91.67% and the percentages of shoot regenerations were 66.67, 62.5, 57.15 and 75.00%
in RD6 calli derived from NBS1, NBS2, NBM1 and NBM2 media, respectively (Figure 3). While
the calli of RD15 variety derived from NBS1, NBS2, NBM1 and NBM2 media presented 56.25,
57.14, 38.89 and 83.33% in the percentages of green spots and 43.75, 28.57, 27.78 and 66.67% in
the percentages of shoot regenerations, respectively (Figure 4). The results indicated that calli of
RD6 and RDI5 varieties derived from NBM2 medium containing maltose as carbon source and
Phytagel™ combining with agar as supporting medium were exhibited the highest frequency of
green spots and shoot regenerations as shown in this study (Figures 3 and 4).

Figure 1. Callus formation of RD6 (A) and RD15 (B) varieties cultured on NBS1 medium under
dark conditions. Shoot regenerations from callus of RD15 varieties cultured on regeneration
medium under 16 h light conditions (C). Regenerated plants of RD15 varieties cultured
on NB medium (D).

Carbon source in the culture medium serves as source of energy for plant growth and
development. Our results presented that calli growth in maltose had better development
characteristics. Similar to previous reports have been also found maltose to be a better carbon
source than sucrose for callus induction and regeneration medium [11]. Media containing sucrose
has been reported to promote the ethylene production in plant tissue [12]. Ethylene is a plant
growth regulator which can cause the browning of callus in tissue culture. Moreover, maltose has
been described as the osmotic regulator agent for callus cellular environment. The culture media
using maltose as a carbon source may be protecting the calli from the browning formation and
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osmotic potential [13-15]. Type and concentration of supporting materials in callus induction
medium was also important in enhancing the frequencies of callus induction and regeneration [8].
Agar is containing agropectins and some other organic impurities that might have inhibitory
effects on the explants growth and callus proliferation. Phytagel™ is to be free of such impurities
as have been found in supporting material [16]. Thus media containing maltose as a carbon source
with Phytagel™ as a supporting material should enhance the regeneration efficiency. However,

indica rice is known to have genotypic difference and high variable among varieties.

4. Conclusions

In this experiment, callus induction media with different type of carbon sources and supporting
materials were tested for effect on plant regeneration of indica rice, RD6 and RD15 varieties. The
combined action of 30 g L™ maltose (carbon source) and 2 g L' agar +4 ¢ L' Phytagel™
(supporting materials) in callus induction medium led to high efficiency of callus induction and
shoot regenerations in RD6 and RD15 wvaricties. The callus characteristics in callus induction
process could affect the improvements of rice regenerations.

%% Callus induction

Varisties

Figure 2. The percentages of callus induction from sterilized seeds were cultured on NBS1
medium in dark condition for 3 weeks.
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Figure 3. The percentages of green spots (A) and shoot regenerations (B) in RD6 calli derived
from NBS1, NBS2, NBM1 and NBM2 media were cultured on regeneration medium for 4 weeks.
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Figure 4. The percentages of green spots (A) and shoot regenerations (B) in RD15 calli derived
from NBS1, NBS2, NBM1 and NBM2 media were cultured on regeneration medium for 4 weeks.
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Abstract—The effect of carbon sources (20-30 gL of
sucrose or maltose) and supporting materials using gel-
ling agents (starch, agar or PhytagelTM) in callus induc-
tion media were investigated for the improvements of
callus regeneration frequency. Four-week-old calli de-
rived from sterile seed cultured on S4 medium (20 gL"
sucrose, 8 gL' agar and 10 gL'1 starch) in the dark con-
dition showed the highest frequency of callus induction
(94%). However, after transferred calli into the regen-
eration medium containing 30 gL™ maltose and 5 gL’
Phytagel™ for 4 weeks, the result presented that callus
derived from M2 medium (30 gL' maltose and combina-
tion of 2 gL' agar and 4 gL' Phytagel™) presented
100% of green spots and 69% of plant regenerations
higher than those of other media following with S1 me-
dium (30 gL sucrose and 8 gL agar). Calli derived
from induction media containing starch presented high
phenolic compound but regeneration plants have better
characteristics. The callus induction media containing
maltose as carbon sources and suitable gelling agents
significantly affected on the frequency of plant regen-
eration in Thai indica rice cv. RD6.

KEYWORDS—Carbon source, RD6, Regeneration, Mal-
tose, Supporting material

1. INTRODUCTION

Rice (Oryza sativa L.) is one of the major food crops in
the world. More than 90% of cultivated rice is produced
and consumed in Asia [1]. The cultivated rice consists of
the two major subspecies including indica (Oryza sativa
ssp. indica) and japonica (Oryza sativa ssp. japonica). The
indica rice is widely cultivated about 80% especially in
South-East Asia region [2]. Several biotic and abiotic
stresses have been affecting and limiting in rice production.
Therefore, the investigation of a highly efficient method of
rice regeneration using tissue culture system will accelerate
the successful application of genetic transformation and mi-
cropropagation to improvement of rice cultivars [3]. The
callus initiations from cultured explants, proliferation, and
then subsequent regeneration are the main step for plant re-
generation efficiency [4].

Various factors are crucial in managing plant regenera-
tion frequency. Cultivars and the nutrient compositions of
the culture medium are the major source in regeneration
frequency. Successful callus induction and regeneration
have been reported in many cultivars of japonica rice.
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However, the success for reproducible plant regeneration
has been limited in indica rice cultivars [5].

The objective of the study was to compare the differ-
ences in carbon sources and supporting materials for the en-
hancement of regeneration frequency in Thai indica rice cv.
RD6. This study may be aid future work to establish mi-
cropropagation and production of transgenic plant for ge-
netic transformation systems.

II. MATERIALS AND METHODS

A. Plant material, sterilization and callus induction

Mature seeds of the Thai indica rice cv. RD6 were de-
husked by hand. Surfaces were sterilized by immersion in
70% ethanol for 2-3 min and followed by immersion in 5%
commercial beach (5.25% sodium hypochlorite) for 40 min
and 30% commercial beach (5.25% sodium hypochlorite)
for 30 min. After five times rinsed with the sterilized dis-
tilled water, seeds were cultured on various media (Table 1)
containing NB basal medium [6]. The pH of the media was
adjusted to 5.6-5.8 prior to autoclaving. The explants were
incubated in the dark condition at 25+2°C for 4 weeks.
Calli induction from cultured seeds were recorded after 4
weeks culture and scored as the percentages of callus induc-
tion. It was calculated using the formula:

% Callus
induction =

No. of seeds produced calli

X 100
No. of cultured seeds

B. Plant regeneration

After 4 weeks, derived calli were desiccated by placed
on sterilized Whatman No.1 filter papers and kept in the
dark condition at 25+2°C for 1 week. After desiccation,
calli were transferred to regeneration medium (NB medium
supplemented with 30 gL' maltose, 1 mgL™” IAA, 2 mgL™
BA, 2 mgL™" kinetin and solidified with 5 gL Phytagel™)
and cultured at 25+#2°C, 16 h photoperiod and 1000 lux
light intensity for 4 weeks. The numbers of green spots and
regenerated plants were recorded every 4 weeks. The per-
centages of green spots and plant regenerations were calcu-
lated using the formula:

% Green
spots =

No. of calli produced green spots

X 100
No. of cultured callus
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% Plant
regenerations =

No. of calli produced shoot buds
X 100

No. of cultured callus

C. Experimental design and Data analysis

All experiments were designed in Completely Ran-
domized Design (CRD) with three replications and each
replication per treatment contained 20-30 explants. Statisti-
cal analysis of data form the experiments was performed
with Duncan’s multiple range test (DMRT) using SPSS
software (SPSS for Windows version 15, SPSS Inc., Chi-
cago, USA).

Table 1. Composition of various carbon sources and supporting materials
in basal callus induction medium (NB medium + 0.3 mgL"! kinetin +

2 mgL! 2,4-D).
Media Carbon sources  Supporting materials
S1 30 gL " sucrose 8 gL' agar

S2  30gL" sucrose
S3 30 gL! sucrose
S4  20gL" sucrose
M1 30 gL' maltose
M2 30 gL’ maltose
M3 30 gL' maltose
M4 20 oL maltose

2 gL' agar+ 4. gL." Phytagel™
8 gL' agar+ 10 gL' starch

8 gL agar + 10 gL'lstarch

8 gL' agar

2 g1." agar + 4 gL.! Phytagel™
8 gl agar + 10 gL’ starch

8 oL ' agar + 10 gL' starch

III. RESULT AND DISCUSSION

In this research, the types and concentrations of carbon
sources and supporting materials were tested for callus in-
duction and regeneration frequency. The different carbon
sources and gelling agents in media affected on callus in-
duction from mature seeds are shown in Fig. 1 and 2. The
percentages of callus induction and quality of callus among
the several of callus induction media were significant dif-
ferences.

When the mature seeds were cultured on the callus in-
duction media, the generated calli from S2 and M2 media
were a friable whitish. While the calli from S1 and M1 me-
dia were pale yellowish and the other were browning in col-
our (Fig. 1).

Figure 1. The callus formation from mature seeds of Thai indica rice cv.
RD6 were cultured on S1-S4 and M 1-M4 media in dark condition
for 4 weeks

The percentages of callus induction in the various me-
dia varied from 82% to 94%. Among the various media, the
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mature seeds cultured on the S4 medium were 94% callus
induction. This medium was significantly higher than
induced-seeds from the other media at p < 0.05 (Fig. 2).

Calli derived from different induction medium were des-
iccated for 1 week and transferred to regeneration medium.
The yellowish or whitish calli, differentiated to green spots
and regenerated into plant within 2-4 weeks. Green spots
and plant regenerations of the calli derived from the several
of callus induction media were determined (Fig. 3 and 4).

% Callus induction

51 s2 S3 54 M1 M2 M3 M4
Treatments

Figure 2. Histogram showing the percentages of callus induction from
mature seeds in Thai indica rice cv. RD6. The explants were cultured on
81-84 and M1-M4 media in dark condition for 4 weeks. The data were
presented means + S.D. of three replicates. Different letters above the
bars indicated significant difference at p < 0.05.

However, the high percentages of callus induction (S4
medium) were not suitable for green spot and regeneration
productions. The result indicated that calli, which cultured
on S4 medium, may be a non-embryogenic calli more than
embryogenic calli. Calli cultured on medium containing
starch (S3-4 and M3-4) secreted phenolic compound in the
medium more than those of non-starch treatments. How-
ever, the regenerated plant from these calli presented the
better characteristics.

The treatment of calli derived from M2 medium (mal-
tose as a carbon source and combination of agar and Phy-
tagel™ as supporting materials) presented the highest per-
centages of green spots and plant regenerations, after 4
weeks of callus cultured on regeneration medium. This
treatment showed 100% and 69% in green spots and plant
regenerations, respectively while S1 and S3 treatments pre-
sented 56% and 50% in plant regeneration respectively.

100 9
95 1
90
85 4
80 1
75 4
70 A
65 4

a

% Green spots

s1 s2 S3 sS4 M1 M2 M3 M4
Treatments

Figure 3. The percentages of green spot frequency from calli explants of
Thai indica rice cv. RD6 on regeneration medium in light condition for 4
weeks. The data were presented means + S.D. of three replicates. Different
letters above the bars indicated significant difference at p < 0.05.
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% Plant regenerations

S1 52 S3 S4 M1 M2 M3 M4
Treatments

Figure 4. The percentages of regeneration frequency from calli explants of
Thai indica rice cv. RD6 on regeneration medium in light condition for 4
weeks. The data were presented means + S.D. of three replicates. Different
letters above the bars indicated significant difference at p <0.05.

This investigation revealed that both carbon sources and
supporting materials mainly affect on callus induction and
subsequent plant regeneration frequency. Embryogenic cal-
li from proper callus induction medium will be suitable for
high plant regeneration frequency [7]. Several reports indi-
cated that the differentiation of the concentrations and types
in carbon sources can influence and enhance the efficiency
of plant regenerations [8, 9]. This result indicated that the
use of maltose as carbon sources in culture medium may
better than the use of sucrose because sucrose-containing
medium can cause the browning calli by the ethylene induc-
tion in plant cell [10].

Phytagel™ is the popular alternative agent. It is a com-
plex extra-cellular polysaccharide produced by Pseudomo-
nas elodea and contains less free minerals and impurities
than agar. The pH of medium are often drops after cultur-
ing but the pH of medium solidified with Phytagel™ tends
to be more stable [11]. Therefore, medium that using Phy-
tagel™ as a supporting material may be a suitable agent for
enhance plant regeneration frequency. In addition, osmotic
stress induced by the various types and concentrations of
carbohydrates and a gelling agent have been reported to be
beneficial for plant regeneration in rice [12, 13].

IV. CONCLUSION

This study would suggest that the use of maltose as a
carbon source and agar and Phytagel™ as supporting mate-
rials in callus induction medium from mature seeds in Thai
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indica rice cv. RD6 enhanced regeneration frequency in the
rice regeneration medium. Improvement of somatic em-
bryogenesis and regeneration system could be benefited to
improve quantity of plant propagation and application in the
genetic engineering efforts on Thai rice and the other crop
species in the future.
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